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Abstract 

Rates of sedimentation calculated from analyses of 210Pb aaivities in cores from twO shallow lakes 
whose mean depths are 2.4 m, Upper Klamath Lake and Lake Euwana (Klamath County, Oregon), 
indicate that they are filling at approximately 3.0 mm/yr. Average sedimentation rates for com pac
tion-correaed corcs range from 0.9 mm/yr to 8.5 mm/yr or from 0.03 g/cm2/yr to 0.48 g/ 
cm2/yr, respectively. Plots of excess 210Pb activity versus depth show a mixing layer due (0 biological 
activity and other physical mixing that ranges in thickness from 5 to 20 cm, aod that is found be
low the sediment-water interface at all coring locations. Trace metal analyses performed to establish 
baseline levels of selected elements show very low concentrations of all metals measured in cores 
from Upper Klamath Lake (Cd, Cu, Cr, Fe, Pb, Mo, and Zn) when compared with concentrations 
of these metals found in other North American lacustrine environments. 

Introduction 

The first reported use of 210Pb dating was in the early 1960s to determine snow accum· 

ulations in the permanent snowfields of Greenland (Goldberg, 1963). This radiometric 
method has since been used as a sedimentological tool to examine accumulation rates 
in a variety of sedimentary environments, which range from the relatively calm en
vironments of rivers, estuaries, and lakes (Benninger, 1976; Benninger et at., 1975, 
1976; Martin, 1979; Koide et al., 1973; Edgington and Robbins, 1976; Matsumoto, 
1975; Brularul et al., 1974, and Thomson et al., 1975) to the more dynamic environ
ments of continenrnl shelves and slopes (Nittrouer et ai., 1979; Shokes and Presley, 
1976; Bochner and Locker, 1977; Holmes and Martin, 1977, 1978; Koide et al., 1972). 

This study was undertaken in response to concern expressed by citizens that Upper 
Klamath Lake was undergoing significant sediment deposition. This possible accumu
lation of sediment could decrease the use of the lake as a water-supply reservoir and 
could damage the wildlife habitat and recreation potential. Traditional methods of 
determining sedimenrntion rates based on srratigraphic methods or C-14 dating often 
provide only averages of historical rates for thousands of years over several meters of 
sediment; generally, they do nOt adequately reflect recent, shorter term accumulation. 
21OPb-determined rates are more reflective of modern sedimentation that has occurred 
during the past 100-150 years. Sedimentation rates calculated from 210Pb activities in 
many lakes have been found to be in agreement with rates derived from more time 
consuming established palynological methods (Robbins and Edgington, 1975). 210Pb 
appeared to be a tool well suited to examine the recent sedimentation and to estimate 

the future accumulation rates of Upper Klamath Lake and Lake Euwana. 
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Figure 1. Sample locations, Upper Klamath l .ake and Lake Euwana, Oregon. 
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Geologic Setting 
Upper Klamath Lake is located east of the Cascade Mountains in southwestern Oregon 
between Crater Lake National Park and the city of Klam~th Falls. It is a large, shallow 
lake that has a surface area of 310 ken' and a mean depth of 2.4 m. Lake Euwana is 
located approximately 3 km downstream from the outler Df Upper Klamath Lake 
(Fig. 1). The water level of Upper Klamath Lake is controlled between 1261 and 
1264 m above sea level by a dam construaed in 1917 by the Bureau of Reclamation 
at the Dutlet Df the lake intO' the Link River. This controlled level allDWS the lake to 

be used as a reservoir for hydroelectric pDwer production and for irrigatiDn water. 
Much of the watershed of Upper Klamath Lake (9850 km') is located in mountainous 
areas which are abundant in volcanic pumice derived during the formation of the 
Crater Lake Caldera abour 45 ken to the northwest (Gahler and Sanville, 1971 ). The 
watershed contains many natural marshes and reclaimed agricultural land. Water is 
supplied to Upper Klamath Lake by the Williamson Rivet, a major tributary that 
accDunts for approximately 46 percent of the lake input. The Wood River, via Agency 
Lake, accountS for about 15 percent of the input; the remainder is derived from springs, 
irrigatiDn canals, and agricultural drainage eMilier and Tash, 1967). The dam acCDuntS 
for 78 percent of the total Dutflow, with remaining amDuntS leaving by evaporatiDn 
and wirhdrawal by irrigation pumping. Discharge from Upper Klamath Lake via the 
dam flDws intO' the Link River, passes through shallow Lake Euwana into the Klamath 
River, and eventually flows through northern California on its way to the Pacific 
Ocean 386 km away. 

