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In this study, 67 surface sediment samples collected from Nam Co in central Tibet were analyzed for total carbon, total organic 
carbon and total nitrogen, and 51 of these samples were also analyzed for n-alkanes. The origin and spatial distribution of organic 
matter were then investigated using these proxies, and the control factors responsible for the spatial distribution patterns and 
paleolimnological significance were discussed. The results indicated that the origin of organic matter in surface sediment of Nam 
Co is consistent with the sources of n-alkanes, which were primarily submerged plants, followed by terrestrial plants, and then 
aquatic algae and bacteria. The organic matter in surface sediments of the lake showed typical spatial variability. Because of the 
great influence of underwater topography, river inputs and water quality, the spatial distribution of organic matter is enriched from 
the source to the deposit center. This spatial variability of organic matter in the lake indicates that the sediments in different areas 
have different sensitivities to environmental changes, which is important to reconstruction of paleoenvironments and paleoclimate 
using lake sediment cores.  
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Lake sediments are widely utilized for reconstruction of 
climatic and environmental changes because they possess 
continuous depositional sequences and rich proxies with 
apparent environmental significance [1]. In addition to ac-
curate dating, correct understandings of proxies are essential 
to reasonable explanations of the facts and mechanisms in-
volved with environmental changes [2,3]. Lake sediments 
have experienced transportation, deposition or re-deposition 
since originating from their source areas, and then been 
permanently deposited in the lake bottom, where the proxies 
might imply different environmental conditions. In some 
small lakes, the proxies may have very simple explanations, 
because they consist of simple sedimentary processes [4], 
but these environmental conditions might only have local 

representations. Proxies from large lakes are indicators of 
the regional environment, but development of proper under-
standing and explanation of these factors is always difficult 
because large lakes have complicated sedimentary processes 
[5]. 

With the development of global change studies, the role 
of the Tibetan Plateau has generated increased interest ow-
ing to its key position and unique features [6]. Accordingly, 
lake sediments are being widely and thoroughly studied in 
this area, because there are more than 1000 lakes with areas 
greater than 1 km2 present on the plateau [7]. Although the-
se lakes provide many natural environmental archives for 
past environmental changes [8–14], the explanations of the 
proxies are still based on lake studies of the lowland or oth-
er areas. However, for lakes with complicated sedimentary 
environments, especially large lakes, it is essential to under-
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stand the spatial distribution and enrichment conditions of 
sediments when reconstructing the paleoclimate and pale-
oenvironment [15,16]. Moreover, single core sediments 
should be tested to determine if environmental changes in 
the lake basin are representative of the region [17]. There-
fore, it is necessary to understand the modern sedimentary 
processes of lakes to clarify the environmental significance 
of proxies [18]. Because surface sediments contain infor-
mation regarding the formation, sedimentation and distribu-
tion of sediments within a lake [19–22], in this study, we 
used the organic matter indices of 67 surface sediments 
from Nam Co, the second largest lake on the Tibetan Plat-
eau, to elucidate the spatial distribution of sediments and 

their sedimentary processes. This study will provide evi-
dence for interpretation of long sediment records within the 
lake. 

1  Study site 

Nam Co (3030′–3055′N, 9016′–9103′E) is located on 
the central part of the Tibetan Plateau at an elevation of 
about 4718 m with a catchment area of 1.061×104 km2. The 
lake is approximately 78 km long and the maximum width 
of about 44 km is in the western part of the lake [23] (Fig-
ure 1(a)). The landform of the lake basin and bathymetric  

 

Figure 1  Map of the Nam Co Catchment (a) and bathymetric map of Nam Co and sediment sampling sites (b). 
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survey show that it is a closed deep lake with a water depth 
greater than 90 m in nearly 50% of the lake area [14]. The 
lake is composed of a large central basin and small eastern 
basin separated by the Zhaxiduo Peninsula and two small 
islands located in the eastern part of the lake. The large cen-
tral basin is the main basin of the lake, encompassing more 
than 80% of the entire lake and having a maximum water 
depth greater than 95 m. The maximum water depth of the 
small eastern basin is about 65 m, and its area accounts for 
less than 20% of the entire basin. The main basin of the lake 
has a flat bottom, but steep slopes on the southern and 
northern shore areas, which show typical tectonic lake fea-
tures that may indicate the existing of faults (Figure 1(b)). 
Because of the main inflow of river water occurring in the 
eastern and western parts of the lake and the transportation 
of high volumes of sediments into the lake it possesses gentle 
slopes with some alluvial fans [23]. 

