











behind a silt/sand couplet (29) or individual sediment layer (5).

Figure 11. Stratigraphic column and image of the stratigraphy at Dietrich property. Description of
stratigraphic units and identification of sand-silt flood couplets is in Appendix A.

Eight samples of charcoal were collected from throughout the stratigraphic profile
at the Dietrich property. Radiocarbon analysis was conducted on four samples to
constrain the timing of paleoflood deposition at the Dietrich property (Figure 5). A

fragment of flood transported charcoal fragment collected from 209 cm at the contact
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between the upper slackwater deposits and the lower alluvial deposits was dated at 1560-
1700 cal BP (250-390 cal AD) (Table 1). Samples of in situ charcoal collected from the
middle of the profile at 88 cm and 65 cm were dated at 960-1060 cal BP (890-1000 cal
AD) and 730-900 cal BP (1050-1220 cal AD). A sample of flood transported charcoal
collected from near the top of the profile, at 43 cm of depth, provided at date of 670-740
cal BP (1210-1270 cal AD) (Appendix B).

Redbird Beach Stratigraphy and Ages

The previously studied Redbird Beach site is located one kilometer upstream of
the Dietrich Property and six kilometers from the downstream end of the study reach at
Ten Mile Creek (Figure 1; Figure 2). The Dietrich and Redbird studies are both located
on a semi-continuous section of the Snake River terrace. However, the presence of
alluvial material, vegetation, and distance between the Dietrich and Redbird sites makes
direct correlation of the stratigraphy difficult.

Using the criteria for delineating stratigraphic flood units set in this study, a
stratigraphic analysis was conducted in person on the northernmost stratigraphic profile
(RB-1) described by Trosper (2011) (Figure 12). Some layers of silt and sand that were
paired in the original study were classified as separate flood deposits based on the
methods for this study. The new stratigraphic analysis identified 55 distinct depositional
layers within a vertical stratigraphic profile 425 cm in depth at Redbird Beach (Figure
13).

The stratigraphy from 358 to 329 cm is composed of alternating layers of silt and
coarse sand that form silt sand couplets. From 329 to 281 cm the stratigraphy reverts to
multiple layers of massive coarse sand, and then converts back to couplets of silt and
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coarse sand from 281 to 251 cm in depth. Two units of massive coarse sand make up the
stratigraphic profile from 251 to 159 cm. At 159 cm depth the stratigraphy transitions
from the coarse basal sands to couplets of fine sand and silt. These couplets of silt and
fine sand begin at 159 cm in depth and continue to the surface of the stratigraphic profile
at the Redbird Beach site. This depositional transition from basal coarse sand deposits to
silt and fine sand couplets was also observed at the Ten Mile Creek and Dietrich sites.
The contacts between stratigraphic units are generally sharp and wavy (Trosper, 2011).
The analysis of the profile in the current study revealed that the boundary between the silt
and sand layers that compose silt/sand couplets are inversely gradational. Using the
methods of this study, an analysis of the stratigraphy within the RB-1 profile at Redbird

Beach, previously described by Trosper (2011), identified 21 silt/sand couplets and 13

individual layers of silt or sand.

Figure 12. Photograph of stratigraphy at Redbird Beach.
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Figure 13. Stratigraphic column and image of stra_tigraphy at Redbird Beach. Description of stratigraphic
units and identification of sand-silt flood couplets is in Appendix A.

Trosper (2011) obtained five radiocarbon ages from 4 charcoal fragments and one
bivalve shell to constrain the age of the tallest bench of slackwater deposits at Redbird

Beach (Table 1). The age of the shell initially gave an erroneous date but was later
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corrected by accounting for the carbon reservoir effect (Trosper, 2011, Osterkamp et al.
2014) Fragments of flood-transported charcoal collected near the base of the section
within the coarse basal alluvial sand provided the oldest age for the Redbird section at
2010-2300 cal BP (350-60 BCE) . A sample of in situ charcoal collected from 120 cm
below the surface at the transition between the upper fine-grained deposits and the basal
coarse sand deposits provided an age of 1530-1690 cal BP (330-420 cal AD) (Figure 5).
An additional sample of in situ charcoal collected from 120 cm below the surface
provided a radiocarbon date of 1520-1690 cal BP (270-430 cal AD). The youngest age
obtained from the tallest section at Redbird Beach was obtained from a piece of in situ
charcoal collected from a hearth 65 cm below the surface (Trosper, 2011). The date
provided by this sample was 660-720 cal BP (1220-1280 cal AD). Additional
radiocarbon dates obtained from lower elevation slackwater insets, as well as personal
observations made by Trosper in 2010, indicate that slackwater deposition has occurred
up to the present day at Redbird Beach.
Bobcat Bar Stratigraphy and Ages

Bobcat Bar is the farthest upstream site in the study, located approximately ten
km south of Redbird Beach and 16 km from the downstream most site, Ten Mile Creek
(Figure 1; Figure 4). The 380-cm deep stratigraphic profile at Bobcat Bar contains 46
stratigraphic units that are light brown in color (Munsell 2.5Y and 10YR 4/2-6/3) (Figure
14; Figure 15). A layer of silt caps the massive basal layer of coarse sand that comprises
the lower portion of the stratigraphic profile at Bobcat Bar. This massive layer of sand

extends an unknown distance below the upper contact at 299 cm in depth. Couplets of silt
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and fine sand are present within the outcrop from 299 to 105 cm in depth. The silt layers
within this section of the profile are very thin and difficult to distinguish. The contacts at
the tops and bottoms of silt/sand couplets are generally sharp and wavy. The boundary
between the lower silt and the overlying sand that make up a silt/sand couplet are
consistently inversely gradational (Appendix A). Unlike the downstream sites, the upper
105 cm of the profile at Bobcat Bar is composed of 7 layers of coarse sand. The top 20
cm of the profile are intermingled with modern anthropogenic debris that pinches out at

the downstream (north) end of the section. Analysis of the stratigraphic profile at Bobcat
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Bar reveals that the profile is composed of 8 individual layers of sand or silt and 18
silt/sand couplets.