Sample Collection and Handling 

Field Collection 
Core samples Df lakebed material were taken at eight sites in Upper Klamath Lake 
and one site in Lake Euwana. Sampling sires were chDsen to' represent a variety of 
bottom-sediment types, water depths, shoreline configuratiDns, and lake currents 
(Fig. 1, Table 1). Cores 7 em in diameter and averaging 50 em in length were Dbtained 
by twO' divers using a coring system designed to' retrieve cores from soft sediments 
such as thDse found in Upper Klamath Lake and Lake Euwana with only minimal 

TABLE 1. Characteristics of cores and ratli's of sediment aC'cumuiation. 

Hate 01 
Water Core H.ale 01 a t'cumulation 

Core d epth leng"th Redimentat i()J1 x J 0 -2 
numbe r Location" (m) (cm) (mm/yr) (g/ c m2/yr) 

1 UKL ; near lake outlet 1.9 40 1.8 8.6 
2 UKT.J; central portion of lake 2.0 40 4.5 18.:' 
3 Howard liay O.S 65 0.9 2.7 
4 UKL; Agency Lake outiet O.S 62 S.5 48.2 
5 UKL; WIlliamson River outlet 1.0 45 1.6 2LO 

UKL; suspected low velocity 1.0 60 1.9/0.4 6.9/1.5 
cu rrents 

7 Lake Euwana 2.2 48 2.' IL9 
8 UKL; s uspected high 6.1 3n 3.2 12.4 

velocity currents 
U.K L: central pOJ'tlon of lake 2 .. 47 1.2 :1.7 

.Cor(> locatinns shown in F ig. 1 ; UK L = Upper Klamath Lake. 
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disturbance to the sediment-water interface. A split hydroplastic core barrel, which 
had been taped together, was slowly pushed into the sediment. Once the corer had 
been inserted, an aluminum handle was attached, the open barrel was plugged with a 
pve (polyvinyl chloride) cap, and the system was pulled from the sediment. A cap 
was placed over the lower end of the core before it was transported to the surface. 
The core was split in the field using a stainless steel wire. Half of the rore was stored 
for X-radiography and trace-metal analyses; the remaining half was sampled for 
210Pb analyses. 

Laboratory Methods 
X-radiographs were made of the unsampled core halves to examine the amount of 
reworking by benthic organisms, the presence of burrows, struaural elements and 
discontinuities, and any evidence of disturbances incurred during the coring operation. 
X-radiographs also were examined to confirm field observations, and to reveal fea.rures 
not readily apparent by visual examination of the cores. 

Sediment samples for radiometric determinations were analyzed using a modifica
tion of the method described by Flynn (1968) . Secular equilibrium was assumed 
between 210Pb and 210PO. The details of the procedure are presented in Martin and. 
Rice (1980). Generally, sediment subsamples were weighed, dried at lOOoe, and 
reweighed to determine the moisture content. The dried sample then was ground and 
dry ashed to remove organic matter. Ashed samples were spiked with a known 
amount of calibrated 208pO and subjected to a series of HN03, HCl, and H202 addi
tions. The final so,lution was pH adjusted and the polonium was autoplated OntO a 
silver planchet. The planchets were alpha counted on a multichannel analyzer 
equipped with silicon surface barrier detectors. To provide a 3-4 percent confidence 
level in the activity values, a minimum of 750·1000 countS were obtained for each 
planchet. 

For trace metal determinations, 1 g subsamples were weighed, heated in a muffle 
furnace at 450°C for 6 hrs, cooled in a desiccator, and reweighed. Ashed samples 
were transferred to precleaned culture tubes, digested in concentrated reagent-grade 
nitric acid, and analyzed by standard atomic absorption methods. 

