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Abstract The major cations and anions from lake water samples and its sources,
including glacier snow, precipitation, stream, and swamp water in the Nam Co basin,
central Tibetan Plateau, were studied. The concentrations of the major ions varied
significantly in the five environmental matrices. Generally, the mean concentrations of
most ions are in the order of lake water > swamp water > stream water > precipitation >
snow. Rock weathering is the dominant process controlling the chemical compositions of
the stream and swamp waters, with carbonate weathering being the primary source of the
dissolved ions. The Nam Co lake water is characterized by high Na™ concentration and
extremely low Ca®" concentration relative to other ions, resulting from evapoconcentration
and chemical precipitation within the lake. Comparison with the water chemistry of other
lakes over the Tibetan Plateau indicated that Nam Co is located in a transition area between
non-saline lakes and highly saline lakes. The relatively low concentration of total dissolved
solids is possibly due to the abundant inflow of glacial meltwater and relatively high annual
precipitation.
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1 Introduction

The Tibetan Plateau is the largest and highest plateau in the world, home to the tallest
mountain range, the Himalaya, and the highest mountain, Mount Everest (Qomolangma).
The plateau covers an area of about 2.5 x 10° km®, with an average elevation of over
4,000 m. Formed by tectonic plate collisions in the Cenozoic period, the uplift of the
plateau began at least S0 Myear ago and reached its present altitude 35-15 Myear ago
(Rowley and Currie 2006). The uplift of the plateau has greatly modified global climate
(Kutzbach et al. 1989) and influenced monsoon intensity (Molnar et al. 1993). Climati-
cally, the plateau lies at a critical junction of three climatic systems: the Indian monsoon,
the East Asian Monsoon, and the cold polar airflow from the Siberian high pressure system.
The human population density is sparse, and industrial activities remain minimal across
most of the plateau, making it one of most remote and “pristine” regions in the world.
However, concerns have been raised in recent years over the habitat loss due to excessive
pasturing and unsustainable development, chemical contamination due to long-range
transport of contaminants, and wide-scale systemic changes due to global climate change,
all of which are threatening the unique and fragile alpine ecosystems and Tibetan culture.

As the rooftop of the world, the Tibetan Plateau is the source of many major rivers in
Asia, including the Changjiang (Yangtze River), Huanghe (Yellow River), the Yarlung
Zangbu-Brahmaputra, and the Lancangjiang-Mekong. In addition to those large exorheic
river systems that cut through the plateau, there are also a vast number of endorheic rivers
and streams, most of which are seasonal and supplied by glacial meltwater and summer
precipitation. These endorheic rivers and streams form more than 1,500 alpine lakes in the
basins of the plateau. Whereas much scientific attention has been given to those exorheic
rivers (e.g., Chen et al. 2002, 2005), few studies are available on the water quality and
quantity and their evolution of the alpine lakes of the plateau.

In June 2005, the Nam Co Station for Multisphere Observation and Research (NAMOR)
was established by the Chinese Academy of Sciences in the southeast shore of Nam Co
(Lake Namtso) to thoroughly study the geology, hydrology, chemistry, biology, and
ecology of the largest lake in Tibet. As a pioneer research supported by NAMOR logistic
assistance, Li et al. (2007a) studied the major ionic chemistry of precipitation in this region
and indicated that the geochemistry of atmospheric deposition is mainly influenced by the
regional continental environment. However, studies on Nam Co water quality and related
geochemical processes, though critical for understanding this unique alpine lake system,
are yet absent. Here, we report the first study of the major ion geochemistry of Nam Co and
its source waters. This article is aimed at (a) providing a baseline dataset of major ion
concentrations in a Tibetan lake basin and (b) investigating the geochemical processes that
control the major ion chemistry.

2 Study Area and Methods

2.1 The Nam Co Basin

Nam Co (30°30'-56’ N, 90°16'-91°03' E; 4,718 m a.s.l.) is the largest lake in Tibet, the
second largest saline lake on the Tibetan Plateau, and one of the highest large lakes in the

world (Fig. 1). The lake has a surface area of 1,920 km? with a maximum depth of 122 m
(Li et al. 2008). Located in the heart of the Tibetan Plateau, Nam Co drains a closed basin
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Fig. 1 The Nam Co Basin showing the sampling sites

of about 1.06 x 10* km? isolated by the Gandise Range in the south, the Nyaingen
Tanglha Range in the southeast, and the Northern Tibetan Plateau hills in the north.

