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Abstract 

Holocene-aged, high resolution lacustrine stratigraphy from the Tulare Lake basin in the 

San Joaquin Valley paired with oceanic surface temperature data form the components necessary 

to inform models that forecast regional precipitation in this important agricultural center.  Over 

the past 15,000 years, lake-level changes based on previous work from both trench exposures 

and core from the northwestern margin of Tulare Lake correlate well with ocean temperatures 

over this time period suggesting the sea-surface temperature of the adjacent Pacific Ocean drive 

precipitation in the Sierra Nevada.  These interesting results are tested here using exposures from 

the SE margin of the lake.  Quaternary lacustrine sediments from three new trench localities 

within the Tulare Lake Basin at relatively high elevations were described and sampled for 

quantitative geochemical and geophysical analyses.  They were dated using a combination of 14C 

methods on anodonta, gastropods, bulk organic carbon, and charcoal found within the layers and 

paleomagnetic secular variation.  The highest elevation locality exposed on the sides of a borrow 

pit near the Pixley National Wildlife Refuge at the easternmost extent of the lake has a more or 

less uniform grain-size distribution and fossil hash assemblage suggestive of a prolonged 

shoreline facies.  Grain-size analysis yields a typically bimodal distribution for the individual 

samples and shows five coarse grained depositional events in both mean (460µm) and coarse 

fraction (500µm) grain size when all the sample sizes are plotted versus depth.  Total organic 

carbon varies from 0-1.2% by weight and total inorganic carbon varies from 0-1.7%.  

Radiocarbon dates from these sediments range in age from 1cal ka B.P. to 401± 28 cal yr B.P. 

suggesting that the lake shoreline reached a level of at least 64 m several times during the late 

Holocene based on depositional events.  Poso Canal, a second locality 4.5 km SW of Alpaugh, 

CA contains distinct stratigraphic units varying from deepwater clay deposits to shallow water 
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near shore sands similar in age to those found in the trench exposures in the previous work near 

the NW shore of the lake basin, thus supporting these initial results.  Seven anodonta, two 

gastropods, seven charcoal, and seven bulk sediment samples from the second trench locality 

were dated from 7.2 cal ka B.P. to 225 cal yr B.P.  There is an unconformity here from 6.2 to 2.4 

cal ka B.P. representing a shallow lake level during this 3.8 ka hiatus.  A third locality on the 

Atwell Island Restoration Project land operated by the Bureau of Land Management, exposes 

stratigraphy related to a large sand spit that was deposited by longshore drift of Kern River 

sediments at times of relatively high lake level.  This exposure contains layers of well sorted fine 

sands intercalated with fine-grain lake muds that likely reflect changing discharge of the Kern 

River through time.  The lithology consist of well-defined layering characterized by well sorted, 

clay rich lake silt, very fine grain sand, and fine to medium grain oxidized sand.  Radiocarbon 

dates were obtained from two bulk sediment samples from this trench locality, 14.5 cal ka B.P. 

and 15.1 cal ka B.P.  Overall, results agree with those of previous detailed works.  For example 

the lake does not appear to have risen to high elevation in the middle Holocene (Davis, 1999; 

Negrini et al., 2006; Kirby et al., 2012; Blunt, 2013).  One exception is that the Atwell Island 

exposure suggests that latest Pleistocene lake level was higher than that reported by Negrini et 

al., 2006 and more in line with later results by Blunt and Negrini (in review). 
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Holocene-aged lake sediments from the southeastern margin of Tulare Lake, CA 

Brandon Jackson 
Department of Geological Sciences, California State University, Bakersfield, 9001 Stockdale 
Highway, Bakersfield, CA 93311 
 

1.   Introduction  

Tulare Lake is a quasi-terminal lake located in the San Joaquin Valley of central 

California, one of the world’s largest agricultural regions (Fig. 1).  Paleoclimate records from 

three trench localities within the Tulare Lake Basin -  Pixley National Wildlife Refuge (PNWR), 

Atwell Island, and Poso Canal are examined, and will lay the foundation for a regional 

paleorunoff record with which to compare with previous results from the west side of the lake 

bed.  These records will further refine previous Tulare Lake-based reconstructions of stream 

discharge variations for the Sierra Nevada and thus better constrain the effect of natural climate 

change on said discharge.  This work will enable improvements in the comparison of sea surface 

temperature data to paleorunoff records from the Sierra Nevada, in turn, leading to forecasting of 

water resources received in the San Joaquin Valley in response to climate change over the next 

several decades. 

Tulare Lake is located between the Coast Ranges and the Sierra Nevada in the San 

Joaquin Valley of California (Preston, 1981).  It occupies a broad, shallow basin behind a sill 

caused by the confluence of the Kings River and Los Gatos Creek alluvial fans (Atwater et al., 

1986).  The climate is warm and dry (historic lake-surface evaporation generally exceeded 

precipitation by 1-2 m/yr), and the range of natural inflow is large (0-8 km3/yr).  The 

combination of a shallow basin, an arid climate, and a great range in annual discharge into the 

lake from Sierran stream flow evidently allowed historic Tulare Lake to range from occasionally 

dry to frequently overflowing (Atwater et al., 1986). 
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Tulare Lake offers a datable and nearly continuous climatic record that, over the time 

scale (104-105 yrs) appears to have a relatively direct linkage to Sierra Nevada glaciation 

(Atwater et al, 1986) and differences in geomorphology driven by those glacial events.  The 

lake-level history of Tulare Lake over shorter time scales (102-104 yrs) appears to be driven 

instead solely by differences in river discharge (Negrini et al., 2006) and is thus a potentially 

important data source toward the understanding of paleoclimatic change in western North 

America and its influence on water resources in the Great Valley of California.  

The first important record of latest Quaternary climate for the Tulare Lake region was 

based on the palynology of a core by Davis (1999).  This study included conclusions regarding 

relative lake levels for the past 11,600 years.  These conclusions were built upon with improved 

age control and constraints on absolute lake level based on lithological descriptions of trench 

exposures in the west northwest area of Tulare Lake by Negrini et al. (2006).  Further refinement 

resulted from a study of geochemical and geophysical lake-level proxies (Blunt, 2013) from a 

continuous, 20 ka-duration core taken from near the Lake Plain trenches of the Negrini et al., 

(2006) study.  Herein these results are tested in the south-southeast corner of the Tulare Lake 

basin by examining the lithology, stratigraphy, and geochronology from three different trench 

localities. 
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Figure 1) Location of Tulare Lake within the San Joaquin Valley, CA.  Here the depocenter core 
from Davis (1999), trenches studied in Negrini et al. (2006), and trench localities of this study 
are shown. 
 