Climatically, the catchment belongs to a semi-arid and 
semi-humid continental climate zone. The mean annual pre-
cipitation in the area of the lake is ~281 mm and the annual 
evaporation from the lake surface is 790 mm [24]. The veg-
etation in the catchment is primarily composed of alpine 
meadow, alpine steppe and alpine shrubbery. The aquatic 
plants belong to the hydrophyte subregion of the inland wa-
ter system in the Southern Qiangtang Plateau [25]. The 
plants are dominated by submerged species, and only a few 
floating-leaved plants are present. The dominant aquatic 
plant species are Cyperaceae, Ranunculaceae, Potamogeto-
naceae and Haloragaceae [26]. 

More than 60 rivers flow into the lake during summer. 
Several large perennial rivers, including the Bo, Ang, Ce 
and Niya, are distributed in the eastern and western part of 
the lake (Figure 1(a)). These rivers are mainly supplied by 
precipitation, snow meltwater and glacial meltwater, and 
finally flow into the lake after passing through the wide 
alpine steppe/meadow area. The small rivers are primarily 
distributed in the southern part of the lake and are mainly 
supplied by meltwater from modern glaciers on the Nyain-      
qêntanglha Range on the southeast margin of the lake 
catchment. Most of these rivers flow only a very short dis-
tance from the source to the lake and have a low river dis-
charge. During 1971–2004, the lake water area increased 
from 1920 km2 [27] to 2015 km2 [28] owing to increased 
melting of glacial water supplies of the lake catchment. 

2  Material and methods 

2.1  Surface sediment sampling 

During August 2007 and 2008, a total of 67 surface sedi-
ment samples were collected from representative sites all 
over the lake basin (Figure 1(b)) using an Ekman style 
stainless steel grab sampler. The depth of the sampling sites 
varied from 11 to 98 m and the samples were cube shaped 
with dimensions of 20 cm × 30 cm × 8 cm. Some of the top 

0.5–1 cm sediment samples were disturbed during grab 
sampling; however, the overall sediment samples kept their 
original depositional sequence because their cubic shape 
was not changed. Because the modern sedimentation rate of 
Nam Co ranges from 0.043 to 0.227 cm/a [29] and long 
core sediments collected in the Tibetan Plateau are known 
to cover about 50 years, the top 3 cm of surface sediment 
(13–70 years) were collected, placed into pre-cleaned 100 
mL glass bottles and capped to guarantee the n-alkane anal-
ysis. All collected samples were transported to the labora-
tory and kept frozen for further processing. 

2.2  Analysis of TOC and TN 

All samples were freeze-dried and then ground to be able to 
pass through a size 80 mesh. Total carbon (TC), total or-
ganic carbon (TOC) and total nitrogen (TN) concentrations 
were measured using a Vario EL II Elemental Analyzer 
(Elementar Analysensysteme GmbH, Germany). The rela-
tive error was found to be less than 1% according to re-
peated testing of a standard sample. Specific experimental 
methods are provided elsewhere [30]. 

2.3  n-Alkane separation and analysis 

Due to some sample weights being too low or containing a 
great deal of coarse sand, only 51 of the total 67 collected 
samples were used for analysis of n-alkanes. The water 
depth of these surface sediments ranged from 11 to 97.5 m, 
and the average depth was 57 m.  

About 10 g of freeze-dried sediment sample was finely 
ground and extracted with solvent (dichloromethane and 
methanol, V:V=10:1) for 72 h using the Soxhlet extraction 
method. Pure copper chips were added into the extracted 
solution to trap any sulfur. After the samples were extracted, 
the extract was concentrated to 5–10 mL by evaporation 
under a highly pure nitrogen stream and then fractionated 
by silica gel column chromatography (2.5 cm inner diame-
ter, ca. 25 cm3 activated silica gel) and eluted with hexane 
(80 mL), chloroform (60 mL) and methanol (60 mL) for 
n-alkanes, aromatic hydrocarbons and polar molecules, re-
spectively. The volume of n-alkane solution was kept at  
200 L before being measured by gas chromatography and 
mass spectrometry. The blank samples were run under sim-
ilar conditions and no n-alkanes were detected. GC-MS 
analysis was conducted using Thermo Finnigan Trace GC 
Ultra & Polaris Q MS interfaced directly with a DB-5MS 
silica capillary column (30 m length, 0.25 mm bore, 0.25 m 
film thickness). The analysis procedure consisted of heating 
the column from 110 to 320°C at a rate of 6°C/min. The 
temperature of the ion source and intersection was 250 and 
300°C, respectively, and gaseous helium was applied at 1.0 
mL/min. n-Alkanes with different carbon chain lengths 
were determined by their retention time and characteristic 
ion debris, and their concentrations were calculated using a 
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standard curve of n-C14-35 alkanes. 