Ten samples of charcoal were collected from the stratigraphy at Bobcat Bar.
Three radiocarbon dates were selected from these to constrain the period over which 44
flood deposition occurred at Bobcat Bar. A flood-transported fragment of detrital
charcoal collected from just above the transition between the basal sand and the overlying
slackwater deposits, unit 37 at 288cm depth, was dated 1820-1930 BP (20-130 AD)
(Figure 10). A flood-transported charcoal sample collected from within unit 9 at 135 cm
was dated 300 BP to present (1650-present AD). The third date, 310-480 BP (1470-1640
AD), obtained from a fragment of flood-transported detrital charcoal was collected from
the boundary at 102 cm between the slackwater deposits and the overlying anthropogenic
sand units (Table 1).

One discrepancy occurred at Bobcat Bar, sample SR3-11-12-15-CH8 returned an
older age than sample SR3-11-12-15-CH7 located beneath it. Sample SR3-11-12-15-CH8
collected from 102 cm was dated at 310-480 BP (1470-1640 AD) and sample SR3-11-12-
15-CH?7 collect from 135 cm was dated present-300 BP (1650-present AD). Notes
indicate that both samples were flood transported fragments of charcoal. A third sample
located at 288 cm was dated at 1820-1930 BP (20-130 AD). The discrepant age obtained
from sample SR3-11-12-15-CH8 can be attributed to its unknown source (see methods
section). Subtracting this sample from the temporal analysis of Bobcat Bar indicates that
the accumulation of fluvial sediments began as early as 1820-1930 BP (20-130 AD) and

continued to the present, which is consistent with the findings from the other locations.
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Figure 15. Stratigraphic column and image of stratigraphy at Bobcat Bar. The upper 20 cm of profile was
wet when photo was taken. This gives the upper 20 cm of the profile a darker brown color. The line in the
photo at 95 cm is the transition between the photo of the upper part of the profile and the lower section of
the profile. Description of stratigraphic units and identification of sand-silt flood couplets is in Appendix A.

43



Hydraulic Modeling

Calibrating HEC-RAS to match the 5.3-meter difference between the water
surface elevations for the flood on June 5, 2010 (4,900 cubic m/s (173,000 cubic ft/s))
and the base flow on July 20, 2010 (800 cubic m/s (28,000 cubic ft/s)) required multiple
iterations. Multiple runs with different values for Manning’s n in the channel and over
bank areas eventually resulted in a fit. The best fit for the 5.3-meter difference between
the June 5, 2010 surface water elevation 4,900 cubic m/s (173,000 cubic ft/s) and the July
20, 2010 surface water elevation was obtained using a discharge of 800 cubic m/s (28,000
cubic ft/s) for the July 20, 2010 water surface and a Manning’s n value of 0.02 for the
channel and 0.03 for the overbank areas (Figure 18; Table 2). With the model calibrated,
the minimum discharge required to overtop the Snake River Flood Terrace was determine
by incrementally increasing the discharge in the Snake River by approximately 150 cubic
m/s (5,000 cubic ft/s). Hydraulic modeling of the Snake River using HEC-RAS and Lidar
data revealed that the flood magnitude necessary to overtop the highest point on the
slackwater deposits that compose the Snake River Flood Terrace is approximately 6,500
cubic m/s (230,000 cubic ft/s)(Figure 18; Figure 19; Figure 20). Additionally, the
minimum discharge required to reach the contact between the top of the coarse basal
sands and the first silt/sand couplets is approximately 3,000 cubic m/s (106,000 cubic
ft/s) (Figure 21). This reveals a 3,500 cubic m/s (123,600 cubic ft/s) difference in the
minimum discharge required to deposit the older lower elevation and younger higher
elevation slackwater deposits at the Ten Mile Creek site. The elevation of the contact
between the basal sand and silt/sand couplets at the Dietrich and Redbird Beach sites is
approximately 0.5 meter higher in elevation relative to the river channel. This indicates
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that the minimum discharge difference between the surface of the terrace and the top of
the base sand is less at these site locations.

The following is a comparison of the modeled results with that of historic gage
records. The Anatone gauge located upstream of the study reach near Anatone, WA
began recording in 1958. The largest flood recorded by the Anatone gage occurred in
1974 with a discharge of 5,520 cubic m/s (195,000 cubic ft/s). This shows that largest
flood recorded by the gage was insufficient to overtop the Snake River Flood Terrace. A
second stream gage located in Weiser, Idaho has a record that begins in 1910 (Figure 16).
The largest flood recorded at the Weiser gage is 3398 cubic m/s (120,000 cubic ft/s). A
statistical correlation between the two gauges provided a slope equation that indicates
that the 1910 flood could have been as large as 8778 cubic m/s (310,000 cubic ft/s) at the
Anatone gage site (Figure 16; Figure 17). The next two highest peak flows recorded at
the Weiser gaging station occurred in 1921 and 1952, before the installation of the gage
at Anatone in 1958. It is possible that one of these floods exceeded the discharge of the
1974 flood recorded by the Anatone gage, however it is unlikely. The 1921 and 1952
floods recorded by the Weiser gage were less than one percent greater than the top four
floods recorded by the Anatone gauge after 1958, while the discharge of 6,500 cubic m/s
(230,000 cubic ft/s necessary to overtop the highest paleoflood deposit of the Snake River

Flood Terrace is 18 percent greater than the 1974 flood at Anatone (Figure 16).
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Figure 16. Snake River peak annual discharge gage record. Yearly Snake River peak discharge records at
the Weiser, ID and Anatone, WA gage stations located upstream of the Snake River Terrace study reach

(U.S Geological Survey, 2015).
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Figure 17. Snake River gage record statistical correlation. Statistical correlation between the overlapping
portions of the gaged records at Anatone, WA and Weiser, ID (U.S Geological Survey, 2015).
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in the depositional energy during a single flood event. This gradational shift from silt to
fine sand suggests that floods large enough to top the Snake River Flood Terrace have an
initial lower energy depositional environment that allows for the deposition of silt. As the
water surface of the flood increases, so increases the depositional energy water column.
This increase in depositional energy leads to an inversely gradational paleoflood deposit
that coarsen upward from a silt to a fine sand. The sharp contact at the top of silt/sand
couplets could indicate that floods on the lower Snake River recede relatively quickly
based on the lack of silt observed on the top silt/sand couplets.

