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Abstract 

Bottom sediment is an archive of the historical changes in a lake and its catchment. This thesis is a 

palaeoenvironmental reconstruction of catchment processes in Bolgoda Lake situated in western Sri 

Lanka. We studied a sediment core retrieved from this lake. In our study, we focus on multiple 

physical and chemical proxies: grain-size, loss-on-ignition, total organic carbon content, C:N ratio, 

and δ13C stored in the organic matter. The aim of this study is to contribute to a better understanding 

of the palaeoenvironmental conditions in the region and allow a comparison between this site and 

others. 

In the deepest part of the core, we see an overall high sand content, which indicates a period of 

higher discharge into the lake compared to what the other core parts indicate. This is probably a 

result of higher precipitation. This is followed by a decline in C:N and a rise in TOC in the second part 

which indicates an increase of primary production in the lake. In the third part we again see a shift in 

the C:N indicating a source change back to more terrestrial runoff. The increase in TOC and LOI 

values together with decrease in C:N ratio and a steady increase in δ13C indicate an increase in 

lacustrine productivity in the upper part of the core.  

By reconstructing the palaeoenvironmental history in Bolgoda Lake we can conclude that it is 

probable that some other factor than diagenetic change affects the lake. Our results indicate that 

these changes most likely are due to more wet periods and anthropogenic activity, mainly through 

land use changes.  
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Introduction 

Lake sediments contain reliable records of changes several thousand years back in time and serve as 

good palaeoenvironmental archives (Meyers 1994; Ito, 2001). Palaeoenvironmental changes are 

traceable by studying various chemical and physical properties in lacustrine sediments. There are 

three primary components in sediments: (i) mineral matter - particles of different size and form (ii) 

organic matter that can be more or less decomposed, and (iii) biogenically derived inorganic matter 

(e.g., diatom frustules). The different sizes and forms of mineral matter (grain-size) can tell us how 

the climate has changed over time. The sediments also contain clues to from where the sediment 

originated, the transport mechanisms of the material, past physical conditions at the depositional 

site in the basin and palaeoclimatic conditions in the watershed (Last, 2001). Thus, the physical and 

geochemical composition of lake sediments provides an insight into the palaeoenvironmental 

conditions within the lake’s catchment (Routh et al. 2004; Meyers and Ishiwatari 1993; Meyers 

1994). 

Determining the source and amount of deposited organic matter is an important piece of the puzzle 

when mapping palaeoenvironmental conditions and historical changes in lacustrine productivity. This 

information is useful because it provides a better understanding of the biogeochemical processes. 

Loss on Ignition (LOI) and Total Organic Carbon (TOC) are two such proxies. LOI is a method used to 

estimate the organic and carbonate content in the sediment and TOC represent organic matter (OM) 

that escaped remineralisation process after deposition. Organic matter in lacustrine sediments 

mainly originates either from photosynthetic plants that have lived close to the lake or from primary 

producers in the lake (algae). In its present form, OM provides information that is useful when trying 

to reconstruct the palaeoenvironmental conditions for the ecosystem surrounding the lake (Meyers 

and Teranes 2001; Choudhary 2009a). Specific chemical proxies (C:N ratio and δ13C) tells us whether 

OM is derived from terrestrial or lacustrine sources (Choudhary et al. 2009a). 

The objective of this study is to reconstruct the palaeoenvironmental history in Bolgoda Lake - an 

urban lake located near Colombo, Sri Lanka. In particular, we are looking for changes in sediment 

characteristics, organic matter source inputs, and variation in precipitation. It is probable that rapid 

urban development around the lake has impacted the sediment and water chemistry (Wetzel 2001). 

In addition, Bolgoda Lake is impacted by the summer and winter monsoons because of its location in 

the path of the Southwest Indian monsoon (Premathilake and Risberg, 2003). The temperature in the 

Indian Ocean has increased during the last few decades, and the warming trend is accompanied by 
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an impaired summer monsoon circulation, which affects the local hydrology (Swapna et al., 2014). In 

order to trace these environmental changes, we will investigate various physical (grain-size) and 

chemical (LOI, TOC, C:N ratio, δ13C vs V-PDB) proxies in a sediment core retrieved from Bolgoda Lake 

In this study we focus on the mineral and organic matter components. By doing these analyses, we 

will try to identify the anthropogenic imprints in the shallow part of the sediment core and early 

diagenetic and/or climatic imprints preserved in the core. Our study will contribute to an increased 

understanding of the palaeoenvironmental conditions in the region. Because few similar studies have 

been carried out in this region, our results will be important both to understand the impact of recent 

urban and climatic changes. The results will also allow comparison between the observed historical 

changes at this site and those located elsewhere, but have undergone perhaps similar changes. This 

will open up future research prospects in this region.  
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Background 

Grain-size  

When describing sediment, three primary descriptors are normally used: texture, structure and 

composition (Last, 2001). In this study, we will focus on the textural characteristics of sediments 

(grain-size) and use Pettijohns (1975) definition of texture as the micro geometry in sediments. This 

means that both the features of the single grain and the relationship between grains in the 

composition is in focus (Last 2001). Studying the textural characteristics of sediment tells us about 

the sediment source, depositional history and the historic conditions (limnological, physical and 

chemical processes) in catchment characteristics and its surrounding area (Last, 2001). 

Natural transport of sediments may occur in many different ways. Many studies have pointed out the 

significant impact on solute flux fuelled by wind-driven re-suspension (Simon 1988a; Simon 1988b; 

Reddy et al., 1996). Reddy and DeLaune (2008) points to the enhanced significance of these 

processes in shallow lake systems. 

Although the textural parameters are in themselves basic, there are many different methods to 

analyse and describe the corresponding sediment texture. As shown by Last (2001), the procedure 

involved when evaluating the size of solids as irregularly shaped as sediment is by no means obvious. 

This question has received significant attention in the geoscientific field for quite some time, and 

there is a large number of different ways to measure this. Since we sieved the sediments we decided 

on using the “Sieve diameter” as described in Last (2001) as the definition of size of the particles in 

our sediment samples. This is a commonly used practice when working with sandy sediments (Last 

2001). It means that grains that pass through a sieve with, for example, a 63 µm mesh has a size 

smaller than (or equivalent to) 63 µm. It is important to be aware of that the way one prefers to 

interpret the concept of size, directly affect the results derived from tests and analyses.  

The large number of ways of defining particle size puts extra demand on the researcher who has to 

consider the quality of data. When also considering how the differences in choice of instruments and 

techniques used affect the data, it is obvious that this is not an easy job, and it is important to 

account for this - especially when comparing data with other studies (Last 2001). Last (2001) showed 

that (i) the Sedigraph shows a standard deviation comparable to other methods and (ii) none of the 

tested methods provide exactly accurate results and (iii) none of the methods was very inaccurate. 