3  Results 

The TOC concentrations of the surface sediments ranged 

from 0.19% to 2.14%, with a mean value of 1.09% (Table 
1). There were also distinct spatial distribution characteris-
tics. In general, higher TOC concentrations were located in 
the eastern small basin and the northwestern and western 
part of the large basin near the river mouth, while lower 
TOC concentrations were observed in the southern and  

Table 1  TOC, TN concentrations and C/N ratio in surface sediments of Nam Co 

Sample Longitude (°E) Latitude (°N) Water depth (m) TOC (%) TN (%) C/N 

NMSS08-1 90.99 30.79 22 2.14 0.37 5.84 

NMSS08-2 90.98 30.80 27 0.87 0.16 5.51 

NMSS08-3 90.95 30.83 37 1.77 0.32 5.53 

NMSS08-4 90.93 30.86 37 1.97 0.35 5.61 

NMSS08-5 90.81 30.68 55 0.59 0.1 5.88 

NMSS08-6 90.79 30.72 92 1.09 0.19 5.84 

NMSS08-7 90.79 30.73 94 1.13 0.2 5.71 

NMSS08-8 90.76 30.80 91 1.09 0.19 5.67 

NMSS08-9 90.73 30.71 96 1.16 0.2 5.84 

NMSS08-10 90.67 30.69 98 1.16 0.21 5.66 

NMSS08-11 90.64 30.71 97 1.21 0.22 5.58 

NMSS08-12 90.61 30.76 95 1.27 0.24 5.23 

NMSS08-13 90.60 30.79 60 0.92 0.17 5.25 

NMSS08-14 90.66 30.81 87 1.38 0.26 5.34 

NMSS08-15 90.69 30.77 95 1.22 0.22 5.58 

NMSS08-16 90.76 30.66 54 0.59 0.11 5.33 

NMSS08-17 90.68 30.62 55 0.61 0.13 4.71 

NMSS08-18 90.70 30.72 97 1.19 0.22 5.48 

NMSS08-19 90.72 30.83 68 1.17 0.21 5.51 

NMSS08-20 90.70 30.86 32 0.46 0.1 4.53 

NMSS08-21 90.79 30.86 31 0.38 0.08 4.78 

NMSS08-22 90.81 30.84 45 0.19 0.05 3.65 

NMSS08-23 90.82 30.82 45 0.74 0.14 5.25 

NMSS08-24 90.83 30.78 60 0.77 0.14 5.36 

NMSS08-25 90.85 30.77 32 0.68 0.12 5.48 

NMSS08-26 90.85 30.78 35 0.99 0.16 6.37 

NMSS08-27 90.85 30.80 48 0.81 0.15 5.36 

NMSS08-28 90.84 30.83 60 1.11 0.19 5.83 

NMSS08-29 90.82 30.85 54 1.4 0.24 5.78 

NMSS08-30 90.81 30.88 40 1.27 0.22 5.91 

NMSS08-31 90.81 30.89 25 0.88 0.19 4.69 

NMSS08-32 90.89 30.84 20 0.51 0.1 5.02 

NMSS08-33 90.90 30.84 47 0.53 0.1 5.06 

NMSS08-34 90.90 30.84 60 1.77 0.31 5.7 

NMSS08-35 90.90 30.83 51 1.78 0.31 5.77 

NMSS08-36 90.91 30.81 40 1.55 0.28 5.6 

NMSS08-37 90.92 30.79 30 0.37 0.1 3.82 

    (To be continued on the next page)
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    (Continued)