2111Pb Theory and Assumptions 

The method used in this study for determining sedimentation rates is based on the 
occurrence of excess radioactive lead, 21°Pb, which is a naturally occurring member 
of the uranium 238 decay series. Radon-222, which has a half life of 3.8 days (Lederer 
et at., 1968) , diffuses from the soil into the atmosphere and remains chemically inert 
until it decays through four short-lived nuclides (218PO, 214Pb, 214Bi, and 214PO) to 

21°Pb. This isotope is rapidly removed from the atmosphere into the hydrosphere by 
rain, snow, and dry fallout; it provides a measurable flux to the land and waters of 
approximately 0.9 to 1.0 dpm 2!OPb/cm2/yr (Benninger, 1976). 2!OPb is also supplied 
to the hydrosphere by stream runoff and decay of 226Ra in the water column; however, 
these sources are not significant when compared with the atmospheric source (Ben
ninger, 1976). There seems to be no significant formation of 210Pb in nuclear detona
tions (Beasley, 1969). It is rapidly removed from the water column and accumulated 
in the bottom sediments. Several mechanisms have been proposed for the removal of 
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210Pb from the hydrosphere including adsorption onto biogenic and/or nonbiogenic 
material and coprecipitation with Fe and Mn oxides. The chemical behavior of 
lead makes it immobile in the sediments. Once in the sediment column, 210Pb, which 
has a half life of 22.26 years (H6hndorf, 1969) , undergoes a beta decay to 2loBi. 
This daughter undergoes anorher decay to 21OpO, which has a half life of 138.4 days 
(Lederer et at., 1968 ) and alpha decays to stable 2I)'Pb. If secular equilibrium is as
sumed to exist between 210Pb and 210pO, which has been investigated (Benninger, 
1976; Nittrouer et at., 1979) and found to be a reasonable assumption, the alpha 
decay of 210pO can be used to measure the 210Pb activity of both the 210Pb prcxluced 
by the decay of 226Ra in the sediment column (supported 210Pb ) and 210Pb added 
from external sources (excess 210Pb). This technique has been used by many investigators 
(Robbins and Edgington, 1975; Flynn, 1968; Millard, 1963; Nozaki and Tsunogai, 
1973 ). A calibrated 20SpO spike is used [Q calculate the aaivity of the 21OpO and 
standard methods of data reduaion are used to obtain 210Pb activities. The supported 
210Pb aaivity found to be in equilibrium with its parent 226Ra is indirectly determined 
by assuming that radioactive equilibrium is attained in the lower sections of the core 
which show constant 210Pb activity with depth. This supported activity is subtracted 
from the tocal activity in the upper portions of the core to obtain excess 210Pb activities. 
Excess 210Pb activity decreases at a rate controlled by its half life. Sediment rates are 
calculated by plotting the log (In) of the excess 210Pb activities versus depth and 
calculating time horizons over intervals of constanr slope using the equation : 

Au = A"e->.t 
Where Ad = activity of 210Pb at a depth d 

A:, = activity of 210Pb at a higher reference point 
A = decay constant of 210Pb 
t = age of the sediment sample 

Results and Implications 

Texture 

A general relationship between texrure and 210Pb activity indicates that higher activities 
are associated with finer sediments (Nirrrouer et ai., 1979). Texrural measurements 
provide information to identify significant grain-size fluctuations within each core 
which can affect interpretation of the 21°Pb geochronology. Texrural parameters were 
not measured in the cores raken for this study; however, field observations indicate 
that, Other than a few pumice layers, the sediment texture within each core appeared 
to be silty clay and relatively homogeneous. Other investigators have found that the 
sediments of Upper Klamath Lake are silty clay, neutral to slightly acidic, noncalcareous, 
quite uniform in texrure, and composed of diatoms, organic matter, and clay minerals. 
These ocher investigators found major clay-mineral componentS to be chlorite, ver
miculite, and mica (Gahler and Sanville, 1971 ). There are pumice layers in cores 
1 and 7 about 40 cm down the core. Core 5 contains a large amount of pumice in 
the tOP 17 cm which may have been carried by the Williamson River into Upper 
Klamath Lake during a pericxl of high-energy flow from the watershed. 

Moisture Content 

The moisture COntent of the cores is very high and uniform, ranging from 85-92 per-
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cent just below the sediment-water interface to 81-88 percent approximately 60 em 
below the surface. Detailed moisture data for these cores are presented elsewhere 
(Martin and Rice, 1980). These values are in very good agreement with values obtained 
by other investigators who found 88-92 percent moisture content at the water inter
face and from 80-88 percent 120 an below the surface (Gahler and Sanville, 1971). 
The water content varied in several intervals of core 5 because of the presence of 
layers of pumice or pumice-like material; the water content of the rest of the oore was 
uniform. Moisture content of each core was used to correa the length of the core 
for compaction, which is explained in the sedimentation section of this paper. 

