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SUMMARY
The clay mineralogy of soils and suspended sediment grab samples from sites within the drainage basin of the North Santiam River was investigated as a means of understanding the source of persistent turbidity in the North Santiam River.  Raw water at the Salem City treatment plan intake has a complex clay mineral assemblage that is dominated by smectite, with lesser amounts of halloysite, amorphous colloids, plagioclase, kaolinite, chlorite, zeolite, and iron oxide.  This clay assemblage is both qualitatively and quantitatively similar to the material causing long-term turbidity in the Detroit Reservoir, suggesting that discharge from the reservoir is largely responsible for the persistent turbidity at the Salem water intake.  While soils and tributaries within the Detroit Reservoir watershed contain smectitic and halloysitic clays, no one particular sample provides a close match to the suspended sediment within the reservoir.  This suggests that the mineralogy of persistent turbidity within the reservoir develops over time from homogenization of stream sediment inputs and selective loss of coarser, low-charge clay particles.  Closer monitoring of flood events is required to understand both the mineralogical evolution of reservoir suspended sediment over time and differences in persistent turbidity that appear related to different storm events.

INTRODUCTION
In February, 1996, unusually intense precipitation followed a period of freezing, resulting in high runoff and major flooding within the Willamette Valley.  As streams were inundated, a variety of interrelated geomorphic processes acted upon landscapes within the drainage basin.  Channel cutting, landslides, accelerated soil creep, road failure, and other related erosive processes delivered sediment to streams.  Channels that had been heavily vegetated were rapidly stripped of both vegetation and soils as stream morphology altered to accommodate this historic runoff event.  The tremendous increase in bed- and suspended load resulted in high turbidity in local reservoirs and rivers,  turbidity which, in some cases, persisted long after the February flood event.  The February flooding was followed by another intense runoff event in November, 1996, and, subsequently, by a major runoff event in early January, 1997.  Runoff from these later storms did not exhibit the persistent turbidity problems that were associated with the February storm, suggesting that sediment delivery processes and/or sediment character in the later storms were somehow different.

Stream turbidity results from the light-scattering influence of suspended material, whether of geological or biological origin.  Under conditions of turbulent flow, the suspended material may include a diverse range of particle sizes, but under slack water conditions, sand- and silt-sized material rapidly settles out of suspension.  Thus, persistent turbidity is typically related to either low density organic materials (“floaters”) or colloidal substances (clay-sized geologic particles).  A study of the origin of turbidity in the Hills Creek Reservoir (Youngberg et al., 1971) revealed that inorganic colloids, principally smectite and amorphous materials, were the dominant source of reservoir turbidity.  These suspended particles had a variety of sources, principally related to geologically-controlled landscape instability.  The present study was initiated to understand the nature of the persistent turbidity affecting the city of Salem’s principal water supply.  Salem obtains drinking water from the North Santiam river, a stream system that was heavily impacted by the February, 1996, flooding.  Public awareness of water quality is heightened by murky tap water, hence, a growing interest is developing to understand both the nature and sources of persistent turbidity within the North Santiam watershed.  Once these factors are understood, watershed management practices can be designed to help maintain high water quality.

METHODS
Suspended sediment samples were collected using 5 gal. buckets (Table 1).  The containers were filled with sample, then ca 10 ml of household bleach was added to retard biological activity and the containers were sealed.  Soil samples of selected failure areas were also collected in large buckets.  The selected sites included active debris flow channels, stream bank failures, rotational slumps, and road failures.  Soil samples were homogenized over a broad area of the exposed failure surfaces in order to mimic the homogenization that would occur by natural processes when a large zone of soil fails and enters a stream.   

Particulate matter in the suspended sediment samples was collected by centrifugation after adding ca 25 ml of 0.5 M MgCl2 to promote flocculation.  The sediment concentrate was collected in 250 ml centrifuge bottles and centrifuged until a clear supernate was obtained.  The clear fluid was decanted and the bottles were filled with distilled water.  The sediment solution was stirred using a rubber-tipped blender to resuspend particulate matter, then centrifuged again until the mixture was free of salt. The bottles were then capped and set aside for subsequent clay separation.  The soil samples were blended by mixing with a garden trowel, then ca 50 g of material was removed for clay separation.  Soil was placed in a 1.5 l beaker, distilled water was added, and the mixture was stirred by hand for ca 1 minute.   After stirring, the mixture was allowed to settle for 3 minutes, then the suspended material was decanted into 250 ml centrifuge bottles through a 64 m screen to remove large organic particles (roots, etc.).  The material thus collected from both the soil and suspended sediment samples was vigorously stirred for 1 min using a blender.  The suspended solution was allowed to settle for 10 minutes, and the <15-m suspended phase was decanted into another set of 250 ml centrifuge bottles.  These bottles were 

Table 1.  List of Samples Analyzed in the Preliminary Phase of the North Santiam River Turbidity Study.