Sample Longitude (°E) Latitude (°N) Water depth (m) TOC (%) TN (%) C/N 

NMSS08-38 90.92 30.78 21 1.81 0.41 4.38 

NMSS08-39 90.92 30.78 16 1.19 0.19 6.23 

NMSS08-40 90.86 30.76 12 0.32 0.08 4.07 

NMSS08-41 90.87 30.74 7 0.1 0.04 2.56 

NMSS08-42 90.85 30.73 34 0.81 0.16 5.08 

NMSS07-1 90.31 30.80 40 1.39 0.21 6.53 

NMSS07-2 90.33 30.82 47 1.22 0.19 6.25 

NMSS07-3 90.37 30.79 63 1.3 0.2 6.47 

NMSS07-4 90.37 30.77 68 1.28 0.19 6.8 

NMSS07-5 90.40 30.78 89 1.25 0.19 6.44 

NMSS07-6 90.49 30.82 59 1.18 0.17 7 

NMSS07-7 90.47 30.82 61 1.2 0.17 6.87 

NMSS07-8 90.45 30.78 92 1.29 0.22 5.99 

NMSS07-9 90.46 30.73 84 1.23 0.19 6.53 

NMSS07-10 90.48 30.67 75 1.1 0.17 6.43 

NMSS07-11 90.48 30.67 75 1.16 0.17 6.98 

NMSS07-12 90.56 30.75 93 1.29 0.2 6.49 

NMSS07-13 90.55 30.80 45 0.3 0.07 4.53 

NMSS07-14 90.58 30.67 94 1.14 0.19 5.89 

NMSS07-15 90.59 30.64 92 1.05 0.18 5.73 

NMSS07-16 90.60 30.60 70 0.89 0.15 5.99 

NMSS07-17 90.37 30.71 44 1.16 0.2 5.82 

NMSS07-18 90.29 30.64 20 1.04 0.18 5.74 

NMSS07-19 90.28 30.63 11 1.93 0.3 6.37 

NMSS07-20 90.39 30.65 55 1.08 0.19 5.7 

NMSS07-21 90.39 30.60 45 0.64 0.11 5.77 

NMSS07-22 90.37 30.56 31 0.28 0.06 4.76 

NMSS07-23 90.28 30.86 15 2.26 0.37 6.19 

NMSS07-24 90.31 30.86 25 0.93 0.18 5.26 

NMSS07-25 90.34 30.85 35 1.03 0.19 5.54 

Average   54 1.07 0.19 5.57 

 

northern littoral zones (Figure 2(a)). In the large central 
basin, TOC concentrations changed with isobaths and 
showed characteristics of concentric circles to a certain de-
gree, demonstrating that the values in deep areas were high-
er than in shallow areas (Figure 2(a)). Although the values 
were calculated from the annual sedimentation flux, the 
TOC still had spatial distribution characteristics similar to 
those mentioned above because of the higher sedimentation 
rates in deeper areas. 

TN concentrations of surface sediments were much lower 
than those of the TOC, ranging from 0.04% to 0.41% with a 
mean value of 0.19% (Table 1). These findings were well 
correlated with the TOC concentration (Table 2) and showed 
similar spatial distributions. However, the area with high 

TN concentrations was much smaller than the area with 
high TOC levels, despite their having the same concentric 
circle distribution (Figure 2(b)). 

Surface sediments showed C/N ratios between 2.6 and 
7.0 with an average value of 5.57. The spatial distribution of 
the C/N ratio was not the same as that of the TOC and TN. 
Rather, the C/N ratios remained relatively stable in the east-
ern small basin and were high throughout the western basin, 
except in the southwest corner (Figure 2(c)).  

The n-alkane homologues of surface sediments were de-
tected well using GC-MS and ranged from C14 to C35. All 
samples had strong odd to even carbon number predomi-
nance after C20 and no obvious predominance for this charac-
teristic before C20, with the most abundant carbon numbers  
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Figure 2  Interpolated spatial distribution maps showing the concentra-
tions of TOC (a), TN (b) and C/N (c) in surface sediments of Nam Co (%). 

being C27, C29 and C31. By analyzing the distribution char-
acteristics of all surface sediment samples, the n-alkane 
distribution patterns could be divided into three models 
(Figure 3): (1) Mode I, bimodal distribution with the maxi-
ma at C31 and relatively high C23, most samples showed this 
distribution pattern; (2) Mode II, bimodal distribution with 
the maxima at C23 and relatively high C31, only found in 
samples 08-2, 08-39 and 07-19; and (3) Mode III, trimodal 
distribution with the maxima at C31 and relatively high C17 
and C23, only found in sample 08-1. 