The Nam Co Basin is located in a semi-arid to semi-humid area. The mean annual
temperature is around —2 to 0°C (CAS 1982). The lake is ice-covered for 5 months, with a
maximum ice thickness of 46 cm as observed by the Nam Co Station in 2007. The mean
annual precipitation ranges from 300 to 410 mm (CAS 1982; Shao et al. 2004), and the
mean annual evaporation is around 790 mm for the lake and 320 mm for its terrestrial
basin (Zhu et al. 2004). Most of the precipitation occurs between June and October. As a
closed-basin lake, the only loss of the water is through evaporation.

The major tributaries to the lake include the Angqu, Zhangaiqu, Gangyasangqu,
Kongjinqu, and Niyaqu (Fig. 1). Most streams around the lake originate from high
mountain glaciers. Streams in the south coast of Nam Co are short with steep falls, while
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streams in the west coast are relatively longer and flow through vast flat areas. The major
supplies of these streams are glacial meltwater and precipitation. Wetlands are distributed
mainly along the stream estuaries in the east and west coasts of the lake (Yuan et al. 2002).

The dominant soil type in the basin is alpine meadow soil. Most of the soils have a
neutral to slightly alkaline pH (7-8) (Li et al. 2008). The basin is covered by alpine sedge
mats consisting mainly of Kobresia pygmaea (Yuan et al. 2002). Geologically, the Nam
Co basin is located on the Lhasa Terrain which was accreted during the Late Jurassic—Early
Cretaceous, pervasively intruded by the Cretaceous—Tertiary Gangdese plutonic belt and
overlain by volcanic rocks of equivalent age (Kapp et al. 2005). The southern and
southeastern basins expose Cretaceous—Tertiary granitoids and orthogenises, Paleozoic to
Cretaceous metasedimentary lithologies consisting of slate, phyllite, metaconglomerate,
metalimestone, Cetaceous red sandstone, mudstone, and conglomerate, and Quaternary
glacial, alluvial fan, fluvial, and lacustrine deposits (Kapp et al. 2005). The northern and
western basins are underlain mainly by limestone, sandstone, quartz, and breccia. Some
isolated broken hills stand close to the northeastern lakeshore; these hills are mainly
composed of limestone, and some of the steeps are wave-eroded and developed into
limestone caves. The bedrock geological setting of the Nam Co basin is shown in Fig. 1.

There are no industrial activities or urban development within the Nam Co basin, except
for some small Tibetan villages. The basin is, however, a popular pasturing area. Degra-
dation and desertification have been reported in the Pelgon County north of the lake due to
natural causes and excess pasturing (Yuan et al. 2002).

2.2 Sampling and Sample Analysis

Stream, swamp, and Nam Co Lake surface water samples were collected in August and
September, 2005, throughout the Nam Co Basin (Fig. 1) for the analysis of major cations
and anions.

A total of 48 precipitation samples were collected on NAMOR during August 2005—
July 2006. A 152-cm deep snow pit was sampled at 5 cm intervals on May 21, 2006 at the
col of the Zhadang glacier (5,800 m a.s.l.), 50 km southwest of the station (Fig. 1). The
major ion chemistry of the precipitation and snow pit samples have been reported and
discussed by Li et al. (2007a), and here, we incorporated the data of mean ionic con-
centrations into this article to impel the discussion. Stream, swamp, and lake surface water
samples were collected in pre-cleaned polyethylene bottles at sites shown in Fig. 1. The
bottles were rinsed three times with sample water. Great caution was taken to minimize
potential contamination during the sampling process.