Sample ID
Sample Type
Location

SWR 3/96
Suspended Sediment
Salem City Water Treatment Plant Intake, March, 1996

DR 7/22/96
Suspended Sediment
Detroit Reservoir @ log boom by splintered log, depth = 220 ft, 7/22/96

BRG 11/20/96
Suspended Sediment
Breitenbush River @ gauging station, 12:15 p.m., 11/20/96 

NFBR 11/20/96
Suspended Sediment
North Fork Breitenbush River @ Rd. 4685 Bridge, 13:50 p.m., 11/20/96

NFBR-1
Soil
North Fork Breitenbush River, exposed bank upstream of Rd. 4685 bridge

MDT-2
Soil
Mansfield debris torrent @ Rd. 030

LC-3
Soil
Leone Ck. Debris torrent @ Rd. 4693

EFHC-4
Soil
East Fork Humbug Ck. Tributary, debris torrent @ Rd. 4698

SCRCB-5
Soil
Straight Ck. Rd. cutbank, T11S R6E Sec. 25

SCTDT-6
Soil
Straight Ck. Tributary, debris torrent @ Rd. 1164

DCDT-7
Soil
Divide Ck. Debris torrent @ Rd. 1011 crossing

centrifuged to obtain the <2-m fraction, which was concentrated by adding ca 5 ml of 0.5 M MgCl2  to each bottle to promote flocculation. The separation procedure was repeated 4 times.  At the conclusion of size separation, both the <15- and <2-m fractions were Mg-saturated according to the method of Glasmann & Simonson (1985).  Slides for XRD analysis were prepared by the method of Theissen & Harward (1962) and the clay mineralogy was characterized using the treatments described by Glasmann & Simonson (1985).  XRD analyses were performed with an automated Phillips XRG3100 using Cu K radiation (40 KV, 35 ma) with compensating slits and a focusing monochromator. Samples were step scanned using 0.02( 2-theta step increments and a 1 sec count time. Several of the suspended sediment samples yielded extremely small amounts of <2-m material and were mounted on specially prepared quartz slides and analyzed using a 2 or 3 second count time.  These slides were cut from a single crystal in such a manner as to offer no background contribution to the XRD analysis.  Sample mineralogy was interpreted using Jade+ software, which searches both the International Powder Diffraction data base and user-generated files for matching XRD peaks.  Semi-quantitative interpretation of clay mineral abundance was accomplished by comparing sample pattern characteristics to computer-generated XRD patterns prepared using NEWMOD2 (Reynolds & Reynolds, 1996). While this techniques has shown success for well-crystallized geologic specimens, the program can not deal with amorphous material, halloysitic clays, or non-phyllosilicate phases (quartz, feldspar, cristobalite, zeolite, etc.).  Since the XRD peak intensities are affected by many factors (mineral abundance, elemental composition, particle thickness, sample orientation, presence of amorphous material, etc.), it is extremely difficult to confidently interpret quantitative relations within and between different samples; however, in cases where patterns from different samples appear extremely similar, one can be sure that both the qualitative and quantitative aspects of the samples are matching.  Copies of annotated XRD patterns for all samples are found in Appendix 1. 