4  Discussion 

4.1  The spatial distribution and influence factors of 
TOC, TN and C/N  

TOC concentration is a fundamental proxy for describing 
the abundance of organic matter in sediments that is mainly 
influenced by the endogenous (aquatic organisms) and ex-
ogenous (terrestrial vegetation) organic matter input. The 
TOC can represent lake productivity when it primarily 
originates from endogenous input, otherwise it will indicate 
the productivity and input ability of terrestrial vegetation 
because of its exogenous input. The average TOC concen-
tration in surface sediments of the lake is only 1.07%, which 
is consistent with other lakes in the Tibetan Plateau, sug-
gesting that high altitude lakes have low lake productivity 
or weak terrestrial vegetation development [31]. TN in lake 
sediments can indicate a lake’s nutritional level, and is 
closely related to the plankton productivity of a lake. The 
average TN concentration is only 0.19%, indicating that the 
lake is oligotrophic.  

Based on Kriging interpolation, the interpolated TOC 
and TN concentrations of surface sediments have very sim-
ilar spatial distribution characteristics (Figure 2(a),(b)). This 
indicates that the TOC distribution is controlled by TN dis-
tribution, because TN represents the lake nutritional level, 
which is independent from the organic matter status [32,33]. 
The TN concentrations change from high to low with dis-
tance to the river mouth in the northwestern part of the large  

Table 2  Correlation matrix of water depth and all proxies in surface sediments of Nam Co 

 Water depth TOC TN C/N Total n-alkanes n-C27+C29+C31+C33 n-C21+C23+C25 n-C15+C17+C19 

Water depth 1.00        

TOC  0.06 1.00       

TN 0.04 0.97 1.00      

C/N 0.23 0.51 0.31 1.00     

Total n-alkanes 0.04 0.90 0.87 0.44 1.00    

n-C27+C29+C31+C33 0.11 0.79 0.79 0.31 0.92 1.00   

n-C21+C23+C25 0.06 0.87 0.87 0.36 0.95 0.89 1.00  

n-C15+C17+C19 0.18 0.66 0.62 0.30 0.67 0.41 0.59 1.00 
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Figure 3  Typical mass chromatograms of n-alkanes (m/z=85) of surface 
sediments in Nam Co. 

central basin, and from the littoral to the profound zone in 
the small eastern basin, confirming that lake nutrients enter 
the system via inflow water. In the large central basin, there 
was a similar concentric circle spatial distribution of TOC 
and TN concentration, with higher values occurring with 
increased water depth. Deep water is not suitable for the 
reproduction of planktonic and benthic organisms; therefore, 
increasing TN concentrations may indicate that the enrich-
ment processes occur from shallow areas to the deep deposit 
center. The centers of the TOC and TN concentric circles 
are closer to the northern region of the lake basin than the 
center of the isobaths, suggesting that unfavorable condi-
tions for TN inputs and TOC occurred and accumulated in 
the southern part of the lake. These findings are consistent 
with the fact that, although there are many small rivers sup-
plied by cold glacial meltwater flowing through the pied-
mont Gobi area, not many nutrients are transported to and 
accumulated in the southern part of the lake. 

The C/N ratio is generally used to characterize organic 
matter sources in lacustrine environments. When sedimen-
tary organic matter primarily originates from endogenous 
materials, it has C/N ratios between 4 and 10 because of 
aquatic protein-rich and cellulous-poor organisms, while it 
usually has C/N ratios greater than 20 when it originates 
from exogenous material owing to the protein-poor and 
cellulous-rich nature of terrestrial plants [34,35]. However, 
for some shallow lakes, sedimentary organic matter may 
degrade due to strong oxidation or inorganic nitrogen influ-
encing the results when the TOC concentration is less than 