2.  Methods 

 The focus of the present study are three trenching sites from within the southeastern part 

of the Tulare Lake Plain.  The sites are named after local geographic features:  Pixley National 

Wildlife Refuge (PNWR), Atwell Island, and Poso Canal (Fig. 2, 3, and 4 respectively). At these 

three locations, six, one, and three trenches were dug respectively.  The trench naming 

convention begins with TL, for Tulare Lake, followed by the last two digits of the year in which 

it was excavated.  A hyphen followed by a number denotes the chronological order of the trench 

for that given year.  In the case of the Poso Canal locality, the trenches are in close proximity, 

and the name is thus modified by the letters A, B, and C.  The lithology of each trench was 
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described and the relative elevations of datums were surveyed from trench to trench using a 

TC605L Leica Electronic Total Station laser rangefinder. 

2.1 Scouting 

Since agricultural diversion of Tulare Lake, the region has become one of the most 

prolific agricultural regions in the world.  In principle, this makes it very difficult to find 

undisturbed surface sediments in the Tulare Lake region due to extensive tilling.  The PNWR 

trench locality was chosen because there is an historic pit there, excavated to provide material for 

levees and there is no record of deep tilling near the walls of the borrow pit.  At the Poso Canal 

location, there is a dirt road built to move farm equipment, which predates regional tilling.  

Therefore, surface sediments lie undisturbed beneath the road bed, making the adjacent 

excavation of Poso Canal an excellent choice for trenching.  Since sedimentary deposits are the 

main data source, they would ideally be mapped extensively from basin center to shore where 

presumably fine-grained deeper water deposits would pinch out and give way to beach sands and 

organic rich marsh deposits (Currey, 1994; Cohen, 2000).  This makes Atwell Island a logical 

location for trenching, as it is on a sand spit, diversifying the data set from lake plain trenches.   
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Figure 2) Google Earth image showing the location of trenches within Pixley National Wildlife 
Refuge (PNWR).  Individual trench sites are shown by blue circles.  Trench names are shown in 
yellow with the longitude and latitude information shown in black. 
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Figure 3) Google Earth image showing the location of the trenches within Atwell Island.  
Individual trench site is shown by a blue circle.  Trench name is shown in yellow with the 
longitude and latitude information shown in black. 
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Figure 4) Google Earth image showing the location of trenches within Poso Canal.  Individual 
trench sites are shown by blue circles.  Trench names are shown in yellow with the longitude and 
latitude information shown in black. 
 

2.2 Age Control 

Age control was provided by radiocarbon dating (Appendix A) and paleomagnetic 

secular variation dating (Roza et al, in review).  Seven samples were collected from TL12-01B at 

the PNWR trench locality by excavating sediments containing macrofossils from within five 

layers, spaced 12 cm apart, and then sieving out macrofossil assemblages.  All five layers 

contained anodonta and two layers also contained gastropods.  Seven AMS 14C dates were 

obtained, five from anodonta and two from gastropods.  Two samples were collected from 

TL13-06 at the Atwell Island trench locality.  Two AMS 14C dates were obtained from samples 
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that were taken from two organic rich clay layers.  Eighteen samples were collected from TL13-

07(A, C) at the Poso Canal trench locality.  AMS 14C dates were obtained from:  Four articulated 

anodonta, one gastropod, six charcoal pieces, and seven bulk sediment samples.  Four of the 

bulk sediment samples were taken from within each of the four articulated anodonta.  All 

samples were processed at the Center for Accelerator Mass Spectrometry at the Lawrence 

Livermore National Lab under the direction of Dr. Susan Zimmerman. 

 The paleomagnetic secular variation (PSV) method was used at all three localities to 

determine the ages of the sediments but properties of the sediments were only found to be 

suitable in parts of the Poso Canal site.  Small magnitude changes in declination and inclination 

reflect regional changes in the non-dipole component of the Earth’s magnetic field through time 

(Bradley, 1999).  Well-dated magnetostratigraphic records can be correlated to regional PSV 

records resulting in age resolutions approaching century scale (Negrini and Davis, 1992; Lund, 

1996; Cohen, 2000). 

 

2.3 Granulometry 

Thirty-four samples from a 1.42 m depth zone within TL12-01B were processed for grain 

size analysis.  Grain-size spectra were determined using a Malvern Mastersizer 2000 laser 

diffraction grain size analyzer.  Samples were prepared by first soaking them in deionized water 

and hexametaphosphate, a dispersing agent meant to prevent clay particle flocculation, for at 

least 24 hours.  The prepared sample was then filtered through a sieve to remove grains with 

sizes >1mm.  The sample was split into two aliquots.  The first aliquot was utilized to reach an 

ideal laser obscuration, between 15-20% per the standard operating procedure determined in 

Sperazza et al. (2004), to retrieve the full spectrum of grain sizes between 0.01 and 1000 
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microns. The second aliquot was vigorously stirred, then allowed to settle for 1 minute.  The 

settled grains were then siphoned out via pipette to allow for a more accurate estimate of grain-

size for the coarser grain-sized fraction in the case where the coarser peak in a multimodal 

distribution was convolved with distributions from finer fractions. 

 

2.4 Elemental analysis 

Total inorganic carbon (TIC) was measured for samples from all three locations from 

trenches TL12-01B (PNWR), TL13-06 (Atwell Island), and TL13-07C (Poso Canal).  This was 

determined using a UIC model 5020 Carbon Coulometer CM150 and a UIC CM5230 

Acidification Module. Using a mortar and pestle, samples were ground then placed into cups, 

then dried in a 105°C oven for at least 24 hours.  After drying, the cups were placed in a 

desiccator for at least 2 hours.  100 mg of sample was measured and placed into a glass tube, 

then inserted into the acidifier module, acidified with phosphoric acid.  The effluent CO2 was 

then passed into the coulometer for analysis.  The resulting total inorganic carbon reading given 

by the coulometer is corrected based on regularly measured calcite standards.   

Nitrogen and total carbon were measured for splits of the same samples used in the 

previous analyses using a Costech 4010 Elemental Analyzer.  20 to 25 mg of sample was ground 

up, desiccated, and then placed into tin cups, which were then entered into an elemental analyzer 

to determine mass percent total carbon and nitrogen. Tin is the choice material for the cups due 

to the fact that it combusts completely and aids in reaching the final combusting temperature.  

Also, tin does not interfere with the analysis of the other elements.  Total organic carbon was 

determined by subtracting total inorganic carbon results (see previous paragraph) from total 
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carbon results.  Carbon nitrogen ratios were determined using total organic carbon and nitrogen 

results converted to molar data. 