RESULTS
Suspended Sediment Samples

Salem City Raw Water 

Raw water collected at the Salem treatment plant intake has a colloidal particulate assemblage characterized by the presence of smectite, kaolinite, chlorite, hydrated halloysite, illite, heulandite/clinoptilolite (zeolite), plagioclase feldspar, iron oxide, quartz, and X-ray amorphous material.  This very complex mineralogical assemblage is quantitatively dominated by smectite and amorphous material, with the remaining minerals forming less than 25% of the <2-m sample (Table 2).  Feldspar, zeolite, quartz, and illite are more abundant in the <15-m sample, reflecting natural sorting of these minerals into the silt fraction.  Given an opportunity to settle, the non-phyllosilicate minerals would rapidly drop from suspension, leaving suspended colloids enriched in smectite and amorphous clays.  The smectite-amorphous clay-zeolite-plagioclase mineralogical assemblage is fairly definitive of Cascade-derived sediments (Youngberg et al., 1971; Taskey et al., 1978; Billings, 1997), and the general absence of illite, microcline, and quartz excludes recycling of older sediments that were deposited in the Willamette Valley (Glasmann & Kling, 1980).

The Salem raw water sample was collected some time after the February, 1996, runoff event (exact date is unclear, but apparently occurred in the month of March, 1996).  Since this sample was taken well after the flood event, it is doubtful that the mineralogy of the specimen is affected by significant cut and fill erosive activity below Detroit Reservoir.  Stream channels, which had been forced out of equilibrium by the February flood, should have had time to adjust to lower flow conditions by mid spring.  (This is an assumption which should be verified by a stream reach survey).  U.S. Army Corp. records of dam discharge may also provide an indication of the origin of discharge relative to reservoir temperature/sediment stratification and would be helpful for interpreting post-flood water release history.  Reportedly, water stored in the Detroit Reservoir remained turbid for several months after the February flood and affected the turbidity of released water into early summer, 1996.

Detroit Reservoir 
Suspended sediment in the Detroit Reservoir was sampled in July, 1996.  The sample, taken from a log boom from water below the thermocline, exhibits a complex clay mineral assemblage that is characterized by the presence of smectite, amorphous material, zeolite, hydrated halloysite, kaolinite, chlorite,  plagioclase feldspar, cristobalite, and quartz (Table 2).  The <2-m XRD pattern is very similar to that of the Salem raw water sample, differing primarily in the lower abundance of kaolinite and chlorite in the Detroit Reservoir sample (Table 2).  An overlay of the Detroit Reservoir sample Mg-54% RH pattern on the Salem raw water pattern shows the close similarity of these samples (Figure 1).  The lower 

Table 2. Clay Mineralogy of Suspended Sediment Samples from the North Santiam River Drainage.

Sample Identification

Minerals
SRW 3/96
DR 7/22/96
BRG 11/20/96
NFBR 11/20/96

Size (m)
<2
<15
<2
<15
<2
<15
<2
<15

Smectite
40

45

35

10


Illite
5

2

tr




Fe-chlorite
5

2

3




Kaolinite
5

2

3

tr


Halloysite
10

12

10

35


Amorphous
15

17

15

15


Cristobalite
3

2

10

15


Plagioclase
10

10

12

20


Sanidine
tr

2

tr

tr


Quartz
2

2

5




Hematite
2

2

tr




Pyrite




tr

2


Zeolite
3

2

5




Other




A

A


Other Minerals:  L = laumontite, A - augite, E - epidote, B = biotite.  Numerical values listed are estimated mineral abundancies.  

abundance of kaolinite and chlorite in the Detroit Reservoir suspended sediment sample could reflect loss of these relatively coarse-particle, low-charge clays from suspension over time.  Alternatively, kaolinite and chlorite could have been picked up from stream processes below Detroit Reservoir, slightly enriching the Salem water sample in clays that typify more stable landscapes.
Breitenbush River 

Suspended sediment from the Breitenbush River was obtained at the gaging station in October, 1996.   The sample yielded an insufficient quantity of clay to perform the entire suite of characterization treatments outlined in the methods section.  Only the Mg-saturated treatments were performed with the clay smeared onto a quartz substrate.  The mineralogy of the <2-m fraction is qualitatively similar to that of the Detroit Reservoir sample, consisting primarily of smectite and amorphous material, with lesser amounts of halloysite, feldspar, zeolite, and other clays (Table 2).  The Breitenbush River sample is enriched in cristobalite, quartz, and feldspar relative to the Salem and Detroit Reservoir water samples, suggesting local control of suspended sediment mineralogy by eroding devitrified tuff.  Clay-size silicates, such as quartz and cristobalite, generally have a coarser particle-size distribution than smectitic clays; hence, they tend to settle out more rapidly under non-turbulent conditions.  Over a period of time, gravitational settling of coarser, low-charge clay particles would result in the concentration of high-charge smectite and amorphous 
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Figure 1.  Comparison of XRD patterns of the <2-m Mg-54%RH treatment for Salem City Water and Detroit Reservoir suspended sediment.  Without considering sample mineralogy, it is clear that the samples yield very similar XRD analyses.

colloids in suspension.  Thus, the Detroit Reservoir water could be genetically linked to sediment influx from streams with sediment character similar to that of the Breitenbush River.