What is important to remember is that because of the considerable differences in equipment and 

techniques, the devices are far from always usable for the same purpose (Last 2001). In this study, 

we used a Sedigraph to determine grain-size. 
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Udden-Wentworth scale 

Lacustrine sediments can contain a 

wide range of particle sizes, with 

diameters spanning over as much as 

seven orders of magnitude. This 

broad span necessitates the use of a 

logarithmic scale for description and 

classification. Udden first realised 

this and devised a grade scale 

consisting of a series of size classes 

that had a constant geometric 

relationship to one another (Last 

2001). Wentworth later modified 

Udden's terminology and created the Udden-Wentworth size classification (Last 2001), see Table 1. 

Data presentation and statistical treatment of the size data are important parts of textural analysis. 

The tradition within sedimentology is to present data by graphical means where histograms and 

scatter plots often visually present the grain-size in different columns or different colours showing 

the percentage at the vertical axis and the size at the horizontal axis (Last and Smol, 2001). 

Organic matter in sediment 

Although undisturbed and well-preserved organic matter constitute a relatively small part of lake 

sediments, analysing it may provide important information about the historical changes in biota and 

geochemical processes (Meyers 1994; Meyers and Teranes 2001, Routh et al. 2004). The sedimented 

organic matter fraction mainly originates from photosynthetic plants that have lived in, or close to 

the lake. In their present form, they provide information that is useful when trying to reconstruct 

what the past environment looked like including the ecosystems surrounding the lake (Meyers and 

Teranes 2001). Tracing what, how much and the origin of this organic matter, forms the basis for 

mapping palaeoenvironmental changes in the catchment. 

Much of the organic matter that is transported into the lake is reworked by microbes during the early 

stages of sedimentation. There is also a multitude of different processes that affects the 

sedimentation of organic matter as well as its degradation - even the microbial activity is affected by 

the environment in which it exists (Meyers and Teranes 2001). Proof of short-term processes 

affecting the delivery of organic matter can be seen during periods with high rates of sedimentation 

and an increase in the in-lake primary productivity (Routh et al 2004). 

Particle diameter 

(µm) 
Descriptive terms Detailed description 

2048000-256000 Gravel Boulder 

128000-64000 
 

Cobble 

32000-2000 
 

Pebble 

1000 Sand Very Coarse 

500 
 

Coarse 

250 
 

Medium 

125 
 

Fine 

62.5 
 

Very Fine 

31.25 Silt Coarse 

15.63 
 

Medium 

7.81 
 

Fine 

3.91 
 

Very Fine 

1.95 Clay Mud 

   

Table 1. Modified Udden-Wentworth scale as described by Last (2001) 
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Loss on ignition (LOI) 

LOI is a common and widely used method to estimate the amount of organic matter in sediments 

(Meyers and Teranes 2001; Heiri et al 2001) and normally these values turn out twice the total 

organic carbon values (Meyers and Teranes 2001). The organic matter is sequentially oxidised in a 

first reaction phase at 500 -550 °C to carbon dioxide and ash. At the second reaction phase, 900 – 

1000 °C, carbonates are converted to carbon dioxide, leaving the mineral matter (silicates) only. The 

samples are weighed before and after heating and the weight loss are related to the organic matter 

and carbonate content in sediments (Heiri et al 2001). There is a known risk that volatile non-carbon 

material may distort the LOI values, making them higher than they really should be. Because of this, 

Meyers and Teranes (2001) suggest that TOC measurements in general are preferable. However the 

advantages of the method are it is fast, easily available and inexpensive. Moreover, LOI works well 

when comparing multiple sediment cores as part of a preliminary screening process. 

Total organic carbon (TOC) 

During sedimentation, total organic carbon (TOC) in lake sediments constitutes OM that bypassed 

the remineralisation processes (Meyers and Teranes 2001). TOC is used as a parameter for measuring 

the OM content in lacustrine environments (Routh et al. 2004, 2007). Even though TOC 

concentrations decrease over time they still contain reliable source information (Meyers 1994). 

C:N ratio 

Organic matter in lake sediments is a mixture of terrestrial or aquatic sources. In order to identify the 

organic matter sources in sediments it is possible to use the relationship between carbon and 

nitrogen as an indicator i.e. the C:N ratio (Routh et al, 2004, 2007; Perdue and Koprivnjak, 2006; 

Kaushal and Binford 1999; Muller and Mathesius 1999; Meyers 2003; Meyers, 1994; Gälman et al., 

2008; Perdue, E. M., 2007).  

A C:N ratio in lakes between 4 and 10 is typical for OM that originates from non-vascular (algal) 

production (Meyers and Ishiwatari 1993; Routh et al. 2004; Choudhary 2009). A C:N ratio of 20 and 

greater indicates a vascular, terrestrial plant origin for organic matter (Meyers and Ishiwatari 1993; 

Meyers 1994). Typical C:N values in sedimentary OM are shown in Table 2. In contrast, a steady 

decline in C:N ratio with depth indicates a probable diagenetic signal. An increase in C:N ratio up-core 

indicates an increased algal in-lake productivity (Guilizzoni et al. 1996; Routh et al. 2004; 2007; Das 

2007).  

During the early stages of diagenesis, some types of organic matter are degraded at a faster rate than 

others (Meyers and Ishiwatari 1993). This may alter the C:N ratios, but it is uncommon that these 
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changes are sufficient to remove the difference between the organic matter sources (vascular/non-

vascular) (Meyers, 1994, 1997; Das 2007; Brenner et al.,1999). Gälman et al. (2008) examined the 

loss rates of C and N respectively in a Swedish lake and they conclude that (i) the biggest change 

happens during the first 5 - 10 years, and (ii) the change after these first years markedly slows down.  

C isotopes 

Carbon (C) isotopes were first used to characterize sediments in the 1940’s, and since then, it has 

become very common as they provide information about past environmental changes. The results 

from an isotope study of lacustrine carbonate needs support from other proxies and cannot 

therefore be taken out of context and interpreted by itself. The complexity of the subject requires 

previous knowledge about lacustrine system while interpreting the results (Ito 2001). Carbon 

isotopes are widely used to identify the OM source in lakes. δ13C values differ distinctively between 

algal OM and C4 OM (i.e., from terrestrial vascular plants with C4 photosynthesis), but does not differ 

significantly between algal OM and C3 OM (from C3-photosynthesis, i.e., most vascular plants) and 

CAM-OM (from some vascular plant families adapted to water deficiency) (Table 2).  

Table 2. Shows typical δ
13

C  and C:N values for different organic materials (Routh et al 2004, Meyers and Ishiwatari 1993) 

 Source Typical δ13C values (‰) Typical C:N ratio 

C3 Terrestrial -25 to -27 20 and above 

C4 Terrestrial -14 to -17 20 and above 

CAM Terrestrial ~-20 20 and above 

Algae Lacustrine -24 to -27 4 to 10 

 

Carbon isotopes are also commonly used to identify changes in lake productivity - both 

contemporary and historic (Das 2007; Schelske and Hodell 1991; 1995; Das 2007; Bernasconi et al. 