Paleoflood deposits that compose the Snake River Flood Terrace were deposited
sequentially with the oldest deposits on the bottom and the youngest at the top. As the
flood terrace progressively accreted, the terrace became taller and taller as floods left
behind deposits. For each subsequent flood to leave behind a deposit, the water surface of
the flood must be slightly higher than the top of the deposit left by the previous flood
event. This process does not suggest a progressive increase in flood magnitude over time,
because there is no way to know the maximum water surface elevation for discrete flood
events. Itis likely that the water surface for each subsequent flood event varied in
elevation, with some rising centimeters to more than a meter above the top of the flood
terrace deposits. This could explain the observation of individual slackwater deposits
composed of single layers of silt or fine sand. The elevation of each discrete flood deposit
represents the minimum water surface required to leave the deposit. As the Snake River
Flood Terrace surface increases in elevation, a decreasing number of flood events have
the necessary magnitude to leave behind a new deposit. The minimum discharge required
to reach the elevation of the oldest fine-grained paleoflood deposits (Zone 2, above the
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basal sand) is approximately 3,000 cubic m/s (106,000 cubic ft/s). The minimum
discharge required to create the youngest deposits at the top of the terrace is
approximately 6,500 cubic m/s (230,000 cubic ft/s). This difference in discharge
represents a three-meter rise in the water column and a two-fold (216%) increase in flood
magnitude. Floods that do not reach current elevation threshold Snake River Flood
Terrace are not recorded due to a lack of accommodation space. However, they may be
deposited on a younger, lower elevation paleoflood inset adjacent to the taller deposits
(Figure 3). These lower elevation flood deposit insets are often closer to the river and
more likely to be eroded and replaced with younger deposits, as was found at the Redbird
site (Trosper, 2011).

The stratigraphy of the Snake River Flood Terrace is fairly consistent between
sites and can be divided into four zones; Zone 1 = the basal coarse sands, Zone 2 = the
lower light brown massive fine-grained sands and silt/sand couplets, Zone 3 = the upper
dark brown silt/sand couplets, and Zone 4 = upper most unconsolidated light gray
silt/sand couplets. Radiocarbon dating indicates that the basal sand (Zone 1) at all four
study sites was emplaced before 1560-1700 years B.P. The bottom of basal coarse sand
package was not observed at any of the study sites. Analysis of the middle two zones
(Zones 2 and 3) of paleoflood deposits composed of individual layers of silt, fine sand,
and silt/sand couplets identified approximately 20 to 30 paleoflood events that occurred
between 1560-670 years B.P. These units show an obvious extensive paleosol
development indicating a long hiatus between floods. The uppermost units of
unconsolidated silt/sand couplets (Zone 4) record 2 to 4 paleoflood events that occurred
within the last 300 years. There is a hiatus of at least 400 years between Zones 3 and 4,

52



possible longer. As many as 4 flood events were large enough to over top the Snake
River Flood Terrace in the last 300 years. At least one of these could be a flood recorded
by the Weiser gage that occurred in 1910.

The coarse sands that make up the base of the Snake River Flood Terrace were
formed by a slightly higher energy depositional environment than the overlying
slackwater deposits. The depositional environment of the basal sands is likely analogous
to the present-day sand bars present along the banks of the lower Snake River. At
approximately 1560-1700 years B.P., a shift occurred in the depositional environment
which led to the formation of slackwater deposits of fine sand and silt instead of the
previously deposited coarse beach sands. For this change to occur, there must have been a
structural alteration to the river that caused the shift from higher energy beach deposition
to lower energy slackwater deposition. Alluvial fans are present across the length of the
terrace where intermittent tributaries meet river. For the past 1700 years paleoflood
deposits have accumulate in protected backwater zones downstream of the present-day
alluvial fans. If these fans were smaller in the past, due to erosion by the Snake River or
differences in the tributary sediment supply, then the slackwater zones would have been
smaller or non-existent. Another possibility is that river was in different position laterally
within the canyon. Within the canyon, the river may be able to change position through
meander erosional and accretions processes. Slow meander movement within the channel
could cause the depositional environment downstream of alluvial fans to shift from
moderate energy coarse sands to the lower energy silt and fine sand slackwater deposits
over time and depending on the lateral position of the river with the channel.
Additionally, landslide activity located downstream of the study area could raise the
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base-level of the channel thus causing a shift in depositional environment along the
Snake River Flood Terrace from coarse sands to silt and fine sand. A large slow-moving
landslide is currently affecting the Snake River channel 5 km downstream near Lewiston,
Idaho.

A paleosol with an A and possible B horizon formed on the upper contact of Zone
3, below the loose friable sands of Zone 4 that cap the terraces at Ten Mile Creek,
Dietrich, and Redbird Beach. This paleosol may indicate a hiatus in flood deposition at
these sites that was long enough to allow soil to develop within the paleoflood deposits
that compose the Snake River Flood Terrace. Radiocarbon ages of 730 BP below the
contact and 300 BP in the units above the contact indicate a hiatus of at least 400 years.
This break in flood deposition could have a couple causes. One, there were no flood large
enough to create a flood deposit during that period. Second, a change in base-level are a
lateral shift in the river could have made it impossible for large floods to reach the top of
the terrace and deposit sediments during that time.

Similarities in the number of paleoflood deposits, depositional patterns, and
timing of deposition indicate that the Redbird Beach site is but a part of the greater Snake
River Flood Terrace. A comparison of the sites shows that each of the sites are similar in
the overall pattern of deposition and number of paleoflood deposits. Each of the sites has
a consistent pattern of deposition that can be broken into four zones: the basal coarse
sand, the light-colored, massive fine sand and silt/sand couplets, the dark brown couplets
and the uppermost, friable sand and silt layers. Bobcat Bar does not exhibit the uppermost
section, this is likely due to anthropogenic disturbance. The lower three sites, Ten Mile,
Dietrich and Redbird, contain a paleoflood record that consists of approximately 22-34

54



flood events. However, Bobcat Bar has a record of about 18-25 flood events. Differences
in the number of floods between sites is caused by variation in the elevation of the basal
sand units which accommodated or prevented the deposition of smaller flood that make
of the base of the deposits. This explains why Ten Mile Creek has up to 12 more flood
records than the other study locations. Additionally, Redbird Beach, because of its
geomorphic setting downstream of the Redbird Creek alluvial fan, has lateral
accommodation space that has allowed for deposition of three inset sequences of smaller
floods directly adjacent to the taller Snake River Flood Terrace. These lower elevation
paleoflood insets were not observed at the other sites of study. These variations in
individual site geomorphology in addition to anthropogenic disturbance can lead to
differences in the flood record between sites (Trosper, 2011). Overall, similarities in
paleoflood chronology and depositional patterns across all four sites indicates that a
series of flood events that occurred over the last 2000 years emplaced the paleoflood
deposits that compose the 20-km long Snake River Flood Terrace that resides above the
eastern bank of the Snake River, downstream of Hells Canyon.