 

2.5 Magnetic Susceptibility 

Magnetic susceptibility was determined for TL12-01B, TL13-06, and TL13-07C using a 

Bartington MS2 magnetic susceptibility meter with an MS2B bottle sensor. This measurement 

was normalized by mass.  Because sample volumes were not standardized, results are reported in 

g-1 rather than the more standard cm3/g. 

 

3.  Results 

3.1 Age Control 

Pixley National Wildlife Refuge 

The seven radiocarbon dates from the Pixley National Wildlife Refuge span 5,829-5,750 

to 954-791 cal yr BP (Fig. 5).  The dates are representative of maximum ages because the 

samples are assemblages of macrofossils.  Gastropods date 2400-1900 calibrated years older than 

anodonta within the same stratigraphic layer.  This is likely because Carbon isotopes (12C, 13C, 

14C) fractionate along biological pathways because of differences in the rates of reaction for 

different molecular species (Clark and Fritz, 1997).  The lighter carbon isotope is typically 

consumed preferentially to the heavier isotope, thus, the radiogenic isotopic ratios of biological 

products are lower than that of the reactants (Pigati, 2002).  The effect is that 14C in gastropods is 

less than atmospheric CO2, causing them to appear older than contemporaneous material.  Dates 

obtained from anodonta indicate a freshwater reservoir effect when compared to charcoal dates.  
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Culleton (2006) calculated a freshwater reservoir effect (Rf) of 340 ± 20 14C yr. This was 

consistent with other published values as well as the observations in this study. 

 

 

Figure 5) Photograph looking south at trench TL13-04, Pixley National Wildlife Refuge.  
Macrofossil assemblages of Anodonta and gastropods were radiocarbon dated to determine 
chronostratigraphy. 
 

Atwell Island 

 Two bulk sediment samples were obtained from two clay layers from Atwell Island.  

Four radiocarbon dates were attempted from the two layers (Fig.6).  Two bulk dates were 
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obtained from the stratigraphically lower clay layer.  The first date, no pretreatment, TL13-06A-

2-1, yielded a date of 15,454-14,910 cal yr BP.  The second date, acid only, TL13-06A-2-2, was 

essentially the same at 15,292-14,983 cal yr BP.  A third date was attempted using stems found 

within the same layer, which turned out to be modern, and therefore unusable.  One bulk date, 

acid only, was obtained from sample TL13-06-1, 15,116-13,958 cal yr BP.  This sample is a thin 

organic rich clay layer. 

 

Figure 6) Photograph looking west at trench TL13-06A, Atwell Island.  Two bulk sediment 
samples were radiocarbon dated to determine chronostratigraphy. 
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Poso Canal 

 Poso Canal yielded radiocarbon dates (Fig. 7a and 7b4) at various depths, eleven from 

macrofossils, eight from bulk sediments, six from charcoal, and three from other organic 

material.  The ages range from 12,654-12,378 to 801-652 cal yr BP.  In some cases, multiple 

types of material were dated from the same horizon.  Charcoal is approximately 240 calibrated 

years younger than anodonta found within the same horizon (2.26 m and 2.66 m below the 

surface), consistent with the freshwater reservoir effect described in Culleton (2006).  The 

gastropod is 1550 calibrated years older than the articulated anodonta in the uppermost horizon 

(0.998 m below the surface).  The bulk sediment dates vary from 3,000 to 360 calibrated years 

older than anodonta in the same layer (0.998 m, 2.26 m, 2.66 m, and 3.14 m below the surface).

 Paleomagnetic secular variation (PSV) suggests the following ages for the Poso Canal 

samples.  These sediments range in age from 8,036-7,964 to 7,130-7,008 cal yr BP in Unit 1B 

below the unconformity and 1,816-1,694 to 540-510 cal yr BP above the unconformity within 

trench TL13-7C (Roza et al., in review).  The stratigraphically highest sample in trench TL13-7A 

was unable to be dated with this method as this trench did not yield stable enough paleomagnetic 

directions. 
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Figure 7a) Photograph looking toward the southwest at trench TL13-07A, Poso Canal.  An 
articulated Anodonta within TL13-07A, Poso Canal.  The calibrated radiocarbon age is 429-373 
cal yr BP. 
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Figure 7b) Photograph looking toward the northeast at trench TL13-07C, Poso Canal.  Anodonta, 
gastropods, charcoal, and bulk sediments were radiocarbon dated to determine 
chronostratigraphy. 
 

3.2 Lithology 

Pixley National Wildlife Refuge 

Layer 2 consists of fine grained sand.  The entire layer is moderately well sorted.  Its 

fresh color is light brown and it weathers gray-brown.  Near the bottom of the layer the sand is 

oxidized, reddish-brown in color.  There is a sharp contact between Layer 2 and Layer 1, 

marking an unconformity which is found in all of the PNWR trenches (Appendix B).  Layer 1 in 

the Pixley National Wildlife Refuge is fossiliferous and modified by soil forming processes.  It is 
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a fine sand with silty matrix.  The fresh color is a light brown and it weathers gray.  This layer 

has a silty matrix and is abundant in anodonta fragments (Fig. 8). 

 

Figure 8) Stratigraphic Column (left) and photograph (right) looking toward the southeast at 
trench TL12-01B, Pixley National Wildlife Refuge. 
 

Atwell Island 

 The Atwell Island trench locality is characterized by two units, Upper and Lower.  The 

lower portion of the Lower Unit contains sand, silt, and clay in a rapidly changing arrangement 

until the uppermost layer of the Lower Unit, which displays evidence of soil formation in the 

form of vertical soil structures, filled with calcium carbonate.  This is a clear indication of a 

desiccation event below an unconformity.    This unconformity separates the Lower Unit and the 

Upper Unit.  The upper unit is a 90 centimeter fining up sequence consisting of very fine grain 

sand, laminated silt, and dark fossiliferous clay (Fig. 9a and 9b). 
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Figure 9) Stratigraphic column (left) and photograph (right) looking toward the west at trench 
TL13-06A, Atwell Island. 
 

