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Lake Vera is a man-made reservoir located on Rock Creek in the Sierra 

Nevada foothills in Nevada County, CA. This reservoir provides an opportunity to 

investigate the effects of natural and anthropogenic processes on reservoir sedimentation 

rates and provenance through a combined stratigraphic analysis, radionuclide Cesium-

137 (137Cs) dating study, hydrologic analysis, and provenance study. Three bank-cut sites 

from Rock Creek’s stream channel in Lake Vera’s lake bed were used to stratigraphically 

map and date unique layers in the lake bed; this was complemented with 137Cs 

radionuclide dating. Direct analysis of Lake Vera’s inflows, Rock Creek and Brush 

Creek, spanning the 2010–2011 and 2011–2012 rainy seasons measured each stream’s 

discharge and turbidity at times of sediment deposition in the lake. A petrographic study 



x 

determined provenance by comparing lithics from three stratigraphically mapped 

correlated layers at each site. Sand-grain compositional data from the correlated layers 

was compared with that of upstream samples and known rocks in the watershed to 

establish different sediment sources over the life of the reservoir.  

The study outlined three time periods of deposition in the reservoir’s life: 

1926–1954, 1954–1963, and 1963–2012. The calculated sedimentation rates for each 

time period were 0.76, 1.26, and 0.24 inches per year, respectively. The significant 

decrease in sedimentation rate from 1.26 to 0.24 inches per year is attributed mostly to 

the change in outflow structures of the dam in 1966 and better forest management 

practices to deal with erosion. The most recent rate of 0.24 inches per year is less than the 

0.50 inches per year originally hypothesized by the lake’s owners, which extends Lake 

Vera’s life past the estimated 150 years. Brush Creek was found not to be a significant 

source of sediment during times of sediment deposition. 

Provenance of the most recently deposited sediment was found to be Eocene-

aged gravel deposits. However, non-uniform results from samples in the lower sections in 

the stratigraphy prevented any provenance determination. These results are attributed to a 

large logging operation on the North Branch of Rock Creek in the early 1940s, and 

reworking of sediment from a previous dam at the location. Flushing was found to be the 

most effective and affordable technique to prevent sediment build-up in Lake Vera. 
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CHAPTER I 
 
 

INTRODUCTION 
 
 

Lake Vera provides a unique location to investigate the relative effects of 

natural and anthropogenic processes on reservoir sedimentation rates. The reservoir is 

located in the Rock Creek watershed on the west slope of the Sierra Nevada in Nevada 

County, CA (Figure 1), at the confluence of Rock Creek and Brush Creek. This area is 

known for its historic policies of unregulated logging and mining, which have evolved 

into its strict environmental laws of today that curtail erosion. The life of Lake Vera 

spans this evolution of environmental laws, providing an excellent opportunity to 

investigate how the new regulations have affected Lake Vera’s longevity. In addition to 

the anthropogenic sediment sources, the Rock Creek watershed contains erosive soil 

uplifted in a tectonically active area (National Resources Conservation Service [NRCS], 

1973). 

Lake Vera was built in 1926 for the use of the four seasonal summer camps 

surrounding it. The level of sediment accumulation in Lake Vera adversely affects the 

camps’ future livelihood. In order to slow the sedimentation rate, water release structures 

of the dam have been changed. In 1988, portions of the lakebed were dredged by 

excavation. Despite such efforts, the lake continues to accumulate sediment at a rate 

recently estimated to be half an inch per year, based on observations made by camp staff 

and local residents of the area (Grayson, personal communication, 2010). 
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1a 

 
 
1b 

 
 

Figure 1. The location of Lake Vera within the state of California, (1a) and 
its location in Nevada County (1b). 
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Reservoir sedimentation is affected by many different natural factors in a 

watershed; however, in forested watersheds of the area, past unregulated mining and 

logging operations were the largest contributor to excess sediment washed downstream 

(Curtis et al., 2005). Hence, both mining and logging have been tied to increases in 

reservoir sedimentation (Ambers, 2001). As a result, most of the Lake Vera sediment is 

hypothesized to have originated from the effects of logging operations in the upper 

watershed. As environmental regulations have been put in place, erosion and increased 

sedimentation has become less of an issue. However, in a watershed such as Rock Creek, 

with highly erosive soils, stream flows, and historic mining operations, the potential for 

large amounts of sediment to be remobilized is great (Curtis, 1999).  

It is common practice for engineers and hydrologists to calculate average 

annual sediment yields and measure sedimentation rates in reservoirs using successive 

bathymetric surveys (Curtis et al., 2005). Comparing surveys from previous years allows 

for quantification of the sediment built up in the reservoir (Morris and Fan, 1998). An 

average sedimentation rate can then be calculated by dividing the amount of built-up 

sediment by the number of years between surveys (Morris and Fan, 1998). However, 

sediment yields differ each year, depending on factors such as precipitation, topographic 

relief, and geologic media. Bathymetric surveys, therefore, provide a rough annual rate of 

sedimentation, but rates are only as good as the technology of the time when the lakebed 

was surveyed. Past surveys have larger margins of error than current surveys, which 

reduces their reliability when compared with the latest bathymetric surveys conducted 

with the newest technology. 
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Stratigraphy can record changes in sedimentation style. Large variations in 

sediment yields occur naturally in this watershed, but also are hypothesized to be induced 

by human activity. By dating layers, the changes in the deposition rate of the lakebed can 

be accurately measured. There are many unique, dateable layers in lakebed stratigraphy, 

which can be attributed to known flood events typical for the area, anthropogenic 

sources, and changes in storage operations of the reservoir (Morris and Fan, 1998). As a 

result, highly erosive soils in the Rock Creek watershed may lead to increased 

sedimentation in Lake Vera due to either old mining operations located at the headwaters 

of Brush Creek, which are proven to have muddied the lake in the past (Nevada City 

Daily, 1898), or logging operations near Rock Creek’s headwaters, the predominant 

source of water to Lake Vera. Depositional patterns of Lake Vera are common in 

reservoirs frequently emptied and filled. A history of changing water-release methods for 

the reservoir allowed for the formation of unique, potentially dateable layers in the 

lakebed. Distinct layers caused by historical flood events can potentially be dated through 

historical records. 

Interpretations from flood events and dam operation changes can be validated 

through analysis of 137Cs age dates. The use of manmade radioisotopes to quantify 

sedimentation rates was developed in the late 1960s and early 1970s (Ritchie and 

McHenry, 1990). Radioisotopes were dispersed over the globe from large-scale, above-

ground nuclear testing. Detectable concentrations of radioisotopes in sediment deposits 

were first observed around 1954 with the start of large-scale nuclear testing. Man-made 

radioisotope concentrations peaked in 1963 and slowly declined after an above-ground 

nuclear test ban treaty was signed (Ambers, 2001). Of particular use for dating recent 
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reservoir sediments is Cesium-137 (137Cs) with a half-life of 30.17 years. The element 

adsorbs quickly to fine particles such as silts, clays, and organic particles (Rogowski and 

Tamura, 1970; Walther, 2009). It does not rapidly diffuse from sediment, and as a result, 

137Cs resists uptake from plants (Campbell et al, 1982). Sedimentation rates can be 

determined by measuring the concentration of the radionuclide 137Cs in the lakebed soil. 

Core samples are extracted from the lakebed. Corresponding depths are measured to 

determine a relative sedimentation rate. The first appearance of Lake Vera’s 137Cs 

concentrations can be correlated to the year 1954. Likewise, the peak concentration of 

137Cs can be correlated to the year 1963. 

By finding the source of sediment filling Lake Vera, an appropriate method 

can be found to slow down or stop the sedimentation of the lakebed. The source of 

sediment in reservoir deposits is typically identified through direct monitoring or 

fingerprinting. Examples of direct monitoring include installing erosion pins on the sides 

of streams to measure erosion in their banks, with areas of the most measured erosion 

being the source of sediment. A second example of direct monitoring includes gathering 

suspended sediment concentrations from streams during peak flows using suspended 

sediment collectors, and collecting simple grab samples to be filtered, dried, and weighed 

in order to calculate the sediment concentration (Ritchie et al., 2009). Direct monitoring 

methods provide a good representation of erosion rates of sediment in the stream, being 

studied along with peak suspended sediment concentrations. However, it is harder to tie 

provenance with these methods. 

Fingerprinting provenance involves identifying certain chemical and physical 

properties, such as radioisotopes, and comparing them to sediment taken from the streams 
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in the watershed. However, radionuclide dating can be costly (Rhoton et al., 2008). 

Identifying the lithology of eroded sediment under a microscope and comparing those 

lithologies to possible sources can be a more cost-effective method to identify 

provenance (Rhoton et al., 2008). 

Understanding the depositional processes of sediment in reservoirs is essential 

to keeping the lake in working order. By finding and addressing sedimentation rate and 

provenance, more effective and efficient techniques can be developed to minimize 

sediment accumulations (Morris and Fan, 1998). The objective of this research was to 

investigate sedimentation rates and sediment provenance in order to assist the local non-

profit recreation agencies responsible for managing the lake. Since Lake Vera’s 

sedimentation rate was observed at half an inch per year, the remaining depth of the lake 

will fill in 150 years, assuming a constant sedimentation rate for approximately 6 feet 

deep. However, the lake will become unusable before it completely fills up. 

The scope of this project was twofold: 1) to test the hypothesis that the most 

recently estimated sedimentation rate of half an inch per year could be realistically 

applied in predicting a 150-year longevity for Lake Vera, and 2) to determine whether the 

sediment entering Lake Vera could be sourced from old logging or mining activities in 

the upper watershed. To accomplish this investigation, a variety of techniques were 

implemented. 

To estimate the sedimentation rate, a hydrologic analysis was conducted to 

determine frequency and magnitude of storms and their effects on the streams that enter 

Lake Vera. Water depth and turbidity were measured using pressure transducers, flow 

measurements, flow modeling, and turbidity meters to determine the contribution of 
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sediment from each creek to the lakebed at various times of deposition. From this data it 

was determined that Rock Creek contributed the majority of sediment to the lakebed. 

This analysis allowed for volumetric flow quantification of the streams and the clarity of 

their water at the time of sediment deposition in Lake Vera to determine possible 

sedimentation rates.  

Comparisons were made by relating the highest-magnitude flows during the 

period of the study with the largest-known floods through rain records of the events and 

historical records. To compare the calculated sedimentation rates with estimated rates, 

stratigraphic sections were measured. Key layers were identified and tied to recorded 

flood events and periods in the life of the reservoir. The 137Cs dating technique was used 

to date layers in the stratigraphy, allowing sedimentation rates to be calculated and 

changes in sedimentation rates over the life of the reservoir to be recorded. The procedure 

would support or disprove the 0.5 inch-per-year sedimentation rate originally 

hypothesized for Lake Vera. In addition, possible changes in the sedimentation rate are 

compared to this provenance history to confirm whether the sediment source changes 

corresponded to recorded times of logging and mining. 

From the investigations conducted, preliminary hypotheses were proven 

incorrect for both sedimentation rates and provenance. The data shows that the lake is 

filling up at a much slower rate than previously thought; consequently, procedures taken 

to slow down the sedimentation rate were effective. As a result, the life of the reservoir 

may be much longer than the 150 years predicted based on the previously calculated rate. 

Provenance of the most recent deposits was found to be Eocene-aged gravel deposits, 

which suggests that erosion patterns of the watershed are different than originally 
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thought. However, data showed a change in provenance early in the lake’s life, which can 

be attributed to human activity in the watershed. 
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CHAPTER II 
 
 

ROCK CREEK WATERSHED OVERVIEW 
 
 

The Rock Creek watershed runs east to west, bordered by the South Yuba 

River to the north and Deer Creek to the south. Rock Creek is a tributary to the South 

Yuba River, which drains approximately 12 square miles of the western slope of the 

Sierra Nevada. Since this research focuses on the sedimentation of Lake Vera, only the 

portion upstream of Lake Vera, 11 square miles, is included in this study. The elevation 

of the area included in the study area ranges from 2,400 feet at Lake Vera to 4,000 feet at 

the headwaters in the town of Washington, CA. Lake Vera is located at the confluence of 

Rock Creek and Brush Creek, four miles north of Nevada City in Nevada County, 

California (Figure 2). Brush Creek is a tributary of Rock Creek. 

 
Regional Geology 

Formation of the Sierra Nevada began 115 to 87 million years ago with the 

subduction of the Farallon Plate beneath California’s convergent boundary. The remains 

of this ancient oceanic plate contributed to the intrusion of large granitic plutons 

throughout eastern California (Bateman, 1988). The Sierra Nevada Batholith emerged 60 

million years ago as uplift led to erosion of the volcanic cover, exposing the granite 

plutons. The earliest of these plutonic rocks were exposed on the western side of the 

Sierra Nevada, preceding the main batholiths to the east (Bateman, 1988). The Yuba 
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Figure 2. Rock Creek Watershed, Nevada County, CA: Research Area. 
The Rock Creek watershed boundary, solid green line, follows the contours of the 
Washington Ridge and Harmony Ridge. Lake Vera is located at the confluence of 
Rock Creek and Brush Creek, four miles north of Nevada City, CA. Brush Creek is 
a tributary of Rock Creek.  
 
 
River Pluton is the source of the granite in the lower Rock Creek watershed, and also the 

rock type underlying Lake Vera. 
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For millions of years the convergent fault boundary uplifted marine rock from 

the sea floor of the Pacific Plate onto the North American Plate, resulting in deep cracks 

in the displaced crust. Heat and pressure from deep within the earth brought gold-rich 

fluid through these cracks. Once near the earth’s surface, the fluid cooled and solidified, 

concentrating the gold in large quartz veins throughout ancient California. Most of this 

gold-bearing quartz is located in the Carboniferous-aged Calaveras Formation, 

represented by the metasedimentary rock unit in the watershed. The Carboniferous-aged 

Calaveras Formation is older than the Sierra Nevada granite as evidenced by the many 

inclusions of the Calaveras Formation within the granite (Cloos, 1935). 

During Eocene times, the climate of California was wet and tropical with 

many large rivers, as evidenced by fossils preserved in river deposits known as auriferous 

gravels (Curtis, 1999). These rivers cut and eroded the gold deposits in the 

metasedimentary and granitic rock. Typically, the formations are located on ridge tops 

throughout the Sierra Nevada (Figure 3). Within the Rock Creek watershed, they are 

limited to Harmony Ridge and near the confluence of Rock Creek’s two tributaries in the 

upper watershed. 

Cenozoic volcanic activity was responsible for andesitic tuff located in the 

headwaters and ridgelines of the watershed. These formations are derived from volcanic 

air fall deposits in paleo-canyons; these canyons have since eroded away, leaving only 

the andesitic breccias and ignimbrite (Busby et al., 2008). Volcanic rock of this type is 

found throughout the Sierra Nevada, including the Rock Creek watershed, where it 

overlies the auriferous gravel deposits and some metasedimentary rocks. 



12 

 

 
 
Figure 3. Rock Creek Watershed, Nevada County, CA: Geologic Map (United States 
Geological Survey (USGS) Chico Quadrangle, 1992). Yellow-shaded regions of the 
watershed represent the andesitic conglomerate, dark yellow represents the eocene 
gravels, blue-green represents the metasedimentary, and pink represents granitic 
rock.  
 

Regional Climate 

The Rock Creek watershed lies within a Mediterranean-type climate 

distinguished by cool, wet winters and hot, dry summers (Critchfield, 1974). Precipitation 

falls as rain or snow between November and April, with larger amounts in the higher 
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elevations. Runoff is the stream’s predominant source of water in the winter and spring, 

though snow pack adds to the flow during these times. Precipitation is lowest for the 

watershed at the lower elevations, averaging 55 inches per year. Upper elevations receive 

an estimated 65 inches per year (NRCS, 1973). Average snowfall ranges from about 17 

inches near Nevada City to approximately 45 inches in the upper watershed (NRCS, 

1973). 