Bioturbation and Mixing 

Physical and chemical processes that disturb the sediments after they have been de
posited are very imporcant in understanding 210Pb activity profiles. These postdepositional 
processes include bioturbation, erosion by wave and current action, and gas generation. 
Few environments are completely undisturbed by postde'positional mixing of some 
type, and these processes must be considered when studying rates of sediment accum
ulation. 

Recently, several studies have been conducted involving assessment of the influence 
of biOturbation on sedimentological records (Davis, 1974; Guinasso and Schink, 1975; 
Peng and Broecker, 1979; DeMaster and Cochran, 1977) . Bioturbation can influence 
accumulation rates derived from radiometric dating techniques in areas in which sedi
ment accumulation is slow and the degree of reworking of the sediment column is 
intense. However, in environments of rapid accumulation or those having a minimum 
o£ biological sediment mixing, the influence is smalL 

X-radiography shows that only core 3, taken in Howard Bay, contains a sufficient 
number of worm butrows to cause concern fot bioturbation or mixing which reflects 
burrowing and feeding activities. These burrows are in the top 20 em of the core 
and they probably acCOUnt for the constant 21°Pb activity observed there. The other 
cQres show a similar zone of constant 21°Pb activity below the sediment-water inter
face, ranging in thickness from 5-20 em, which is not explained by bioturbation. This 
zone may be due to wave and currenr agitation, or to a mechanism re.POrted by 
Gahlet (1969) which involved the formation of gas pockets and the resuspension of 
sediments. 

Bond, Hazel, and Vincent (1968) discussed the effect of wind on the resuspension 
of bottom sediments in the overlying waters. They concluded that sediments were re
suspended when the water mass movement had a velocity greater than 0.02 ft/sec 
and that this water velocity occurred when the wind velocities wete 2-5 mph. Wind
induced currents could cause mixing and erosion because of the loose nature of the 
lakebed sediments. Similar water movement could be caused by the aaivities of 
motorboats in the area. 

The mechanisms described by Gahler (1969) co explain the increase in nutrients 
in the water also could explain the mixing noted in the topS of several cores. Oscilla
taria princeps, an alga which forms on the bottom sediment at certain times of the 
year, collects sufficient gas to cause it co be lifted to the lake surface along with at
tached sediment. These chunks of sediment, up to 30 em long and 15-30 an thick, 
have been found floating in the lake. Although it is not known how long this 
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mechanism has ocrurred in Upper Klamath Lake, Oscillatoria and other decomposing 
algae are reported to have caused a very disagreeable odor in the bay for many years. 

Trace Metals 
Water enters Upper Klamath Lake from mountain streams, rivers, irrigation canals, 
springs, agricultural drainage, and by precipitation. Agricultural runoff, primarily in 
the early spring, is yellow in color and suspeCt to some type of contamination (Miller 
and Tash, 1967). Previously reported trace metal values for surface-sediment samples 
are: Cd-14 ppm, Cu-4 ppm, Fe-llAOO ppm, Pl>--14 ppm, Mn-183 ppm, and Zn-
14 ppm (Miller and Tash, 1967). The cores from rhis srudy were analyzed for the 
same metals and chromium to establish baseline values and to compare recent surface 
concentrations with stratigraphic distributions of these metals. Trace-metal concentra
tions for the upper 30 an are presented in Table 2. Detailed concentrations with 
depth are given in Martin and Rice (1980). Results show that concentrations of these 
metals are lower than values reported for other lakes, especially for lakes which receive 
large amounts of industrial waste, municipal sewage, and other contaminants (Nriagu 
et al., 1979; Edgingron and Robbins, 1976) . Values for Cd, Fe, Pb, and Mn in rhis 
report are lower, and concentrations for eu and Zn are higher than those reported 
by Miller and Tash (1967). Concenrrations of all metals except Cu in the core from 
Lake Euwana are higher than values from any Upper Klamath Lake Core; copper 
values are about the same. No reason for this enrichment is readily apparent. All the 
cotes from Upper Klamath Lake show increases in lead concentrations toward the 
surface. These increases may be attributed to increased cultural activities during the 
past 100-150 years and were probably added through atmospheric fallout; the armosphere 
is now widely recognized as a major source of metal pollution in lacustrine environ
ments (Nriagu et al., 1979). Six cores show an increase in manganese in the upper 
layers. The most likely explanation for this enrichment is the migration of soluble 
Mn+2 from lower portions of the sediment column. The lake sediments are composed 
of large amounts of organic materiaL As this material decays at depths, it proouces 
a reducing environment. Manganese is reduced to a soluble species which migrates 
upward by ionic diffusion through the pore water until it reaches an area of oxidation 
near the sediment surface. There, it is reprecipitated as an oxide, resulting in an en.
ridunenr of Mn in the top portion of the core. Such remobilization of Mn has been 
documented by other investigarors (Lynn and Bonarri, 1965; Thomson et al., 1975). 