0.3% [36]; accordingly, simply using the C/N ratio to esti-
mate the endogenous/exogenous sources of sedimentary 
organic matter may cause bias or incorrect conclusions. In 
Nam Co, the average water depth is very deep and the water 
temperature is low, so the oxidation and degradation of 
sedimentary organic matter is easily inhibited. Moreover, 
the TOC concentration of most samples was higher than 
0.3%; therefore, the effects of inorganic nitrogen are negli-
gible. Based on these characteristics, it is suitable to use the 
C/N ratio to estimate the endogenous/exogenous sources of 
sedimentary organic matter in Nam Co. However, since 
sediment TN primarily originates from exogenous input and 
is present in relatively low concentrations, it is not likely 
that it will form the same spatial distribution of plankton 
productivity in very low water temperature environments. 
Therefore, the C/N ratio in different areas of Nam Co may 
have varying degrees of usefulness for estimation of the 
sources of sedimentary organic matter. The spatial distribu-
tion of the C/N ratio did not show characteristics of concen-
tric cycles such as TOC and TN, reflecting the difference in 
organic matter in different areas of the lake. Owing to the 
stable C/N ratios in the eastern small basin, which indicate 
mainly exogenous inputs of TOC and TN, the low C/N rati-
os may not be representative of endogenous organic matter 
sources. In the large central basin, the concentric circles of 
TN were smaller than those of TOC, indicating an uneven 
distribution of C/N ratios. In the large central basin, the high 
C/N ratios appeared in the southeast corner and a large band 
was present in the west part of the lake. However, the TOC 
and TN showed decreasing trends in those areas, indicating 
that the proportion of exogenous organic matter will in-
crease in cases of very low nutritional levels in the lake. 

4.2  The spatial distribution of n-alkanes 

n-Alkanes are one of the most commonly used biomarkers, 
because they provide a wealth of information related to en-
vironmental changes owing to their high resistance to alter-
ation and degradation when compared with other types of 
organic matter. It is well known that n-alkanes with differ-
ent chain-length distributions have different biological sources 
and content. In general, higher terrestrial plants contain long 
chain n-alkanes (n-C27–C33) with odd-to-even predominance 
in their epicuticular waxes [37,38], whereas submerged/ 
floating aquatic plants contain a large proportion of mid- 
chain n-alkanes (n-C21–C25) with odd-to-even predominance 
[39–41], and aquatic algae and photosynthetic bacteria con-
tain low chain n-alkanes (n-C15–C20) that are mainly domi-
nated by C17 and C19 alkanes [42,43]. A previous study con-
firmed that long-chain n-alkanes (n-C27–C33) originate from 
terrestrial plants, while mid-chain n-alkanes (n-C21–C25) are 
from submerged plants and low-chain n-alkanes (<n-C20) 
are from aquatic algae and photosynthetic bacteria [44]. 
Therefore, in this study, the total odd long-chain-n-alkanes 
concentration, n-C27+C29+C31+C33, was used as an indicator 
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of terrestrial plant input to the lake, and the concentrations 
n-C21+C23+C25 and n-C15+C17+C19 were used to represent 
input from submerged plants, aquatic algae and bacterial 
input, respectively. The high abundance of long-chain 
n-alkanes (>n-C27) and mid-chain n-alkanes (n-C21C25), as 
well as the low abundance of low-chain n-alkanes (<n-C20) 
in surface sediments of Nam Co indicate that terrestrial 
plants and submerged plants contribute much more n-alkanes 
than aquatic algae and bacteria. Considering the correlation 
between n-alkane components and TOC and TN, the high 
correlation of total n-alkanes with TOC may indicate that 
the TOC and each n-alkane component have the same 
sources. The correlation coefficients between n-C21+C23+C25, 
n-C27+C29+C31+C33 and n-C15+C17+C19 and TOC were 0.87, 
0.79 and 0.66, respectively, indicating that the contribution 
to TOC occurred in the following order: submerged plants> 
terrestrial plants>aquatic algae and bacteria.  

Analysis of the interpolated results of the concentration 
of each n-alkane component revealed that the total n-alkanes, 
n-C27+C29+C31+C33 and n-C21+C23+C25, had similar spatial 
distributions (Figure 4(a)–(c)). In addition to the concentric 
circles distribution in the deepest area of the lake with the 
highest concentrations, high concentrations of n-alkane 
components were also found in river mouths in the north-
west and southwest portions of the large central basin. The 
n-alkane components appeared to have a saddle shaped dis-
tribution from river mouths to the center of the lake. High 
concentrations in the river mouths reflect terrestrial inputs, 
or submerged plants that are present in river deltas, while 
high concentrations in deep areas indicate enrichment pro-
cesses in the deposit center. The high concentrations of 

long-chain n-alkanes from the river mouth to deep areas 
indicate that n-alkane components are strongly influenced 
by the river input and transportation. The highest concentra-
tions of all n-alkane components were observed in the small 
eastern basin, and their spatial distribution was homogene-
ous with the slightly increasing trend from the shore to the 
center of the basin. Because of the shallower water and gen-
tler underwater topography in the small eastern basin, sedi-
mentary organic matter from terrestrial plants is likely rap-
idly transported throughout the basin with high sedimenta-
tion rates.  