Due to the large fluctuation in annual precipitation and the short time during 

the year that most rain falls, flow rates in Rock Creek vary greatly. From late summer and 

early fall, flows average less than 1 cfs (cubic feet per second), but reach as high as 5,300 

cfs during intense winter storms (Fitzpatrick, 1959). Groundwater is the primary source 

of stream water during the summer months, with influence from the surface runoff 

generated from occasional summer thunderstorms. Rock Creek and Brush Creek have 

never been gauged before this project; therefore, flow frequency is unknown. However, 

the high watermarks of major floods were recorded in annual dam inspections. The peak 

flow for the study-gauging period was on March 16, 2012, measuring an estimated 1,030 

cfs for Rock Creek and 230 cfs for Brush Creek (1,260 cfs combined). The lowest 

discharge measured less than 1 cfs in late September 2011 for both creeks. Average flows 

for the creeks during 2010–2011 rainy season were 51 cfs and 8 cfs for Rock Creek and 

Brush Creek, respectively. During the 2011–2012 rainy season, the average flows were 

20 cfs and 5 cfs, respectively. More flow information will be discussed in Chapters IV 

and V. 
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Dam Operations 

In 1898, hydropower generation began in the Rock Creek watershed, resulting 

in the construction of the original Lake Vera (Figure 4). Lake Vera, at its inception, had a 

42-acre surface area and a capacity of 1,000 miner’s inches for 30 days (1,490 acre-feet) 

(Rice, 1909). The purpose of the reservoir was to provide a constant supply of water to 

the Rome Powerhouse on the South Yuba River. The lake held waters from Rock Creek 

and other watersheds conveyed via the newly constructed South Yuba Canal and other 

previously constructed canals used for mining (Johnson, 2008). The canal emptied into 

Rock Creek and conveyed to Lake Vera, where it was sent down the Rock Creek ditch to 

the New Rome Powerhouse on the South Yuba River to be used for power generation. 

The original Lake Vera was in service until 1912, when power generation became 

unprofitable. The lake was drained and the dam was destroyed by dynamite. Due to the 

size and operations of the first lake, large sediment deposits are left in the current Lake 

Vera and the surrounding areas (Johnson, 2008). 

In 1926, the dam was reconstructed to create a new lake for recreational 

purposes, 14 years after the original Lake Vera dam was abandoned in 1912 (Figure 4). 

The new design moved the dam upstream to its current position and changed materials 

from an earthen-fill dam to a concrete buttress. Unlike the previous reservoir, the new 

one was filled in the summer and emptied in the winter to minimize sedimentation.  

The dam’s main outlet was a 12-foot opening in the center of the dam, with 

flashboard slots to hold the water back. When completely open, 1,800–2,400 cfs of water 

could pass through the outlet, with any excess water able to pass safely over the top of the 

dam. Capacity was reduced to 275 acre-feet at full capacity. Due to the smaller size of the 
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new Lake Vera, the surrounding sediment from the older Lake Vera could now be 

redeposited into the new lake. This redeposited sediment may limit the ability to 

determine first-cycle provenance. 

From 1926–1966, dam operations remained relatively unchanged except for a 

few maintenance repairs and ownership changes (Figure 4). When the flashboards were 

removed for winter, the lowest ones were routinely left in place because removal was 

difficult, despite complaints from the California Department of Water Resources (DWR). 

This led to increased sedimentation rates during winter. Near the end of the 1950s, 

sedimentation became an issue. In addition, an upstream logging operation muddied the 

lake (DWR, 1956). Ultimately, the combination of these factors and fears about dam 

safety from the 1964 flood event led to the renovation of the dam. 

In 1966, the old outlet was replaced with a Rodney Hunt Sluice Gate (Figure 

4). The new gate cut the maximum high flow rate through the gate from 1800–2400 cfs to 

994 cfs, but eliminated water backing up into the reservoir during the winter. From 1986–

1997 the dam was kept half open in order to prevent high flows from washing away the 

Lake Vera–Purdon Road bridge just downstream of the dam. However, this practice 

ended in 1997 when severe floods overtopped the dam and washed out the bridge. From 

1997 through to the present the gate has been left open during the winter months 

(September–April) to allow the water to pass straight through the reservoir. 

Dateable layers within the lakebed deposits could be correlated to the dam’s 

operations history. Based on historical precipitation data and dam operations, the history 

of Lake Vera contains periods of higher sedimentation (1956–1964 and 1985–1997) and  
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Figure 4. Lake Vera timeline. 
 
 
lower sedimentation (1967–1985 and 1997–present). Correlations between lake deposits 

and dam operations will be discussed in more detail in Chapter V. 

 
Watershed Mining History 

The Rock Creek watershed is located in what was one of the most productive 

gold-mining areas of California during the 19th century. Mining occurred from the 1850s 

to 1945. Types of mining operations in the watershed included placer, hydraulic, drift, 

and quartz (Crawford, 1894). The amount of mined material, types of mines, and duration 

of mining could have influenced the provenance and sedimentation rates of the reservoir. 

Hydraulic mining operations had the greatest potential to mobilize sediment 

downstream (Curtis et al., 2005), as high-pressure water cannons were used to extract 

Eocene-aged gravels from the hillsides. The Rock Creek watershed, a sub-watershed of 
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the Yuba River watershed, was in close proximity to many large-scale hydraulic mines. 

However, large-scale operations within the Rock Creek watershed were absent due to 

lack of accessible auriferous gravel deposits (Crawford, 1894). Eocene gravel deposits 

are found in the Rock Creek watershed, particularly in the upper watershed, but no 

mining record exists. Other known Eocene gravel deposits in this watershed are located 

under volcanic rock, with major portions of the deposits cemented together, which made 

mining costly and less feasible (California Division of Mines and Geology, 1957). 

Though smaller operations likely took place in the watershed, active areas of erosion 

from these mines were not present. 

Drift mining, or digging a shaft through the volcanic cap rock to extract the 

Eocene-aged gravel deposits, occurred in the Rock Creek watershed from 1894 to 1910. 

Though drift mining produced far less sediment than hydraulic mining, mining 

regulations allowed waste rock to be disposed of directly into a stream, which moved 

large amounts of sediment downstream. Most of the drift mines were located on 

Harmony Ridge, but the associated stamp mills were located on the south side of the 

ridge, outside the Rock Creek watershed. In 1898, the Riddick Drift Mine Company 

directly discharged its waste rock into Brush Creek, which in turn muddied Lake Vera 

(Nevada City Daily, 1898). The lack of written evidence of this mine’s existence 

indicates that it was probably a small operation but still big enough to muddy the lake. 

However, the article goes on to mention the threat of a lawsuit by the owners of Lake 

Vera if the company did not stop the disposal of waste rock directly into streams entering 

Lake Vera, so it can be surmised that this procedure was discontinued. 
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Placer mining and quartz mining had minor operations in the watershed. 

Tailings from placer mining had the potential to cause sedimentation issues, but due to 

the limited use and length of time between mining and the construction of Lake Vera, 

placer mining likely had little influence on the lake. Likewise, the limited use of quartz 

mining in the watershed, compounded by stricter mining regulations, prevented large-

scale sedimentation issues (Bureau of Land Management [BLM], 2011). 

 
Logging 

From the time mining began in the 1850s, the Rock Creek watershed was 

logged to provide lumber for gold mining, construction of towns, and homesteads. From 

the 1880s to the 1940s, the upper watershed was harvested for timber – by the Marsh 

Lumber Mill from the 1880s to the 1890s and others from the 1920s to the 1940s (United 

States Forest Service [USFS], 1993). Evidence that large portions of the upper watershed 

were logged are shown in an aerial photo dated 1946 (Figure 5). A 1956 DWR report 

mentions that a logging operation from areas upstream of Lake Vera resulted in 

muddying of the lake (DWR, 1956).  

The North Branch Rock Creek, the area believed to be the major contributor 

to lake sedimentation based on field visits to the area, was intensively logged a few years 

prior to 1946, as evidenced by the aerial photo shown in Figure 5. Large tracts of land 

owned by private individuals, the United States Forest Service (USFS), and the Bureau of 

Land Management (BLM) also show evidence of logging. However, after personal visits 

to these sites, no recent or historical evidence of sediment entering the creek from these 

operations was apparent. 
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Figure 5. Aerial Photographs, 1946 and 1968, Rock Creek watershed, Nevada 
County, CA. Logging events in the upper Rock Creek watershed at the UPAC site, 
1946 (USGS data archive). 
 

 
Land Use 

Current land uses of the Rock Creek watershed include rural residential, 

farming, recreation, and logging. Both private and public land ownership exist in the 

Rock Creek watershed. Public landowners include the USFS (2,000 acres), and the BLM 

(540 acres). Historically trees were logged for mining and power generation; trees are 

now harvested for firewood and building material or cleared for fire safety. Known 

commercial logging areas are found on USFS and BLM land. Farming and recreational 

land use areas have remained relatively unchanged in the watershed.  



20 

 

New land development has relatively stricter regulations, and thus less 

potential to create erosion or mobilize large quantities of sediment when compared to 

historic mining and logging. However, small-scale development can adversely impact 

local creeks. For example, the construction of roads is a potential source of sediment in 

watersheds (Curtis et al., 2005). A sediment study conducted by the USGS showed that 

some of the areas with the highest risk of erosion in the Yuba River watershed involved 

roads near Rock Creek (Curtis et al., 2005). In addition, the North Branch Rock Creek 

has incised drainage ditches that convey sediment directly from Cooper Road. The road is 

also on the land logged prior to 1946 on the North Branch of Rock Creek (Figure 5) and 

has a poorly maintained riparian habitat, which increases the susceptibility to erosion. 
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CHAPTER III 
 
 

METHODS 
 
 

The purpose of this project was to determine the sedimentation rate of Lake 

Vera, and whether the source of this sediment was affected by human activity. Lake Vera 

is full only during the summer, which allows for a more detailed stratigraphic analysis of 

the lakebed during non-summer months. Correlation between layers can be performed by 

direct observation along the stream bank. Care was taken in choosing the right areas for 

analysis since some deposits in the lake were old stream meander deposits that would not 

give an accurate history of deposition in the lake. The entire south bank of Rock Creek 

was suitable for analysis due to lack of meander deposits (Figure 6). Stratigraphy from 

this area was analyzed at three points along the length of the stream bed, and two off-

channel points were taken. 

Five core samples were taken from the lakebed of Lake Vera (Figure 6). Each 

sample originated from similar strata determined via stratigraphic mapping. Samples 

CR1, CR2, and CR3 represent stream-side sampling locations taken along the length of 

the stream bed. Samples CR4 and CR5 represent the two off-stream sampling locations 

and were taken at two off-channel locations.  

Site CR2 was selected for the 137Cs analysis due to its total depth and 

continuous deposition. In slow deposition environments (<1 cm/yr), 137Cs tests can prove 

unfeasible due to bioturbation of the sediment (Ritchie and McHenry, 1990). The average 
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Figure 6. Core sample map: Lake Vera, Nevada County, CA. Five core samples 
were taken from the lakebed of Lake Vera. Samples CR1, CR2, and CR3 
represent stream-side sampling locations and were taken along the length of the 
stream bed. Samples CR4 and CR5 represent the two off-stream sampling 
locations and were taken at two off-channel locations. Sample CR2 was used to 
select the depth from which to collect the samples for 137Cesium analysis. 
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sedimentation rate for the reservoir was calculated at 1.5 cm/yr. and confirmed that the 

test could be performed. Also during the stratigraphic analysis, no evidence was found of 

dredging at the study site.   

Preliminary samples from CR2 were sent for analysis to determine the depth 

of the dateable 137Cs in the stratigraphy. Once the limits were determined, additional 

samples were taken in two-inch-depth increments from the surface to below the 

preliminary layer of detection. 137Cs adsorbs to the surface of sediment particles. Particles 

that are too large will skew concentrations of 137Cs too low due to the lack of total overall 

surface area of large sediment particles in the sample. Thus each sample was put through 

a 2 mm sieve to remove any large particles that might skew the results. The samples were 

then sent to UC Davis’ McClellan Nuclear Research Center (MNRC) for analysis. Each 

sample was analyzed using a Canberra High Purity Germanium detector and counted for 

12 hours. The depth measurements from the various stratigraphy points were averaged in 

order to get an approximate uniform deposition rate for the center of the lake. Based on 

observations described in further detail in Chapter 5, layers could only be correlated to 

the most recent and lowest two strata of the reservoir deposit. 

Error can still exist due to smallest remaining soil particles in the soil sample, 

such as clay. The greater total surface area of clays cause 137Cs concentrations to be 

higher than desired. This error is minimized by sieving samples through a No 60 sieve to 

remove the smallest soil particles. Once sieved, sand, silt, and clay percentages were 

calculated by using hydrometer method D4221 of the American Society of Testing 

Materials (ASTM International, 2007). Percentages of sand, silt, and clay from the 

hydrometer test were plotted and tested for correlation using a linear regression test. A 
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correlation value of 1 represents total correlation of clay particles on 137Cs concentrations 

within the soil sample, which will lead to inaccurate data. Conversely, a correlation value 

of 0 represents no apparent correlation between the clay percentages on the concentration 

of 137Cs in the samples, and thus unbiased data.  

Data collection for the hydrologic analysis measuring stream flow and 

turbidity from Lake Vera’s inflows, Rock Creek and Brush Creek, spanned the 2010–

2011 and 2011–2012 water years. Stream flow was measured using three Global Water 

WL15 pressure transducers installed in stilling wells on the two inflows, Rock and Brush 

Creek, and the outflow, Rock Creek (Figure 7). All stilling wells were anchored in the 

main channel with fence posts and secured with zip ties. Each of the three pressure 

transducers was connected to a Global Water GL500 Multichannel Data Logger. The 

pressure transducers were inspected and cleaned to maintain proper function. Depth of 

flow was measured and recorded every 15 minutes for the duration of the study period. 

Each pressure transducer was calibrated prior to and after the study to address instrument 

drift. 

To test the amount of water Brush Creek contributed to Lake Vera, Rock 

Creek and Brush Creek were analyzed for weekly base flow, as well as activity during 

each peak event throughout the rainy season of the study (Appendix 3). A stage discharge 

graph for Rock Creek and Brush Creek was constructed by measuring the flow of the 

creeks. Stream discharge measurements were calculated using the velocity-area method 

with a Price current meter employed to measure the velocity of the water.  

Flows too dangerous to measure manually were modeled using the known 

cross-sectional areas of the creek at the stilling well and the depth of the stream at the  
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Figure 7. Rock Creek/Del Oro pressure transducer and stilling well. The pressure 
transducer is encased in a stilling well (left) and connected to a data logger (right) at 
the Rock Creek/Del Oro site.   
 
 
high flow. Flow measurements were calculated from the corresponding depths taken by 

the pressure transducers. Velocity for each section was calculated using the Manning 

equation: 

V= k/n*Rh
2/3*S½     (1) 

where V is the cross-sectional velocity, k is the Manning conversion factor, n is the 

Manning coefficient, Rh is the hydraulic radius of the cross-section, and S is the slope of 

the stream. Modeled data was checked by extrapolating data from the stage discharge 

curve created for each stilling well.  

Continuous turbidity probes were placed on the stilling wells in March 2011 

(Figure 7). The probes were placed in the main stream channel to collect the most 

accurate data. Each turbidity probe was connected to the Global Water GL500 Data 
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Logger to measure and record the readings every 15 minutes during March 2011. 

Turbidity probes were cleaned weekly and checked for drift error prior to and after the 

data collection period. Data from this time period was used to determine if there was any 

drastic difference in sediment concentration.  