North Fork of Breitenbush River @ Road 4686 Bridge

Suspended sediment from the North Fork of the Breitenbush River consisted largely of organic matter, with only minor amounts of clay.  The organic component resulted in very poor orientation of the sample, producing an XRD pattern with low peak intensities (Appendix 1).  The pattern shows almost no peaks in the low 2-theta region that characterizes the basal spacing of most clays, but the high, broad peak at around 20 degrees 2-theta suggests the presence of hydrated halloysite.  Other minerals in this sample include plagioclase, cristobalite, smectite, augite, pyrite (?), and amorphous clay (Table 2).  This sample does not appear to be strongly genetically related to the more smectitic clay assemblage of Detroit Reservoir, although certainly shows some of the components found within the reservoir.  The quantitative evaluation of this sample is highly tenuous due to the inability of computer-generated models to simulate clay mixtures containing hydrated halloysite or amorphous colloids.

Soil Samples
North Fork Breitenbush River Cutbank above Road 4686 Bridge

This sample consisted of rounded andesitic gravel with a clayey matrix.  The sample had “set up” in the bucket to form a very dense, concrete-like material that was extremely difficult to homogenize by stirring with a trowel.  The andesitic rock fragments appear fresh and the clay cement in this sample appears to have infiltrated the gravel.  XRD analysis of the <2-m component indicates that hydrated halloysite is the dominant phyllosilicate (Table 3).  Hydrated halloysite has a 1.0 nm  basal spacing that collapses irreversibly upon heating to ca 0.75 nm (see Appendix 1).  The clay fraction also contains cristobalite, plagioclase, augite, and possible hematite or pyrite.  The silt fraction is dominated by plagioclase and cristobalite, with lesser amounts of halloysite and pyroxene (Table 3).  Smectite is a trace component of the clay fraction.  The nearly monomineralic clay mineral assemblage of this sample is atypical of most stream infiltrated muds.  Suspended sediment filtering into a gravel bar normally has a mixed clay mineral assemblage that reflects all the clay sources within the eroded supply of the drainage.  The halloysite-dominated clay assemblage suggests in situ development in response to local chemical conditions; however, the fresh appearance of the andesitic gravel almost certainly precludes weathering of this material to form halloysite.  The plagioclase/cristobalite component suggests that a devitrified glassy phase may have formed the matrix between the gravel.  Exposure of this glassy phase to extensive leaching by groundwater may have promoted halloysite formation.

Mansfield Debris Torrent @ Rd. 030

This sample contained abundant organic matter and exhibited a reddish brown color typical of well-oxidized surficial soil layers, suggesting that this debris flow was sourced primarily from shallow erosion, not deep-seated processes affecting underlying geologic bedrock.  Both the Mg-54%RH and K-54%RH treatments show the presence of a broad 1.0 nm peak that collapses to 0.75 nm upon heating.  This behavior is characteristic of hydrated halloysite (Table 3). In addition, peaks characteristic of  Fe-rich smectite also occur (Appendix 1).  Intensity relations for the K-110C heat treatment suggest that halloysite is the dominant clay component (Table 3), although, again, this evaluation does not benefit from computer modeling of X-ray intensity.  Taskey (1978) found that many shallow debris torrents in the Western Cascades were characterized by halloysitic and/or amorphous mineralogy.  Differences in depth-related chemical microenvironment within the weathering profile commonly favor stability of halloysite in near surface soil horizons.  In contrast, smectite is generally more stable in deeper soil horizons, where the soil solution is more concentrated in silica and dissolved cations by passage through overlying soil layers (Glasmann, 1982A,B).  

Table 3. Clay Mineralogy of Soil Samples from the North Santiam River Drainage.