1997; Das 2007; Whitmore et al. 2006). The isotopic composition can also be used as means of 

identifying the OM sources and historic availability of nutrients in surface waters. An increased 

accumulation rate, together with the 13C:12C ratio in a lake is widely used as an indicator of increased 

productivity (Meyers and Teranes 2001). For thermodynamic reasons, the photosynthesis of the 

primary producers in a lake sequester more 12CO2 than 13CO2, which leads to depletion of 12C in the 

remaining dissolved organic carbon (Meyers and Teranes 2001). Consequently, a higher level of 

productivity in a lake means relatively smaller amount of 12C isotopes and therefore the relative 

amount of 13C increases. This is stored in the organic matter that is later deposited in the lake. Thus, 

the δ13C signal under conditions of high productivity tends to be negative (Das et al. 2007; Meyers, 

1997; Teranes and Bernasconi, 2005).  
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Material and methods 

Study area 

Bolgoda Lake is the largest freshwater lake in Sri Lanka and is 

located between longitudes 79˚55’ – 79˚58’E and latitudes 

6˚40’ – 6˚48’N (Figure 1). The lake has a catchment of 374 

km2. The Bolgoda Lake system consists of two small lakes, 

Bolgoda Lake North and Bolgoda Lake South (Figure 2) and 

some streams that deliver fresh water to the Bolgoda Lake 

system, which finally discharges water into the ocean 

(Ranwella 1995). 

Bolgoda Lake is an urban lake with densely populated cities 

such as Colombo (with 2.6 million inhabitants), Moratuwa 

and Panadura along its shores. In the Bolgoda Lake 

catchment, rubber and coconut are the main crops. Paddy 

cultivation of rice, which was once popular, is abandoned 

successively, due to increasing salinity 

(Ranwella 1995). 

The sample area is impacted by 

monsoons. Annual precipitation in the 

area is about 2600 mm and the rainfall is 

evenly distributed over the year with 

exceptions for May and October, when 

rainfall peaks and the area becomes 

swampy. Mean annual temperature is 

around 27.1 C and mean relative humidity 

is 72%. The mean wind speed is 9.85 km/h 

(Ranwella 1995). 

Bolgoda Lake is in general surrounded by 

a flat terrain covered by bog and half-bog 

soils. Gneisses are the major rock type 

and constitute the bedrock in the 

catchment area (Ranwella 1995)  

Figure 1. Shows location of the Bolgoda 
Lake system in Sri Lanka, Map prepared by 
Kasun Gayantha, University of Peradeniya, 
Sri Lanka (2015) 

Figure 2. Map of Bolgoda Lake system. The black dot marks the sampling 
location. Map prepared by Kasun Gayantha, University of Peradeniya, Sri 
Lanka (2015)  
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Material 

Here we list the instruments and the materials used in order to perform the analysis, a 

photo of the instruments is shown in Figure 3.  

 Sediment core from Bolgoda Lake 

A 409.5 cm long core was cut into 0.5-cm slices, which were freeze-dried. Figure 4 shows the 

colour and occurrence of shells throughout the core 

 

 Ultrasonic Stirrer: Sonic Vibra-Cell VC 750 

Used to homogenize the samples. 13 mm probe with replaceable tips 

 

 Particle Size Analyzer: Micromeritics Sedigraph III 

This instrument was used to analyse the grain-size 

 

 Autosampler: Micromeritics MasterTech 52 

This Autosampler were used to shift samples for the Particle Size Analyzer 

 

  

Figure 4. A cross cut illustrating the visual 
characteristics of the sediment core. Black 
dots represent occurrence of carbonaceous 
shells 

Figure 3. Photo of, from left to right, the Sedigraph, the Autosampler and the UltraSonic Stirrer 
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Methods 

A 409.5 cm long sediment core was retrieved from Bolgoda Lake using a mechanical piston corer. 

Drilling was done until the bed rock was reached. The sediment core was stored in a deep-freezer at -

20°C. Before slicing, a detailed litho-log was prepared from top to bottom of the core identifying the 

color variation, grain size, availability of foreign material such as shells, charcoal and wood fragments 

(see Figure 4 for a visual representation). The sediment core was sliced at 0.5-cm intervals using an 

in-house core-slicing device and was freeze-dried in order to measure the various chemical and 

physical proxies. The chemical data was correlated with grain-size measurement to trace the changes 

is source and depositional conditions in Bolgoda Lake. 

Grain-size 

In the laboratory we sieved some of the sediment samples. Sieving makes it possible to separate 

grains >63 µm from the grains <63 µm. Sieving is probably the oldest method for sorting grains based 

on its size and still remains the most commonly used method for this purpose (Last 2001). When 

there is only a small amount of sample available, it is favourable to use a wet sieving method since 

the fluid makes it easier for the grains to pass through the sieve and helps grain size determination in 

the Sedigraph. We followed the protocol outlines by Kilmer and Alexander (1949), using 4-6 g of 

freeze-dried sediment. In order to have a sufficient amount of freeze-dried sediment sample, we 

chose to work with 1.5 cm thick layers in the core. The fluid used in this method is a solution of 

0.05% sodium hexametaphosphate, which is the same fluid that was used in the Sedigraph. As a 

result of sieving, grains >63 µm were left behind. This fraction was weighed and the percentage of 

this sediment fraction was calculated. The sieved extract was then homogenized before being 

analysing this fraction consisting of clay and silt in the Sedigraph. 

We used the Udden-Wentworth scale to classify grain-size fractions. Since we are interested in 

correlating only finer grains with the different chemical proxies, we used the fractions sand, silt and 

clay where sand represents all grains coarser than 63 µm. 

Chemical proxies 

The data for LOI analysis and stable C isotopes was generated previously at the Texas A&M University 

Stable Isotope Facility. For LOI analyses, the method postulated by Heiri et al (2001) was followed. 

For the C isotope analyses the samples were first decarbonated (Brodie et al. 2011), then combusted 

in an elemental analyser coupled to a stable isotope ratio mass spectrometer. After combustion the 

sample was converted to CO2 gas which was then measured in the mass spectrometer for the 

δ13C/δ12C ratio in sediments. The results are reported per mil (‰) with respect to V-PDB. These 

methodologies will not be discussed in detail as it falls outside the purview of this thesis and the data 
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was not generated by us. Here, we will only use the results to correlate the data and trace the 

palaeoenvironmental changes.  

Core parts 

We divided the core into four different parts where each part shows different properties and indicate 

different changes. The sections and their corresponding depths are listed below in Table 3. This was 

done for grain-size, LOI, TOC, C:N ratio and δ13C. 