The elevation of the contact between the basal sands (Zone 1) and the overlying
fine-grained flood units is not as uniform among the sites as the top of the flood terrace at
each site. The modeling results indicate a wide range in the discharge values required to
overtop and basal sands in Zone 1 and deposit the oldest set of fine-grained slackwater
flood deposits (Zone 2). The modeled discharge at the elevation of this contact ranges
from 3,000 cubic m/s (106,000 cubic ft/s) at Ten Mile Creek to almost 4900 cubic m/s
(173,000 cubic ft/s) at Redbird (Figure 21). The discharge required to overtop the top of
the highest portion of the flood terrace at all three sites is close to 6,500 cubic m/s
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(230,000 cubic ft/s). The lower elevation of the basal sand at Ten Mile Creek could have
allowed more smaller floods to be recorded in the earlier part of the record at that site that
are not present at the other sites. This difference could account for the greater number of
flood deposits above the basal sand at Ten Mile Creek (34 deposits) vs. 22-29 flood
deposits at the other sites (Table 2). The elevations of the three flood terraces above the
river evened out later in the record, as the accommodation space at the Ten Mile Creek
site filled in, so they are more likely to be recording the same floods in the latter part of
the record. By the time of the most recent deposition in the last 300 years, the discharge
required to overtop these three sites is very similar.

Hydraulic modeling using HEC-RAS and Lidar data determined that a discharge
of approximately 6,500 cubic m/s (230,000 cubic ft/s) is required to overtop the Snake
River Flood Terrace at the Ten Mile Creek, Dietrich, and Redbird study sites. This
indicates that the last two to four flood events recorded within the uppermost paleoflood
sediments of the Snake River Flood Terrace at the Ten Mile Creek, Dietrich, and Redbird
study sites had a minimum discharge of close to 6,500 cubic m/s (230,000 cubic ft/s).
However, the water surface of these floods could have been centimeters to a meter or
more above the upper surface of the highest elevation paleoflood deposits (Ely, 1997).
This would indicate that the magnitude of these flood events could have been
significantly higher than the minimum estimate of 6,500 cubic m/s (230,000 cubic ft/s)
produced by the model. A flood this size could potentially adversely affect flood
mitigation and hydroelectric infrastructure located downstream in the communities of

Asotin, Lewiston, Clarkston and the four lower Snake River Dams.
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A review of the historic record from river gage locations located near Weiser, ID
and Anatone, WA was conducted to identify any possible historic (recorded) flood events
that could have been large enough to leave a deposit on the Snake River flood Terrace. A
flood record by the Anatone gage in 1974 had a discharge measured at 5,500 cubic m/s
(195,000 cubic ft/s). This discharge was run through the calibrated HEC- RAS hydraulic
model. It indicated that the 1974 flood recorded by the Anatone gage was not quite large
enough to overtop the Snake River Flood Terrace at any of the lower three study sites.
However, a flood recorded near Weiser, Idaho had a discharge of 3398 cubic m/s
(120,000 cubic f/s) in March of 1910. A statistical correlation between the Anatone and
Weiser gage station indicates that the 1910 flood could have been approximately 8778
cubic m/s (310,000 cubic ft/s) within the Snake River Flood Terrace study reach. The R?
of the statistical correlation between the Anatone and Weiser gage equaled 0.65 (Figure
17). This indicates that at least one historic flood might have been large enough to
overtop the Snake River Flood Terrace and deposit slackwater sediments. Therefore, the
uppermost slackwater sediments observed at the Ten Mile Creek, Dietrich, and Redbird
Beach sites may have been deposited by the 1910 flood recorded by the Weiser gage.

Rhodes, 2001 identified large winter precipitation events such as rain on snow
events or rain on frozen ground events that result in large amounts of surface water
discharge as the primary source of the largest floods on the Snake River. The storms are
source from low pressure systems derived from the norther Pacific Ocean that track to the
north east as they pass over the Pacific Northwest. Gage records on March 3, 1910 at the

Weiser, Idaho gage support this observation and suggest that a large winter storm event
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that occurred across the Snake River watershed caused the large flood event on the Snake
River in 1910.

Over the last 300 years, two to four paleofloods reached the discharge threshold
of 6,500 cubic m/s (230,000 cubic ft/s) or more to leave behind slackwater sediments
upon the Snake River Flood Terrace, the youngest of which may have occurred in 1910.
In a simple model, these results may indicate that a minimum discharge of 6,500 cubic
m/s (230,000 cubic ft/s) probably occurs slightly more frequently than an average of once
every 100 years on the Snake River upstream of Lewiston, ID and Clarkston, WA. The
probability of a flood of this magnitude could be refined by statistically combining the
paleoflood data with the systematic gaged record, which was not part of the current study.

The implications of these findings may help communities and hydroelectric
agencies identify infrastructure that is insufficient to withstand a flood in the future that is
over 6,500 cubic m/s (230,000 cubic ft/s) in magnitude. The construction of the Hells
Canyon dam in addition to other upstream dams on the Snake River can likely mitigate
the threat of large floods in the future. However, the 5,500 cubic m/s (195,000 cubic ft/s)
discharge for the flood that occurred in 1974, after construction of the Hells Canyon
Dam, shows that floods derived from the undammed Salmon and Grande Ronde
watersheds combined with the controlled flows from Snake River can produce floods
nearly as large as the 6,500 cubic m/s (230,000 cubic ft/s) prehistoric floods identified in
the study. This is new information is something that would not have been known without
a paleoflood analysis of the Snake River Terrace.