Turbidity is a measure of the clarity of water, and cannot normally represent 

suspended sediment concentrations in creeks. However, turbidity can be used to 

accurately estimate suspended sediment concentrations when used in conjunction with 

manually measured sediment sampling techniques (Chikita et al., 2002). A correlated 

linear graph is generated from the two plotted measurements, which then is used to 

estimate the suspended sediment concentration of the water through turbidity 

measurements (Stubblefield et al., 2007). Due to sediment sampling errors during the 

study this procedure could not be performed. However, turbidity data gathered for Rock 

Creek and Brush Creek could still be used to determine if Brush Creek had a vastly 

greater suspended sediment concentration at the time of deposition. Based on turbidity 

readings, it could be determined whether Brush Creek contributed more, similar, or less 

sediment than Rock Creek during the time of sediment deposition in the reservoir. 

A complementary study of past meteorological data was completed to 

estimate the magnitude of past peak flows. This study was based on comparing flows 

generated during the hydrologic study with recorded conditions that triggered the events. 

It is difficult to relate measured peak flows of this study to past historic floods for Rock 

Creek due to lack of historical stream flow measurements. Dam overtoppings, recorded in 

annual DWR dam inspection records, are the only measured flows of the largest historic 

floods. Flows can be estimated by relating daily rain records of measured events of the 
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study to the daily rain records during the past dam overtoppings. Conditions compared 

were daily rainfall, duration of the event during the rainy season, the time since the last 

event, temperature, and potential snow pack to better understand the historical frequency 

of the flows during the project.  

Discrepancies in dam outflow operations were accounted for by comparing 

conditions of known spillovers to times of partial closure. Events that had similar 

precipitation totals were kept in the record to estimate the frequency of the largest events. 

Events with questionable precipitation quantities and dam operations were left out. The 

frequency of the largest events can be used to estimate future deposition in the lakebed 

based on the observations that only the largest storms deposited sediment in the lakebed.  

Thin section analysis comparing framework grains from the lakebed to 

sediment samples collected from Rock Creek at the boundary of each mapped geologic 

unit was used to investigate provenance (Figure 8). This method was expected to confirm 

identified sediment sources and isolate unknown ones. Source locations were determined 

based on recent evidence of erosion (natural or artificial), such as a deeply incised creek 

or recent logging operations. Historical evidence from large-scale erosion events, such as 

floods or development, was also included in this study because sediment loads typically 

come from similar sources each year. Smaller erosion-causing events are capable of 

depositing sediment into streams. However, the sediment load from smaller events 

dissipates more readily or is readily covered in vegetation, effectively limiting sediment 

mobilization. Upstream samples were collected at the boundary between geologic 

formations shown in Figure 8. Upstream samples represent: UPAC, andesitic  
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Figure 8. Upstream provenance sample sites, Lake Vera, Nevada County, CA. This 
map shows the locations of the samples taken, which represent each geologic unit of 
the watershed. UPAC represents the andesitic conglomerate, UPEG represents the 
Eocene gravels, UPMS represents the metasedimentary rocks, and UPGR 
represents the granitic portion of the watershed. 
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conglomerate from the North Branch of Rock Creek; UPEG, Eocene gravel deposits; 

UPMS, metasedimentary unit; and UPGR, granitic unit. Brush Creek was determined not 

to represent a major sediment source based on hydrologic data analysis, which is 

discussed in further detail in Chapter V. Samples were not collected on Little Rock Creek 

because it was an unlikely sediment source, as discussed in a BLM (2011) report; see 

Chapter V. 

Samples collected from upstream sources and each of the five core samples 

were sieved through a No. 120 sieve (0.125 mm) and sent to Quality Thin Sections in 

Arizona for grain mounting. All thin sections were stained for potassium feldspar and 

plagioclase, and were analyzed under a standard petrographic microscope using the 

Gazzi-Dickenson method (Ingersoll et al., 1984). Three hundred grains per slide were 

counted, with a distance between points of one millimeter. Any grain taking up more than 

one point during the analysis was only counted once. Grains on each slide were identified 

and grouped into the following categories: potassium feldspar, plagioclase, 

monocrystalline quartz, polycrystalline quartz, mica, sedimentary lithics, metamorphic 

lithics, and volcanic lithics.   

After the grains were counted, the modal percentages were calculated as 

percent quartz, feldspar, and lithic fragments. Mineral compositions of each sample were 

plotted on ternary diagrams and bar graphs. The ternary diagram was used to confirm 

provenance of each sample and establish common provenance of each layer. Thin 

sections were compared within the same stratigraphic layers to determine if the layers 

shared a uniform source. Comparisons with the upstream samples were made to attempt 
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to further trace the course of the sediment. Finally, the rock outcrop samples were 

compared to the upstream samples to validate the results and confirm the source rock. 
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CHAPTER IV 
 
 

RESULTS 
 
 

Stratigraphic Analysis 

Stratigraphy 

Seven layers were delineated from the stratigraphic analysis in five core 

samples, with L1 being the shallowest and most recent (Figure 9). The deepest layer in 

the stratigraphy is L7. Layer L7 is present at all off-stream and stream-side locations. L7 

is located at a depth of 68 to 75 inches bgs (below ground surface) for stream-side core 

sites, and from 33 to 40 inches bgs at off-stream locations. L7 is comprised of granitic 

material ranging from coarse, unsorted sand to angular boulders. Thickness could not be 

determined as its maximum depth exceeded the depth that could be augured.  

Thickness in L6 ranged from 8–14 inches to as much as 30 inches at sites 

along the river that were not used for mapping the stratigraphy. L6 consists of uniform 

hard plastic clay free of sand, silt, and organics. Layer L6 is present at every core site, 

and ranges in depth from 57 to 63 inches bgs at the stream-side locations and from 25 to 

32 inches bgs at off-stream locations. L5 ranges in depth from 41 inches bgs at CR1 to 58 

inches bgs at CR2, and in thickness from 15 inches at CR1 to 4 inches at CR2. Distinct 

strata, organics, silt and clay are absent in L5.  

Layer L4 is visible only in CR2 and CR3, ranges from an upper depth of 47 to 

50 inches bgs, and is eight inches thick. Strata in L4 include silty clay interspersed with 
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Figure 9. Lake Vera stratigraphic columns and correlation of sediment deposits. 
Layers in each of the five cores are referred to in the text. See Figure 6 for locations 
within Lake Vera.  
 
 
sand containing unsorted pieces of branches and pine needles. Strata in L3 also include 

silty clay interspersed with sand containing unsorted pieces of branches and pine needles. 

All strata are between 0.25 and 0.5 inches thick. Layer L3 is similar to L4, but the L3 

clay layers are less pronounced and the organics are interspersed. The lowermost depth of 

layer L3 is from 39 to 40 inches bgs and varies in thickness from 2 inches at CR1 to 10 

inches at CR2. L3 is only found at the stream-side core sites. Event beds are absent in L3.  
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Layer L2, observed in the three stream-side cores, occurs at a depth of 28 to 

32 inches bgs and is 8–10 inches thick. L2 includes alternating fine sand and silty clay 

layers free of organic material. The fine sand strata are 0.5–1 inch thick and the silty clay 

strata are 0.25–0.5 inches thick. Event beds are not observed in L2. 

L1 is observed in all five cores. At the stream-side cores it extends from the 

surface from 0 inches to 28–32 inches bgs in depth, and has a thickness of 28–32 inches. 

Off-channel cores L1 extends from the surface to 15–20 inches bgs, and is 15–20 inches 

in thickness. L1 is comprised of brown silty loam with long, thin lenses of fine sand 

throughout the layer. Included in L1 are sublayers L1a and L1b. Sublayer L1b contains a 

slightly higher percentage of fine sand. Sublayer L1b is consistent with L1a layering, 

thickness, and color of lenticular sand lenses. L1a starts at the surface to 24 inches bgs 

and is 24 inches in thickness. The lowermost depth of L1b is 24 inches bgs and 4–8 

inches in thickness. 

Both sublayer deposits show uniform thin layering of less than 0.1 inches, but 

some thicker event beds are visible. The thickest event bed is located at approximately 

two feet bgs. Strata at this depth contain fine sand layers one-quarter inch thick in most 

places. However, downstream of CR3, this event bed is one foot thick and consists of 

coarse granitic sand. An event bed is found 2–6 inches above the coarse granitic event 

bed and comprised of mostly fine-grained sand. 

Cesium-137 Results  

The 15 samples extracted from core CR2 showed 137Cs present to a depth of at 

least 25 inches bgs at sample 13 (Table 1). 137Cs is not present in samples 14 and 15. 

From sample 13 through 7, 137Cs increases from 3 mBq/g (miliBecquerel/gram), with a  
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TABLE 1. CESIUM-137 CONCENTRATIONS RELATIVE TO SAMPLE 
NUMBER. The range of significance for each sample is +/- 20%, which  

would not affect the outcome of the results. 

Sample Number  Depth (inches) Avg 137Cs Concentration (m Bq/g) 

1   1 NA 
2   3 NA 
3   5 NA 
4   7   37 
5   9   72 
6 11   64 
7 13 156 
8 15 131 
9 17 106 
10 19   54 
11 21   60 
12 23   47 
13 25     3 
14 27     0 
15 29     0 

 
 

concentration of 156 mBq/g.The amount of 137Cs significantly decreases to 64 mBq/g in 

sample 6, 72 mBq/g in sample 5, and 36 mBq/g in sample 4. Samples 1–3 were not 

tested, but they were not a factor in the analysis since samples 12–4 follow the typical 

profile of 137Cs concentrations in the stratigraphy (Figure 10). 

The radionuclide 137Cs is mostly concentrated in clay particles; a higher 

percentage of sand should yield lower concentrations of 137Cs. A linear regression is 

performed on the concentration of 137Cs individually against the percentage of clay, silt, 

and sand to test for the presence of this condition. There is no significant correlation 

(Figure 11); silt and clay (R2 = 0.03 and 0.13) are weakly correlated, and sand is not 

correlated (R2 = 0). Thus the 137Cs data are not skewed by clay percentage in the samples. 
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Figure 10. Cesium-137 Concentrations in tested samples. This graph shows 
the concentration of Cesium 137 (137Cs) in milliBecquerels /gram (mBq/g) 
of sediment tested. The earliest detectable concentrations in the lakebed 
were detected at 24 inches bgs, and the largest concentration were found at 
12 inches bgs. 

 
 
 
 
 
 

 
 

Figure 11. Percent Fines (sand, silt, and clay) v. Cesium-137s concentration. A 
correlation of R2 = 0 represents no correlation, whereas R2 = 1 represents 
total correlation. 
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Hydrologic Analysis 

Stream Flow 

Inflows to Lake Vera were measured between Nov–April 2010–2011 and 

Nov–April 2011–2012. Results show an above-average rainfall during the rainy season 

(November–April) in 2010–2011 (Figure 12a), and below-average rainfall during the 

rainy season in 2011–2012 (Figure 12b). The average flow during the wet year study 

period, 2010–2011, was 70 cfs (cubic feet per second) for Rock Creek and 10 cfs for 

Brush Creek. During the dry water year, 2011–2012, Rock Creek averaged 10 cfs and 

Brush Creek two cfs. Weekly base flow conditions for the wet season of 2010–2011 

averaged 54 cfs for Rock Creek and 7 cfs for Brush Creek. The dry season of 2011–2012 

averaged 30 cfs for Rock Creek and 6 cfs for Brush Creek. 

The difference in precipitation between the 2010–2011 and 2011–2012 rainy 

seasons led to a large variation in number of storms and high flows for each season 

(Figure 12). Rainfall for 2010–2011 for the area was 75 inches for the year, or 20 inches 

above the 55–inch average for the Nevada City area. Rainfall for 2011–2012 was 46 

inches, or nine inches below average. During the 2010–2011 season, there were 25 rain 

events with combined flows into Lake Vera of over 100 cfs. During the study, eight rain 

events occurred in 2011–2012. December and March were the most active months, with 

large storm events for 2010–2011. December 2011 had three storms with combined Rock 

Creek and Brush Creek flows of over 200 cfs (215 cfs, 740 cfs, and 540 cfs, 

respectively), with Rock Creek producing 115 cfs, 550 cfs, and 360 cfs, respectively. 

Peak flows for Brush Creek were 100 cfs, 190 cfs, and 180 cfs, respectively (Appendix 

1). March was the rainiest month and had the largest amount of high-flow events during  
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12a 

 
 

12b 

 
 

Figure 12. Rock Creek and Brush Creek Hydrographs: a dry (12a) and wet year 
(12b). The hydrographs show Rock Creek has significantly more flow than Brush 
Creek in every condition of flow, with the exception of early-season storms. 
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the study, with 10 combined flows of over 200 cfs, including four over 600 cfs (Table 2). 

November 2010 and February 2011 had storms producing over 200 cfs combined flow. 

The 2011–2012 season was much less active, with the exception of one week in March 

2012, which produced two storms with flows over 500 cfs (Table 2). There were also two 

events in January 2012, on the 20th and 23rd, respectively, with peak combined flows of 

205 cfs and 175 cfs; Rock Creek peaked at 125 cfs and 110 cfs for each storm, and Brush 

Creek at 80 cfs and 65 cfs. 

 
TABLE 2. TABLE OF PEAK FLOWS FOR THE HIGHEST-PRECIPITATION 

MONTHS DURING THE STUDY 

Water Year  Month Date 
Rock Creek 

(cfs) 
Brush Creek 

(cfs) 
Total 
(cfs) 

2010–2011 December 18   550 190   740 
   29   360 155   515 
  March 15   875 225 1100 
   20   580 170   750 
  24   430 120   550 
  25   500 120   610 
2011–2012 March 14   390 150   540 

  16 1030 230 1260 
 
 

There were only two events when sediment was observed being deposited on 

the lakebed. The March 16, 2012, peak flow of the study left a uniform deposit of 

sediment of an eighth of an inch. This was the only observed event to leave measureable 

deposits of sediment in the lakebed. The March 15, 2011, event left sporadic small 

deposits on the lakebed, and these were negligible compared to the overall deposition rate 

of the lakebed. 

The turbidity data for Rock Creek and Brush Creek  mimicked the pressure 

transducer data when the times between rain events were sufficiently long. Turbidity data 
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Figure 13. Stage discharge graph for Rock Creek and Brush Creek. This shows 
the fitted line used to calculate flows based on stage height. Each dot represents a 
measured or modeled event. Smaller flows were measured with a stream gauge. 
Larger flows were modeled. 

 
 

showed peak concentrations during the highest flows from Rock Creek and Brush Creek 

on March 15, 2011, at 450 and 250 Nephelometric Turbidity Units (NTU), respectively 

(Figure 13). The concentrations rose and fell with each storm event. However, the higher 

flows later in March had much lower turbidity readings. The March 13, 2011, storm had a 

combined flow of 450 cfs. Rock Creek was measured at 275 NTUs, and Brush Creek at 

175 NTUs. Two storm events on March 20, 2011 (750 cfs) and March 24, 2011 (550 cfs) 

peaked at 125 NTU and 50 NTU, respectively, for Rock Creek. Brush Creek’s turbidity 

peaked at 150 NTU and 45 NTU (Figure 14). 
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Figure 14. Rock Creek and Brush Creek turbidity data. This chart shows the turbidity 
reading of the wettest period during the study, March 2011. The largest spike 
represents the highest flow of the year, calculated at a combined 1,100 cfs. During the 
final week of the study, storms peaked at a combined flow of 900 cfs. The storm with 
the second-highest total had a peak combined flow of 450 cfs. 