n-C15+C17+C19 has a uniform spatial distribution with 
low concentrations, although it was present in slightly high-
er levels in the eastern littoral zone and the river mouths in 
the west and southwest portions of the lake (Figure 4(d)). 
The correlation coefficient between n-C15+C17+C19 and TN 
was only 0.62, indicating that the distribution of aquatic 
algae and bacteria is not strictly controlled by sediment nu-
trients. One reason for this is likely that it is difficult for TN 
from exogenous sources to supply nutrients to aquatic algae 
and bacteria quickly. Additionally, the strong waves of the 
lake lead to an even distribution of aquatic algae and bacte-
ria to various areas of the lake. Thus, these findings demon-
strate that simply using C/N ratios to estimate the sources of 
sedimentary organic matter would lead to errors because TN 
cannot effectively represent the productivity of aquatic al-
gae and bacteria in the lake.  

4.3  Influence factors and paleolimnological significance  

During permanent deposition from the source to the bottom  

 

Figure 4  Interpolated spatial distribution maps showing the concentrations of total n-alkanes (a), n-C27+C29+C31+C33 (b), n-C21+C23+C25 (c) and 
n-C15+C17+C19 (d) in surface sediments of Nam Co (g/g).  
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of the lake, sedimentary organic matter is influenced by a 
variety of factors including river inputs, underwater topog-
raphy, and lake wind and induced waves, which eventually 
leads to different spatial distribution patterns [19–23,45–47]. 
In some small lakes, the spatial distribution of sedimentary 
organic matter is relatively simple, owing to one factor 
showing the greatest effect [48]. However, in some large 
lakes, the spatial distribution is complicated owing to multi- 
factors interacting with each other.  

The supply of water by rivers plays an important role in 
the sources, transportation and deposition of sedimentary 
organic matter. Rivers primarily affect the proportion of 
exogenous and endogenous sedimentary organic matter by 
transporting terrigenous organic matter to the lake. In Nam 
Co, high TOC and TN concentrations were observed in the 
small eastern basin and river mouth areas in the northwest-
ern part of the lake, while the concentrations gradually de-
creased from the river mouth to the center of the lake. These 
spatial distribution characteristics were closely related to 

river transportation. In the river mouths of the southwest 
and south parts of the lake, the TOC and TN concentrations 
were relatively low, reflecting the fact that the rivers enter-
ing those portions of the lake are strongly affected by cold 
glacial meltwater. The higher silt contents in these areas of 
the lake indicate that the supply rivers have strong hydro-
dynamics [49]. As a result submerged plants are limited, 
which results in n-alkanes primarily originating from terres-
trial plants; therefore, they decrease in concentration from 
the river mouth to the center of the lake.  

The underwater topography has a significant effect on 
sediment processes and accumulation. Analysis of the rela-
tionship between proxies of surface sediment and water 
depth revealed that the proxies showed very small changes 
at depths greater than 60 m (Figure 5). This depth has already 
been the deposit center and has flat underwater topography. 
In addition to n-C15+C17+C19, the other proxies analyzed 
were present at high concentrations in the deep area of the 
large central basin, especially those associated with terrestrial  

 

Figure 5  Relationship between organic matter proxies in surface sediments of Nam Co with water depth. 
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inputs. This indicates that enrichment occurs via deposition 
in the center of the large lake, and that the anaerobic envi-
ronment in deep areas is suitable for preservation of sedi-
mentary organic matter. A previous study illustrated that 
sediment cores from the deep basins of a lake are likely to 
contain fine sediments that have been winnowed and reset-
tled from shallower portions of the lake, and that all sources 
of organic matter would be enriched. In contrast, sediment 
cores from lake margins and bathymetrically elevated areas 
likely contain magnified information regarding terrestrial 
plant sources owing to the underwater topography not being 
suitable for submerged plant growth [21]. The lowest TOC 
and TN concentrations were in the southern and northern 
littoral zones. This may have been caused by the inflow 
river water in these areas containing low TOC and TN con-
centrations, but the limited submerged plant growth due to 
steep slopes in these areas was likely more important to 
these low levels. Cores in shallow areas had low sedimenta-
tion rates, primarily because few sediments accumulated on 
these steep slopes [29].  