Table 3. Shows the different core parts and the depth they represent 

Core part number Depth in centimetres 

Part 1 403 to 322 

Part 2 322 to 195 

Part 3 195 to 140 

Part 4 140 to 0 

 

Sources of error 

When evaporating the solution in the beakers in the oven, some of the material stuck to the inside of 

the glass beakers. Some of this material was impossible to remove. Moreover it is difficult to 

estimate whether the material are from a specific size fraction and cannot be accounted for in our 

calculation. This may affect the result to some extent.  
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Results 

Entire core 

The distribution of sand, silt and clay is presented in Figure 5 and a graph illustrating the physical 

(percentage of sand) and the chemical proxy values can be seen in Figure 6. Note that we within this 

thesis project only determined the grain-size distribution. Data for other proxies as determined at 

Texas A&M are provided in Appendix 1. 

Grain-size 

The data shows the differences in all three variables. The grain-size analysis indicates that sand was 

the major fraction ranging between 20% and 90%. Silt ranges between 0 % and 62 % and clay ranges 

between 0% and 67%. 

Figure 3. Shows the distribution of grain size fractions in the entire core 

LOI 

LOI values ranges from 5% to 25% with a mean value of 13%. The LOI values follow the TOC values in 

general and match the deviation observed at the depths of 59.5 cm and 251.5 cm. 

TOC 

The TOC content in the core ranges from 1% to 9% with an average amount of 3%. There is some 

fluctuation throughout the core with the biggest changes happening in sections 4 and 2 in the core. 
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C:N ratio 

The C:N ratio ranges from 5 to 64 with an total average of 24.3. The most drastic change is in section 

3 of the core with a distinct decline in C:N values. From the top of the core to the middle, the C:N 

ratios steadily increase from  around 17 to 40. Below 140 cm there is a sharp decline in C:N ratios in 

two stages resulting in lower values for the remaining part of the core. In the deeper part of the core 

there is unusually high C:N values (between 376.5 - 377 cm depth). This is probably a piece of woody 

plant matter that affected the results. We will therefore disregard this high C:N value when 

discussing our data.  

δ13C-isotope 

Throughout this study carbon isotope values are reported in per mil (‰) with respect to the Vienna 

PeeDee Belemnite limestone (V-PDB). δ13C-isotope ranges from -30‰ to -25‰ with the least 

negative values in section three and the most negative in section two.
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Figure 6. A comparison between concentrations in of Sand, LOI, TOC, C:N ratio and δ
13

C vs. VPDB values the core from Bolgoda Lake 
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Core part 1 

Grain-size 

The proportion of sand and coarser material is in average 71% which is the highest average amongst 

the different core sections (see Figure 7).  

LOI 

A decrease in LOI is observed up-core. A very high LOI value is observed at the bottom of this section.  

TOC 

The TOC values fluctuate from very low concentrations to high numbers before it stabilizes around 

3% for the rest of this section. 

C:N ratio 

The C:N ratio is very steady around 20 for all depths except at 376,5 cm where the ratio tripled to 

around 60. 

δ13C isotope 

This section contains one sample which is more depleted and occurs around 371.5 cm. Other than 

this, there are no huge fluctuations and the δ13C values are between 27 and 28‰. 

  

Figure 7. Shows the distribution of grain-size fractions in the core part 1 
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Core part 2 

Grain-size 

Sand is the major sediment fraction in section two with a mean content of 54%. Silt is the next 

abundant fraction with a mean value of 40%. Clay is a very small component with an average of 6% in 

this part of the core (see Figure 8). 

 

LOI 

LOI values fluctuate between 9 and 13%. There is an increasing pattern in LOI values up-core and 

there is a distinct rise at 244.5 cm. 

TOC 

There is a clear shift in TOC levels from around 2% to around 4%. The shift happens at 244.5 cm 

depth. 

C:N ratio 

Two groups of values are observed here – one with values around 20 and the other with values 

around 13. In general values from the first group (≈20) are found at greater depths and vice versa. 

δ13C-isotope 

The δ13C-istope values fluctuate within this section. However, we observe a pattern with elevated 

values at the deepest and shallowest parts of the section. In contrast, the mid-section consist of 

depleted δ13C values. 

  

Figure 8. Shows the distribution of grain-size fractions in the core part 2 
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Core part 3 

Grain-size 

No drastic change is observed in grain-size distribution in this part of the core. However, a change in 

the relative amount of fine grains (silt vs. clay) can be observed where the amount of silt increases 

and the amount of clay decreases. See Figure 9.  

LOI 

LOI is between 13% and 16% with no drastic change in this part of the core. A slight increase can be 

observed towards the upper part of the core. 

TOC 

The TOC-values are around 2% in the deeper part of the core and rise to around 4% in the upper part 

of this section. The mean is 3.3% which is close to the mean percentage (3.1%) for the entire core. 

C:N ratio 

At the bottom of this section, the C:N ratio is around 5, but up-core C:N values rise dramatically to 

about 40. Then the value gradually decreases to about 20 in the shallowest part of the section. 

δ13C-isotope 

Here we see a very low value, -30‰, (the lowest value for the entire core) in the deepest part of the 

section, at a depth of 194.5 cm. The δ13C values rise up-core in the section and stabilize around -27. 

  

Figure 9. Shows the distribution of grain-size fractions in the core part 3 

0% 20% 40% 60% 80% 100%

149-150.5

159-160.5

171.5-173

186.5-188

Grain size distribution (%) 

D
e

p
th

 (
cm

) 

Sand %

Silt %

Clay%



 
 20  

Core part 4 

Grain-size 

From bottom up to 70 cm depth the sediment contain almost exclusively sand and silt, about a 50:50 

proportion From 70 cm and up, the sand fraction remain more or less the same but going upcore, the 

silt fraction decreases whereas the clay fraction increases. In the top part of the core the sediment is 

consist of clay and sand in roughly the same proportion (see Figure 10).  

LOI 

The LOI values in this section fluctuate significantly. Toward the top of the section, from 70 cm and 

above, LOI is higher than the values below 70 cm; the range is between 5% and 16%. 

TOC  

The TOC trend follows LOI in this section. This mean that above 70 cm the TOC values are in general 

higher than average and below this depth the values are generally below the average value for this 

section.  

C:N ratio 

Upcore in this section, the C:N ratio decreases, the values starts at 40 and drops to 17. Small 

fluctuations are observed but the decreasing trend is clear.  

δ13C-isotope 

There is a small increase in δ13C near the lower part of this section but this change at 70 centimetres 

where a steeper decline starts and continues to the top of the core. 

  

Figure 10. Shows the distribution of grain-size fractions in the core part 4 
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Discussion 

Part 1 

There is marked deviation in the chemical proxies occurring at different depths in this section (Figure. 