Poso Canal 

Poso Canal is comprised of five units.  Unit 1A is separated from 1B by a thin dark 

grayish brown clay which is partially oxidized.  Unit 1B coarsens up from clay to very fine 

grained sand.  It is oxidized and contains abundant anodonta fragments.  A sharp unconformity 

separates Unit 1 from Unit 2, representing an important lake level constraint.  Unit 2 is divided 

into three subsections. Unit 2A is a very fine grained, well sorted, pale olive sand.  Unit 2B is 

very fine grained, silty, olive sand.  Unit 2C is a fossiliferous (anodonta), poorly sorted, olive 

layer.  Unit 3 is an olive lake clay containing anodonta.  Unit 4 is split into two sub units, 

separated by an angular unconformity.  Unit 4A is dark olive laminated clay and 4B is light olive 

silt.  Unit 4B continues to the base of the road bed within TL13-07A (Fig. 10). 
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Figure 10) Stratigraphic Column (left) and photograph (right) looking toward the northeast at 
trench TL13-07C, Poso Canal. 
 

3.3 Lacustrine Proxies 

Pixley National Wildlife Refuge 

TC, TIC, and TOC levels were all less than 2%.  The TOC/N ratio spikes to 247 at a 

depth of 10.7 cm but otherwise remains below 32 (Appendix B).   

The mean grain size changes from fine to coarse then back five times within the sampled 

interval (0-1.4 m), perhaps indicating either flooding events or lake facies changes, from near 

shore to deeper lake sediments and back (Appendix B, C).  The grain size has a bimodal 

distribution and peaks in the coarse fraction, at depths of 37.5 cm, 78.3 cm, 86.6 cm, 94.8 cm, 

and 1.29 m, indicate flooding events (Appendix D, E).   
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The magnetic susceptibility steadily decreases throughout the observed interval within 

trench TL12-01B and appears to share an inversely proportional relationship to the TC 

(Appendix B).  Inverse proportionality to the TOC, suggests it is related to lake conditions.   

Consistent inverse relationship between TOC and both magnetic susceptibility and lake level can 

be indicative of increasing productivity during periods of low lake stand (Cohen et al 2000). 

 

Atwell Island 

TL13-06-1 has a total carbon of 0.6%, and negligible TIC (i.e. TIC=TOC).  Its TOC/N 

ratio is 10.4.  TL13-06-2 has a TC of 1.5%, TIC of 0.019%, and TOC of 1.5%.  Its TOC/N ratio 

is 9.3 (Appendix G).  These two samples were taken from clay layers representing lake high 

stands. 

 

Poso Canal 

Coulometer and elemental analyzer runs were conducted on seven samples, representing 

the seven dated horizons to determine TOC for dating purposes.  TC ranges from 0.2-2.5%.  

TOC ranges from 0-0.6%, meaning TIC represents the vast majority of the TC.  The TOC/N 

ratio is highest, 25, in unit 1B at a depth of 3.14 m, and lowest, 0, in unit 1A at a depth of 3.60 m 

(Appendix F). 
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4.  Interpretations 

4.1 Summary of Observations 

Pixley National Wildlife Refuge 

 The mean grain size suggests variable lake level throughout the observed interval.  At the 

base of the section, Tulare Lake is shallow.  The lake then deepens significantly, becoming a 

silty offshore environment.  This is followed by three shallowing to deepening sequences that 

occur in rapid succession, within the span of 20 cm.  At a depth of 0.66 cm the lake is at its 

deepest.  From here, the lake gradually shallows. 

 Total carbon generally increases through time.  Spikes in total organic carbon may occur 

when the lake is deep because they correspond well to decreases in grain size.  The largest spike 

in total organic carbon is observed at a depth of 0.54 m which corresponds to silt deposits.  When 

the lake deepens after a shallow period there can be an increase in terrigenous input due to land 

plants growing around the lake (Meyers and Lallier-Verges, 1999).  This causes an increase in 

total inorganic carbon, and can be seen in the data by comparing the mean grain size and total 

inorganic carbon graphs. 

 Radiocarbon dates obtained from TL13-4 were obtained using assemblages of 

macrofossils.  Thus, these dates do not represent the exact ages of the corresponding horizons, 

but instead give a maximum possible age.   

 Only two anodonta dates, 429-373 and 321-287 cal yr BP, were obtained in TL12-01A, 

from the top and bottom shell respectively, of an articulated anodonta at a depth of 0.20 m.  This 

nonunique calibration leaves ambiguity as to which date represents the age of the anodonta.  At 

this depth, the mean grain size 69 µm and the coarse fraction mean grain size is 81 µm, 

characterizing both as very fine sand.  This sand body represents one of four deeper lake periods 
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within the 1.4 m interval studied at this locality.  The TOC is less than a tenth of a percent at this 

depth with 1.25% total inorganic carbon.  At a depth of 10.7 cm, the TOC/N ratio spikes to 247, 

and began rising just after deposition of the anodonta.  This rapid increase in TOC/N combined 

with an influx of coarse grains likely represents a pluvial event (Cohen et al., 2000; Kirby et al., 

2012).  Schimmelmann et al. (2003) used sediment deposits and dendrochronology in the Santa 

Barbara basin to determine flood events. One flood event (at 1610 AD) falls directly between the 

two possible dates for the observed anodonta, making it likely that this flood corresponds to the 

large TOC/N spike observed at 10.7 cm.  And since, based on the lithology, the anodonta 

predates the flood and it is therefore likely to correlate to 429-373 cal yr BP. 

 

Atwell Island 

Two clay layers (Fig. 6) were chosen for dating at 100 cm and 164 cm, referred to as 

TL13-06-1 and TL13-06-2 respectively.  The total carbon in both layers is overwhelmingly 

organic, with a lake depth sufficient to produce lake clay.  The TL13-06-1 and TL13-06-2 layers 

have calibrated ages of 15,116-13,958 cal yr BP and 15,454-14,910 cal yr BP respectively, each 

time period representing a deep Tulare Lake. 

 

Poso Canal 

 Trench TL13-7C, unit 1A (Fig. 7a), is an olive clay with only less than 0.3% total 

inorganic carbon and no organic carbon. At a depth of 3.60 m there is one bulk sediment date of 

12,654-12,378 cal yr BP and a PSV date of 7,200 cal yr BP (Roza et al., in review).  

Unfortunately, the unit did not contain any charcoal or macrofossils. However, sediments from a 

horizon in unit 1B have dates from an anodonta (TL13-7C-9) as well.  This anodonta is 
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approximately 3050 cal yr older than the sediments.  Organic material can absorb carbon from 

the reservoir, causing its radiocarbon age to appear older.  This is known as the reservoir effect 

(Culleton, 2006).  The reservoir effect at Poso Canal above the unconformity in TL13-7C (Fig. 

7b) is approximately 240 years but the anodonta is about 650 years older than the date given by 

PSV (Roza et al., in review).  This suggests that lake conditions both preceding and succeeding 

the desiccation event are different enough to generate distinct reservoir effects. 