All the samples were kept frozen and immediately transported to the laboratory of the
Institute of Tibetan Plateau Research, CAS. Upon arrival in the lab, all the samples were
melted at the room temperature and analyzed for major ions. Analysis of major cations
(Ca*", Mg>", Na™, K, and NH, ) was carried out by ion chromatography (IC) using a
Dionex ISC 2000 ion chromatograph, an IonPac CS12A column, 20 mM methanesulfonic
acid (MSA) eluent, and CSRS suppresser. Major anions (C1~, NO;~, and SO,>") were
analyzed by Dionex ISC 2500 ion chromatograph, using an IonPac AS11-HC column,
25 mM KOH eluent, and ASRS suppresser. The detection limits were 1 pg 17" for all ions
and analytical precision was within 5%. Analysis of field blanks showed that contamina-
tion during the sampling procedure, transportation, and treatment were not significant.

The alkalinity was calculated by the difference between the sum of all the cations and
that of the anions (in equivalents). Since the pH of stream and swamp water are generally
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lower than 8.8, CO32~ can be neglected. However, the pH of lake water (around 9.4) is
highly alkaline (Li et al. 2008), hereby the contribution of CO5”~ in the alkalinity cannot
be neglected. The concentrations of HCO3™ and CO32’ in lake water are calculated from
the total carbonate concentration based on the following equation:

HCO; =CO; +H"; log K, = —10.33

Assuming the pH of all lake samples is 9.4, the HCO;™ and CO5*~ should account for
~89.5% and ~10.5% of total carbonate (Qian and Ma 2005). The concentration of the
total dissolved solids (TDS) was calculated by summing up all the ions including the
estimated concentration of HCO;~ and CO5>™.

3 Results and Discussion

The dissolved ions were present in a wide range of concentrations in the five environmental
matrices (Table 1). In general, the mean concentrations of most ions are in the order of
lake water > swamp water > stream water > precipitation > snow.

3.1 Chemistry of the Atmospheric Precipitation

The TDS of precipitation and glacier snow in the Nam Co Basin is very low, compared
with that of stream, swamp, and lake waters. The cations are dominated by Ca“, and
anions by HCO;™. As suggested by Li et al. (2007a), major ion concentrations in pre-
cipitation were higher than those in snow pit samples, due to the relatively higher local
aerosol inputs (Cong et al. 2007). The precipitation chemistry in the Nam Co basin is
mainly influenced by the regional environment, dominated by crustal dust aerosols. Wind
blown lake salt aerosols also affect precipitation chemistry, especially in summer. Sea salt
contribution is the least due to the long distance of transport.

3.2 Stream and Swamp Water

Stream and swamp waters in the Nam Co basin showed similar major ion compositions
(Table 1). On an equivalence basis, Ca’* and Mg2+ were the dominant cations, accounting
for ~86% of total cations in stream water and ~87% in swamp water; Ca** alone
accounted for 63% and 67% of total cations in stream and swamp water, respectively.
Anions were dominated by HCO3;™ and S0,>~ which constituted ~98% of total anions in
stream water and ~97% in swamp water; HCO3™ alone accounted for 82% and 91% of
total anions in stream and swamp water, respectively. When pooling stream and swamp
waters together, HCO; ™ correlated significantly with Ca*" and Mg2Jr (r = 0.95 and 0.84,
respectively), and a close correlation was also found between Ca®" and Mg (r = 0.81).

The weathering of rock-forming minerals, with a minor contribution from atmospheric
and anthropogenic sources, is the major source of dissolved ions in most aquatic systems
(Stallard and Edmond 1983). Gibbs (1970) suggested that a simple plot of TDS versus the
weight ratio of Na*/(Na* + Ca®") could provide information on the relative importance
of three major natural mechanisms controlling surface water chemistry: (1) atmospheric
precipitation; (2) rock weathering, and (3) evaporation and fractional crystallization. The
composition of the swamps and most streams in the Nam Co drainage basin falls in the
rock-weathering domain, suggesting that their chemical compositions are mainly