6). In addition, the first three samples were too low in OM content to be analysed reliably by the 

commercial laboratory and therefore they are excluded from our analysis. One explanation may be 

that these samples were contaminated during sampling or the handling process since they are at the 

very end of the core. Except these samples, which we will disregard, all the other proxies in this 

deepest section of the core are reliable. 

With the results from the Sedigraph we were able to calculate the relation between the grain-size 

and other geochemical proxies (LOI, TOC, C/N and δ13C) to reconstruct the palaeoenvironmental 

changes in the catchment. In this case the LOI, TOC, C:N ratio and δ13C values contradict a typical 

diagenetic change (i.e., a steady downcore decline in LOI, TOC and C:N ratio). Instead, the trend for 

these proxies point in the opposite direction. We believe this change represents a fluctuation in 

precipitation – a change in the yearly monsoon output from being more intense to less as we go up-

core in the section. Supporting this contention is the sand content with an average of over 70%, 

which is the largest amount of sand in the whole core. Higher precipitation would coincide with 

increased transportation of coarse grains, which is consistent with our results.  

Part 2 

At the depth of 244.5 - 245 cm we can 

see a distinct rise in TOC values, which 

is similar to the LOI pattern (Figure 6). 

Since we do not see a clear change in 

grain size distribution at this depth, the 

most probable reason is a source 

change because the change in TOC 

value correlates with a distinct decline 

in C:N ratio. Also a strong pattern 

emerges which suggests an inverted 

relationship between the enriched δ13C 

and low C:N values. This is supported 

by the identification of the two distinct 

suites of OM in the sediments in Part 2 (Figure 11). OM with similar provenance cluster together 

when plotting δ13C vs C:N (Meyers and Ishiwatari 1993; Talbot, 2001). The change in OM source 

Figure 11. Shows the two groups, separated by different δ13C 
and C:N values. The dots surrounded by a blue circle represent 
samples containing a higher amount of organic matter with a 
lacustrine source. Dots surrounded by green circle, represent 
samples that contain a higher amount organic matter with a 
vascular source. 
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suggests a turnover from a lake body enriched in terrestrial OM to a system dominated by lacustrine 

OM. This is most likely due to increased primary production in the lake and could be due to climatic 

changes that benefit primary producers in the lake. Enhanced primary production in the lake could 

also be supported due to higher input of nutrients from the catchment. In Part 1 of the core it was 

concluded that there was enhanced precipitation, which could have increased soil erosion in the 

catchment, and thereby higher input of nutrients triggering increased in-lake productivity. 

Part 3 

The C:N ratio in this section shows a 

distinct shift compared to Part 2 

(Figure. 6). The change is very clear at 

187 cm depth and C:N ratio increases 

to around 40 indicating a significant 

increase of terrestrial OM input. The 

C:N ratio then stabilizes gradually over 

time which indicate a change over to a 

more mixed OM source. This is shown 

by plotting the bulk parameters C:N 

ratio vs. the δ13C values which clearly 

shows two distinct groups, implying 

different sources (Figure 12).  

Notably, samples from the upper part of the core show a C:N ratio of 5 and δ13C of -30 ‰, indicating 

a predominant lacustrine algal source of OM. Other sections in this part of the cores indicate a much 

larger proportion of vascular plant input. The chemical proxies suggest that a diagenetic change can 

be largely excluded in this section. Instead, the abrupt source change could be a consequence of a 

sudden flooding event or a period of more intense monsoons that eventually lead to increased input 

of terrestrial OM. The TOC values increase steadily in this section which supports increased input of 

OM possibly by a period of increased precipitation. This is supported by increase of coarse sediments 

(higher sand content) supporting greater discharge. The sand content peaks in the first part of this 

section which coincides with stronger monsoon or possibly incidents of higher discharge. 

  

Figure 12. Shows the two groups, separated by different δ
13

C and C:N 
values. The dots surrounded by a blue circle represent samples 
containing a higher amount of non-vascular organic matter. Dots 
surrounded by green circle, represent samples that contain a higher 
amount vascular organic matter.  
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Part 4 

The chemical proxies in this section 

indicate a clear change at 70 cm depth 

(Figure 6). Here, the TOC and LOI follow 

each other showing an increasing up-

core trend. This change coincides with a 

steady decrease of C:N ratio.  

The C:N ratio decrease in this part of the 

core could be counteracted by an 

uneven loss rate of N and C as shown by 

Gälman et al. (2008). In their study, the 

loss of N is higher than that of C which 

over time will lead to an increase in C:N 

ratio. This is observed especially in 

sediments up to about five years. However, this course of development is affected by a multitude of 

factors and does not necessarily have to apply to all lakes and conditions (Gälman et al. 2008). In this 

case this would mean that the decrease in C:N ratio is even higher than indicated by our results. 

The steady increase in δ13C values up-core implies a diagenetic change occurring in this part of the 

core (Figure 6). The δ13C vs C:N plot (Figure 13) suggests that samples from 70-140 cm contain a 

greater proportion of vascular plants than the shallower part (0-70 cm depth) even though they both 

imply a composition of mostly terrestrial derived OM. The steady change indicates that in-lake 

productivity has progressively increased with time. 

The increase in TOC and LOI values observed in the upper part of this section support the assumption 

of anthropogenic impact as high TOC values commonly are used as an indicator of this (Bourbonniere 

and Meyers 1996; Chakrapani, 2002; Das 2005). In a study on higher Himalayan lake a similar trend 

was reported by Choudhary et al (2009) and the authors suggests a possible reason being additional 

input of OM from terrestrial soils as a result of an increase in land use changes due to agricultural 

activities. It is likely that a similar development happened for the observed increase in δ13C from 70 

cm and above in Bolgoda Lake. It can be explained by additional input of OM from terrestrial soils.as 

a result of an increase in land use changes due to agricultural activities. Likewise, changes in water 

use and drainage would affect the input too. To support this assumption, we compare the δ13C values 

of OM in Bolgoda Lake with other eutrophic lakes. These lakes are exposed to external input of 

nutrients from anthropological activity. Examples of this could be application of fertilizer, pesticides, 

Figure13. Shows the relation between C:N and δ13C. The high C:N 
ratio of the majority of the samples indicate on a dominating 
vascular origin. To illustrate the source change, the samples from 
the deepest part (140 – 79,5 cm depth) of the core section are 
marked with a red box. 
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sewage and possibly other sources. External addition of nutrients elevates the activity levels of 

primary producers in lakes and it is typical for sediments to be enriched in δ13C as a result of the 

preferred removal of 12CO2 by primary producers (Choudhary et al 2009). This assumption is 

supported by an increase in TOC and LOI concentrations and a decrease in the C:N ratio 

(Bourbonniere and Meyers 1996). Since Bolgoda Lake is following this pattern and it is an urban lake, 

it is plausible that similar processes occur in its catchment.  