 

Provenance/Thin Section Data 

Lakebed Samples 

The uppermost layer can be broken into two sublayers. Sublayer L1a is 

dominantly composed of lithic fragments (mean QFL%L = 75), with much less quartz 

(mean QFL%Q = 16) and feldspar (mean QFL%F = 9) throughout the stream-side and 

off-channel samples. Further divided (Lm + Ls + Lv = L), lithic fragments are 

predominantly metamorphic (mean LmLsLv%Lm = 43) and, to a lesser extent, sedimentary 

(mean LmLsLv %Ls = 30). Volcanic lithics are nearly absent (mean LmLsLv %Lv = 1). 

Similar to sublayer L1a, Layer L1b is composed of lithic fragments (mean QFL%L = 75), 

with much less quartz (mean QFL%Q = 16) and feldspar (mean QFL%F = 9). However, 

the range of lithics in sublayer L1b is significantly less than sublayer 1a (1% in L1b 
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versus 30% in L1a with lithics). Lithic fragments are predominantly metamorphic in 

sublayer L1b(mean LmLsLv%Lm = 49), and to a lesser extent sedimentary (mean 

LmLsLv%Ls = 21). Volcanic lithics are nearly absent (mean LmLsLv%Lv = 3) (Appendix 

6). Overall, strata in L1a and L1b are comprised mostly of larger grains that show signs 

of weathering. Layer L2 is characterized by grains of much smaller size, but with similar 

weathering alteration. L2 is predominantly comprised of lithics (mean QFL%L = 51) and 

quartz (mean QFL%Q = 36), and to a lesser extent, feldspar (mean QFL%F = 13). Lithic 

fragments are mostly metamorphic (mean LmLsLv%Lm = 29) and sedimentary (mean 

LmLsLv%Ls= 20). Volcanic lithics are nearly absent (mean LmLsLv%Lv = 1). Layer L3 is 

characterized by grains of much smaller size, but with similar alteration effects. L2 is 

predominantly comprised of lithics (mean QFL%L = 52) and quartz (mean QFL%Q = 

36), with very little feldspar (mean QFL%F = 2). Lithic fragments are mostly 

metamorphic (mean LmLsLv%sm = 34) and sedimentary (mean LmLsLv%Ls = 17). 

Volcanic lithics are nearly absent (mean LmLsLv%Lv = 1) (Table 3). 

Upstream and Rock Outcrop Samples  

The UPAC sample predominantly consisted of lithics (mean QFL%L = 52) 

and quartz (mean QFL%Q = 39), with very little feldspar (mean QFL%F = 9). Lithic 

fragments are mostly comprised of metamorphic (mean LmLsLv%Lm = 29) and 

sedimentary (mean LmLsLv%Ls = 20). Volcanic lithics are nearly absent (mean 

LmLsLv%Lv = 1). The UPEG sample is predominantly made up of lithics (mean QFL%L 

= 72), followed by quartz (mean QFL%Q = 21), with very little feldspar (mean QFL%F = 

7). Lithic fragments are similarly metamorphic (mean LmLsLv%Lm = 34) and sedimentary 

(mean LmLsLv%Ls= 32), with very little volcanic lithics (mean LmLsLv%Lv = 1).   
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TABLE 3. PERCENT COMPOSITION OF EACH THIN SECTION SAMPLE, 
SEPARATED BY CORE LOCATIONS AND DEPTH. The first number  

at each core site is the most recent layer. 

Core Sample Depth 
Q     
% 

F        
% 

L  
% 

Interpreted Provenance 

CR1       
  L1a 9-15 19 16 65 Eocene Gravels 
  L1b NA NA NA NA NA 
  L2 29-39 55 13 32 Cannot be determined 
  L3 39-41 23 10 68 Cannot be determined 
              

CR2             
  L1a  6-18 18   9 73 Eocene Gravels 
  L1b 24 14 11 75 Eocene Gravels 
  L2 30-42 22   9 68 Cannot be determined 
  L3 42-48 47 16 37 Cannot be determined 
              

CR3             
  L1a 6-18 13   5 82 Eocene Gravels 
  L1b 20-30 17   8 75 Eocene Gravels 

  
L2 

30-36 
32 16 52 Cannot be determined 

  L3 42-48 37 11 52 Cannot be determined 
              

CR4             
  L1a 9-15    5   1 94 Eocene Gravels 
              

CR5             
  L1a 9-15 25 14 61 Eocene Gravels 
              

 
 

The UPMS sample is predominantly made up of lithics (mean QFL%L = 50) 

and quartz (mean QFL%Q = 36), with very little feldspar (mean QFL%F = 14). Lithic 

fragments are mostly metamorphic (mean LmLsLv%Lm = 29) and sedimentary (mean 

LmLsLv%Ls = 20). Volcanic lithics are nearly absent (mean LmLsLv%Lv = 1). The UPGR 

sample is predominantly made up of quartz (mean QFL%Q = 63) and followed by lithics 
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(mean QFL%L = 21) and feldspar (mean QFL%F = 16). The lithics percentage is too 

small to further break down the category. 

The Eocene gravel rock outcrop sample is predominantly made up of quartz 

(mean QFL%Q = 35) and feldspar (mean QFL%F = 31), with the least amount of lithics 

(mean QFL%L = 32). Lithic fragments have similar percentages of metamorphic (mean 

LmLsLv%Lm = 17) and sedimentary (mean LmLsLv%Ls= 15). Volcanic lithics are nearly 

absent (mean LmLsLv%LV = 1). Unidentifiable fragments make up 2% of the sample. The 

Eocene gravel sample is the only rock outcrop because the sample was uncemented, and 

could therefore be compared to the similarly-prepared lakebed and stream samples (Table 

4). 

 
TABLE 4. PERCENT COMPOSITION FRAMEWORK GRAINS FOR 

UPSTREAM AND ROCK OUTCROP SAMPLES. Each sample is  
represented by a geologic formation and shown with the potential  

source of sediment 
 Q F L Geologic Formation Potential 

Source in Formation 
Upstream Provenance 

Samples 
     

UPAC 39%   9% 52% Andesitic 
Conglomerate 

Past Logging 

UPEG 21%   7% 72% Eocene Gravels Deeply Incised 
Creek Bed 

UPMS 36% 14% 50% Metasedimentary  None Found 
UPGR 63% 17% 21% Granite None Found 
      
Rock Outcrop 

Samples 
     

ROEG 35% 31% 32% Eocene Gravels NA 
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CHAPTER V 
 
 

DISCUSSION 
 
 

Many methods were employed to test the hypothesis that human activity had 

increased the sedimentation rate for Lake Vera and changed the provenance of the 

sediment filling the lake. In particular, stratigraphic analysis, 137Cs dating, a hydrologic 

analysis of the watershed, extensive field observations, and thin section analysis helped to 

create a history of sediment deposition in the watershed. Given the estimated 

sedimentation rate of 0.50 inches per year for Lake Vera to be true, then there would have 

been a constant sedimentation rate. Thus, there would have been no time periods of 

higher sedimentation rates with relatively limited human influence on the watershed. 

Provenance was hypothesized to be predominantly from the upper watershed, in 

particular the North Branch of Rock Creek, due to past logging operations and current 

land management. In this case, the majority of sediment in the lakebed would consist of 

andesitic conglomerate; in addition, the relative proportion of andesitic conglomerate 

should have increased during past logging operations.   

 
Stratigraphic Analysis 

The lowest layer of the lakebed, L7, contained coarse granitic material in each 

of the five core samples, consisting of angular granitic sand to large boulders. This 

material was poorly sorted and uncharacteristic of stream or lakebed deposition, which 

signified that this layer had been the original lakebed of the first reservoir. 
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Layer L6, immediately above the granitic Layer L7, contained thick, hard clay 

ranging from two feet to a few inches in each of the five core samples. This layer was in 

each of the five core samples, suggesting that this layer had also been the lakebed of the 

original Lake Vera. Clay deposits free of inclusions can only be formed in continuously 

filled, low-energy environments. The only time in the lake’s history that these conditions 

were present was from 1898–1912, when the original Lake Vera was in operation, 

maintaining a constant supply of water for power generation. In addition, based on 

observations of the lakebed, sections of Layer L6 were found outside of the current Lake 

Vera close to the Brush Creek confluence, and within the lakebed of the original Lake 

Vera. This inferred that Layer L6 had been deposited during the life of the first lake. 

Both L4 and L5 lie directly above L6 and represent the time period from 

1912–1926, after the first Lake Vera was drained and before the current Lake Vera was 

impounded. Each of the layers represents the deposition of sediment in a high-energy 

environment of a stream in an old channel of Rock Creek; however, the layers are located 

at areas of the main channel. L5, found at cores CR1 and CR2, is directly in the old 

stream bed since it consists of coarser granitic sand. L4, located above L5 in CR2 and 

above L6 in CR3, represents the downstream end of a sand bar in the stream channel 

where stream velocity is strong, but not as strong as the upstream side of the sand bar. A 

similar sand bar with sorted woody debris was found on the north side of the lakebed 

deposit, which further confirmed the observations. No deposits of L5 and L4 were found 

in cores CR4 and CR5 due to their distance from the main creek channel. 

Deposition began in the current Lake Vera in 1926 between the boundaries of 

L5 and L3 at CR1, and within Layer L4 at CR2 and CR3 (Figure 15). Depositional  



46 

 

 
 
Figure 15. Stratigraphic Analysis: Core Samples CR1, CR2, and CR3. Correlation 
of lakebed layers with 137Cs associated dates assigned and related stratigraphic 
analysis represented. The date 1898 denotes deposition in the original Lake Vera; 
1926 denotes deposition in the current Lake Vera. Core samples CR4 and CR5 were 
left off the diagram due to an absence of layers L2–L5. 
 
 
patterns in L4, such as the presence of fine particles interspersed with the woody debris, 

represent a low-energy environment of deposition when water began to be impounded in 

1926. The top of the pine needles deposit, located in the middle of Layer L4 at CR2 and 
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CR3 at approximately 54 inches bgs, represents the initial time of the lakebed when dam 

construction finished and the impoundment of the water began. 

Layer L3 represented the start of sediment deposition in the current Lake 

Vera. Silty layers interspersed with sand and random woody debris show evidence of a 

low-energy depositional environment in CR1, CR2, and CR3. It was most likely present 

in CR4 and CR5, but this could not be discerned due to the lower depositional rate of the 

off-channel deposits. No dates for the border between L3 and L2 could be discerned, due 

to a lack of records and identifiable changes in historic dam operations.  

L2 was dominated by thick, fine sand formed in high-energy environments, 

followed by silty clay deposits formed in low-energy environments. This layer was 

present at core sites CR1, CR2, and CR3, but not at CR4 and CR5. Like L3, L2 could 

have been present at CR4 and CR5, but was probably concealed because off-channel 

deposits only allow a small layer of fine sediment to be deposited. No dates could be 

determined from these events because of the large amount of consecutive flow events. 

The dam outlet was most likely open during the events, with the bottom flashboards in 

place. Evidence of this is shown by the low-energy depositional environment after the 

high flows. 

Layer L1b was deposited in a low-energy depositional environment, with the 

exception of a major event that left a large flood deposit at a depth of 24 inches bgs at 

sites CR1, CR2, and CR3. This represents the boundary between L1a and L1b. Samples 

14 and 15 from the 137Cs analysis were taken from Layer L1b, but concentration levels 

were too low to be detectable.  
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Layer L1a contained the only detectable concentration of 137Cs. Data indicated 

datable 137Cs present in Layer L1a at the initial depth of 24 inches bgs in Sample 13 in 

CR2, where 137Cs is reported at a concentration of 3 mBq/g. This depth is the beginning 

of large nuclear testing, and can be assigned the date of 1954 (Table 1). Samples 12 

through 7 contain increasingly higher 137Cs concentrations. The peak 137Cs concentration, 

156 mBq/g, was located at 13 inches bgs in Sample 7, representing 1963 or the year of 

peak concentrations due to above ground nuclear testing. Confirmation of the analysis 

comes from Sample 6 containing significantly lower 137Cs concentrations than Sample 7 

(64 mBq/g vs.156 mBq/g). There is a 20% margin of error when testing for radioactivity. 

However, even with the margin of error, the trend of decreasing concentration still is 

significant between Samples 7 and 6. Samples 6 through 4 show decreasing amounts of 

the element, consistent with normal 137Cs sediment profiles. Samples 3 through 1 were 

not tested due to budget constraints. 

Sample 13, located at a depth of 24 inches bgs, included portions of the coarse 

granitic sand deposit. The 1954 depth in Layer L1a at CR2 was at a depth of 25 inches, 

coinciding with coarse granitic sand, and can therefore be denoted as the 1956 flood and 

not the 1964 event (Figure 15). The second flood deposit was located in Sample 7 of the 

137Cs analysis and dated to 1963. Between 1962 and 1964, four major events occurred. 

The deposit is most likely the 1964 flood event, hypothesized based on the magnitude of 

rainfall records and its reference in dam inspection reports. However, this date cannot be 

definitively assigned due to the amount of storms during the time period. 
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Sedimentation Rates 

The calculated sedimentation rates for Lake Vera were determined from six 

dateable layers in the stratigraphy: 1898, 1912, 1926, 1954, 1963, and 2012. Four dates 

occurred during the life of the most recent Lake Vera; therefore, only three different 

sedimentation periods for the lake could be calculated: 1926–1954, 1954–1963, and 

1963–2012. Average sedimentation for the periods identified were 0.76 inches per year 

between 1926 and 1954, 1.26 inches per year between 1954 and 1963, and 0.24 inches 

per year from 1963 to 2012 (Figure 16). These results demonstrate that the lake had 

varying sedimentation rates ranging from 1.28 inches per year to 0.24 inches per year, 

unlike the hypothesized sedimentation rate of a constant 0.50 inches per year. The two 

other time periods that could be dated were during the life of the first Lake Vera (1898–

1912) and the time between the two lakes (1912–1926). These last two time periods 

could not be used to estimate historic sedimentation rates. However, they could be used 

 

 
 
Figure 16. Lake Vera sedimentation rates of the stream-side core sites. The original 
Lake Vera was present from 1898 to 1912. During 1912–1926, no dam was present. 
The life of the current Lake Vera spans 1926 to the present time. 
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to make a general estimate that sedimentation rates of the first Lake Vera were greater 

than the most recent.   

The period from 1963–2012 shows the lowest sedimentation rate during the 

life of the reservoir. The average rate of 0.24 inches per year is most likely lower than the 

current deposition rate due to dam operations. From 1963–1966, sedimentation rates were 

more consistent with the 1.26 inch-per-year rate calculated for the 1954–1963 time 

period, rather than with the 0.24 inches per year for the 1963–2012 time period, due to 

the installation of the new sluice gate detailed later in the section. If these three years of 

deposition were not included in the 1963–2012 rate of 0.24 inches per year (and instead 

included in the 1954–1966 time period), this would decrease the sedimentation rate from 

an average rate of 0.24 inches per year to 0.18 inches per year from 1966–2012. In 

addition, the outlet gate was kept half open from 1985–1997, contributing to higher 

sedimentation rates that could not be accurately estimated.  