Sedimentation Rates 
Sedimentation rates calculated from 21°Pb activities indicate that the lakes are accum
ulating sediment at an average rate of 3.0 mm/yr. The sedimentation rates for in
dividual cores are presented in Table 1. The sediments of these lakes are relatively 
homogenous; however, the upper portion of each core has a slightly higher water 
content than the rest of the core. Because of this compaction in the lower porrion of 
the core, the sedimentation rate expressed as centimeters per year can change over 
the length of the core even though the amount of sediment dejX)Sited each year is rela
tively constant. To eliminate the influence of water content, each sample interval was 
normalized to the lowest water content observed in the core. These new intervals were 
restacked and a rate was calculated for the compacted core. Plots of excess 210Pb activity 
(disintegration/ minute/ gram) versus compacted core depth are shown in Figure 
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N TABLE 2. Trace mel,,1 concentrations in IJar\s pe r miliion .(PI)m) in the uppe l' 30 e m of sediment. Sec Fig. 110 1' core locations. 

" 0-
Cadmium Chromium Copper Iron l'Ilanganese Lead Zinc 

C01'{~ r-.l e all Range l\lean Range l\lc all Range i'llean Range Mean Hange ;\I ean Range :vreau HUnge 

.:: 
D.OI-D.OG 20.3 16.2-30A ~ 0.03 , 1.0 6.5-1V.9 10,000 7,400 -18 ,00 0 11.1 7.0 -22 .5 l.!) 0.9 - 3.0 20 .1 16,1-26.5 

~ 
C!. 

2 0.0:; D.03-D.On 20.3 16.4-24.4 12.3 8.4-21.6 10 ,800 8,500-12, 100 24.8 12.3-24.8 'U 2.4 -J).!) 23 .5 18.6-28.8 0 
~ 0.04 0.01-0.12 NO ND 14.8 7.8-46.2 11,900 6,800-14,700 12. !) IU-27.i 2.6 0.9-6.2 20.2 14.6-2 '1.6 0 
0-

" D.O." 0.04-0.0 8 ND ND 14 .5 10.3-21.1 
i'" 

9,100 6,400 - 11,200 63.9 22.6-2 44. 7 4. 5 2.7 - 10.4 23.1 16.7-2 5.R 

~. 5 0.0 4 0.03-0.06 ND NO ] 0.0 7.2-12.3 1 2,8 00 9,500- 15,900 46.6 20.1-82.0 :u 1. 8 -5.3 22.9 1 6.2-3Ul 
~ 

6 0.0·1 0.01-0.10 32.3 lil.7-56.1 8.8 2.8-J5.3 5,600 2,400-12,700 23.7 15.0-37.2 2.2 0.2 - 5.1 U 2.3- 8.4 

0.12 0.03-0.25 NO NO 19.1 13.0-21.8 14,900 9,900-17,900 36.4 lfi.7 - 54 .7 H.9 2.9-20.3 45. 9 16.0-57.5 