Sample Identification

Minerals
NFBR-1
MDT-2
LC-3
EFHC-4

Size (m)
<2
<15
<2
<15
<2
<15
<2
<15

Smectite
3
2
32
20
40
25
35
25

Illite




5
tr
10
5

Fe-chlorite


tr



tr
tr

Kaolinite






25
25

Halloysite
45
15
50
30
20
10
17
10

Amorphous
5

5
5
10
5
3
5

Cristobalite
15
30
3
10


tr
2

Plagioclase
25
45
7
30
5
12
3
10

Sanidine
tr
3
tr
3
2
5
tr
3

Quartz
tr
2


2
25
3
12

Hematite
2
2
3
2
tr
tr
2
3

Pyrite
tr




tr



Zeolite




15
15



Other
A
A

A
















Sample Identification

Minerals
SCRCB-5
SCTDT-6
DCDT-7


Size (m)
<2
<15
<2
<15
<2
<15
<2
<15

Smectite
67
25
70
30
90
80



Illite









Fe-chlorite









Kaolinite









Halloysite
15
5
20d
10d
10d
10d



Amorphous
5

3
2





Cristobalite
5
30*
2
10





Plagioclase
5
37
5
43

5



Sanidine
tr
tr
tr
3

3



Quartz





tr



Hematite
2
2
tr
2

2



Pyrite









Zeolite









Other









Other Minerals: Zeolite = heulandite/clinoptilolite, A - augite, E - epidote, B = biotite.  Numerical values listed are estimated mineral abundancies.  * denotes opal-CT, a mixture of cristobalite and tridymite. d denotes presence of dehydrated halloysite.

The silt fraction of the Mansfield debris torrent is enriched in plagioclase, sanidine, and hematite relative to the clay fraction.  Quartz is generally absent from both the silt and clay fractions (Table 3), reflecting the absence of quartz in the predominantly andesitic/basaltic volcanic rocks of the Western Cascades.  When present in major amounts, quartz is commonly related to high temperature devitrification of basic volcanic rocks by hydrothermal fluids or to local eruption of dacitic or rhyolitic flows.  Such geologic processes are commonly associated with the presence of other indicator minerals (illite, chlorite, orthoclase, biotite, epidote).  These minerals are absent from the Mansfield soil, suggesting that the slide developed in “normal” andesitic volcanic materials.

Leone Creek Debris Torrent

The clay mineral assemblage of the Leone Creek debris torrent includes smectite, hydrated halloysite, heulandite/clinoptilolite, plagioclase, quartz, and amorphous matter (Table 3).  Smectite is the most abundant clay mineral, followed by halloysite, heulandite, and amorphous material.  Quartz is a trace component of the clay fraction, but is more abundant in the <15-m separate (Table 3).  The presence of abundant zeolite (heulandite) indicates that the debris flow eroded slightly weathered, devitrified tuffaceous bedrock.  Zeolites typically do not persist in surficial soil horizons, but are very common during the geologic cementation of ash flow tuffs that accompanies vapor phase alteration.  The presence of quartz, sanidine, and zeolite probably reflects the vapor phase alteration of underlying geologic units, whereas the abundance of smectite and halloysite may reflect modern weathering of these tuffs.  Heulandite is a minor component of persistent turbidity in the Detroit Reservoir (Table 2) and is widely distributed within the volcanic parent materials of the Western Cascades (Taskey et al., 1978).  

East Fork Humbug Creek Tributary Debris Torrent @ Road 4698

The Humbug Creek sample contains a minor component of ordered, large crystallite-size kaolinite that clearly distinguishes this sample from all others examined in this study (Table 3).  In addition to kaolinite, the clay assemblage also contains smectite, hydrated halloysite, and illite (Table 3).  The silt fraction is enriched in plagioclase, quartz, sanidine, and augite relative to the clay fraction.  The presence of quartz, illite, and kaolinite in this sample suggests that hydrothermal alteration of the underlying geologic units has occurred.  The sharp character of the kaolinite peak (Appendix 1) is atypical of soil-formed kaolins, which tend to be highly disordered, producing broad, low intensity XRD peaks.  This debris torrent may have homogenized a deeper section of soil material, incorporating hydrothermally altered tuffs from the Cr horizon.  The greater abundance of smectite relative to hydrated halloysite also suggests a somewhat deeper involvement of the failed soil mass, cutting into smectite-rich lower soil horizons.