Lake water quality affects the sediment composition and 
accumulation process by influencing aquatic plant growth. 
The highest concentrations of all surface sediment proxies 
were found in the small eastern basin and river mouth areas 
of the northwestern part of the lake, reflecting the high or-
ganic content and nutritional levels, as well as the suitable 
environment for aquatic organism growth due to river input 
of terrigenous detritus and nutrients. The concentrations of 
all proxies decreased with increasing distance from the river 
mouth, revealing that the impact of the river on lake water 
quality decreased. Lake conductivity in the west was higher 
than that in the middle of the lake, while lake transparency 
showed the opposite trend [49], indicating that large rivers 
in the western part of the catchment transported a high 
volume of terrigenous detritus and minerals to the lake. 

Understanding the primary factors controlling the spatial 
distribution of sedimentary organic matter is very important 
because it is fundamental to explaining environmental 
changes based on the composition and concentration of 
sedimentary organic matter. For the small eastern basin of 
Nam Co, the spatial distribution of organic matter in surface 
sediments revealed that sedimentary processes are primarily 
controlled by underwater topography and weakly influenced 
by river inputs. The increase in the concentrations of organ-
ic matter with water depth reflects the enrichment processes 
and higher sedimentation rates of the basin. For the large 
central basin, the large area and high number of inflow riv-
ers resulted in sedimentary processes of organic matter be-
ing controlled by underwater topography, as well as river 
inputs. The homogeneous spatial distribution of organic 
matter was only observed in the deep central area, and the 
low concentrations of organic matter indicate low sedimen-
tation rates in this area. Therefore, regardless of which por-
tion of the lake is being investigated, significantly more 
information pertaining to paleoenvironmental change will 

only be captured by collecting sediment cores in the deep 
central area of the lake basin. Considering the different sources 
and sedimentation rates of organic matter in different areas 
of the lake, the collected sediment samples may have dif-
ferent sensitivities and time accuracies for paleoenviron-
mental reconstruction. This was reflected in two sediment 
cores of Nam Co. Specifically, sediment core NMLC1, which 
was 3.32 m long and collected in the small eastern basin, 
had a bottom age of 8.4 cal ka BP, while sediment core 
NMLC-08, which was 11 m long and collected in the large 
central basin, had an age of about 13 cal ka BP at 3 m. 

5  Conclusions 

In this study, the concentration, source and spatial distribu-
tion of TOC, TN and n-alkanes were investigated in surface 
sediments of Nam Co on the central Tibetan Plateau. The 
distribution of these proxies showed great spatial variability 
in the sediments. The sedimentary processes and control 
factors and paleoenvironmental significance were also dis-
cussed. The results presented herein provide references that 
can be used to explain the paleoclimate changes in Nam Co 
and other lakes in the Tibetan Plateau. The specific conclu-
sions of this study are as follows: 

(1) The TOC concentrations of surface sediments of the 
lake are relatively low and highly consistent with n-alkanes, 
and the data demonstrate that the contributions of various 
organisms to TOC are as follows: submerged plants>terres-      
trial plants>aquatic algae and bacteria. 

(2) The distribution of organic matter in surface sedi-
ments has typical spatial variability, reflecting different 
sedimentary processes and control factors. The sedimentary 
processes in the small eastern basin are mainly controlled 
by underwater topography and show generally high concen-
trations of organic matter and sedimentation rates. The river 
inputs can influence the distribution of organic matter sig-
nificantly in the large central basin, although the underwater 
topography is still the main factor controlling sedimentary 
processes. The characteristics of the enrichment processes 
of the deposit center are all reflected in the two basins of the 
lake. 

(3) The different concentrations, sources and sedimenta-
tion rates of organic matter between the two basins deter-
mine their sensitivity to environmental change. The organic 
matter in the small eastern basin is suitable for high-resolu-     
tion paleoenvironmental reconstruction due to its primarily 
terrestrial inputs and high sedimentation rates. Conversely, 
the organic matter in the large central basin enables recon-
struction of large-scale regional paleoenvironmental changes 
with long time series. 
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