No evidence was found during the project of disturbed sediment from the 

1988 dredging event in the stratigraphy. However, if the dredging had been there and 

gone unnoticed, that would not have had much effect on the final results of the calculated 

sedimentation rate. Based on the photos and a Department of Water Resources Inspection 

report of the dredging event, the removal of sediment was estimated to be about 2,000 

cubic yards. If the estimated 2,000 cubic yards of sediment removed was spread evenly 

over the entire lakebed, only 1.78 inches of sediment would be added to the lakebed. The 

increased sedimentation rate, adjusted for the dredging, would increase the sedimentation 

rate from 0.18 inches per year to 0.22 inches per year, which is almost the same as the 

originally calculated rate of 0.24 inches per year. 
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The calculated sedimentation rates of the study do not follow traditional 

reservoir sedimentation patterns. Normally, the fastest sedimentation rates occur early in 

the life of the reservoir. Rates slowly decrease as more sediment is deposited, until the 

lake reservoir is filled (Morris and Fan, 1998). However, Lake Vera does not fit the 

typical sedimentation pattern of reservoirs. Lake Vera’s highest sedimentation rates were 

found during the middle time period in the life of the reservoir, from 1954–1963 at 1.26 

inches per year. The lake has a relatively small size compared to those of the streams 

entering it, so it has to be drained each winter in order to minimize sedimentation (DWR, 

1956). Hence, sedimentation rates are most directly affected by its water release 

operations and, to a lesser extent, rain patterns within the watershed. The main reason for 

the drastic drop in sedimentation rates for Lake Vera between the time periods 1954–

1963 and 1963–2012 is the change in the outlet structure in 1966. Dam inspection reports 

show that, from the 1950s to when the gate structure was changed in 1966, more 

flashboards were being left in the dam outlet, which enhanced sedimentation. The 

structure was changed from a spillway with slots for inserted flashboards to hold back 

water to a Rodney Hunt Sluice Gate. This change prevented water from backing up 

drastically and thus decreasing sedimentation in the lakebed. No large-scale logging 

event could be found during this time period, so sedimentation from human activity 

upstream is unlikely to have been much of an influence during the time period. 

Although there is no detectable error found in the 137Cs concentrations leading 

to variability in depths assigned to dates calculated from 137Cs, there is some variability 

in the depths assigned to the 1926 boundary. The boundary for the start of sediment 

accumulation for the current Lake Vera in L4 in cores CR2 and CR3 is interpreted to be 
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Figure 17. This photo shows the change in outflow structures in the Lake Vera 
Dam. The old structure (left) allowed water to back up into Lake Vera and 
deposit sediment before exiting. This design sped up the sedimentation of Lake 
Vera. The sluice gate installed in 1966 allows water to flow freely through the 
lakebed without depositing sediment. 
 
 
the shallowest deposition of organics. However, even if the interpretation is not correct, 

the overall sedimentation rates are not greatly affected for this time period. If the 1912 

boundary (between layers L5 and L6 in CR1 and CR2 and between layers L4 and L6 at 

CR3) was used as the earliest possible date for the start of deposition for the current 

lakebed, the sedimentation rate for the 1926–1954 time period would increase from 0.76 

inches per year to 0.88 inches per year. This margin of error does not greatly affect the 

overall calculated sedimentation rates, neither does it change sedimentation rate trends 

for the reservoir from the dated 1926 layer. 

Layer L2, included in the 1926–1954 time frame is dominated by what appear 

to be successive flood events. The estimated age of sedimentation for the deposits in L2 

was dated to the late 1930s and early 1940s, around the same time as the large logging 

event that occurred in the North Branch of Rock Creek, which is described in Chapter II. 

This suggests the sediment in L2 was deposited from erosion caused by this 
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anthropogenic activity. Furthermore, under normal conditions large flood events leave 

unique sediment deposits in the lakebed of a reservoir. However, when compared with 

the rain record, there appears to be little correlation between size of storm and thickness 

of flood deposit around this time. No large flood events occurred during this time, yet 

layer L2 contains Lake Vera’s thickest sediment deposits caused by single events, which 

implicates logging practices as the main cause of L2’s thick flood-event deposits. 

The time period from 1898–1912 cannot be used to accurately estimate the 

sedimentation rate of Lake Vera without utilizing the dam release operational history. 

The first reservoir at this time released a constant supply of water, and had a much larger 

capacity and different depositional patterns. The majority of sediment would have been 

deposited in a characteristic wedge shape at the back of the reservoir and outside the 

limits of the current lakebed of the more recent Lake Vera. To calculate an accurate 

sedimentation rate, the old reservoir deposits would have to be observed. Little of this 

type of deposit could be found due to erosion caused by the subsequent exposure of the 

deposits to Rock Creek and Brush Creek when the lake was abandoned in 1912.  

Sedimentation rates of the first Lake Vera cannot be accurately quantified, but 

deposition can be estimated to be greater than that of the current Lake Vera. Slower 

depositional areas, CR4–CR5, dated between 1898–1912, have similar average 

sedimentation rates to higher depositional areas, CR1-CR3, from 1926–1954. The first 

Lake Vera would have had higher sedimentation rates than the current lake if the lower 

depositional areas had greater sedimentation rates with the first lake than with the second 

one. The second-highest sedimentation rates for the lakebed during the study were from 

1912–1926 (average of 1.1 inch per year). During this time period, no water was able to 
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flow back into the lake, which could have enhanced deposition, yet there were large 

amounts of sediment accumulation. A possible explanation for this high sedimentation 

rate could be the reworking of large reservoir deposits from the first Lake Vera by Rock 

Creek and Brush Creek.  

 
Hydrologic Analysis 

The stream flow and turbidity measurements of Rock Creek and Brush Creek 

during water years 2010–2011 and 2011–2012 indicated that Brush Creek was not a 

major sediment source for Lake Vera. Hydrologic conditions varied greatly depending on 

measured rainfall for both years. Peak flows for 25 storms of various sizes were averaged 

for the precipitation year 2010–2011 for both creeks. Rock Creek produced an average of 

300 cfs per storm, or 75% of total flow, compared to 100 cfs, or 25%, for Brush Creek. 

Eight storms in the below-average precipitation year 2011–2012 averaged 243 cfs for 

Rock Creek and 76 cfs for Brush Creek, or 76% and 24% of total flow. Only smaller 

early-season storms showed a larger percentage of water coming from Brush Creek than 

Rock Creek. On November 23 and December 6, 2010, Brush Creek supplied 47% of the 

water to Lake Vera. However, the combined peak flows for the storms, 345 cfs and 205 

cfs, did not influence deposition in Lake Vera. Both storms were not large enough to 

generate conditions needed to overtop the stream banks in the lakebed, and were thus 

unable deposit sediment in the lakebed. A possible explanation for this greater-percent 

contribution of Brush Creek could be the soil of the watershed losing its hydrophobic 

conditions accumulated from summer weather. Both storms were the first events of the 

year, which supports this explanation. Likewise, similar storm sizes later in the season 
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produced a higher percentage of water from Rock Creek (Appendix 3). No other special 

conditions were found during the study.  

Turbidity measurements indicate that Brush Creek delivers a significantly 

lower total amount of water than Rock Creek. If turbidity were similar for both creeks, 

Rock Creek would deliver the vast majority of sediment to Lake Vera, based on the 

percentage of water it delivers to the lakebed compared to Brush Creek. Data shows that 

during times of sediment deposition at peak flows, sediment concentration in Rock Creek 

is significantly greater than in Brush Creek. During the highest flows of the study period, 

turbidity for Brush Creek was significantly lower than for Rock Creek, 250 NTU to 450 

NTU (Figure 14). For smaller peak-flow events, Rock Creek and Brush Creek had similar 

turbidity measurements ranging between 50–200 NTUs.  

Conditions that triggered the largest event during the study (24-hour 

precipitation totals, temperature, and time between events) were compared with 

conditions in past historical records. The records revealed that the largest storms of the 

study were relatively common for the watershed, occurring, on average, every other year. 

Storms during the study did not reach the same magnitude as past historic 

floods. Conditions observed in the records to have triggered the dam overtopping were 

found to be much greater than events during the study. The largest events were found to 

have occurred, on average, once every 7.5 years. The dam was overtopped an estimated 

11 times throughout 81 years of record keeping, excluding the times when this was 

enhanced by dam operations.  

From 1931–2012, 14 dam overtopping events were recorded. However, 

overtoppings were influenced by dam operations and record keeping. Overtopping events 
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in 1932 and 1938 were disregarded due to lack of significant rainfall to overtop the dam. 

They were instead attributed to flashboards being left in the outlet of the dam. A dam 

overtopping event on March 4, 1991, was disregarded because the outlet structure had 

been half open. Rainfall for this event would have lacked sufficient rain to overtop the 

dam if the outlet structure had been fully open. During the March 4, 1991 event, 12 

inches of rain fell in five days, with little snowpack. In comparison, the peak flow of the 

hydrologic analysis occurred on March 16, 2012; in this event, 13 inches fell in four days, 

yet it did not trigger an overtopping because the dam was fully open. Rainfall data only 

dates back to 1931, five years after the dam was built. Thus, no correlations could be 

made from 1926–1931. Flashboards were routinely left in the original outlet structure of 

the dam, allowing smaller storm events to overtop the dam. From 1985 to 1997, the gate 

was kept half open in an attempt to keep the bridge downstream from the dam from 

washing out – until 1997, when the bridge washed out even with these precautions. 

 
Thin Section Analysis 

The QFL plot (Figure 18) shows the provenance for layers L1a and L1b to be 

the Eocene gravels. For layers L2 and L3, provenance could not be determined due to the 

wide range and lack of pattern in the sample percentages. No layers in the lakebed have 

predominant percentages of andesitic conglomerate, which therefore disproves the 

hypothesized source of Lake Vera’s sediment being the North Branch of Rock Creek. 

There was a large percentage of metamorphic and sedimentary lithic fragments in both 

the UPMS and UPEG samples, but the UPMS lithics did not match the lakebed samples 

as well as the UPEG. Therefore, UPMS is not considered to be a predominant source.  
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Figure 18. Quartz, feldspar, lithics ternary diagram of upstream samples versus 
lakebed samples. The UPEG sample plots closest to the most recent samples than all 
others, including the UPAC (North Branch of Rock Creek), UPMS 
(metasedimentary rock), and UPGR (granitic rock) plots much farther away. Note: 
labels with leaders are used to denote plotted samples that overlap due to near-
identical QFL percentages.  
 
 
Sedimentary and metamorphic lithics in sample UPEG only have a more similar 

consistency to sample ROEG than any other rock outcrop samples, which therefore 

confirms the Eocene gravels as the predominant source of sediment. 

Provenance could not be determined for layer L3 due to the wide range of 

QFL percentages among the samples. QFL percentages from sample CR1L3 were almost 

identical to sample UPEG, CR3L3 was most consistent with UPAC, and CR2L3 was 

most consistent with UPMS. A consistent provenance for L2 could also not be 
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determined. Sample CR3L2 had a similar composition to UPMS, CR2L2 had a similar 

composition to UPEG, and CR1L2 had a similar composition to UPGR. However, layers 

L2 and L3 had much larger percentages of quartz and micas, which hinted at a larger 

influence from the granitic portion of the lower watershed (Figure 4). Micas had higher 

concentrations in L2 and L3 than in L1a and L1b, suggesting a greater percentage of 

sediment from the North Branch of Rock Creek: mica was found to be most prevalent in 

the UPAC sample (10%), although very little was found in other upstream samples (5% 

in UPGR, <1% in UPMS and UPEG). However, this does not infer UPAC as the 

predominant source for L2 and L3.   

Provenance in layers L1a and L1b was determined to be the Eocene gravels. 

All QFL percentages from layer L1a had similar compositions to the UPEG sample 

(Figure 17). Near-channel samples: CR1Lla, CR2L1a, and CR3L1a had compositions the 

most similar to UPEG. All samples were similar in composition for percent lithics (+-

10%), quartz (+/- 8%), and feldspar (+/- 9%) to upstream sample UPEG. Off-channel 

samples, CR4L1a and CR5L1a, were the least consistent with layers L1a and L1b with 

respect to UPEG (Table 2). CR4L1a had the largest percentage of lithics of any sample: 

almost 94% of lithics, representing the largest deviation in layer L1a samples from UPEG 

at 22%. Conversely, it had the least amount of mica (2%), feldspar (1%), and quartz 

(5%). CR5L1a had fewer lithic fragments (61%), even though this core was taken far off 

the main channel of the lakebed. Layer L1b was compositionally the most similar to 

UPEG. The largest-percent difference in composition was with quartz, at 7%. There was 

a 2% difference in lithics and a 6% deviation with feldspar.   
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Composition data was used to validate provenance by further correlating 

layers L3, L2, L1b, and L1a (Figures 19a, b, c, d) laterally, and to investigate the 

presence of trends vertically (Figures 19c, d; Figure 20a, b, c). Layers L7 through L4 

were not located in the current Lake Vera, and therefore they were not included in the 

analysis. Attempts to laterally correlate layers were made for each layer. Layer L3 shows 

wide ranges in quartz (23% to 47%) and lithics (31% to 68%), confirming the lack of 

correlation and unidentifiable provenance. Layer L2 also shows wide ranges in quartz 

(22% to 55%) and lithics (32% to 68%), confirming the lack of correlation and 

unidentifiable provenance. However, lateral trends in L1b showed similar percentages of 

quartz (14% to 17%) and lithics (75% to 75%) (Figure 19b). In addition, lateral trends in 

L1a showed similar percentages of quartz (13% to 19%) and lithics (65% to 82%) (Figure 

19a). 

Vertical trends between stratigraphic units could not be determined due to the 

wide variations in QFL percentage. For example, at core sites CR2 and CR3, there 

appears to be a trend of upwardly decreasing percentages of quartz and increasing lithics. 

However, at CR1, no vertical trends were identified (Figure 20a). Lithic percentages were 

significantly lower in the middle of core CR1 at sample CR1L2, and similar for CRL1a 

and CR1L3. Quartz percentages in CR1 were significantly greater in the middle of the 

core. Sample CR1L2 was comprised of 55% quartz, compared to samples CR1L1a and 

CR1L3, which had 19% and 23% quartz, respectively. Feldspar percentages were 

uniform, regardless of location in the stratigraphy or distance from the inflows, and 

ranged from 5% to 16%. 
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19d. 

 
 
Figure 19. Quartz, feldspar, lithic percentages of correlated stratigraphic 
layers. Graphs 19a and 19b show the correlation of layers L1a and L1c, 
while 19c and 19d show a lack of correlation within layers L2 and L3. 
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20a. 

 
 
20b. 

 
 
20c. 

 
 
Figure 20. Quartz, feldspar, and lithics percentages graphed vertically at 
each stream-side sample location CR1 (20a), CR2 (20b), and CR3 (20c). 
No trends are found in CR1. Any vertical trends in CR2 and CR3 are 
negated by the lack of trends in CR1.  
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Reasons for the lack of correlation in L3 and L2 could be a reworking of 

reservoir deposits from the older Lake Vera into the newer Lake Vera (L3), and the large 

logging event on the North Branch of Rock Creek before 1946 that was mentioned in 

Chapter II (L2). L3 was the oldest layer in the current Lake Vera and had the greatest 

potential to be influenced by the previous Lake Vera. The original reservoir was kept full 

year round, allowing sediment to form a characteristic wedge/delta deposit at the inflow 

of the lake (Morris and Fan, 1998). When drained, the original Lake Vera had a higher-

standing lake elevation than the Lake Vera of today. This exposed sediment deposits 

accumulated in the lakebed of the original Lake Vera, which could then be reworked and 

deposited in the current lake. 

Provenance for L2 was unable to be determined. However, L2 did hint that the 

North Branch of Rock Creek was a possible source; L2 plotted closest to the North 

Branch of Rock Creek sample (UPAC). Mica is also present in this layer, which 

correlates to the upstream sample from the North Branch of Rock Creek. This data, along 

with the evidence described in the sedimentation analysis, suggests that the provenance 

was greatly affected by the logging event on the North Branch of Rock Creek. 

The change in provenance between L1 and L2 can be explained by the 

watershed’s return to natural depositional patterns. Past mining, logging, and hydropower 

operations left large amounts of sediment in the watershed prior to 1926, which only 

large flood events would remove. Since bank erosion from the Eocene gravel deposits 

during the largest storm events is the predominant sediment deposited in the lakebed, a 

possible mechanism for the North Branch of Rock Creek sediment to be deposited in 

Layer L2 was human-induced erosion. Once the manipulated sediment was immobilized 
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by vegetation or transported downstream, the normal erosion patterns of the watershed 

could return. 