Straight Creek Road Cutbank

The clay fraction of this sample is characterized by a smectite-rich assemblage, with minor amounts of both hydrated and dehydrated halloysite (Table 3).  Plagioclase and cristobalite are trace to minor components of the clay fraction.  The silt fraction is enriched in cristobalite and plagioclase relative to the clay fraction.  The cristobalite phase appears to include a small component of tridymite (opal-CT), possibly indicative or slightly higher temperatures of devitrification of the glass component of tuffaceous parent materials shortly after deposition.  The smectite-rich character of this sample distinguishes it mineralogically from the previous 4 soil samples, which were more halloysitic in character.  

Straight Creek Tributary Debris Torrent

The clay mineral assemblage of this debris torrent is characterized by abundant smectite, with lesser amounts of both hydrated and dehydrated halloysite, and a trace of chlorite (Table 3).  Though the qualitative mineralogy of this sample is similar to that of the Straight Creek Cutbank sample, the debris torrent appears to contain more dehydrated halloysite and less cristobalite than the cutbank sample.  Direct pattern shape comparison indicates that the mineralogy of the clay fraction of these samples is generally similar (Figure 2).  The smectitic character of this debris torrent suggests that the torrent channel may be well established, based in the deeper, smectitic subsoils near the bedrock weathering interface.  The stronger presence of halloysitic relative to the cutbank sample is consistent with minor surficial soil additions, reflecting homogenization of a large volume of material by torrent flow.

Divide Creek Debris Torrent

The clay mineral assemblage of this sample is dominated by smectite, with a minor component of dehydrated halloysite.  This sample is the most smectitic of all the soils examined during this study (Table 3).  The high intensity and excellent diffraction characteristics of the smectite phase in this sample suggest that it is more highly ordered than the smectite which yields messy, low intensity XRD peaks (e.g., Mansfield Debris Torrent).  Environments which favor well-ordered smectite crystallization are characterized by uniform wetness, as cyclic wetting and drying tends to promote rapid crystallization of minerals of different character as solution concentration varies.  Therefore, the mineralogy of the Divide Creek sample is consistent with deep-seated soil failure.

DISCUSSION
The clay mineralogy of soils of the Western Cascades is typically characterized by a component of smectitic clay that is derived from alteration of the predominantly basic volcanic parent materials that form this volcanic belt.  Older Cascade-derived sediments deposited within the Willamette Valley are typically smectite-rich, quartz-deficient, halloysite- and zeolite-bearing clays (Billings, 1997).  These sediments are mineralogically distinct from younger, micaceous Columbia River-sourced lacustrine sediments that form the floor of much of the Willamette Valley (Billings, 1997; Glasmann, unpublished data).  In addition, Western Cascade sediments are mineralogically distinct from relict kaolinitic/bauxitic Pliocene soils that mantle portions of the Salem Hills and occur in subsurface beneath Cascadian smectitic sediments (Billings, 1997).  The Cascadian smectitic clay mineral assemblage typifies modern Willamette River flood plain sediments in the area around Salem, as well as fine-textured soils within the Santiam River flood plain (Glasmann,
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Figure 2.  Comparison of the Straight Creek Cutbank and Straight Creek Debris Torrent 

<2-m Mg-Glycol treatment XRD patterns, North Santiam River watershed.

unpublished data).  Thus, in geologic terms, the suspended sediment from the Santiam drainage has a characteristic smectite-rich clay assemblage that reflects broad geologic/climatic controls.

Climatic variations may cause variations in the sediment delivery of Cascadian river systems.  During drying cycles, sediment delivery to channels may exceed a stream’s ability to remove input material.   Sediment temporarily accumulates within the channel and may become vegetated, adding to the appearance of channel stability.  During wet periods of higher runoff, this temporarily stored sediment is reworked and transported downstream.  These geologic processes occur regardless of cultural inputs, but may be modified by culturally-induced changes in microclimate.  Landslides occur in both forested and de-forested watersheds, but road failures and erosion around man-made structures are clearly culturally induced.  A recent aerial reconnaissance study of the Siuslaw National Forest  subsequent to the February, 1996, storm event suggested that road failures were a dominant component of mass failures.  Clear cuts contributed to about 35% of mass failures, but a significant number of landslides occurred in forested areas (23%, see article in Corvallis Gazzette Times, 1/30/97). The Siuslaw Forest data provides only a numerical assessment of the frequency of soil failures and does not consider the volumetric impact of the various failure mechanisms.  A  large geologically-controlled earth flow may contribute significantly greater amounts of sediment to a stream than a localized debris torrent.  Similarly, geologically “instantaneous” channel scour resulting from historic runoff events may move more sediment than all the extra-channel processes combined.