The results of this study show that the lower Hells Canyon reach of the Snake
River experience 22-34 large flood events over that last 1700 years as observed within
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the paleoflood record of the Snake River Flood Terrace. The paleoflood record also
shows a 400-year hiatus in flood events that occurred from approximately 700 BP to 300
years BP. Other paleoflood studies conducted on the Snake River share similar results.
Rhodes (2001) identified a 5000-yr flood record of more than 22 paleofloods exhibited
by the slackwater deposits at the Tin Shed and China Rapids sites located 90-km
upstream. The paleoflood record at Tin Shed and China Rapids sites also showed a hiatus
in paleoflood activity from 1319 BP- 510 BP similar to that identified by this study.
Trosper (2011) identified a 2300-year record that contained evidence of as many as 30
large paleofloods. A field reevaluation of the Redbird site conducted by this study found
evidence of 22 flood events with the upper fine grained slackwater deposits and evidence
of 13 within the basal coarse sand units. Similarities in the paleoflood records across 110
km of the Snake River identified by multiple studies on may indicate that these sites
record many of the same flood events as well as record a period when large flood events
were scarce. The addition of this study to the paleoflood catalog of the Pacific Northwest
along with a future comprehensive review of paleoflood studies from across region may
allow future studies to identify long-term links between changes in climate and large

floods within the region.
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CHAPTER V
CONCLUSIONS
The deposition and preservation of the Snake River Flood Terrace is due to a
regionally consistent geomorphic setting present within the Lower Hells Canyon
downstream of the Grande Ronde River. Consistencies in the spatial, temporal, and
stratigraphic characteristics of the four paleoflood study locations indicates that the 20-
km long Snake River flood Terrace was primarily formed by slackwater deposition that
began approximately 1560-1700 years B.P. Two primary patterns of sedimentation were
observed within the stratigraphy at each of the study locations. The first is a friable coarse
fluvial sand that was emplaced by a depositional environment with moderate flow
velocities prior to 1560-1700 years B.P. (Zone 1). This environment has a modern analog
in the form of coarse sand bars and banks that are observable along the banks of the
Snake River today. Fine grained slackwater sediments of silt, sand, as well as couplets of
silt and sand make up the upper three zones of the Snake River Flood Terrace. These
sediments were deposited in a relatively low energy depositional environment when the
Snake River overtopped the Snake River Flood Terrace and formed overbank conditions
where slackwater deposits could form. These fine-grained slackwater deposits began
accumulating approximately 1560-1700 years B.P. and have continued to the present,
with a possible gap in deposition between 670 and 300 years B.P. The depositional shift
from the coarser basal sands to the overlying silt and fine sand slackwater deposits
indicates a change in the depositional environment approximately 1560-1700 years B.P.

This depositional shift could have been caused by a lateral shift in the position of the
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river (Trosper, 2011) or by a structural change within the canyon which resulted in a
lower energy depositional environment above the flood terrace.

18-25
Analysis of the paleoflood sediment indicate that as many as 22-34 distinct flood

events are recorded in the deposits at the Ten Mile Creek, Dietrich, and Redbird Beach
sites in the last 1700 years and approximately 18-25 floods at Bobcat Bar. These events
are recorded within the fine-grained flood deposits (Zones 2-4), above the contact with
the basal sand units, that most closely resemble overbank slackwater flood deposits.
These fine-grained deposits accumulated within the last 1560-1700 years. Variations in
the geomorphic setting along with human disturbance account for the difference in the
flood record among the sites. In particular, the lower elevation of the contact between the
basal sands and the fine-grained slackwater deposits at the Ten Mile Creek site allowed
more, smaller floods to leave deposits at that site early in the record. The upper units at
Bobcat Bar might have been altered by human activities.

Hydraulic modeling using HEC-RAS and Lidar data determined that a discharge
of approximately 6,500 cubic m/s (230,000 cubic ft/s) is required to overtop the Snake
River Flood Terrace at the Ten Mile Creek, Dietrich, and Redbird study sites. This
indicates that the last five prehistoric flood events dated within the last 300 years had
discharge of at least 6,500 cubic m/s (230,000 cubic ft/s). One of these flood deposits
may have been emplaced by a historic flood that occurred in 1910. The number
prehistoric flood events over the last 300 years may indicate that the frequency of floods
larger than 6,500 cubic m/s (230,000 cubic ft/s) is less than 100 years for the Snake River

upstream of Lewiston, ID and Clarkston, WA.
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Paleoflood deposits preserved across the length of the Snake River Flood Terrace
record the prehistoric flood history of up to 34 events within the Lower Hells Canyon
over the last 1700 years. The Snake River Flood Terrace is the physical manifestation of
these floods, revealing that the last four pale floods within the last 300 years had flow
rates greater than 6,500 cubic m/s (230,000 cubic ft/s) in magnitude. The results of this
study appended to historic flood records will help provide a better understanding of the
true paleohydrologic regime the river that will in turn improve estimates for the
frequency and magnitude of future large flood events within the Lower Hells Canyon of

the Snake River.
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APPENDIXES

Appendix A

Stratigraphic Profile Descriptions

Table Al: Description of stratigraphic profile at Ten Mile Creek. The units that compose a
discrete flood are indicated by the alternating shade pattern from white to gray.

Unit

Flood

Depth(cm)

Description

1

10

Il
+3?

Vi

Vil

VIl

0-4

4-15

15-26

26-36

36-55

55-70

70-95

95-98

98-102

102-115

Color: 10YR 5/3 brown. Texture: medium sand. Lower
contact: gradational to indistinguishable. Unit is organic rich
containing both live and decaying plant material. The upper 1-
2 cm is covered by duff.

Color: 2.5Y 5/3 light olive brown. Texture: medium sand.
Lower contact: gradational. Unit is bioturbated by plant roots
and krotovina.

Color: 2.5Y 5/3 light olive brown. Texture: silt to fine sand.
Lower contact: sharp, varying from straight to wavy. Unit
normally grades into overlying unit 2. Convoluted lower
contact could indicate paleosurface.

Color: 2.5Y 5/3 light olive brown. Texture: silt to sand,
possibly alternating. Lower contact: sharp, convoluted, and
discontinuous. Angular basaltic cobble present at lower
contact. Unit alternates between thin, discontinuous layers of
silt and sand, possibly four couplets.

Color: 10YR 4/2 dark grayish brown. Texture: very fine sand
to silt. Lower contact: gradational, convoluted.

Color: 2.5Y 5/2 grayish brown. Texture: fine sand. Lower
contact: sediment color change with wavy boundary.

Color: 2.5Y 6/2 light brownish gray. Texture: fine sand.
Lower contact: sediment color change that is very wavy and
discontinuous. Dark gray mottling at 85 cm may indicate
presence of charcoal.