Throughout the lifespan of Lake Vera, better mining regulations limited 

sedimentation during the early years, ultimately reducing the effects of sedimentation due 

to mining. All gold-mining operations ceased by 1945, ending any erosion from mining 

in the watershed. Better logging methods and erosion control were adopted during the 

later years of Lake Vera, further contributing to the reduction in sedimentation and 

influence of the North Branch of Rock Creek. New regulations have also minimized the 

effects of erosion (Oregon Department of Forestry, 1997). Although the results of the 

project were unexpected, historical research and observations support the conclusion that 

this watershed is returning to normal erosion patterns.   

 



 

64 

CHAPTER VI 
 
 

CONCLUSION 
 
 

The results indicate that the most recent sedimentation rate of Lake Vera is 

0.24 inches per year rather than 0.5 inches per year, as originally hypothesized. Past 

sedimentation rates were found to be higher, but the largest increase in sedimentation 

could not be directly tied to a logging event. Instead, the increased rate was attributed to 

dam operations and concurrent above-normal rainfall. The predominant source of 

sediment to Lake Vera is Rock Creek because it produced significantly higher flows 

entering the lake during times of deposition than Brush Creek. The most recent 

provenance of the lakebed sediment (layers L1a and L1b) was determined to be the 

Eocene gravel deposits in between Blue Tent Road and North Bloomfield Road, rather 

than the hypothesized andesitic conglomerate found in the North Branch of Rock Creek. 

Provenance for layers L2 and L3 could not be determined, yet historical evidence and 

data collected suggested that each layer had been affected by human activity. A large 

logging event upstream near the North Branch of Rock Creek occurred concurrently with 

the deposition of L2. Remobilized sediment from old deposits from the first Lake Vera 

undoubtedly eroded into the second Lake Vera when layer L3 was formed.  

Sedimentation rates for the lake were calculated by dating sediment from six 

places in the stratigraphy, using stratigraphic relations and 137Cs analyses. The 

sedimentation rate of Lake Vera was highly variable due to the past dam operations of the 
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lake, upstream land use in the watershed, and flashy discharge of Rock Creek. The early 

life of the reservoir, from 1926 to 1954, had an average sedimentation rate of 0.75 inches 

per year. However, the highest sedimentation rate was between 1954 and 1963, at 1.26 

inches per year. This was due to related dam operations and large flood events during this 

time period. After 1963, the sedimentation rate slowed to 0.24 inches per year with the 

installation of the Rodney Hunt Sluice Gate in 1966. Based on the most recent 

sedimentation rate of 0.24 inches per year, Lake Vera is predicted not to fill in for at least 

300 years. 

Stream-flow measurements from Rock Creek and Brush Creek from 

November 2010 to April 2012 and turbidity measurements for both creeks during March 

2011 (the rainiest month of the study) showed that only the largest-magnitude storms 

deposited sediment in Lake Vera. Due to current dam operations and the height of 

deposited sediment in the lakebed, the smaller-magnitude storms all transported sediment 

through the reservoir without deposition. During the study, the only storm that deposited 

measureable sediment in the lakebed moved 1,260 cfs (1,030 cfs from Rock Creek, 230 

cfs from Brush Creek), with less than 20% of the water coming from Brush Creek. 

Turbidity of Brush Creek was shown not to be significantly higher during the event; 

therefore, it could not be a significant source of sediment for Lake Vera. The peak storm 

of the study represented a major event for the watershed during the study, though 

historically similar storm conditions suggested that such storms were a common event. 

Quartz, feldspar, and lithics ternary plots show that the most recently 

deposited samples in layers L1a and L1b were sourced from Eocene gravels rather than 

the hypothesized andesitic conglomerate of the North Branch of Rock Creek. Provenance 
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of layers L2 and L3 could not be determined. Historical evidence and stratigraphic dating 

suggest that the source for L2 could be the North Branch of Rock Creek. Thick sediment 

deposits in the Layer L2 without corresponding rain events were dated around the same 

time period of a massive logging operation in the region of the watershed. Provenance of 

Layer L3 is comprised of reworked sediment deposits accumulated during the life of the 

original Lake Vera. There were no vertical depositional patterns when QFL percentages 

were plotted.   

 
Sedimentation Recommendations 

Although the lake will not fill in the foreseeable future, the current depth 

allows for growth of weeds in the lake, making it undesirable to use during the camping 

season. Thus, lowering the sedimentation rate or removing the sediment would be 

advantageous. There are many ways to mitigate reservoir sedimentation, such as 

dredging, sediment traps, sediment mitigation, and flushing of the reservoir. However, 

only flushing appears practical with Lake Vera. 

Flushing of the reservoir involves emptying the lake and filling it successively 

in order to remove sediment. This process has been used on many different reservoirs 

throughout the world successfully, though it is more successful in narrower reservoirs 

(Morris and Fan, 1998) due to the formation of a river channel. This procedure would not 

remove a large amount of sediment; nevertheless, it would reduce sedimentation if done 

yearly. Flushing can be used to remove sediment deposited over the winter with minimal 

expense. Environmental impact of high-sediment concentrations during flushing would 

be limited because the sediment accumulated each winter is relatively small. There is 
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little threat of remobilizing contaminated sediment from the lakebed since it has been 

tested for known mining toxins, with results showing that none were detected (BLM, 

2011). It should be noted that flushing would further reduce sedimentation of the lake, 

but not remove any old deposits. This is due to lakebed vegetation holding the deposited 

sediment in place. Removing this vegetation in order to extract sediment would violate 

federal and state environmental laws (Grayson, personal communications, 2010). No 

water rights seem to be violated with flushing. There are no downstream water 

allocations for Lake Vera. Additional water needed for flushing would not be 

subsequently stored, but be released when the dam was flushed.  

Dredging Lake Vera could only be done at a high cost, out of the camps’ 

budgets, and subject to increasing regulations and off-site disposal. On-site storage of the 

dredged sediment would be much less expensive, but there is not enough space near the 

lake.   

Sediment mitigation prevents sediment from entering the stream by stabilizing 

the stream banks with rock (Morris and Fan, 1998). However, deposits of the Eocene 

gravel have steep and narrow banks. Any stabilization would require vast amounts of 

sediment to be removed from a large portion of Rock Creek. The procedure would also 

be expensive. Sediment traps have been proposed to relieve the sediment influx 

effectively, slowing water before entering the lake and causing sediment to settle out 

before entering the lake (Morris and Fan, 1998). Sediment traps would prove unfeasible 

in Lake Vera since sediment deposition occurs during the largest flow events of the year. 

Sediment deposited in Lake Vera during large events would be suspended in the water 

and move through the sediment traps prior to settling out.     
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The most recent sedimentation rate calculated incorporated the last 48 years of 

sediment deposition. Included in this time span were two periods of above-average 

sediment deposition as a result of changing dam operations and rainfall patterns. The last 

dateable layer was from 1963. A study on more detailed sedimentation rates caused by 

dam operations during this time span would be advantageous in calculating the most 

recent sedimentation rates for Lake Vera. In addition, further work to determine the 

provenance of sediment in the watershed is also warranted. 
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Modeled Stream Data—Rock Creek 
Rock Creek            
Measured  1  Q= 28 cfs        

k 1.49 
 

Elevation 
(ft) 

Stream 
Channel 

Depth (ft) 

Stream 
Depth 

(ft) 
wp 
(ft) 

Area 
(ft2) 

HR 
(ft) 

Manning 
No Velocity (ft/s) 

Q=V*A 
(ft3/s) 

Slope 0.2 18.00 2420.05 5.05 0.79 0.12 0.00 0.00    
  19.00 2420.05 0.79 0.79 1.72 0.20 0.11 0.04 4.49 0.89
  19.50 2415.00 0.00 0.79 3.77 1.56 0.41 0.04 10.58 16.53
  22.00 2415.30 0.33 0.79 3.02 0.72 0.24 0.04 7.32 5.27
  24.40 2415.65 0.65 0.79 0.76 0.04 0.06 0.04 2.77 0.12
  25.00 2416.35 0.79 0.79 17.03      
  46.00 2419.25 4.25        
  48.00 2420.05 5.05        

  
        Total Discharge (cfs) 22.80 

            
            
            

Rock Creek            
Measured 2/19/2011  Q= 183.00        

k 1.49 
 

Elevation 
(ft) 

Stream 
Channel 

Depth (ft) 

Stream 
Depth 

(ft) 
wp 
(ft) 

Area 
(ft2) 

HR 
(ft) 

Manning 
No Velocity (ft/s) 

Q=V*A 
(ft3/s) 

Slope 0.2 19.00 2420.05 0.79 2 1.72 0.80 0.47 0.04 11.43 9.17
  19.50 2415.00 0.00 2 3.77 4.59 1.22 0.04 21.69 99.52
  22.00  0.33 2 3.02 3.62 1.20 0.04 21.49 77.89
  24.40 2415.65 0.65 2 0.76 0.77 1.02 0.04 19.24 14.77
  25.00 2416.35 0.79 2 17.03 1.13 0.07 0.04 3.11 3.51
  26.00  0.96 2 18.03 1.75 0.10 0.04 4.03 7.06
  28.00  1.29 2 19.03 1.09 0.06 0.04 2.82 3.07
  30.00  1.62 2 20.03 0.42 0.02 0.04 1.45 0.61

0.1666667  32.00  1.96 2 21.03 0.00 0.00 0.04   

  
        Total Discharge (cfs) 215.60 

            
Rock Creek  3/15/2011           

Modeled  
 

Elevation 
(ft) 

Stream 
Channel 

Depth (ft) 

Stream 
Depth 

(ft) 
wp 
(ft) 

Area 
(ft2) 

HR 
(ft) 

Manning 
No Velocity (ft/s) 

Q=V*A 
(ft3/s) 

k 1.49           
Slope 0.2 6.00 2418.85 3.88 3.88 2.79 0.68 0.24 0.05 5.20 3.53

  8.00 2417.57 3.20 3.88 4.09 1.99 0.49 0.04 11.78 23.45
  10.00 2417.57 2.57 3.88 3.99 1.47 0.37 0.04 9.78 14.38
  11.00 2417.25 2.25 3.88 4.16 1.58 0.38 0.04 9.98 15.76
  12.00  2.35 3.88 4.87 2.86 0.59 0.04 13.35 38.18
  14.00  2.55 3.88 4.17 2.09 0.50 0.04 12.01 25.12
  15.70 2417.75 2.75 3.88 3.56 1.49 0.42 0.04 10.68 15.95
  17.50 2418.35 3.35 3.88 1.13 0.00 0.00 0.00 0.00 0.00
  18.00 2420.05 5.05 3.88 6.30 0.96 0.15 0.04 5.43 5.22
  19.00 2420.05 0.79 3.88 7.90 1.74 0.22 0.04 6.95 12.11
  19.50 2415.00 0.00 3.88 9.95 9.29 0.93 0.04 18.18 168.86
  22.00  0.33 3.88 9.20 8.14 0.88 0.04 17.54 142.70
  24.40 2415.65 0.65 3.88 6.94 1.90 0.27 0.04 8.02 15.20
  25.00 2416.35 0.79 3.88 7.03 3.01 0.43 0.04 10.81 32.50
  26.00  0.96 3.88 7.54 5.51 0.73 0.04 15.45 85.19
  28.00  1.29 3.88 6.87 4.85 0.71 0.04 15.08 73.10
  30.00  1.62 3.88 6.21 4.18 0.67 0.04 14.63 61.14
  32.00  1.96 3.88 5.54 3.51 0.63 0.04 14.05 49.37
  34.00  2.29 3.88 4.87 2.85 0.58 0.04 13.30 37.87
  36.00  2.62 3.88 4.21 2.18 0.52 0.04 12.28 26.77
  38.00  2.96 3.88 3.54 1.51 0.43 0.04 10.80 16.35
  40.00  3.29 3.88 2.87 0.85 0.29 0.04 8.43 7.14
  42.00  3.62 3.88 2.27 0.26 0.11 0.04 4.45 1.14
  44.00  3.88 3.88       

  
        Total Discharge (cfs) 867.50 
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Rock Creek  3/16/2012           

Modeled    40985.00        

  
 

Elevation 
(ft) 

Stream 
Channel 

Depth (ft) 

Stream 
Depth 

(ft) 
wp 
(ft) 

Area 
(ft2) 

HR 
(ft) 

Manning 
No Velocity (ft/s) 

Q=V*A 
(ft3/s) 

k 1.49 6.00 2418.85 4.14 4.14 3.15 0.94 0.30 0.05 5.95 5.59
Slope 0.2 8.00 2417.57 3.20 4.14 4.61 2.51 0.54 0.04 12.70 31.88

  10.00 2417.57 2.57 4.14 4.51 1.73 0.38 0.04 10.05 17.39
  11.00 2417.25 2.25 4.14 4.68 1.84 0.39 0.04 10.21 18.79
  12.00  2.35 4.14 5.39 3.38 0.63 0.04 13.95 47.15
  14.00  2.55 4.14 4.69 2.53 0.54 0.04 12.62 31.97
  15.70 2417.75 2.75 4.14 4.08 1.96 0.48 0.04 11.69 22.94
  17.50 2418.35 3.35 4.14 1.65 -0.03 -0.02 0.00 0.00 0.00
  18.00 2420.05 5.05 4.14 6.82 1.22 0.18 0.04 6.05 7.38
  19.00 2420.05 0.79 4.14 8.42 1.87 0.22 0.04 6.99 13.08
  19.50 2415.00 0.00 4.14 10.47 9.94 0.95 0.04 18.39 182.71
  22.00  0.33 4.14 9.72 8.76 0.90 0.04 17.76 155.59
  24.40 2415.65 0.65 4.14 7.46 2.05 0.28 0.04 8.06 16.53
  25.00 2416.35 0.79 4.14 7.55 3.27 0.43 0.04 10.89 35.59
  26.00  0.96 4.14 8.06 6.03 0.75 0.04 15.69 94.69
  28.00  1.29 4.14 7.39 5.37 0.73 0.04 15.38 82.52
  30.00  1.62 4.14 6.73 4.70 0.70 0.04 14.99 70.45
  32.00  1.96 4.14 6.06 4.03 0.67 0.04 14.51 58.53
  34.00  2.29 4.14 5.39 3.37 0.62 0.04 13.90 46.81
  36.00  2.62 4.14 4.73 2.70 0.57 0.04 13.11 35.38
  38.00  2.96 4.14 4.06 2.03 0.50 0.04 12.00 24.41
  40.00  3.29 4.14 3.39 1.37 0.40 0.04 10.38 14.19
  42.00  3.62 4.14 2.79 0.78 0.28 0.04 8.11 6.30
  44.00  3.88 4.14 2.28 0.26 0.12 0.04 4.52 1.19
  46.00  4.14 4.14 0.91 -0.05 -0.05 1.04   
  47.00  4.24 4.14       
            
          Total Discharge (cfs) 1021.05 
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Modeled Stream Data—Rock Creek 
            
Measured 3/26/2011  Q= 123 cfs        

k 1.49  
Elevation 

(ft) 

Stream 
Channel 
Depth 

(ft) 

Stream 
Depth 

(ft) 
wp 
(ft) 

Area 
(ft2) 

HR 
(ft) 

Manning 
No Velocity (ft/s) 

Q=V*A 
(ft3/s) 