The February, 1996, flood event was followed by other high runoff events in November, 1996, and January, 1997.  These later events, though of similar magnitude, were not associated with persistent turbidity at the Salem City water treatment intake.  This suggests that a fundamental difference in sediment character exists between these various storms.  The February storm was accompanied by severe channel modification and erosion of formerly “stable” stream banks.  Subsequent runoff events filled the previously eroded channel, but were not nearly so erosive, since the stream system was still “adjusted” to February’s high volume runoff event.  Understanding the causes of cyclic or storm-related differences in suspended sediment mineralogical character is essential before the effect of culturally-induced factors on water quality can be evaluated.  

Changing management practices may help to limit extra-channel sources of turbidity; however, even the best planning can be thwarted by large magnitude natural events. Building better sewers didn’t help Noah’s neighbors escape the flood.  At this point in the evaluation of the North Santiam watershed, one must be very careful to avoid pointing a finger at a particular process or cause that may be a minor response to a much larger-scale process.  Monitoring sediment flux and character in relation to storm runoff for the major streams feeding the Detroit Reservoir will help define the major contributors to reservoir suspended sediment.  Once the major players are identified, careful stream-reach surveys may help identify problem areas within subwatersheds that could respond to changing management practices.  Such studies are necessarily of long-term nature, building a data base that spans climatic cycles and allows evaluation of cultural practices (clear cutting, fire, roads, etc.).

The sediment stored within the Detroit Reservoir may provide the best integrated picture of interacting climatic and cultural practices.  Piston cores of recently deposited lake sediments should offer a chance to identify minerals related to both short- and long-term turbidity.  Thermal/density stratification of the lake influences lake sedimentation patterns and varying reservoir draw-down may aid in reducing outflow turbidity.

CONCLUSIONS

The clay mineralogy of suspended sediment at the Salem City water treatment intake is similar to that of persistent turbidity within the Detroit reservoir.  The smectite, halloysite, zeolite, plagioclase, amorphous colloid assemblage of these sediments is typical of Cascadian sediments that have historically been delivered to the Willamette Valley over the last several million years.  Many Cascadian soils are smectite-rich; some are predominantly halloysitic; others contain more complex clay mineral assemblages, depending on the type of geologic alteration that occurred during mountain building and during subsequent weathering and development of soils.  No particular soil examined in this preliminary study provides an exact (or even close) match to the clay assemblage of persistent turbidity in Detroit Reservoir.  This suggests that the reservoir acts as a homogenizing catch basin wherein fine-particle, higher-charge clays (smectite, amorphous material, halloysite) remain in suspension while larger-particle, lower-charge clays (kaolinite, chlorite, illite) settle from suspension.  This supposition could be evaluated by studying the mineralogy of lake bottom sediments, which may be “varved”, reflecting annual or storm-related differences in both sediment source and settling rate.   

The conclusions of this preliminary study of soil and suspended sediment mineralogy in the North Santiam River watershed are necessarily vague.  The heightened concern over the influence of forest management on landscape stability has brought into focus the need for detailed long term studies of forest ecosystems.  These studies should include monitoring sediment discharge and identifying parts of the watershed that are most sensitive to climatic perturbations.  

If I can be of further help in the characterization of these or other samples, please don’t hesitate to call.

Respectfully submitted:

[image: image3.png]



___________________________

Dr. J. Reed Glasmann

Willamette Geological Service
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APPENDIX 1.

XRD Patterns of Field Samples Collected by Dave Halemeyer from the North Santiam River Basin.  The various treatments used to characterize the <2-m clay are identified numerically: 1 = K-saturation, 110(C heat, dry air; 2 = K-saturation, equilibrated at 54% relative humidity; 3 = Mg-saturation, equilibrated at 54% relative humidity.  The basal pattern represents the Mg-saturation, ethylene glycol solvated clay.  These patterns are followed by an analysis of the Mg-saturated <15-m fraction at ambient relative humidity.
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