Color: 2.5Y 5/2 grayish brown. Texture: fine sand. Lower
contact: gradational, convoluted and discontinuous.

Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp, convoluted, and discontinuous. Unit overlies thin,
discontinuous layer of charcoal.

Color: 2.5Y 6/2 light brownish gray. Texture: fine sand.
Lower contact: indistinct, wavy, and discontinuous, mixed
with mottled charcoal. Possible thin silt present at lower
contact. Krotovina were observed throughout the unit.
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Table Al Continued

Unit

Flood

Depth(cm)

Description

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Xl

Xl
+2?

X1
+1

XV

XV

XVI

115-122

122-126

126-128

128-130

130-138

138-142

142-153

153-181

181-184

184-189

189-191

191-193

193-199

199-201

Color: 2.5Y 6/2 light brownish gray. Texture: fine sand.
Lower contact: indistinct and discontinuous, mixed with
mottled charcoal.

Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: wavy and discontinuous. Gray mottling at contact
may indicate charcoal. Contacts difficult to distinguish due to
bioturbation throughout units 11-14.

Color: 2.5Y 6/2 light brownish gray. Texture: fine sand.
Lower contact. indistinct, wavy, and discontinuous.

Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact. sharp, wavy, and discontinuous.

Color: 2.5Y 6/2 light brownish gray. Texture: very fine sand.
Lower contact: sharp, wavy, and discontinuous.

Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, wavy, and discontinuous.

Color: 2.5Y 6/2 light brownish gray. Texture: alternating silt
and fine sand. Lower contact: sharp, convoluted, and
discontinuous. Bioturbation made the silt and sand layers
difficult to distinguish. This unit is possibly composed of three
sand layers and three silt layers; this could indicate that unit is
composed of up to three silt/sand couplets.

Color: 2.5Y 6/2 light brownish gray. Texture: medium sand.
Lower contact: gradational, wavy, and discontinuous. Unit is
less consolidated/cemented than overlying units. Charcoal
present at 162 cm.

Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, wavy, and discontinuous. Mixing due to
bioturbation made contacts and layering difficult to
distinguish. This unit is possibly two silt layers with a very
thin sand between.

Color: 2.5Y 6/2 light brownish gray. Texture: fine sand.
Lower contact: gradational and very wavy.

Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: sharp. Lower contact overlies continuous, very thin
charcoal layer.

Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: sharp and very wavy. Top of unit exhibits a very thin,
continuous charcoal layer possibly mixed with sand. Possible
silt/sand couplet.

Color: 2.5Y 6/2 light brownish gray. Texture: fine sand.
Lower contact: gradational.

Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, wavy, and discontinuous. Unit overlies a thin,
continuous charcoal layer.
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Table Al Continued

Unit Flood Depth(cm)  Description

25 201-230 Color: 2.5Y 5/3 light olive brown. Texture: fine to medium
sand. Lower contact: gradational. Charcoal present through the
XVII upper two cm of unit.
26 230-231 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower
contact: sharp.
27 231-235 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XVIII Lower contact: gradational.
28 235-236 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.
29 236-240 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XXIX Lower contact: gradational.
30 240-241 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.
31 241-248 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XX Lower contact: gradational.
32 248-249 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.
33 249-255 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XXI Lower contact: gradational.
34 255-256 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp, overlying continuous, thin charcoal layer.
35 256-257 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XXII Lower contact: gradational, overlying interspersed, thin
charcoal layer.
36 257-258 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.
37 258-261 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XXII1 Lower contact: gradational.
38 261-262 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.
39 262-263 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
Lower contact: gradational.
40 XXIV  263-265 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower

contact: sharp, overlying continuous, thin charcoal layer.
Bioturbation mixed silt, charcoal, and underlying sand at

contact.
41 265-268 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XXV Lower contact: gradational.
42 268-270 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.
43 270-272 Color: 2.5Y 5/3 light olive brown. Texture: fine sand. Lower
XXVI contact: gradational.
44 272-273 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower
contact: sharp.
45 273-274 Color: 2.5Y 5/3 light olive brown. Texture: fine sand. Lower
XXVII contact: gradational.
46 274-275 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower

contact: sharp.
69



Table Al Continued
Unit Flood Depth(cm)  Description

47 275-281 Color: 2.5Y 5/3 light olive brown. Texture: fine sand. Lower
XXVII contact: gradational.

48 I 281-285 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
+1? contact: sharp. Possible additional thin silt/sand couplet

pinching out at left side of outcrop.

49 285-286 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand.
XXIX Lower contact: gradational.

50 286-288 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower

contact: Sharp, overlying continuous thin charcoal layer.
Bioturbation mixed silt, charcoal, and underlying sand at

contact.
51 288-291 Color: 2.5Y 6/3 light yellowish brown. Texture: very fine
XXX sand. Lower contact: gradational.
52 +1? 291-295 Color: 10YR 6/3 pale brown. Texture: silt. Lower contact:

sharp. Subtle fine sand and charcoal layers pinch out on left
side of outcrop.

53 295-296 Color: 2.5Y 5/3 light olive brown. Texture: medium sand.
Lower contact. gradational.
54 XXXI 296-301 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower

contact: indistinct, observed bioturbation could cause it to
appear gradational when actually sharp. Possible soft sediment

deformation (sand fountaining) observed.

55 301-319 Color: 10YR 4/3 brown. Texture: Sand. Lower contact:
gradational. Unit appears massive but possible color change
XXXII and fining observed at 306 cm. Beginning of relatively coarser
basal sand package first observed at Redbird Beach as well as
other locations within the study reach.

56 319-325 Color: 2.5Y 6/3 light yellowish brown. Texture: silt: Lower
contact: sharp, overlying continuous thin charcoal layer.
57 325-335 Color: 2.5Y 5/3 light olive brown. Texture: fine to coarse
sand. Lower contact. gradational.
58 XXXIlI 335-336 Color: 2.5Y 5/3 light olive brown. Texture: silt to fine sand,
I inversely graded. Lower contact: gradational.
59 336-337 Color: 2.5Y 5/3 light olive brown. Texture: coarse sand.
XXXI Lower contact. gradational.
60 V 337-338 Color: 2.5Y 5/3 light olive brown. Texture: silt to fine sand,
inversely graded. Lower contact: gradational.
61 338-339 Color: 2.5Y 5/3 light olive brown. Texture: coarse sand.
XXXV Lower contact. gradational.
62 339-340 Color: 2.5Y 5/3 light olive brown. Texture: silt to fine sand,
inversely graded. Lower contact: gradational.
63 340-348 Color: 2.5Y 5/3 light olive brown. Texture: fine sand. Lower
XXXV contact: gradational, wavy.
64 I 348-349 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower
contact: sharp, wavy.
65 XXXV  349-360 Color: 2.5Y 5/3 light olive brown. Texture: medium to coarse

I sand. Lower contact: not observed.
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Table A2: Description of stratigraphic profile at Dietrich Property.