 Two dates were obtained from Unit 1B, at a depth of 3.14 m: 7,158-6,926 cal yr BP 

(anodonta) and 4,085-3,904 cal yr BP (sediment).  Within unit 1B the sediments coarsen up, 

evidence of the lake becoming shallower.  The total inorganic carbon, 0.83%, is much higher 

than the total organic carbon, 0.13%.  The TOC/N ratio is 25 which is common for cellulose-rich 

and protein-poor vascular land plants (Meyers and Lallier-Verges, 1999).  Though this could 

include some lacustrine matter, the important point is that it lake level is high enough to have at 

least some land plants.  This suggests that the lake is becoming gradually shallower than in Unit 

1A, consistent with the lithological observation of the grain size coarsening upward. 

 Two horizons were dated within Unit 3, a homogenous olive clay layer.  At 2.76 m depth 

yielded two dates:  5,655-5,584 cal yr BP (gastropod) and 2,278-2,153 cal yr BP (sediment).  

This horizon has a TIC of 2.1%, TOC of 0.23%, and TOC/N ratio is 7.5.  The second dated 

depth, 2.74 m, yielded four dates:  914-691 cal yr BP (charcoal), 834-733 cal yr BP (charcoal), 

934-679 cal yr BP (charcoal), and 1,416-1,303 cal yr BP (sediment).  The TIC is 0.89% and the 

total organic carbon is 0.63%, comprising much more of the total carbon than the layer below.  

The TOC/N ratio is 10.3, definitely pointing to a deep lacustrine paleoenvironment. 

 Unit 4A has four dated horizons from which eight dates were obtained.  At a depth of 

1.67 m there are two dates:  834-648 cal yr BP (charcoal) and 786-668 cal yr BP (charcoal).  The 
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four dates obtained from depth 1.66 m are 1,006-927 cal yr BP (anodonta), 975-902 cal yr BP 

(anodonta), 975-902 cal yr BP (anodonta), and 1,870-1,690 cal yr BP (sediment).  Carbon 

measurements were also taken from this depth.  The TIC is 2.2% and only 0.35% TOC, with a 

TOC/N ratio of 8.2.  The 2.64 m depth has a date of 789-688 cal yr BP (charcoal) and the 2.57 m 

depth is dated 801-652 cal yr BP (charcoal).  This unit is a dark olive, laminated clay.  

At 2.26 m depth, within unit 4B, there are two dates:  959-896 cal yr BP (articulated 

anodonta) and 1,333-1,236 cal yr BP (sediment from within the anodonta).  This layer is an 

olive silt with a TIC of 1.9%, TOC of 0.57%, and TOC/N of 12.6.   

 In trench TL13-7A unit 4B, at the 1.00 m depth, the total inorganic carbon is 1.5% 

whereas the total organic carbon is 0.058%.  The TOC/N ratio is 4.6 which is indicative of 

phytoplankton production and lack of organic matter from vascular plants (Meyer, 1999).  An 

indication that wet climate and high lake levels continue throughout Unit 4.  The lithology is a 

light olive gray, very fine sand.  The dates for this horizon are 924-786 cal yr BP (anodonta), 

1,612-1,542 cal yr BP (sediment), and 1,835-1,712 cal yr BP (gastropod).  

 

4.2 Comparison with Other Tulare Lake Records 

Davis (1999) interprets the early Holocene (11,500-7,800 cal yr BP) as cold and wet. 

Davis viewed the middle Holocene (7,800-4,500 cal yr BP) as a period of low lake level due to 

higher percentages of littoral pollen (Typha, Sarganium, and Cyperaceae) and lower percentages 

of pelagic algae (Botryococcus and Pediastrum). The late Holocene is characterized by a cold 

and wet period, indicated by peak pelagic algae percentages and abundant Pinus pollen, followed 

by progressive drying of the lake (Davis, 1999). 
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Negrini et al. (2006) conducted a study of Holocene lake level fluctuations using map 

interpretations, nearshore and deepwater stratigraphy exposed in trenches, and archeological 

sites. This study, interprets two high lake periods based on sediments mapped in trenches and the 

depocenter core pollen record of Davis (1999), one brief highstand centered on 10,000 cal yr BP. 

It was followed by a long lasting highstand from approximately 9,500-8,000 cal yr BP.  Negrini 

et al. and this study interpret periods of higher lake levels centered on 6,500 cal yr BP and 

approximately 5,800 cal yr BP followed by low lake level throughout 4,500 cal yr BP.  Negrini 

et al. interprets a low lake level until approximately 1,000 cal yr BP.   

Kirby et al. (2012) presented a paleohydrologic reconstruction from Lower Bear Lake 

and Lake Elsinore.  He obtained a multi-proxy record from a single sediment core, and 

interpreted it to reflect changes in the lake’s depositional environment.  A comparison of Tulare 

Lake and Lower Bear Lake indicates similar timing across four of the five major pluvial episodes 

(Negrini et al., 2006; Kirby et al., 2012).  This study presents no contradictory evidence for the 

existence of the four pluvial episodes.   

 

Figure 11) Lake level curve for Tulare Lake (after Negrini et al., 2006). 
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Blunt (2013), Davis (1999), and Negrini et al (2006) are in general agreement, regarding 

the timing and relative amplitudes of rapidly fluctuating lake levels characterized by deeper lake 

sediments to marsh-like conditions.  Lower Bear Lake experienced several pluvial episodes over 

the last 10,000 cal yr BP that correspond well with those from lakes in the Mojave River sink, 

whose source is precipitation (Kirby et al., 2012).  Many of the same pluvial episodes are 

captured in Lake Elsinore, Lake Owens, and Tulare Lake (Kirby et al., 2005; Bacon et al., 2006; 

Negrini et al., 2006).  This confirms the assertion that Tulare Lake levels are reflective of 

regional climate rather than local geomorphology (Negrini et al 2006).  The clay content of 

Tulare Lake varies consistently with sea surface temperature records which suggests Tulare Lake 

level and Sierran river runoff are driven by the changes in sea surface temperatures (Blunt, 

2013).  Atwater et al. (1986) determined Tulare Lake level is primarily a function of stream 

discharge due to low precipitation and high temperatures producing annual evaporation rates at 

least slightly higher than annual precipitation rates.  This points to Tulare Lake levels changing 

in combination with sea surface temperature. 