Conclusions 

By reconstructing the palaeoenvironmental history in Bolgoda Lake catchment through studying the 

sediment, we can conclude that it is probable that some other factor than diagenetic change affect 

the lake. Our results indicate that these changes most likely are due to more wet periods and 

anthropogenic activity, mainly through land use changes.  

We suggest further research to be performed on this subject and in this specific geographical area to 

increase the understanding of the regional palaeoenvironmental changes. Notably dating of the 

sediments would greatly contribute to the better understanding of the historical changes and would 

allow a comparison with other palaeoenvironmental records from the region. 

  



 
 25  

References 

Bell, J. (2000) Introduktion till forskningsmetodik. 3:e uppl. Lund: Studentlitteratur 

Bernasconi, SM., Barbieri, A., Simona, M., (1997). Carbon and nitrogen isotope variations in 

sedimenting organic matter in Lake Lugano. Limnology and Oceanography 42:1755–1765. 

Bourbonniere, R.A., Meyers, P.A., (1996). Sedimentary geolipid records of historical changes in the 

watersheds and productivities of Lake Ontario and Erie. Limnology and Oceanography 41:352–359 

Brenner, M., Whitmore, T.J., Curtis, J.H., Hodell, D.A., Schelske, C.L., (1999). Stable isotope (d 763 13C 

and d15N) signatures of sediment organic matter as indicators of historic lake tropic state. Journal of 

Paleolimnology 22:205–221. 

Brodie, C.R., Lengb, M.J., Casforda, J., Kendrickb, C., Lloyda, J., Yongqiangc, Z., Bird, M., (2011). 

Evidence for bias in C and N concentrations and δ13C composition of terrestrial and aquatic organic 

materials due to pre-analysis acid preparation methods. Chemical Geology, Volume 282, Issues 3–4, 

67–83 

Chakrapani, G.J., (2002). Water and sediment geochemistry of major Kumaun Himalayan lakes, India. 

Environmental Geology; 43:99–107. 

Choudhary, P., Routh, J., Chakrapani, G.J., Kumar, B., (2009a). Biogeochemical records of 

paleoenvironmental changes in Nainital Lake, Kumaun Himalayas, India. Journal of Paleolimnology 

42:571–586 

Choudhary, P., Routh, J., Chakrapani, G., Kumar, B., (2009b). An environmental record of changes in 

sedimentary organic matter from Lake Sattal in Kumaun Himalayas, India. Science of the Total 

Environment 404 2783-2795. 

Das, BK., (2005). Environmental pollution impact on water and sediments of Kumaun lakes, lesser 

Himalaya, India: a comparative study. Environmental Geology 49:230–9. 

Das, S., Routh, J., Roychoudhury, A.N., Val Klump, J., (2007). Elemental (C, N, H and P) and stable 

isotope (d15N and δ13C) signatures in sediments from Zeekoevlei, South Africa: a record of human 

intervention in the lake. Journal of Paleolimnology. 

Gälman, V., Rydberg, J., Sjöstedt de-Luna, S., Bindler, R., Renberg, I., (2008). Carbon and nitrogen loss 

rates during aging of lake sediment: Changes over 27 years studied in varved lake sediment. 

Limnology and Oceanography. 53(3). pp 1076–1082 



 
 26  

Guilizzoni, P., Marchetto, A., Lami, A., Cameron, G., Appleby, P., Schnell. N.L., Schnell, O.A., Belis, 

C.A., Giorgis, A., Guzzi, L., (1996). The environmental history of a mountain lake (Lago Paione 

Superiore, Central Alps, Italy) for the last c.100 years: a multidisciplinary, paleolimnological study. 

Journal of Paleolimnology 15:245–264. 

Heiri, O., Lotter, A.F., Lemcke, G., (2001). Loss-on-ignition as a method for estimating organic and 

carbonate content in sediments: reproducibility and comparability of results. Journal of 

Paleolimnology 25: 101–110, 2001. 

Ito,E., (2001). Application of Stable Isotope Techniques to Inorganic and Biogenic Carbonates: In Last, 

W., Smol, J., (ed). Tracking Environmental Change Using Lake Sediments Volume 2: Physical and 

Geochemical Methods. Kluwer Academic Publishers, Dordrecht. 

Kilmer, V.J., Alexander, L.T., (1949). Methods of making mechanical analyses of soils. Soil Sciences 68, 

15-24. 

Last, W., 2001. Textural Analysis of Lake Sediments. In Last, W., Smol, J., (ed). Tracking Environmental 

Change Using Lake Sediments Volume 2: Physical and Geochemical Methods. Kluwer Academic 

Publishers, Dordrecht. 

Last, W., Smol, J., (2001). Tracking Environmental Change Using Lake Sediments Volume 2: Physical 

and Geochemical Methods. Kluwer Academic Publishers, Dordrecht. 

Kaushal, S., Binford, M.W., (1999). Relationship between C:N ratios of lake sediments, organic matter 

sources and historical deforestation in Lake Pleasant, Massachusetts, USA. Journal of Paleolimnology 

22:439–442 

Meyers, P.A., Ishiwatari, R., (1993). Lacustrine organic geochemistry—an overview of indicators of 

organic matter sources and diagenesis in lake sediments. Organic Geochemistry 20:867–900 

Meyers, P.A., (1994). Preservation of elemental and isotopic source identification of sedimentary 

organic matter. Chemical Geology 114:289–302.  

Meyers, P.A., Teranes, J. L., (2001). Sediment organic matter. In: Last, W., Smol, J., (ed). Tracking 

Environmental Change Using Lake Sediments Volume 2: Physical and Geochemical Methods. Kluwer 

Academic Publishers, Dordrecht. 

Meyers, P.A., (2003). Applications of organic geochemistry of paleolimnological reconstructions: a 

summary of examples from the Laurentian Great Lakes. Organic Geochemistry 34:261–289. 



 
 27  

Müller, A., Mathesius, U., (1999). The paleoenvironments of coastal lagoons in the southern Baltic 

Sea I the application of sedimentary Corg/N ratios as source indicators of organic matter. 

Palaeogeography, Palaeoclimatology. Palaeoecology 145:1–16.  

Perdue, M.E., Koprivnjak, J.-F., (2007). Using the C/N ratio to estimate terrigenous inputs of organic 

matter to aquatic environments. Estuarine, Coastal and Shelf Science 73: 65-7 

Pettijohn, F.J., (1975) Sedimentary Rocks (3rd edition). Harper and Row, New York. 

Perdue, E., Koprivnjak, J.-F., (2006). Using the C/N ratio to estimate terrigenous inputs of organic 

matter to aquatic environments. Estuarine, Coastal and Shelf Science 73:65-72. 

Premathilake, R., Risberg, J., (2003) Late Quaternary climate history of the Horton Plains, central Sri 

Lanka. Quaternary Science Reviews 22, 1525-1541. 