Unit Flood Depth(cm) Description

1 I 0-16 Color: 2.5Y 5/2 grayish brown. Texture: coarse sand that fines
upward. Nodules or possible layer composed of silt observed in
upper 6 cm of unit. Lower contact: sharp and wavy. Top of unit
is covered with vegetation and duff. Unit is bioturbated and
contains live and decaying plant matter.

2 16-23 Color: 2.5Y 6/2 light brownish gray. Texture: coarse sand.
Il Lower contact: gradational. Units 2 and 3 are bioturbated.
3 23-24 Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, straight, and discontinuous.
4 24-25 Color: 2.5Y 6/2 light brownish gray. Texture: fine sand. Lower
Il contact: gradational.
5 25-28 Color: 2.5Y 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, convoluted. Units 4 and 5 are bioturbated.
6 28-35 Color: 2.5Y 4/2 dark grayish brown. Texture: fine sand. Lower
contact: gradational.
7 v 35-36 Color: 2.5Y 4/2 dark grayish brown. Texture: silt. Lower

contact: indistinct. Unit is indistinct and discontinuous due to
bioturbation throughout units 6-8.

8 36-44 Color: 2.5Y 4/2 dark grayish brown. Texture: fine sand. Lower
\ contact: gradational.
9 44-46 Color: 2.5Y 4/2 dark grayish brown. Texture: silt. Lower
contact: sharp, wavy, and discontinuous.
10 46-48 Color: 2.5Y 5/2 grayish brown. Texture: fine to coarse sand,
Vi inversely graded. Lower contact: gradational.
11 48-51 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp and wavy.
12 VII 51-65 Color: 10YR 5/3 brown. Texture: silt. Lower contact: sharp and

straight. Unit is massive, bioturbated and overlies a very thin
semi-continuous charcoal layer.

13 65-67 Color: 10YR 5/2 grayish brown. Texture: medium sand. Lower
VIl contact: gradational.
14 67-70 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
indistinct, sharp.
15 70-75 Color: 10YR 5/2 grayish brown. Texture: sand. Lower contact:
gradational. Charcoal observed at ~75 cm, most noticeable on
IX right side of profile.
16 75-76 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
sharp.
17 X 76-83 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
sharp, slightly wavy
18 83-85 Color: 10YR 5/2 grayish brown. Texture: fine sand. Lower
contact: gradational. Dark gray coloring near top of unit may
XI indicate presence of charcoal.
19 85-86 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:

sharp, discontinuous.
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Table A2 Continued

Unit Flood Depth Description
(cm)

20 86-88 Color: 10YR 5/2 grayish brown. Texture: fine sand. Lower
contact: gradational.

21 XlI 88-94 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
sharp, discontinuous. Random dark gray swirls may indicate
presence of charcoal at lower contact.

22 94-111 Color: 10YR 5/2 grayish brown. Texture: fine sand. Lower

X1 contact: gradational. Charcoal possibly present at 105 cm.

23 111-115 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
sharp, discontinuous.

24 115-118 Color: 10YR 5/2 grayish brown. Texture: fine sand. Lower

X1V contact: gradational.

25 118-119 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
sharp, discontinuous.

26 119-126 Color: 10YR 5/2 grayish brown. Texture: fine sand. Lower

XV contact: gradational.

27 126-127 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
sharp, discontinuous.

28 127-132 Color: 10YR 5/2 grayish brown. Texture: fine sand. Lower
contact: gradational.

29 XVI 132-133 Color: 10YR 5/2 grayish brown. Texture: silt. Lower contact:
sharp, discontinuous, and very wavy. Dark gray coloring at
lower contact may indicate presence of charcoal.

30 133-136 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower

XVII contact: gradational.

31 136-138 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, discontinuous.

32 138-141 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower

XVIII contact: gradational.

33 141-146 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp and discontinuous.

34 146-154 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower

XIX contact: gradational.

35 154-155 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp and discontinuous.

36 155-159 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower

XX contact: gradational.

37 159-162 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp and discontinuous.

38 162-165 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower

XXI contact: gradational.

39 165-166 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, wavy, and discontinuous.

40 166-169 Color: 2.5Y 5/2 grayish brown. Texture: fine sand. Lower

XXII contact: gradational.
41 169-170 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:

sharp.
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Table A2 Continued

Unit Flood Depth(cm) Description
42 170-178 Color: 2.5Y 5/2 grayish brown. Texture: fine sand. Lower
XX contact: gradational.
43 178-179 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp.
44 179-182 Color: 2.5Y 5/2 grayish brown. Texture: fine sand. Lower
XXIV contact: gradational.
45 182-183 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp, straight, and discontinuous.
46 183-185 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower
XXV contact: gradational.
47 185-187 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp and discontinuous.
48 187-191 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower
XXVI contact: gradational.
49 191-193 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp. Angular basalt cobble observed at lower contact.
50 193-200 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower
XXVII contact: gradational.
51 200-201 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp and discontinuous.
52 201-205 Color: 10YR 6/2 light brownish gray. Texture: fine sand. Lower
XXVIII contact: gradational.
53 205-209 Color: 10YR 6/2 light brownish gray. Texture: silt. Lower
contact: sharp, wavy, and convoluted.
54 209-211 Color: 2.5Y 5/2 grayish brown. Texture: med. sand. Lower
contact: gradational. Top of coarse basal sand observed at other
XXIX locations within the study reach. Layers below this depth are
soft or less consolidated than overlying units.
55 211-212 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp, discontinuous.
56 212-223 Color: 2.5Y 5/2 grayish brown. Texture: medium sand. Lower
XXX contact: gradational.
57 223-224 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp.
58 224-238 Color: 2.5Y 5/2 grayish brown. Texture: medium sand. Lower
XXXI contact: gradational.
59 238-239 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp and straight.
60 239-247 Color: 2.5Y 5/2 grayish brown. Texture: medium sand. Lower
XXXII contact: gradational.
61 237-249 Color: 2.5Y 5/2 grayish brown. Texture: silt. Lower contact:
sharp and straight.
62 XXX 249-261 Color 2.5Y 5/3 light olive brown. Texture: medium to coarse
sand. Lower contact: gradational and or color change.
63 XXXIV  261-280 Color: 2.5Y 5/2 grayish brown. Texture: medium to coarse

sand. Lower contact: not observed. Unit is loose and easily
erodible, likely cause of cliff formation at site.
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Table A3: Description of stratigraphic profile at Bobcat Bar.