 

Figure 12) Tulare Lake clay percent as a proxy for lake level (after Blunt, 2013).   
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5.  Conclusions 

 The paleolake level history of Tulare Lake over the past 15,000 cal yr BP is, in part, 

reinvestigated in this record, based on lake level data obtained from three locations in the 

southeastern Tulare Basin.  In general, the new records show that deep lake conditions existed 

during the latest Pleistocene and early Holocene, shallower and dry lake conditions during the 

middle Holocene, and a return to deep lake conditions in the late Holocene (Fig. 13).  This is 

consistent with three previous studies on Tulare Lake conducted by Davis (1999), Negrini et al. 

(2006), and Blunt (2013), and with other studies on lakes from Southern California (Bacon et al., 

2006; Kirby et al., 2012). 

 

Figure 13) Plotting lithology and elevation against calibrated age creates a lake level curve for 
Tulare Lake.  This method is from Negrini et al., 2006. 
 

However, the Negrini et al. (2006) and Blunt (2013) disagree from 12,000 to 10,000.  

Blunt predicts deeper water sediments whereas Negrini predicts shallow lake conditions.  The 

present study (Fig. 13) agrees more with Blunt (2013), predicting deep water from 15,000 to 

10,000.  The Negrini et al. (2006) study also appears to predict too high a highstand (Fig. 13), at 

approximately 6,500 years.  If this high stand reached an altitude of 65m then deposition on 

Atwell Island would be expected.  Although this is not the case, it is always possible that the 
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deposits were eroded by longshore currents or deflated by wind erosion during the middle to late 

Holocene lowstands of the lake.  From 7,500 to 4,000 years lake level gradually declined, 

evidenced by a gradual coarsening up sequence in the lithology and is confirmed by the 

paleomagnetic secular variation in Unit 1 in TL13-7C.  For the next 3,000 years the lake is below 

the trench depth at Poso Canal, represented by an unconformity between Unit 1 lake clay and 

Unit 2 sands (TL13-7C), until approximately 1,000 calibrated years before present, when the 

lake level increases again.  The curve for the most recent 1,000 years is very well constrained as 

age control and lithological data are available from two trenches at different elevations, thus 

making it an improved model for Late Holocene Tulare Lake level.   

 

Figure 14) Comparison of the clay percent curve (Blunt, 2013) and lake level curves from 
(Negrini et al., 2006) and this study. 
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The results of this study agree with the SST (Seki et al., 2003) as well as California lake 

level studies (Davis, 1999; Negrini et al., 2006; Kirby et al., 2012).  Lake conditions of the latest 

Pleistocene and early Holocene described in this study and Blunt (2013) (wet, deep) conflict with 

Negrini et al. (2006) (dry, shallow).  Results of radiocarbon dating at the Atwell Island locality 

conclude that the ages of the two dated clay layers are 15,454-14,910 and 15,116-13,958 cal yr 

BP (Figure 14).  Because these clays occur at high elevation, on the sand spit, this suggests wet 

conditions for the late Pleistocene and early Holocene.  These results conflict with the hypothesis 

of lower lake levels in the earliest Holocene and will lead to improved forecasts of San Joaquin 

Valley water supplies in response to climate drivers like NE Pacific sea-surface temperatures.   
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Appendix A 
 
 
Sample ID# 

Depth From Surface 
(MASL) CAMS# d13C Fraction Modern ± δ14C ± 14C age ± 

Calibrated 
Age ± 

TL12-01B-1 0.017 161717 0 0.8861 0.004 -113.9 4 970 40 
  TL12-01B-2 0.029 161714 0 0.5294 0.0019 -470.6 1.9 5110 30 
  TL12-01B-3-1 0.041 161713 0 0.6374 0.0024 -362.6 2.4 3615 35 
  TL12-01B-3-2 0.041 161712 0 0.5351 0.002 -464.9 2 5025 30 
  TL12-01B-4-1 0.053 161716 0 0.6257 0.0022 -374.3 2.2 3765 30 
  TL12-01B-4-2 0.053 161718 0 0.4912 0.0018 -508.8 1.8 5710 35 
  TL12-01B-5 0.065 161715 0 0.6909 0.0025 -309.1 2.5 2970 30 
  TL13-06A-1 1.000 165544 -25 0.2143 0.0041 -785.7 4.1 12370 160 14537 579 

TL13-06A-2-1 1.640 165545 -25 0.2045 0.0015 -795.5 1.5 12750 70 15182 272 
TL13-06A-2-2 1.640 165546 -25 0.2055 0.0008 -794.5 0.8 12710 35 15137.5 154.5 
TL13-06A-2-3 1.640 165547 -25 1.0600 0.0251 60.0 25.1 >Modern   

  TL13-07A-1-1 0.998 164979 0 0.8881 0.0031 -111.9 3.1 955 30 861.5 65.5 
TL13-07A-1-2 0.998 164980 0 0.8908 0.0032 -109.2 3.2 930 30 855 69 
TL13-07A-2-1 0.998 165319 -25 0.8115 0.0031 -188.5 3.1 1675 35 1577 35 
TL13-07A-2-2 0.998 164981 0 0.7946 0.0028 -205.4 2.8 1845 30 1773.5 61.5 
TL13-07C-1 2.259 164982 0 0.8847 0.0031 -115.3 3.1 985 30 927.5 31.5 
TL13-07C-2 2.259 165011 -25 0.8446 0.0032 -155.4 3.2 1355 35 1284.5 48.5 
TL13-07C-3 2.569 165014 -25 0.9058 0.0067 -94.2 6.7 790 60 726.5 74.5 
TL13-07C-4 2.639 165012 -25 0.9017 0.0033 -98.3 3.3 830 30 738.5 50.5 
TL13-07C-5-1 2.659 164983 0 0.8763 0.0031 -123.7 3.1 1060 30 966.5 39.5 
TL13-07C-5-2 2.659 164984 0 0.8821 0.0032 -117.9 3.2 1010 30 938.5 36.5 
TL13-07C-5-3 2.659 164985 0 0.8817 0.0032 -118.3 3.2 1010 30 938.5 36.5 
TL13-07C-6 2.659 165013 -25 0.7965 0.0040 -203.5 4.0 1825 45 1780 90 
TL13-07C-7 2.669 165015 -25 0.9068 0.0070 -93.2 7.0 790 70 741 93 
TL13-07C-8 2.669 165016 -25 0.9061 0.0047 -93.9 4.7 790 45 727 59 
TL13-07C-9-1 2.739 165018 -25 0.8977 0.0059 -102.3 5.9 870 60 802.5 111.5 
TL13-07C-9-2 2.739 165019 -25 0.8949 0.0032 -105.1 3.2 890 30 783.5 50.5 
TL13-07C-9-3 2.739 165020 -25 0.8948 0.0088 -105.2 8.8 890 80 806.5 127.5 
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Sample ID# 