Ranwella, S., (1995). A Checklist of Vertebrates of Bolgoda South Lake Area. Publication of Young 

Zoologist’s Association. 

Reddy, K.R., DeLaune, R.D., (2008). Biogeochemistry of Wetlands - Science and Applications. CRC 

Press, New York. 

Reddy, K.R., Fisher, M.M., Ivanoff, D., (1996). Resuspension and diffusive flux of nitrogen and 

phosphorus in a hypereutrophic lake. Journal of Environmental Quality. 25:363-371.  

Routh, J., Meyers, P., Gustafsson, Ö., Baskaran, M., Hallberg, R, Schöldström, A., (2004). Sedimentary 

geochemical record of human-induced environmental changes in the Lake Brunnsviken watershed, 

Sweden. Limnology and Oceanography, 49(5), 1560–1569. 

Routh, J., Meyers, P.A., Hjorth, T., Baskaran, M., Hallberg, R., (2007). Sedimentary geochemical 

record of recent environmental changes around Lake Middle Marviken, Sweden. Journal of 

Paleolimnology 37:529–45. 

Schelske, C.L., Hodell, D.A., (1991). Recent changes in productivity and climate of Lake Ontario 

detected by isotopic analysis of sediments. Limnology and Oceanography 36:961–975. 

Schelske, C.L., Hodell, D.A., (1995). Using carbon isotopes of bulk sedimentary organic matter to 

reconstruct the history of nutrient loading and eutrophication in Lake Erie. Limnology and 

Oceanography 40:918–929. 

Schlesinger, W.H., Bernhardt, E.S., (2013). Biogeochemistry - An Analysis of Global Change. Third 

Edition. Elsevier, Amsterdam. 



 
 28  

Simon, N.S., (1988a). Nitrogen cycling between sediment and the shallow-water column in the 

transmission zone of the Potomac River and estuary. I. Nitrate and Ammonium flux. Estuarine, 

Coastal and Self Science 26:483-497. 

Simon, N.S., (1988b).  Nitrogen cycling between sediment and the shallow-water column in the 

transmission zone of the Potomac River and estuary. II. The role of wind driven resuspension and 

adsorbed ammonium. Estuarine, Coastal and Self Science. 26:483-497. 

Swapna, P., Krishnan, R., Wallace, J.M., (2014). Indian Ocean and monsoon coupled interactions in a 

warming environment. Climate Dynamics, Volume 42, 9-10:5611-5634. 

Talbot, M.R., (2001). Nitrogen isotopes in Paleolimnology. In: Last, W.M., Smol, J.P., (ed). Tracking 

environmental changes using lake sediments. Physical and geochemical methods, vol 2. Kluwer 

Academic Publishers, Dordrecht, pp 401–439. 

Teranes, J.L., Bernasconi, S.M., (2000). The record of nitrate utilization and productivity limitation 

provided by values in lake organic matter — a study of sediment trap and core sediments from 

Baldeggersee, Switzerland. Limnology and Oceanography; 45:801–13. 

Teranes, J.L., Bernasconi, S.M., (2005). Factors controlling δ13C values of sedimentary carbon in 

hypertrophic Baldeggersee Switzerland, and implications for interpreting isotope excursions in lake 

sedimentary records. Limnology and Oceanography ;50:914–22. 

Wetzel, R.G. (2001) Limnology - Lake and River Ecosystem. 3rd edition. Academic Press, San Diego. 

Whitmore, T.J., Brenner, M., Kolasa, K.V., Kenny, W.F., Riedinger- Whitmore, M.A., Curtis, J.H., 

Smoak, J.M., (2006). Inadvertent alkalization of a Florida lake caused by increased ionic and nutrient 

loading to its watershed. Journal of Paleolimnology. 36:353–370 

  



 
 29  

Appendix 1 

Data from the Stable Isotope Geosciences Facility at Texas A&M. 