Unit Flood Depth Description
(cm)

1 I 0-20 Color: 10YR 4/3 brown. Texture: silt pinching out to medium to
coarse sand. Lower contact: gradational, color change. Unit is
completely silt on the south end of outcrop which pinches out
into coarse sand to the north. Contact between sand and silt layer
and silt nodules are sharp. Unit pinches out to surface at north
end of outcrop.

2 Il 20-30 Color: 2.5Y 5/3 light olive brown. Texture: medium to coarse
sand. Lower contact: gradational, color change. Angular basalt
cobble observed at upper contact. Unit pinches out to surface at
north end of outcrop.

3 Il 30-49 Color: 2.5Y 5/3 light olive brown. Texture: medium to coarse
sand. Lower contact: gradational, color change.
4 v 49-65 Color: 2.5Y 5/3 light olive brown. Texture: medium to coarse
sand. Lower contact: gradational, color change.
5 \ 65-84 Color: 2.5Y 5/3 light olive brown. Texture: medium to coarse
sand. Lower contact: gradational, color change.
6 84-95 Color: 2.5Y 5/3 light olive brown. Texture: medium to coarse
VI sand. Lower contact: gradational.
7 95-96 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower contact:
sharp and wavy.
8 VIl 96-105  Color: 2.5Y 4/2 dark grayish brown. Texture: fine sand. Lower
contact: sharp, overlying continuous thin charcoal layer.
9 105-139 Color: 2.5Y 5/2 grayish brown. Texture: fine to medium sand.
VIl Lower contact: gradational.
10 139-140 Color: 2.5Y 5/2 grayish brown. Texture: silt to fine sand. Lower
contact: sharp. Unit is thin and discontinuous.
11 140-168 Color: 2.5Y 5/2 grayish brown. Texture: fine to medium sand.
IX Lower contact: gradational.
12 168-169 Color: 2.5Y 5/2 grayish brown. Texture: silt to fine sand. Lower
contact: sharp. Unit is thin and discontinuous.
13 169-184 Color: 2.5Y 5/2 grayish brown. Texture: fine to medium sand.
X Lower contact: gradational.
14 184-185 Color: 2.5Y 5/2 grayish brown. Texture: silt to fine sand. Lower
contact: sharp. Unit is thin and discontinuous.
15 185-199 Color: 2.5Y 5/2 grayish brown. Texture: fine to medium sand.
XI Lower contact: gradational.
16 199-200 Color: 2.5Y 5/2 grayish brown. Texture: silt to fine sand. Lower
contact: sharp. Unit is thin and discontinuous.
17 200-218 Color: 10YR 4/3 brown, wet. Texture: fine to medium sand.
XlI Lower contact: gradational.
18 218-219 Color: 10YR 4/3 brown, wet. Texture: silt to fine sand. Lower
contact: sharp. Unit is thin and discontinuous.
19 219-232 Color: 10YR 4/3 brown, wet. Texture: fine to medium sand.
Xl Lower contact: gradational.
20 232-233 Color: 10YR 4/3 brown, wet. Texture: silt to fine sand. Lower

contact: sharp. Unit is thin and discontinuous.
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21 233-244  Color: 10YR 4/3 brown, wet. Texture: fine to medium sand.
Lower contact: gradational and convoluted.

22 X1V 244-246 Color: 10YR 4/3 brown, wet. Texture: silt. Lower contact: sharp,
straight, and discontinuous. Unit overlies a continuous, very thin
charcoal layer.

23 246-255 Color: 2.5Y 5/3 light olive brown. Texture: fine to medium sand.

XV Lower contact: gradational.

24 255-256 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower contact:
sharp, straight, and discontinuous.

25 256-258 Color: 2.5Y 5/3 light olive brown. Texture: fine to medium sand.

XVI Lower contact: gradational.

26 258-259 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower contact:
sharp.

27 259-262 Color: 2.5Y 5/3 light olive brown. Texture: fine sand. Lower

XVII contact: gradational.

28 262-263 Color: 2.5Y 5/3 light olive brown. Texture: silt. Lower contact:
sharp. Unit overlies a continuous, very thin charcoal layer.

29 XVIII 263-265 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.

30 265-267 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand. Lower

XXIX contact: gradational.

31 267-270 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.

32 270-272 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand. Lower

XX contact: gradational.

33 272-276 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.

34 276-278 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand. Lower

XXI contact: gradational.

35 278-280 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp. Angular basalt cobble observed at 280 cm.

36 280-287 Color: 2.5Y 6/3 light yellowish brown. Texture: silty fine sand.

XXII Lower contact: gradational.

37 287-289 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.

38 289-291 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand. Lower

XXIII contact: gradational.

39 291-292 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.

40 292-296 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand. Lower

XXIV contact: gradational.

41 296-297 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp.

42 297-298 Color: 2.5Y 6/3 light yellowish brown. Texture: fine sand. Lower

XXV contact: gradational.
43 298-299 Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower

contact: sharp and wavy.
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44 299-364
XXVI

45 364-372

46  XXVII 372-380

Color: 2.5Y 5/2 grayish brown. Texture: coarse sand. Lower
contact: gradational. Unit is softer than overlying silt/sand
couplets. Top of coarse basal sand package observed at other
locations within the study reach.

Color: 2.5Y 6/3 light yellowish brown. Texture: silt. Lower
contact: sharp and wavy. Unit is mottled with patches of sand;
bioturbation likely mix silt and underlying sand.

Color: 2.5Y 5/2 grayish brown. Texture: coarse sand. Lower
contact: not observed.
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