@ Springer



Aquat Geochem (2008) 14:321-336

326

0S1 0£S°T 1287 801 €€ 0151 65¢ €0l 6 $'€9 S0/01/6 L2d
611 0LE'T 49| 6L €s 96 08t 08 801 8°0L S0/01/6 vod
1°€6 000°T 191 9L 6'6C TLL €T v'81 881 91 S0/01/6 €2y
YL 0L0'T Il 90 0°S1 0281 86¢ L1z 1'6 ey S0/01/6 o
091 068°1 101 Tt 8'6C 01T1 €LE 0 9T1 £6€ S0/01/6 0y
961 0SS°1 9Lt 6L €6 0TE'1 609 69 S vl S0/01/6 614
60T 08+'T 911 €Ll 89T 0S9°1T €66 €T €6 90t S0/01/6 81y
6€1 091 L1 601 8T 001°T 8TS 801 79 Ll S0/01/6 L1d
L1 0r6°1 80T Y| 'ty orI‘l 699 6'CC 9¢ 0LE S0/60/6 91y
671 069°1 81 89 9'LE 000°T 01¢ L0g Sy 89¢ S0/60/6 Iy
8°SL 8P8 88 €01 el 679 6€1 01 8T SS1 S0/60/6 €1y
Tes 69t S0T vel 6T YLS TS 81l L'l LIS S0/60/6 Iy
Tes s 101 99 9'Lg (413 gl LY Tyl 881 S0/60/6 oy
L'€T 9T 67T 08 ST 861 0°0S 901 Tl T6¢ S0/60/6 8y
L's€E SI¢ LE1 LY 9¢ (443 I’y €12 0¢ I'IL S0/60/6 Lo
09t 9t 8zI 811 v'e (4374 1'69 €Ll 'l 8€¢L S0/60/6 9y
TeT 861 1'06 '8 LY S0T vre 86 601 9T S0/60/6 9]
8°0¢ 61¢ €'€S 811 0 9¢T LSy el 60 126 S0/60/6 vd
91T 0r6°T S06 6°€l L'8I 089°1 08L vre €9 €LE S0/60/6 €y
011 €L6 00S €Tl Te 116 9¢ I'6 80 Ty S0/60/6 o
sweans
I'y S6¢ TS 0t 9y L€ I'¢ il €6 LY 90/92/S nd moug
6 09L ¢Sl 70l 6l 969 YL Sl 181 129! 90/L~S0/8 voneydroarg
(,_1 8w) saL Ayurpesry _;7os fON o) 80 SN | +THN +eN e sojdureg

uiseq 0) weN Ay ut sajdures sojem jo (;_| barl) suonenusouos uor Jofey | dJqe,

pringer

AR



327

Aquat Geochem (2008) 14:321-336

SUOIUE PUE SUONED JIYJO ) [[B U0aMIdq doue[eq 95Ieyd & WOIJ paje[nofed sem Ajurfeye oy, “(e£007) ‘Te 30 I'T woij pAao are jid mous pue uoneydroard 10y eje( 270N

8€L 0129 or1°e 97 0bE’T ST 0€T'E L6V 661 00L°9 S0/01/6 011
0ST°T 00%'T1 099°¢ 0°€¢ 0LY'T €9¢ 0re's TL9 v'IT 001°01 S0/01/6 61
€6 0£€°6 006°C |4 0ST°T L€ 0LEY s 6'L1 or1'8 S0/01/6 81
96L 0€T°L 0Tl‘e LS 01T'1 ¥4 (0253 98t LSI 001°L S0/01/6 L1
068 06S°L 089°¢ e 0FS'T LT OLLE 6LS L'0T 0LI'8 S0/01/6 91
0¢8 09T°L 00€°¢ €T 08¢°T or€ 0Ts'e €€¢ 91T 0€S°L S0/01/6 ¢1
108 0118 00t'C 0t 856 10€ 0L8°¢ (944 0Ll 0+8°9 S0/01/6 v1
69L 009°L 0TH'e S €96 e ogr'e e v'Sl 09L°9 $0/60/6 4!
¥8L 09T°L 008C 0t 081°1 €LT 0Is°¢ €Ly 991 0669 S0/60/6 I