Date  Analysis 
Identifier 

1 
Identifier 

2 
Mass 
(mg) 

N2 
Amplitude mg N %N 

δ15N vs. 
Air 

CO2 
Amp mg C %C 

δ13C vs. 
VPDB 

C:N 
ratio 

02/23/15 5946 KG/B 1 0 28.129 1067 0.050 0.18% 3.72 2385 0.882 3.13% -26.73 17.49 

02/23/15 5947 KG/B 2 0 28.259 967 0.046 0.16% 2.99 2317 0.843 2.98% -26.40 18.47 

02/23/15 5948 KG/B 3 0 28.319 1150 0.055 0.19% 2.50 3152 1.208 4.27% -26.77 22.07 

02/23/15 5949 KG/B 4 0 28.303 1168 0.056 0.20% 2.83 3286 1.289 4.55% -26.95 23.05 

02/23/15 5950 KG/B 5 0 28.242 1223 0.058 0.20% 2.94 3683 1.448 5.13% -27.44 25.10 

02/23/15 5951 KG/B 6 0 28.579 1003 0.048 0.17% 2.60 3053 1.172 4.10% -27.18 24.38 

02/23/15 5952 KG/B 7 0 29.341 1095 0.053 0.18% 2.91 3436 1.349 4.60% -27.21 25.68 

02/23/15 5953 KG/B 8 0 29.081 905 0.043 0.15% 2.56 2809 1.052 3.62% -26.60 24.51 

02/23/15 5954 KG/B 9 0 29.468 680 0.032 0.11% 2.65 2405 0.892 3.03% -27.46 27.77 

02/23/15 5955 KG/B 10 0 28.261 822 0.039 0.14% 3.17 2890 1.090 3.86% -27.54 27.89 

02/23/15 5956 KG/B 11 0 28.083 676 0.033 0.12% 3.44 2453 0.947 3.37% -27.85 28.93 

02/23/15 5957 KG/B 12 0 28.014 257 0.011 0.04% 1.75 1038 0.376 1.34% -27.31 33.41 

02/23/15 5958 KG/B 13 0 28.397 458 0.021 0.07% 3.54 1962 0.721 2.54% -28.35 33.91 

02/23/15 5959 KG/B 14 0 29.809 659 0.031 0.10% 3.34 2599 0.970 3.25% -28.10 31.05 

02/23/15 5962 KG/B 15 0 29.997 731 0.036 0.12% 3.64 2933 1.175 3.92% -28.25 32.50 

02/23/15 5963 KG/B 16 0 29.805 487 0.023 0.08% 2.10 2029 0.744 2.50% -28.29 32.60 

02/23/15 5964 KG/B 17 0 28.636 546 0.026 0.09% 3.10 2250 0.839 2.93% -28.21 32.21 

02/23/15 5965 KG/B 18 0 28.389 372 0.017 0.06% 2.86 1735 0.630 2.22% -27.96 36.93 

02/23/15 5966 KG/B 19 0 28.796 433 0.020 0.07% 3.19 2021 0.749 2.60% -27.98 36.75 

02/23/15 5967 KG/B 20 0 28.738 383 0.018 0.06% 3.14 1871 0.685 2.38% -27.80 38.88 

02/23/15 5968 KG/B 21 0 28.204 336 0.015 0.05% 2.56 1685 0.607 2.15% -27.62 40.22 

02/23/15 5969 KG/B 22 0 29.881 444 0.021 0.07% 2.78 2119 0.795 2.66% -27.83 37.66 

02/23/15 5970 KG/B 23 0 29.227 387 0.018 0.06% 2.86 1949 0.725 2.48% -27.77 40.13 

02/23/15 5971 KG/B 24 0 28.705 1046 0.052 0.18% 3.84 2876 1.129 3.93% -27.34 21.69 

02/23/15 5972 KG/B25 0 29.962 1031 0.050 0.17% 3.37 2973 1.146 3.82% -27.14 22.73 

02/23/15 5973 KG/B 26 0 28.618 817 0.039 0.14% -4.03 2544 0.950 3.32% -26.94 24.17 

02/23/15 5974 KG/B27 0 29.12 934 0.045 0.16% 3.26 2958 1.131 3.88% -27.01 24.89 

02/23/15 5975 KG/B 28 0 28.167 577 0.027 0.10% 2.73 2565 0.952 3.38% -27.81 35.03 

02/23/15 5976 KG/B 29 0 28.652 388 0.018 0.06% 2.71 1969 0.720 2.51% -27.96 40.36 

02/24/15 5983 KG/B 31 0 29.165 2412 0.121 0.41% 0.01 1708 0.615 2.11% -30.01 5.08 

02/24/15 5984 KG/B 32 0 28.558 1442 0.070 0.25% 3.87 2387 0.892 3.12% -26.87 12.66 

02/24/15 5985 KG/B 33 0 29.636 1498 0.073 0.25% 3.58 2416 0.907 3.06% -26.66 12.41 

02/24/15 5986 KG/B 34 0 29.129 1915 0.093 0.32% 3.72 2984 1.171 4.02% -27.98 12.59 

02/24/15 5987 KG/B 35 0 29.782 2081 0.101 0.34% 3.68 2978 1.142 3.83% -26.80 11.35 

02/24/15 5988 KG/B 36 0 29.932 1719 0.083 0.28% 3.63 2752 1.046 3.49% -26.46 12.57 

02/24/15 5989 KG/B 37 0 29.442 1772 0.086 0.29% 3.27 3127 1.248 4.24% -26.01 14.46 

02/24/15 5990 KG/B 38 0 29.307 1710 0.082 0.28% 3.21 3235 1.265 4.32% -26.62 15.47 

02/24/15 5991 KG/B 39 0 28.992 334 0.016 0.05% 2.73 925 0.341 1.18% -27.62 21.83 

02/24/15 5992 KG/B 40 0 28.159 532 0.025 0.09% 3.90 1335 0.489 1.74% -27.91 19.22 

02/24/15 5993 KG/B 41 0 28.898 720 0.035 0.12% 3.70 1886 0.701 2.42% -28.19 20.19 

02/24/15 5994 KG/B 42 0 28.453 754 0.037 0.13% 4.01 1793 0.686 2.41% -28.15 18.45 

03/10/15 6356 KG/B 43 0 28.967 1237 0.037 0.13% 4.17 2000 0.811 2.80% -27.99 21.82 

02/24/15 5996 KG/B 44 0 28.072 500 0.024 0.08% 4.05 1295 0.475 1.69% -27.81 20.03 

02/24/15 5997 KG/B 45 0 28.469 649 0.032 0.11% 3.70 1653 0.618 2.17% -27.39 19.59 

02/24/15 6000 KG/B 46 0 29.357 953 0.048 0.16% 3.77 1844 0.691 2.35% -25.99 14.28 

02/24/15 6001 KG/B 47 0 28.437 922 0.046 0.16% 4.19 1806 0.669 2.35% -26.01 14.44 

02/24/15 6002 KG/B 48 0 28.897 480 0.023 0.08% 2.68 1259 0.458 1.59% -27.40 20.27 

02/24/15 6003 KG/B 49 0 28.991 644 0.031 0.11% 3.45 1591 0.597 2.06% -27.66 19.07 
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02/24/15 6004 KG/B 50 0 29.471 787 0.038 0.13% 3.33 2242 0.875 2.97% -24.93 22.82 

02/24/15 6005 KG/B 51 0 29.91 692 0.034 0.11% 2.83 1816 0.678 2.27% -27.58 20.24 

02/24/15 6006 KG/B 52 0 29.257 769 0.037 0.13% 3.34 1994 0.753 2.57% -27.83 20.16 

02/24/15 6007 KG/B 53 0 28.874 748 0.037 0.13% 3.43 1894 0.739 2.56% -27.93 19.89 

02/24/15 6008 KG/B 54 0 29.628 739 0.036 0.12% 1.97 1965 0.757 2.56% -27.59 20.91 

02/24/15 6009 KG/B 55 0 28.777 898 0.044 0.15% 2.85 2332 0.917 3.19% -27.71 20.65 

02/24/15 6010 KG/B 56 0 28.683 1162 0.058 0.20% 2.30 2635 1.070 3.73% -27.95 18.30 

02/24/15 6011 KG/B 57 0 28.122 1733 0.087 0.31% 1.61 3683 1.622 5.77% -29.36 18.66 

03/10/15 6357 KG/B 58 0 26.429 1155 0.036 0.13% 4.61 3925 2.268 8.58% -27.81 63.77 

03/10/15 6358 KG/B 59 0 32.134 574 0.025 0.08% 4.62 1076 0.420 1.31% -27.28 16.65 

03/10/15 6359 KG/B 60 0 29.096 219 0.015 0.05% 5.49 228 0.110 0.38% -25.26 7.25 

03/10/15 6360 KG/B 61 0 32.128 149 0.013 0.04% 6.93 226 0.110 0.34% -25.72 8.58 

03/10/15 6361 KG/B 62 0 29.776 110 0.011 0.04% 7.92           

02/27/15 6048 KG St-01 0 15.011 1719 0.043 0.29% 2.38 3797 2.200 14.66% -27.69 51.32 

02/27/15 6049 KG St-02 0 16.815 991 0.025 0.15% 2.31 1418 0.635 3.77% -20.37 25.57 

02/27/15 6050 KG St- 03 0 15.799 2511 0.062 0.39% 5.47 1240 0.548 3.47% -24.64 8.90 

              Small sample sizes, which means higher than normal uncertainties -- ± 0.25 per mil for both d13C and d15N.  

     Low sample amplitude, interpret with caution    

 Sample sizes are too small to be trusted and should be repeated -- DO NOT USE FOR PUBLICATION 

    Too low in organic content for analysis 

  