Slope 0.01 0 2419.91 4.6 2.65       
  1.3  2.65 2.65 2.31 0.37 0.16 0.05 0.87 0.32
  2 2416.91 1.6 2.65 4.54 2.50 0.55 0.04 2.86 7.15
  4  1.2 2.65 4.12 1.55 0.38 0.04 2.22 3.44
  5 2416.31 1 2.65 4.34 1.67 0.38 0.04 2.25 3.76
  6  0.96 2.65 5.46 3.46 0.63 0.04 3.14 10.87
  8  0.88 2.65 5.62 3.62 0.64 0.04 3.17 11.49
  10 2416.11 0.8 2.65 5.91 3.90 0.66 0.04 3.23 12.58
  12  0.6 2.65 6.31 4.30 0.68 0.04 3.30 14.18
  14  0.4 2.65 5.60 2.30 0.41 0.04 2.35 5.41
  15 2415.61 0.3 2.65 5.80 2.40 0.41 0.04 2.36 5.67
  16  0.2 2.65 7.31 5.61 0.77 0.04 3.57 20.02
  18.2 2415.31 0 2.65 6.82 4.50 0.66 0.04 3.23 14.51
  20 2415.61 0.3 2.65 5.94 3.70 0.62 0.04 3.11 11.49
  22  1.3 2.65 3.99 1.80 0.45 0.04 2.50 4.50
  24 2417.51 2.2 2.65 0.94 0.04 0.05 0.05 0.38 0.02
  24.19 2419.91 2.65 2.65       
            
          Total Discharge (cfs) 125.41
            
            
            
            
   n 0.05        
            
            
            
Modeled 3/15/2011           

k 1.49  
Elevation 

(ft) 

Stream 
Channel 
Depth 

(ft) 

Stream 
Depth 

(ft) 
wp 
(ft) 

Area 
(ft2) 

HR 
(ft) 

Manning 
No Velocity (ft/s) 

Q=V*A 
(ft3/s) 

Slope: 0.1 0 2419.91 4.6 3.77       
  0.6  3.77 3.77 2.44 0.39 0.16 0.05 0.88 0.35
  1.3  2.65 3.77 4.55 1.15 0.25 0.05 1.19 1.37
  2 2416.91 1.6 3.77 6.78 4.74 0.70 0.04 3.35 15.90
  4  1.2 3.77 6.36 2.67 0.42 0.04 2.39 6.37
  5 2416.31 1 3.77 6.58 2.79 0.42 0.04 2.40 6.70
  6  0.96 3.77 7.70 5.70 0.74 0.04 3.48 19.85
  8  0.88 3.77 7.86 5.86 0.75 0.04 3.50 20.51
  10 2416.11 0.8 3.77 8.15 6.14 0.75 0.04 3.52 21.64
  12  0.6 3.77 8.55 6.54 0.76 0.04 3.56 23.29
  14  0.4 3.77 7.84 3.42 0.44 0.04 2.45 8.37
  15 2415.61 0.3 3.77 8.04 3.52 0.44 0.04 2.45 8.64
  16  0.2 3.77 9.55 8.07 0.85 0.04 3.81 30.73
  18.2 2415.31 0 3.77 9.06 6.52 0.72 0.04 3.42 22.26
  20 2415.61 0.3 3.77 8.18 5.94 0.73 0.04 3.44 20.44
  22  1.3 3.77 6.23 4.04 0.65 0.04 3.19 12.88
  24 2417.51 2.2 3.77 3.15 0.07 0.02 0.04 0.34 0.02
  24.19 2419.91 4.6 3.77 0.00 0.00 0.00 0.05 0.00 0.00
            
          Total Discharge (cfs) 218.98
   n 0.05        
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Modeled 3/16/2012           

k 1.49  
Elevation 

(ft) 

Stream 
Channel 
Depth 

(ft) 

Stream 
Depth 

(ft) 
wp 
(ft) 

Area 
(ft2) 

HR 
(ft) 

Manning 
No Velocity (ft/s) 

Q=V*A 
(ft3/s) 

Slope 0.1 0 2419.91 4.60 3.77 0.10 -0.25 -2.50 0.05   
  0.6  3.89 3.89 2.66 0.43 0.16 0.04 1.27 0.55
  1.3  2.65 3.89 4.79 1.24 0.26 0.04 1.72 2.13
  2 2416.91 1.60 3.89 7.02 4.98 0.71 0.04 3.39 16.86
  4  1.20 3.89 6.60 2.79 0.42 0.04 2.40 6.69
  5 2416.31 1.00 3.89 6.82 2.91 0.43 0.04 2.41 7.02
  6  0.96 3.89 7.94 5.94 0.75 0.04 3.51 20.84
  8  0.88 3.89 8.10 6.10 0.75 0.04 3.52 21.49
  10 2416.11 0.80 3.89 8.39 6.38 0.76 0.04 3.55 22.63
  12  0.60 3.89 8.79 6.78 0.77 0.04 3.58 24.28
  14  0.40 3.89 8.08 3.54 0.44 0.04 2.45 8.69
  15 2415.61 0.30 3.89 8.28 3.64 0.44 0.04 2.46 8.96
  16  0.20 3.89 9.79 8.34 0.85 0.04 3.83 31.90
  18.2 2415.31 0.00 3.89 9.30 6.73 0.72 0.04 3.43 23.10
  20 2415.61 0.30 3.89 8.42 6.18 0.73 0.04 3.47 21.41
  22  1.30 3.89 6.47 4.28 0.66 0.04 3.23 13.83
  24 2417.51 2.20 3.89 3.39 0.09 0.03 0.04 0.39 0.04
  24.19 2419.91 4.60 3.89  0.00 0.00 0.05   
            
            
   n 0.05      Total Discharge (cfs) 230.41
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Rock Creek Del Oro Volumetric Flow                 

Location: Lake Vera                  

Broke in to three sections                  

Date   3/6/2011                 

                   

 Section A Total Stream Width 7 Ft   Variable Segment Lengths   Section B Total Stream Width 39 Ft   Variable Segment Lengths  Section C Total Stream Width 39 Ft Variable Segment Lengths 

                   

 
Total Cross 
Length (ft) Depths (ft) 

Velocity 
(ft/s) 

 Cross Section 
Area (ft^2) 

Discharge 
(cfs)   

Total 
Cross 

Length 
(ft) 

Depths 
(ft) 

Velocity 
(ft/s) 

 Cross Section 
Area (ft^2) 

Discharge 
(cfs)  

Total 
Cross 

Length 
(ft) Depths (ft) 

Velocity 
(ft/s) 

 Cross Section Area 
(ft^2) 

Discharg
e (cfs) 

 0.00 0.00 0.00 0.00 0.00   0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00 

 1.20 0.50 2.54 0.80 2.03   1.00 0.50 1.12 0.75 0.84  1.00 0.50 1.63 1.00 1.63 

 2.00 0.80 3.60 1.04 3.74   2.00 0.50 1.50 0.75 1.13  3.00 0.55 1.74 2.48 4.31 

 3.00 0.70 3.77 1.05 3.96   3.00 0.30 1.30 1.20 1.56  8.00 0.55 2.71 3.99 10.81 

 4.00 0.60 4.08 0.90 3.67   9.00 0.50 2.36 4.25 10.03  12.50 0.55 2.80 3.71 10.40 

 5.00 0.50 3.80 0.70 2.66   14.00 0.55 2.83 4.13 11.67  17.00 0.70 2.88 4.90 14.11 

 5.80 0.30 2.00 0.42 0.84   19.00 0.65 4.10 4.88 19.99  22.00 0.60 2.90 4.50 13.05 

 7.00 0.00 0.00 0.00 0.00   24.00 0.60 3.94 4.50 17.73  27.00 0.50 2.18 3.75 8.18 

        29.00 0.60 3.45 4.50 15.53  32.00 0.50 1.84 3.25 5.98 

        34.00 0.50 3.22 3.00 9.66  35.00 0.80 1.15 3.20 3.68 

        36.00 0.40 2.15 1.30 2.80  37.00 0.50 0.54 1.50 0.81 

        38.50 0.40 1.68 1.10 1.85  39.00 0.00 0.00 0.00 0.00 

        39.00 0.00 0.00 0.00 0.00       

                   

     16.91      cfs 92.77     cfs 72.94 

                   

                
Total Discharge 
(A+B+C) 182.63 
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Brush Creek Volumetric Flow 
 
 
Location: Lake Vera     

Date  12:00 PM 3/6/2011    

      

  Total Stream Width 7 Ft   Variable Segment Lengths 

      

 
Total Cross 
Length (ft) Depths (ft) 

Velocity 
(ft/s) 

 Cross Section Area 
(ft^2) 

Discharge 
(cfs) 

 0.00 0.00 0.00 0.00 0.00 

 0.50 0.60 2.72 0.60 1.63 

 1.50 0.65 3.55 0.98 3.46 

 2.50 0.90 4.14 1.35 5.59 

 3.50 1.00 3.36 1.50 5.04 

 4.50 0.90 3.46 1.35 4.67 

 5.50 1.10 3.08 1.65 5.08 

 6.50 1.25 4.66 1.88 8.74 

 7.50 1.25 4.77 1.88 8.94 

 8.50 0.95 3.68 1.43 5.24 

 9.50 0.75 3.30 1.13 3.71 

 10.50 0.80 1.95 1.00 1.95 

 11.00 0.00 0.00 0.00 0.00 

      

      

      

    Total Discharge 54.06 
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Rock Creek Del Oro Volumetric Flow    
Brush Creek Volumetric 
Flow     

Location: Lake Vera     Location: Lake Vera     
            
Date   7/17/2011   Date   7/17/2011    
            

  
Total Stream Width 0 
Ft Segment Lengths: 1 foot   

Total Stream Width 3.5 
Ft Segment Lengths: 1 foot 

            

 
Total Cross 
Length (ft) 

Depths 
(ft) 

Velocity 
(ft/s) 

 Cross Section 
Area (ft^2) 

Discharge 
(cfs) 

 
Total Cross 
Length (ft) 

Depths (ft) 
Velocity 

(ft/s) 
 Cross Section 

Area (ft^2) 
Discharge 

(cfs) 

 0.00 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00
 1.00 0.50 1.18 0.75 0.89  1.00 0.15 1.02 0.23 0.23
 2.00 0.50 1.22 0.75 0.92  2.00 0.50 1.46 0.75 1.10
 3.00 0.50 1.58 0.75 1.19  3.00 0.25 0.82 0.38 0.31
 4.00 0.75 1.78 1.13 2.00  4.00 0.00 0.00 0.00 0.00
 5.00 1.00 1.62 1.50 2.43       
 6.00 0.75 0.84 1.13 0.95       
 7.00 0.50 0.73 0.75 0.55       
 8.00 0.25 0.85 0.38 0.32       
 9.00 0.25 0.78 0.38 0.29       
 10.00 0.00 0.00 0.00 0.00       
            

    
Total 
Discharge 9.52     

Total 
Discharge 1.63
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Rock Creek Del Oro Volumetric Flow    Brush Creek Volumetric Flow    
Location: Lake Vera     Location: Lake Vera     
            
Date   2/19/2011    Date   2/19/2011    
            

  
Total Stream Width 20 
Ft   Variable Segment Lengths   

Total Stream Width 6.5 
Ft   Variable Segment Lengths 

            

 
Total Cross 
Length (ft) 

Depths (ft) 
Velocity 

(ft/s) 

 Cross 
Section Area 

(ft^2) 

Discharge 
(cfs) 

 
Total Cross 
Length (ft) 

Depths 
(ft) 

Velocity 
(ft/s) 

 Cross Section 
Area (ft^2) 

Discharge 
(cfs) 

 0 0 0 0 0  0 0 0 0 0
 1 1 1.18 1.5 1.77  1.5 1.8 1.5 3.6 5.4
 2 0.9 1.22 1.35 1.647  2.5 1.9 2.21 2.85 6.2985
 3 0.8 1.58 1.2 1.896  3.5 1.8 2 2.7 5.4
 4 0.9 1.88 1.35 2.538  4.5 1.6 1.33 2.4 3.192
 5 0.9 3.03 1.35 4.0905  5.5 1.4 0.97 1.4 1.358
 6 0.9 2.8 1.8 5.04  5.5 1.2 1 0.6 0.6
 8 1 2.73 3 8.19  6.5 0 0  0
 10 1 3.12 3 9.36       
 12 0.9 2.38 2.7 6.426       
 14 1 2.57 3 7.71       
 16 1 2.38 3 7.14       
 18 0.9 1.86 2.25 4.185       
 19 0.6 1.31 0.9 1.179       
 20 0          
            
            
            

   Total Discharge 61.1715     
Total 
Discharge 22.2485
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Rock Creek Del Oro Volumetric Flow   Brush Creek Volumetric Flow    
Location: Lake 
Vera     

Location: Lake 
Vera     

            
Date   1/9/2011   Date  7/17/2011    
            

 Total Stream Width 17.5 Ft Variable Segment Length  Total Stream Width 11 Ft 
Segment Lengths: 1 

foot 
            

 

Total 
Cross 

Length 
(ft) 

Depths 
(ft) 

Velocity 
(ft/s) 

 Cross 
Section 

Area (ft^2) 
Discharge 

(cfs)  

Total 
Cross 

Length 
(ft) 

Depths 
(ft) 

Velocity 
(ft/s) 

 Cross 
Section 

Area 
(ft^2) 

Discharge 
(cfs) 

 0 0 0 0 0  0 0 0 0 0
 1.5 0.7 3.25 1.4 4.55  1 0.5 3.44 0.5 1.72
 2.5 0.8 3.5 0.8 2.80  2 0.3 3.6 0.3 1.08
 3.5 0.8 3.63 0.8 2.90  3 0.2 2.62 0.2 0.524
 4.5 0.8 3.79 0.8 3.03  4 0.1 1.3 0.1 0.13
 5.5 0.9 3.73 0.9 3.36  5 0 0 0 0
 6.5 0.9 3.75 0.9 3.38       
 7.5 0.8 3.69 0.8 2.95       
 8.5 0.7 4 0.7 2.80       
 9.5 0.7 4.15 0.7 2.91       
 10.5 0.6 4.05 0.6 2.43       
 11.5 0.6 4.24 0.6 2.54       
 12.5 0.6 4.21 0.6 2.53       
 13.5 0.6 4.02 0.6 2.41       
 14.5 0.5 3.12 0.5 1.56       
 15.5 0.3 3.61 0.3 1.08       
 16.5 0.3 4.07 0.3 1.22       
 17.5 0 0 0 0.00       
            
   Total Discharge 42.45    Total Discharge 3.45
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Brush Creek Volumetric Flow    
Location: Lake Vera     
      
Date   7/17/2011    
      
 Total Stream Width 3.5 Ft Variable Section Length 
      

 

Total 
Cross 

Length 
(ft) 

Depths (ft)
Velocity 

(ft/s) 

 Cross 
Section 

Area (ft^2) 

Discharge 
(cfs) 

 0 0 0 0 0 
 1 0.50 1.71 0.75 1.28 
 2 1.60 3.80 4.80 18.24 
 4 1.60 4.31 4.80 20.69 
 6 1.60 5.00 4.80 24.00 
 8 1.60 5.32 4.80 25.54 
 10 1.50 4.73 4.50 21.29 
 12 1.50 3.44 3.75 12.90 
 13 0.50 1.71 0.75 1.28 
 14 0 0  0 
      
   Total Dischcharge 125.21 
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Stream Gauge Graph Calculations 
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  Brush Creek   Modeled  
  14-Jan 6-Mar 26-Mar 3/15/2011 3/16/2012
Flow Rate (cfs) 1.5 3.1 54 123 218 230
Flow Height (ft) 0.15 0.51 2.05 2.65 3.77 3.89
       
       
       
       
       
  Rock Creek  (Modeled)  
  14-Jan 6-Mar 26-Mar 3/15/2011 3/16/2012
Flow Rate (cfs) 9.6 27.7 182.6 400 870 1030
Flow Height (ft) 0.43 0.79 2.00 2.82 3.88 4.24
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Flow Percentages 
Stream Flow Percentage       Stream Flow Percentage           
Rock Creek  and Brush 

Creek 
     

Rock Creek and Brush 
Creek 

           

Peak Flow Events      Weekly Baseflow Percent            

                    