0D weN
48! 0S€°1 L'L8 96 L'ST LS6 TLE 9 S91 901 S0/01/6 Sz
61 081°C 4%4 Sop 9¢y 00S°T 196 1’81 iad! 1487 S0/01/6 z
€Tl 08%'1 S 0L €6l 0921 6¥1 8L L91 601 S0/01/6 1Z

sdurems

(;_13w) saL Kyrureyry _os _fON o) e} SN | +THN +EN e sojdureg

penunuod | Jqel,

pringer

As



328 Aquat Geochem (2008) 14:321-336

] A Stream water // ! -
-1 & Swamp water i ! -%
-1 B Lake water i ! N
, =
s s
10000 — Ve | 17
= s o
= // / g
- / ]
- // Y g
7 7
_ L g
// -, S
1000 — . L .
3 -, s
3 q .7 . |
< . s pu
2 3 [ g
5 A . 5
(@) A t (N AN g
P 100 \ g
3 N ﬂ AN _E
- \\ \ S
3 Aa A AN ©
- A ~A N —
_ A S N —
S o \\
10— RN N8
p N : E
= N =2
- \\ | 8
- N b
AN | o
- N/
{A L LA L N B IR
0 0.2 04 0.6 0.8 1

Weight Ratio Na/(Na'+Ca™)

Fig. 2 Plot of TDS versus weight ratio of Na*/(Nat + Ca”*) of water samples in the Nam Co basin (after
Gibbs 1970)

controlled by rock weathering (Fig. 2). A few stream water samples fall outside the
boomerang region that encompasses most surface waters in the world. These stream waters
are characterized by relatively low TDS content due to their glacial meltwater source.
The dominant control of rock weathering in the major ion chemistry of the streams and
swamps in the Nam Co basin provides a means of probing into the weathering reactions in
the basin, as weathering of different parent rocks (e.g., carbonate, silicate) yields different
combinations of dissolved cations and anions in solution (Garrels and Mackenzie 1971;
Stumm 1992). The high concentration of HCO; ™ and its positive correlation with Ca** and
Mngr as discussed above indicate carbonate weathering as a major source of HCO;™,
Ca”**, and Mg”". Stoichiometrically, the carbonate weathering reactions demand that
carbonate-derived Ca** and Mg”*" should be equal to the carbonate-derived HCO;™. A
plot of (Ca®™ + Mg2+) versus HCO;™ (Fig. 3a) shows that in most stream and swamp
samples, (Ca*™ + Mg>") is close to HCO;~ with an average equivalent ratio of 1.08. The
average equivalent ratios of Ca*"/HCO;~ (0.8) and (Ca*" + Mg?")/(HCO;~ + SO4*)
(0.9) are also close to 1, indicating these ions likely resulted from corresponding car-
bonates (e.g., calcite and dolomite) and sulfates (e.g., gypsum). Na®™ and K* are most
likely derived from sulfate minerals and silicates. The (Ca*™ + Mg”) versus total cations
(Fig. 3b) show that most of the points are close to the equiline, i.e., 1:1 with an average
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ratio of 0.85. The relatively high contribution of (Ca*™ + Mg”) to the total cations and
the very low contribution of (Na™ 4+ K™) to the total cations (Fig. 3c) suggest that car-
bonate weathering is the major source of the ions, while the contribution from silicate
weathering is minor (Pandey et al. 1999; Sarin et al. 1989). To study the relative
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importance of two major proton-producing reactions—carbonation and sulfide oxidation,
the equivalent ratio of (HCO3; /HCO;™ + S0,%7), called the C-ratio (Brown et al. 1996),
is calculated. Generally, a C-ratio of 1.0 would signify carbonic acid weathering involving
pure dissolution and acid hydrolysis, consuming protons come from atmospheric CO,.
Conversely, a ratio of 0.5 would suggest coupled reactions involving the weathering of
carbonates by protons derived from sulfide oxidation. For the stream and swamp waters in
the Nam Co basin, the C-ratio is always higher than 0.6, signifying that carbonic acid
weathering is the major proton producer.

The dominant role of carbonate weathering in controlling chemical composition of
inflow waters is further supported by the wide distribution of carbonate rocks in the Nam
Co basin (Fig. 1).