8 0.04 0.02-0.10 ND ND H.9 10.3-23. 0 10,700 8,300-11,500 :\6.0 26.5-40.6 :1.7 2.0-5.3 21.3 16.2 -57.5 

0.04 0.02-0.06 29 .9 23.0-34.6 10.8 8. 2- 15.3 10,000 6,800-12,100 48.S 23.3-129 .6 1.8 0.'1-4.0 5.6 3.7· 7.5 

r;, devIation of 4.6 6 .0 5.3 -1.7 2.2 5.4 -1.3 
r'cpli cale analyses 

:-JD = not determined 



2. The background activity (226Ra_supported 216Pb activity) used to calculate the 
excess 210Pb activity was 0.4 dpm/g. Some of the cores were not long enough to 
determine the background activity; for these cores, the average background activity 
of 0.4 dpm/ g was assumed. Data from the sediment mixing layers which showed 
constant 210Pb activity were not used in the fate calculations. The amount of sediment 
deposited per unit surface area per unit time was also calrulated for each core, as

suming a grain density of 2.5 g/em' for the dried solids and 1.0 g/em' for the pore 
water. This accumulation rare is expressed by the following relationship using the 
sedimentation rate of the compacted core and the lowest water content observed 
in the core. 

R= (1-(;" .) sr 

where R == rate expressed as g/cm2jyr 
C", == lowest water COntent observed 

s = particle density 

r == rate expressed as em/ Yf 

The accumulation rate ranged from 0.03 g/cm2l yr at site 3 to 0.48 g/cm2/Yf at site 4. 
Sedimentation rates determined in Upper Klamath Lake and Lake Euwana are 

the same order of magnitude as rates reported for other lacustrine environments (Koide 
et al., 1973; Nriagu et a/., 1979; Robbins and Edgington, 1975). Sedimentation rates 
in most lakes range from fractions of a millimeter to several centimeters per year. 
The highest rate of sedimentation, 8.5 mm/ yr (0.48 g/em'/yr) was determined in 
core 4, which was retrieved near the input ftom Agency Lake. The lowest recent accum
ulation rate, 0.9 mm/ yr (0.03 g/ em2/ yr) was found in core 3 taken in Howard Bay, 
a shallow body of water which receives agticultural runoff (usually once a year) and 
is not as influenced as the main part of the lake by inflow and outflow. Two rates are 
reported for core 6 (Fig. 2) because there was a distinct change in the 21°Pb activity 
pattern. This change may be caused by a change in sedimentation reflecting changes 
in land use in the watershed area. It may also be the result of the influence of the 
sediment mixing layer and high moisture COntent of the lake sediments on the distri
bution of 21°Pb in the cores. The aaivity profile for core 6 also shows an 8 em layer, 
at a depth of 12-14 cm, that appears to have been deposited as a single event rather 
than as a continuous accumulation of sediment. The location of the core with respect 
to the outflow from the Williamson River indicates that this layer may be an episodic 
deposit from the river during a time of high-energy discharge to the lake. If we 
assume a rate of 1.9 mm/ yr, this layer would correspond to about 1905. Core 8 shows 
an unusual activity profile; it shows an area of constant 210Pb activity followed by a 
sharp drop in activity followed by a normal decay curve (Fig. 2). This core was 
obtained on a slope and some type of mass movement such as slumping could be 
responsible for the unusual profile. Gahler and Sanville (1971) reported that, based 
on radiocarbon dating of a core taken near the outlet from Upper Klamath Lake, 
3000 years were required to deposit a 15 cm layer of sediment between the 60 em 
and 90 em levels; but that only about 100 years were required to deposit a 15 em 
layer between 30 em and 60 em (about 1.5 mm/ yr). The rate obtained from core 1 
of this study taken near the outlet from Upper Klamath Lake was determined by 210Pb 
dating to be 1.8 rrun/ yr which is in excellent agreement with Gabler and Sanville's 
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rate obtained between 30 and 60 cm. If the rate has changed significantly, the data 
reported by Gabler and Sanville may reflect the recent rate indicative of the past 
100-200 years as well as the slower historical rate. 

Summary 

1. Sedimentation rates based on 210Pb show that Upper Klamath Lake and Lake Euwana 
are filling at approximately 3.0 nun/ yr. If sediment continues to accumulate at the 

present rate, there is no immediate threat to economically important activities sup
ported by the 1""e; 

2. Trace metal concentrations in sediments from Lake Euwana are generally higher 
than concentrations in sediments from Upper Klamath Lake. However, all of the cores 
analyzed showed very low concentrations of these metals when compared with most 
lacustrine environments; 

3. The sediments from the lakes except for a few pumice layers are relatively homo
geneous in texture and in moisture content (81-92 percent); and 

4. There is a sediment mixing layer ranging from 5-20 em in deprh throughout mDSt Df 

the lake due to bioturbation, wave-current action, and gas generation. 
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