Date Measured Discharge (cfs) Percent of Flow (%)  Date Creek Flow (cfs) Percent of Flow (%)  Date Creek Flow (cfs) Percent of Flow (%) 

2010-2011 
Rock 
Creek 

Brush 
Creek 

Total Flow 
Rock 
Creek 

Brush 
Creek 

 2010-2011 
Rock 
Creek 

Brush 
Creek 

Total 
Flow 

Rock 
Creek 

Brush 
Creek 

 2011-2012 
Rock 
Creek 

Brush 
Creek 

Total 
Flow 

Rock 
Creek 

Brush 
Creek 

23-Nov 183 160 343 53% 47%  19-Nov 22 3 25 88% 12%  5-Nov 21 7 28 75% 25% 

6-Dec 115 100 215 53% 47%  26-Nov 21 6 27 78% 22%  12-Nov 21 8 29 72% 28% 

14-Dec 82 26 108 76% 24%  3-Dec 23 9 32 72% 28%  19-Nov 21 9 30 70% 30% 

18-Dec 550 190 740 74% 26%  10-Dec 25 9 34 74% 26%  26-Nov 21 6 27 78% 22% 

26-Dec 85 22 107 79% 21%  21-Dec 76 11 87 87% 13%  3-Dec 21 6 27 78% 22% 

29-Dec 360 155 515 70% 30%  28-Dec 42 9 51 82% 18%  10-Dec 21 7 28 75% 25% 

30-Jan 41 12 53 77% 23%  4-Jan 47 8 55 85% 15%  17-Dec 21 6 27 78% 22% 

16-Feb 300 145 445 67% 33%  11-Jan 30 5 35 86% 14%  24-Dec 21 6 27 78% 22% 

19-Feb 88 47 135 65% 35%  18-Jan 24 4 28 86% 14%  31-Dec 21 6 27 78% 22% 

25-Feb 40 14 54 74% 26%  25-Jan 22 3 25 88% 12%  7-Jan 21 6 27 78% 22% 

2-Mar 250 138 388 64% 36%  1-Feb 23 5 28 82% 18%  14-Jan 21 6 27 78% 22% 

6-Mar 225 85 310 73% 27%  8-Feb 21 4 25 84% 16%  21-Jan 25 8 33 76% 24% 

14-Mar 302 150 452 67% 33%  15-Feb 24 8 32 75% 25%  28-Jan 20 4 24 83% 17% 

15-Mar 875 225 1100 80% 20%  22-Feb 28 8 36 78% 22%  4-Feb 20 2 22 91% 9% 

16-Mar 650 150 800 81% 19%  1-Mar 28 9 37 76% 24%  11-Feb 21 2 23 91% 9% 

20-Mar 580 170 750 77% 23%  8-Mar 80 10 90 89% 11%  18-Feb 21 2 23 91% 9% 

21-Mar 205 18 223 92% 8%  13-Mar 60 8 68 88% 12%  25-Feb 21 1 22 95% 5% 

23-Mar 345 53 398 87% 13%  19-Mar 187 18 205 91% 9%  2-Mar 21 6 27 78% 22% 

24-Mar 434 117 551 79% 21%  28-Mar 190 12 202 94% 6%  9-Mar 21 3 24 88% 13% 

25-Mar 330 113 443 74% 26%  4-Apr 123 6 129 95% 5%  15-Mar 110 18 128 86% 14% 

26-Mar 492 121 613 80% 20%  11-Apr 67 5 72 93% 7%  22-Mar 39 7 46 85% 15% 

21-Apr 81 11 92 88% 12%  18-Apr 45 5 50 90% 10%  29-Mar 46 8 54 85% 15% 

Average  301 101 402 74% 26%  25-Apr 45 7 52 87% 13%  6-Apr 40 6 46 87% 13% 

       Average 54 7 62 85% 15%  13-Apr 61 4 65 94% 6% 

2011-2012              20-Apr 42 4 46 91% 9% 

20-Jan 125 80 205 61% 39%         27-Apr 38 4 42 90% 10% 

23-Jan 109 65 174 63% 37%         4-May 27 3 30 90% 10% 

29-Feb 22 9 31 71% 29%         Average 30 6 36 83% 17% 

1-Mar 30 12 42 71% 29%               
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Continued: 
 

Stream Flow Percentage       Stream Flow Percentage           
Rock Creek  and Brush 

Creek 
     

Rock Creek and Brush 
Creek 

           

Peak Flow Events      Weekly Baseflow Percent            

                    

Date Measured Discharge (cfs) Percent of Flow (%)  Date Creek Flow (cfs) Percent of Flow (%)  Date Creek Flow (cfs) Percent of Flow (%) 

2010-2011 
Rock 
Creek 

Brush 
Creek 

Total Flow 
Rock 
Creek 

Brush 
Creek 

 2010-2011 
Rock 
Creek 

Brush 
Creek 

Total 
Flow 

Rock 
Creek 

Brush 
Creek 

 2011-2012 
Rock 
Creek 

Brush 
Creek 

Total 
Flow 

Rock 
Creek 

Brush 
Creek 

14-Mar 390 150 540 72% 28%               

16-Mar 1034 230 1264 82% 18%               

28-Mar 118 29 147 80% 20%               

31-Mar 116 32 148 78% 22%               

Average 243 76 319 72% 28%               
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Cesium Data 
 
Location Lake Vera Core CR2  
Date  03/24/12   
 

   137Cs Calculations   

Sample 
Depth 
(in) 

Sample 
Weight 

(g) 
Bag Weight (g) 

Total 137Cs 
(mBq) 

Avg 
Concentration 

137Cs  
(mBq/g) 

1 2 346.73 6.52  Not Tested NA 
2 4 356.95 6.54  Not Tested NA 
3 6 326.26 6.78  Not Tested NA 
4 8 337.48 6.61  1.22000000E-05 36.87  
5 10 337.22 6.50  2.38000000E-05 71.96  
6 12 382.20 6.53  2.40000000E-05 63.89  
7 14 314.33 6.55  4.80000000E-05 155.96  
8 16 355.72 6.54  4.59000000E-05 131.45  
9 18 381.54 6.55  3.99000000E-05 106.40  
10 20 287.14 6.50  1.51000000E-05 53.81  
11 22 357.66 6.50  2.12000000E-05 60.37  
12 24 350.47 6.55  1.62000000E-05 47.10  
13 26 390.26 6.71  1.31000000E-06 3.42  
14 28 363.14 6.80  0.00000000E+00 0.00  
15 30 335.74 6.73  0.00000000E+00 0.00  
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Hydrometer Data 
 

Cesium hydrometer        Temp         

Chico State Ag Lab  Test 1  
Beg 
temp 25 C 20 C        

Date: 5/7/2012    
End 
Temp 25 C          

                 

   Test 40 sec Hydrometer (g)   
2 hr 
hydr 

 Weight (g) Percentage of Sample   

 Sample Weight 1 2 3 Avg Temp Adjust (C) 1 Temp Adjust (C) Sand Silt Clay Sand Silt Clay Total 

 1 40.01 20.00 20.00 19.00 19.67 20.92 3.50 4.75 19.09 16.17 4.75 47.7% 40.4% 11.9% 100.0%
 2 39.99 21.00 21.00 20.50 20.83 22.08 4.00 5.25 17.91 16.83 5.25 44.8% 42.1% 13.1% 100.0%
 3 39.99 12.00 13.00 12.50 12.50 13.75 3.00 4.25 26.24 9.50 4.25 65.6% 23.7% 10.6% 100.0%
 4 39.99 24.00 23.00 23.00 23.33 24.58 5.50 6.75 15.41 17.83 6.75 38.5% 44.6% 16.9% 100.0%
 5 40.00 22.00 21.50 23.00 22.17 23.42 5.50 6.75 16.58 16.67 6.75 41.4% 41.7% 16.9% 100.0%
 6 40.00 27.00 28.00 28.00 27.67 28.92 6.50 7.75 11.08 21.17 7.75 27.7% 52.9% 19.4% 100.0%
 7 39.99 18.00 18.50 18.00 18.17 19.42 5.50 6.75 20.57 12.67 6.75 51.4% 31.7% 16.9% 100.0%
 8 40.00 24.50 26.00 25.00 25.17 26.42 6.50 7.75 13.58 18.67 7.75 33.9% 46.7% 19.4% 100.0%
 9 40.01 27.00 27.50 27.00 27.17 28.42 6.50 7.75 11.59 20.67 7.75 29.0% 51.7% 19.4% 100.0%
 10 40.00 27.00 26.50 27.50 27.00 28.25 6.50 7.75 11.75 20.50 7.75 29.4% 51.2% 19.4% 100.0%
 11 40.00 23.00 25.00 24.00 24.00 25.25 6.50 7.75 14.75 17.50 7.75 36.9% 43.7% 19.4% 100.0%
 12 40.00 24.00 24.00 23.50 23.83 25.08 6.00 7.25 14.92 17.83 7.25 37.3% 44.6% 18.1% 100.0%
                 

 



 

 

 

 

 

 

 

 

APPENDIX F 

 

 

 

 

 

 

 

 

 

 



             95 

Thin Section Data 
 

Sample Count                
Lake Bed 
Samples                
Latest                

CR1 
Fp Fk Ls Lm Lsm Lv Qm Qpoly Q 

Muscovite 
met Muscovite Biotite 

Mt 
Biotite U Total 

CR1L1a 25 23 43 79 0 9 0 10 48 21 10 21 13 0 302
CR1L2 20 20 9 37 0 2 0 12 160 15 22 5 9 0 311
CR1L3 18 11 72 33 0 5 0 14 55 43 9 16 28 0 304

CR2                
CR2L1a 14 14 71 80 0 10 0 12 41 18 5 14 22 0 301
CR2L1b 27 6 59 112 14 9 0 6 36 18 2 6 7 0 302
CR2L2 19 10 52 66 0 0 0 26 44 36 21 17 21 0 312
CR2L3 35 14 1 73 0 1 0 25 117 19 14 4 0 0 303

CR3                
CR3L1a 13 3 102 121 0 2 0 9 30 9 4 4 3 0 300
CR3L1b 23 1 50 124 3 8 0 11 41 16 2 5 18 0 302
CR3L2 30 18 40 59 0 13 0 25 71 14 4 14 13 0 301
CR3L3 23 11 20 76 0 1 0 18 94 27 14 4 14 0 302

CR4                
CR4L1a 3 0 119 173 0 0 0 3 12 2 3 0 0 0 315

CR5                
CR5L1a 19 23 51 97 0 6 0 24 55 24 4 8 0 0 311

                
Upstream 
samples                
UPAC 10 17 3 119 0 3 4 41 71 11 18 4 0 1 302
UPEG 9 11 95 104 0 19 1 27 38 0 3 0 0 2 309
UPMS 11 32 64 68 0 12 0 14 94 0 5 1 0 0 301
UPGR 28 23 0 48 0 0 0 20 170 5 5 5 0 0 304
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Sample Count                
Lake Bed 
Samples                
Latest                

                
Percentages                
Lake Bed                

CR1 Fp Fk Ls Lm Lsm Lv Qm Qpoly Q Mica met Mica Biotite 
Mt 
Biotite U Total 

CR1L1a 8.28% 7.62% 14.24% 26.16% 0.00% 2.98% 0.00% 3.31% 15.89% 6.95% 3.31% 6.95% 4.30% 0.00% 100.00%
CR1L2 6.43% 6.43% 2.89% 11.90% 0.00% 0.64% 0.00% 3.86% 51.45% 4.82% 7.07% 1.61% 2.89% 0.00% 100.00%
CR1L3 5.92% 3.62% 23.68% 10.86% 0.00% 1.64% 0.00% 4.61% 18.09% 14.14% 2.96% 5.26% 9.21% 0.00% 100.00%

CR2                
CR2L1a 4.65% 4.65% 23.59% 26.58% 0.00% 3.32% 0.00% 3.99% 13.62% 5.98% 1.66% 4.65% 7.31% 0.00% 100.00%
CR2L1b 8.97% 1.99% 19.60% 37.21% 4.65% 2.99% 0.00% 1.99% 11.96% 5.98% 0.66% 1.99% 2.33% 0.00% 96.79%
CR2L2 6.09% 3.21% 16.67% 21.15% 0.00% 0.00% 0.00% 8.33% 14.10% 11.54% 6.73% 5.45% 6.73% 0.00% 100.00%
CR2L3 11.55% 4.62% 0.33% 24.09% 0.00% 0.33% 0.00% 8.25% 38.61% 6.27% 4.62% 1.32% 0.00% 0.00% 100.00%

CR3                
CR3L1a 4.33% 1.00% 34.00% 40.33% 0.00% 0.67% 0.00% 3.00% 10.00% 3.00% 1.33% 1.33% 1.00% 0.00% 100.00%
CR3L1b 7.64% 0.33% 16.61% 41.20% 1.00% 2.66% 0.00% 3.65% 13.62% 5.32% 0.66% 1.66% 5.98% 0.00% 100.33%
CR3L2 9.97% 5.98% 13.29% 19.60% 0.00% 4.32% 0.00% 8.31% 23.59% 4.65% 1.33% 4.65% 4.32% 0.00% 100.00%
CR3L3 7.62% 3.64% 6.62% 25.17% 0.00% 0.33% 0.00% 5.96% 31.13% 8.94% 4.64% 1.32% 4.64% 0.00% 100.00%

CR4                
CR4L1a 0.95% 0.00% 37.78% 54.92% 0.00% 0.00% 0.00% 0.95% 3.81% 0.63% 0.95% 0.00% 0.00% 0.00% 100.00%

CR5                
CR5L1a 6.11% 7.40% 16.40% 31.19% 0.00% 1.93% 0.00% 7.72% 17.68% 7.72% 1.29% 2.57% 0.00% 0.00% 100.00%

                
Upstream 
samples                
UPAC 3.31% 5.63% 0.99% 39.40% 0.00% 0.99% 1.32% 13.58% 23.51% 3.64% 5.96% 1.32% 0.00% 0.33% 100.00%
UPEG 2.91% 3.56% 30.74% 33.66% 0.00% 6.15% 0.32% 8.74% 12.30% 0.00% 0.97% 0.00% 0.00% 0.65% 100.00%
UPMS 3.65% 10.63% 21.26% 22.59% 0.00% 3.99% 0.00% 4.65% 31.23% 0.00% 1.66% 0.33% 0.00% 0.00% 100.00%
UPGR 9.21% 7.57% 0.00% 15.79% 0.00% 0.00% 0.00% 6.58% 55.92% 1.64% 1.64% 1.64% 0.00% 0.00% 100.00%
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Lake Bed 
Samples     
Latest     
CR1 Q F Mica Total L 

CR1L1a 19.21% 15.89% 21.52% 64.90%
CR1L2 55.31% 12.86% 16.40% 31.83%
CR1L3 22.70% 9.54% 31.58% 67.76%

CR2     
CR2L1a 17.61% 9.30% 19.60% 73.09%
CR2L1b 13.95% 10.96% 10.96% 75.42%
CR2L2 22.44% 9.29% 30.45% 68.27%
CR2L3 46.86% 16.17% 12.21% 36.96%

CR3     
CR3L1a 13.00% 5.33% 6.67% 81.67%
CR3L1b 17.28% 7.97% 13.62% 75.08%
CR3L2 31.89% 15.95% 14.95% 52.16%
CR3L3 37.09% 11.26% 19.54% 51.66%

CR4     
CR4L1a 4.76% 0.95% 1.59% 94.29%

CR5     
CR5L1a 25.40% 13.50% 11.58% 61.09%

     
Upstream 
samples     
UPAC 38.41% 8.94% 10.93% 52.32%
UPEG 21.36% 6.47% 0.97% 71.52%
UPMS 35.88% 14.29% 1.99% 49.83%
UPGR 62.50% 16.78% 4.93% 20.72%
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