3.3 Lake Water

The major ion composition of the Nam Co lake water is characterized by HCO;~ and
SO427 as the dominant anions, and Na™ and Mngr as the dominant cations; Ca®>" was
extremely low compared with other cations. On an equivalence basis, Na* accounted for
~62% of total cations and HCO5; ™ accounted for ~65% of total anions. Furthermore, low
standard deviations of major ion concentrations indicate the lake surface water was mixed
well. The result is in general agreement with the previous survey conducted by Zhao et al.
(2003), which reported that all the soil samples around the lakeshore were carbonate-rich
sandstone and conglomeration.

Dissolved salts in the lake water can be derived from a variety of physical, chemical,
and biological processes in the drainage basin. Three sources have been named by Berner
and Berner (1996) as the possible causes of dissolved salts into the lake waters, which
include (1) sea salts carried by the atmospheric transport and deposited in lakes, (2)
weathering of silicate, carbonate, evaporite, and sulfide minerals in the drainage basin, and
(3) anthropogenic input. As discussed earlier, the contribution of sea salts to ion compo-
sition of precipitation is of least importance due to the long distance transport. This,
together with the very low annual precipitation rate (300410 mm), suggests that the sea
salts play a negligible role in the ion composition of the Nam Co lake water. Anthropo-
genic impact is also minimal, due to the sparse population and almost non-existent
industrial activities in the area. Additionally, airborne substances and underground water
can also contribute to the ionic load in the lake. Although no data is available, we suspect
their contributions are minor. The geochemical evolution in evaporative lakes without river
outlets is primarily controlled by inflow composition, selective removal processes of
dissolved species, and concentration processes in the lake basin (Yan et al. 2002). Inflow
streams around Nam Co are the major supply of the lake water and thus contribute most of
the ionic load of the lake water. Compared with the stream and swamp waters in the basin,
the Nam Co lake water is characterized by the enrichment of Na* and depleted in Ca*".
The enrichment of Na™ in lake water has been observed in many evaporative lakes in
Tibetan Plateau (e.g., Wang and Dou 1998; Yang et al. 2003). The mean annual evapo-
ration in Nam Co basin is approximately 790 mm (Zhu et al. 2004), which is twice the
mean annual precipitation. In addition, the water balance of Nam Co in the last 15 years
was negative as estimated by the records of lake sediment (Miigler et al. 2008). Salinity in
Nam Co lake water has been increasing in the last 200 years and has experienced an
intensive increase since the middle of 1960s, as inferred from the increasing trend of the
lake water conductivity, which is reconstructed based on its relationship with the diatom in
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the lake sediments. This is mainly due to the significant evaporation resulting in the
negative water balance (Wang et al. 2006). Therefore, we conclude that the enrichment of
Na* is mainly due to the evapoconcentration. The depletion of Ca*" is another notable
characteristic of lake water, most likely due to the selective removal processes operating in
the lake (e.g., Banks et al. 2004). Since Nam Co lake water has reached a high pH and
salinity, the mineral precipitation (such as bio-induced Ca-carbonate) would be the most
important selective removal process (Yan et al. 2002). This is supported by the study
carried out by Li et al. (2008), in which carbonates are the major components of the
lacustrine sediments from Nam Co. Additionally, the lake sediment is enriched of
monohydrocalcite, which is linked to an alkaline environment and the presence of bacteria,
algae, diatoms, and ostracodas (Li et al. 2008). The calculation of saturation indices
(1-1.2) of calcite also signify that lake waters are significantly supersaturated with respect
to calcium carbonate, indicating that the HCO;~ concentrations are high enough to
facilitate carbonate mineral precipitation. Thus, the depletion of Ca*" in the lake water is
likely due to its removal by carbonate precipitation and biological activities.