Depth From Surface 
(MASL) CAMS# d13C Fraction Modern ± δ14C ± 14C age ± 

Calibrated 
Age ± 

TL13-07C-10 2.736 165021 -25 0.8310 0.0034 -169.0 3.4 1485 35 1359.5 56.5 
TL13-07C-11 2.756 165022 0 0.5454 0.0020 -454.6 2.0 4870 30 5619.5 35.5 
TL13-07C-12 2.756 165023 -25 0.7570 0.0032 -243.0 3.2 2235 35 2215.5 62.5 
TL13-07C-13 3.137 164986 0 0.4665 0.0020 -533.5 2.0 6125 35 7042 116 
TL13-07C-14 3.137 165322 -25 0.6338 0.0022 -366.2 2.2 3665 30 3994.5 90.5 
TL13-07C-15 3.597 165321 -25 0.2700 0.0015 -730.0 1.5 10520 50 12516 138 

 

Chart of radiocarbon dating results for Pixley National Wildlife Refuge, Atwell Island, and Poso Canal. 
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Appendix 

B
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Trench stratigraphy for the Pixley National Wildlife Refuge locality.  Below are graphs of total carbon, total inorganic carbon, total 
nitrogen, total organic carbon to nitrogen ratio, and magnetic susceptibility versus depth for TL12-01B, Pixley National Wildlife 
Refuge.   
Appendix C 

Sample 
Name Obscuration Residual Concentration Span 

D [4, 3] - 
Volume 
weighted 
mean Uniformity 

Specific 
surface 
area 

D [3, 2] - 
Surface 
weighted 
mean  d (0.1) d (0.5) d (0.9) 

TL12-B-1 5.61 1.599 0.0036 3.633 54.317 2.400 1.210 4.976 1.858 19.517 72.773 
TL12-1B-3 8.37 0.704 0.0050 3.049 24.113 0.956 1.300 4.615 1.702 17.923 56.350 
TL12-1B-5 6.30 1.014 0.0040 22.188 117.352 4.790 1.200 4.997 1.769 22.739 506.292 
TL12-1B-7 9.35 0.629 0.0104 15.555 207.405 4.440 0.710 8.448 3.849 42.962 672.104 
TL12-1B-9 5.28 1.113 0.0058 14.555 333.865 4.550 0.707 8.491 3.598 68.718 1003.808 
TL12-1B-11 6.95 0.795 0.0061 13.572 158.329 3.690 0.879 6.827 2.663 39.143 533.920 
TL12-1B-13 3.23 1.221 0.0041 10.117 250.376 3.440 0.614 9.777 4.445 66.367 675.873 
TL12-1B-15 4.85 0.952 0.0049 15.395 203.297 4.520 0.761 7.888 3.310 41.611 643.890 
TL12-1B-17 5.15 1.257 0.0078 3.871 330.530 1.310 0.507 11.834 5.904 218.012 849.935 
TL12-1B-19 5.07 1.088 0.0063 13.508 323.099 4.270 0.633 9.481 4.235 70.538 957.069 
TL12-1B-21 5.79 1.114 0.0054 22.329 312.680 6.680 0.841 7.136 2.684 44.844 1004.003 
TL12-1B-23 6.70 0.704 0.0075 10.632 192.698 3.270 0.689 8.711 3.511 53.488 572.211 
TL12-1B-25 5.90 0.632 0.0082 7.173 140.264 2.020 0.556 10.785 4.744 58.902 427.276 
TL12-1B-27 7.06 0.581 0.0099 6.143 104.839 1.700 0.555 10.808 5.225 49.866 311.543 
TL12-1B-29 6.38 0.393 0.0093 5.511 85.869 1.670 0.537 11.175 5.838 40.635 229.775 
TL12-1B-31 6.98 0.462 0.0108 5.710 86.286 1.790 0.510 11.773 6.345 38.171 224.303 
TL12-1B-33 6.13 0.286 0.0209 5.757 154.078 1.730 0.237 25.292 13.688 71.188 423.537 
TL12-1B-35 7.62 0.525 0.0106 10.414 157.064 3.060 0.569 10.553 4.885 45.792 481.749 
TL12-1B-37 6.27 0.287 0.0125 5.430 97.395 1.560 0.396 15.169 8.686 47.830 268.413 
TL12-1B-39 5.09 0.942 0.0150 3.546 377.501 1.160 0.268 22.392 12.443 266.212 956.369 
TL12-1B-41 8.31 0.467 0.0111 17.048 168.802 4.590 0.590 10.170 4.960 33.529 576.565 
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TL12-1B-43 4.23 0.631 0.0111 3.396 307.820 1.150 0.297 20.192 11.067 224.400 773.055 
TL12-1B-45 5.33 0.554 0.0108 6.741 202.239 2.120 0.387 15.518 8.094 82.542 564.475 
TL12-1B-47 2.51 1.097 0.0129 2.380 520.127 0.733 0.159 37.779 20.965 460.515 1117.122 

Sample 
Name Obscuration Residual Concentration Span 

D [4, 3] - 
Volume 
weighted 
mean Uniformity 

Specific 
surface 
area 

D [3, 2] - 
Surface 
weighted 
mean  d (0.1) d (0.5) d (0.9) 

TL12-1B-49 3.36 0.993 0.0113 2.634 314.553 0.883 0.231 25.935 15.146 264.293 711.368 
TL12-1B-51 7.47 0.429 0.0096 14.929 117.850 3.680 0.613 9.789 4.904 28.372 428.477 
TL12-1B-53 9.38 0.441 0.0092 2.857 54.815 2.220 0.804 7.458 3.600 20.246 61.450 
TL12-1B-55 8.59 0.593 0.0090 13.862 84.742 3.220 0.752 7.978 3.802 22.961 322.084 
TL12-1B-57  6.75 0.835 0.0083 17.714 143.745 4.550 0.636 9.437 4.523 28.738 513.578 
TL12-1B-59 10.30 0.852 0.0115 17.727 162.251 4.760 0.713 8.418 3.592 31.384 559.932 
TL12-1B-61 7.55 0.949 0.0118 13.046 209.436 4.280 0.505 11.876 5.718 44.944 592.080 
TL12-1B-63 4.05 1.883 0.0126 2.776 413.642 0.914 0.251 23.865 11.834 345.350 970.498 
TL12-1B-65 4.23 0.893 0.0111 5.778 327.565 1.880 0.301 19.943 10.683 156.319 913.901 
TL12-1B-67 6.09 0.612 0.0175 5.509 245.872 1.800 0.278 21.613 11.879 118.254 663.378 