Table 2 compares major ion concentrations between Nam Co and other lakes over the
Tibetan Plateau. Lake Duoging Co, Pumoyong Co, Chen Co, Kongmo Co, and Yanzho are
located in the southern Tibetan Plateau, Lake 1/2, Buji Co, Hang Co, Cuoe, Cuomorong,
and Seling Co are close to Nam Co, while Lake Qinghai, Qingshuihu, Kusaihu, and
Tuosuhai lie in the northern part of the Tibetan Plateau. TDS in the Nam Co water is low—
intermediate among all the lakes. Generally, lakes with higher TDS have Na* and Cl1~ as
the dominant ions, while Ca®* and SO42* are the major ions in lakes with lower TDS. Ion
composition patterns vary with TDS, while TDS tends to increase with the latitude.
Southern lakes contain mostly fresh water with lower TDS, while northern lakes tend to be
alkaline with higher TDS. It has been recognized (CAS 1982) that on large scale, there is a
climatic pattern transition from warm-wet to cold-dry from the south to the north over the
Tibetan Plateau, mainly resulting from the precipitation gradient induced by the decreasing
influence of the Indian summer monsoon. Thus, lakes exhibit transitions in the order of
fresh water lakes—saline lakes—highly saline lakes (CAS 1984). Nam Co is geographically
located in the transition area between non-saline lakes and highly saline lakes, and
accordingly displays intermediate TDS. Nevertheless, local climatic conditions and envi-
ronment within basins play a significant role on geochemistry of lake water. TDS in Nam
Co is relatively low compared with the nearby lakes. This is possibly due to the abundant
inflow supplies from glacial meltwater (CAS 1984) and relatively high annual
precipitation.

3.4 Ions Evolution in the Nam Co Lake Basin

Ternary diagrams of cations and anions (Fig. 4) were plotted to evaluate the evolution of
solutes from the glacier snow to streams and to lake water in the Nam Co basin.

As shown in Fig. 4, Ca”* is abundant in the glacier snow, due to the dry deposition of
dust aerosols on the glacier surface, especially during winter and spring (Li et al. 2007a).
Meanwhile, calcium is the major element in the aerosols collected in the glacier area in the
Nam Co basin even during summer season as suggested by Li et al. (2007b). The relative
abundance of TDS experienced a sharp increase during its evolution from the glacier snow
to the stream water (Table 1), due to the release of solutes from the stream beds. This is
understandable because the relative ionic abundance increases rapidly during its evolution
from glacier snow to proglacial water (e.g., Fortner et al. 2005). Besides, streams were
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Fig. 4 Ternary plot of percentage equivalents of cations (a) and anions (b) in samples from the Nam Co
Basin

mostly sampled in the lower reaches and downstream variations of ionic load generally
display an increase trend (e.g., Singh and Hasnain 2002). The runoff is rich in Ca®* and
Mg®* before it empties into the lake where their concentrations decrease due to the
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Table 3 Summary of the major ion geochemistry in the Nam Co basin

Sample types Dominant ions Major sources Geochemical processes

Atmospheric Na™, HCO3;~  Local dusts and aerosols, Influence of local
precipitation lake salts environment

Stream and swamp Ca®*, HCO;~  Glacial meltwater, release of ions Rock weathering, especially
water from stream bed, and precipitation carbonate weathering

Lake water Nat, HCO;~  Inflow and precipitation Evapoconcentration and

chemical precipitation

chemical precipitation in the lake. On the contrary, Na* and K" are relatively low in the
stream water but are the dominant cations in the lake water due to the evapoconcentration
and the Ca”*" removal. The ternary diagram of anions, however, shows relatively little
difference in various waters due to the predominance of HCO;™ in all the waters. The
relative abundance of HCO;™ increases when the meltwater flows through the bedrocks,
resulting from the rock weathering as discussed earlier. The relative abundance of SO4*~
and Cl1™ increases during the evolution of stream to lake water, signifying the salinity trend
of lake water.

4 Conclusions

This study represents the first effort in establishing a database for the major ion concen-
trations of the Nam Co lake and its sources. The mean concentration of almost all the major
ions in the various environmental matrices is of the order lake water > swamp
water > stream water > precipitation > glacier snow. The major ion geochemistry of
various water matrices are summarized in Table 3. The geochemistry of the atmospheric
precipitation in the Nam Co area is predominantly influenced by the regional crustal
aerosols. Chemical compositions of stream and swamp waters are controlled by rock
weathering particularly by the weathering of carbonates which is abundant in the basin.
The lake water is characterized by enrichment of Na™ and depletion in Ca®", due to the
evapoconcentration effect and Ca®* removal by chemical precipitation and biological
activities.
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