 

Chart of the granulometry for the mean fraction grain size in trench TL12-01B, Pixley National Wildlife Refuge. 
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Appendix D 

Sample Name Obscuration Residual Concentration Span 

D [4, 3] - 
Volume 
weighted 
mean Uniformity 

Specific 
surface 
area 

D [3, 2] - 
Surface 
weighted 
mean  d (0.1) d (0.5) d (0.9) 

TL12-1B-1-C 5.71 0.590 0.0143 14.039 296.295 4.22 0.315 19.045 11.665 63.713 906.106 
TL12-1B-3-C 5.09 0.507 0.0084 19.306 173.912 4.99 0.476 12.594 7.345 31.698 619.299 
TL12-1B-5-C 6.46 0.606 0.0137 13.321 246.476 3.98 0.373 16.104 9.669 55.899 754.291 
TL12-1B-7-C 3.54 0.804 0.0068 12.044 260.993 3.71 0.404 14.848 9.836 63.130 770.157 
TL12-1B-9-C 6.49 0.809 0.0145 8.292 246.514 2.64 0.356 16.856 11.800 81.030 683.691 
TL12-1B-11-C 4.46 1.219 0.0209 4.258 390.536 1.36 0.171 35.180 18.593 238.804 1035.471 
TL12-1B-13-C 3.72 1.014 0.0153 4.272 317.199 1.40 0.192 31.229 18.605 187.038 817.596 
TL12-1B-15-C 2.80 1.442 0.0227 3.488 425.258 1.09 0.105 56.979 26.805 298.357 1067.334 
TL12-1B-17-C 4.20 1.646 0.0454 3.071 433.822 0.97 0.078 77.250 29.854 327.559 1035.720 
TL12-1B-19-C 3.88 1.844 0.0461 2.945 471.848 0.92 0.071 84.733 31.041 368.883 1117.252 
TL12-1B-21-C 5.22 1.356 0.0481 3.213 448.025 1.02 0.091 65.900 25.930 332.732 1095.124 
TL12-1B-23-C 3.04 1.630 0.0328 3.027 417.532 0.96 0.078 77.436 31.196 316.236 988.328 
TL12-1B-25-C 4.11 0.685 0.0373 3.177 236.705 1.02 0.092 65.052 29.142 162.543 545.577 
TL12-1B-27-C 6.08 0.475 0.0265 4.722 152.066 1.48 0.187 32.057 17.747 77.218 382.345 
TL12-1B-29-C 7.45 0.409 0.0309 4.959 123.728 1.47 0.200 30.044 15.929 62.663 326.675 
TL12-1B-31-C 9.52 0.274 0.0300 5.051 95.513 1.56 0.263 22.800 12.521 45.858 244.150 
TL12-1B-33-C 10.61 0.284 0.0181 7.714 89.976 2.53 0.477 12.586 6.446 29.986 237.765 
TL12-1B-35-C 9.63 0.342 0.0298 7.430 181.337 2.27 0.265 22.612 11.407 67.562 513.375 
TL12-1B-37-C 8.83 0.289 0.0383 4.617 113.182 1.36 0.193 31.137 17.628 59.850 293.956 
TL12-1B-39-C 6.32 0.950 0.0419 3.480 381.812 1.12 0.126 47.788 19.576 269.979 959.097 
TL12-1B-41-C 10.55 0.455 0.0263 13.469 175.520 3.78 0.330 18.184 10.051 41.048 562.920 
TL12-1B-43-C 4.37 1.096 0.0504 2.637 457.600 0.82 0.073 82.047 30.012 375.514 1020.250 
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TL12-1B-45-C 5.31 0.469 0.0281 5.734 299.085 1.80 0.155 38.657 17.494 139.990 820.241 
TL12-1B-47-C 2.82 1.228 0.0498 2.244 571.854 0.65 0.048 126.051 44.798 499.485 1165.760 

Sample Name Obscuration Residual Concentration Span 

D [4, 3] - 
Volume 
weighted 
mean Uniformity 

Specific 
surface 
area 

D [3, 2] - 
Surface 
weighted 
mean  d (0.1) d (0.5) d (0.9) 

TL12-1B-49-C 3.62 0.831 0.0385 2.315 314.188 0.74 0.079 75.983 29.872 274.881 666.285 
TL12-1B-51-C 9.05 0.469 0.0292 11.029 187.161 3.45 0.255 23.551 13.023 47.263 534.294 
TL12-1B-53-C 9.65 0.446 0.0226 18.360 163.966 4.56 0.350 17.121 10.271 32.021 598.182 
TL12-1B-55-C 13.21 0.374 0.0262 12.518 98.778 2.93 0.420 14.292 8.598 28.397 364.077 
TL12-1B-57-C 10.37 0.596 0.0221 16.353 153.468 4.27 0.385 15.566 8.201 32.102 533.153 
TL12-1B-59-C 8.01 1.267 0.0258 9.673 296.901 3.28 0.255 23.521 11.593 82.044 805.169 
TL12-1B-61-C 8.10 1.167 0.0266 8.419 242.939 2.76 0.249 24.051 11.741 78.369 671.535 
TL12-1B-63-C 6.06 1.721 0.0440 3.108 399.258 0.99 0.116 51.923 18.939 302.733 959.781 
TL12-1B-65-C 7.87 0.924 0.0465 3.701 333.386 1.24 0.143 42.008 16.336 222.985 841.512 
TL12-1B-67-C 6.22 0.988 0.0457 4.855 358.605 1.49 0.115 52.263 20.348 198.088 982.076 

 

Chart of the granulometry for the coarse fraction grain size in trench TL12-01B, Pixley National Wildlife Refuge. 
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Appendix E 
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Graphs of mean and coarse grain size versus depth for TL12-01B, Pixley National Wildlife Refuge. 

Appendix F 

 

 

Graphs of total carbon, total inorganic carbon, total nitrogen, and total organic carbon to nitrogen ratio versus depth for TL13-7C, 
Poso Canal. 
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Appendix G 

 

 

 

 

Chart for total carbon, total inorganic carbon, total nitrogen, and total organic carbon to nitrogen ratio for TL13-7C, Atwell Island. 

Sample ID Depth TC% TIC% TOC% TN% TOC/N 

TL13-06-1 100 0.5785824 0.006447 0.5721354 0.0551245 10.378968 

TL13-06-2 164 1.4953171 0.0190666 1.4762505 0.1585171 9.3128786 


