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Abstract: The Turpan Basin is located in the arid zone of northwestern China and is a typical closed inland basin 
surrounded by high mountains. It is one of the most arid regions in the world and, as a result, the groundwater in this 
area is very important for both domestic and agricultural uses. In the present study, the relationships of major ele-
ments (K+, Na+, Ca2+, Mg2+, HCO3

−, SO4
2− and Cl−) and environmental isotopes (δ18O, δ2H and T) in groundwater 

were analyzed to investigate the evolution of the regional hydrochemistry within the Turpan Basin. The hydro-
chemistry results demonstrate that groundwater with high total dissolved solids (TDS) concentration is dominated 
by sodium chloride (Na-Cl) and sodium sulfate (Na-SO4) type water, whereas that with low TDS concentration 
(typically from near mountain areas) is dominated by calcium bicarbonate (Ca-HCO3) type water. The evolution of 
groundwater hydrochemistry within the Turpan Basin is a result of calcium carbonate precipitation, evapora-
tion concentration, cation exchange and dissolution of evaporites (i.e. halite, mirabilite and gypsum). Furthermore, 
evaporite dissolution associated with irrigation practice plays a key role in the groundwater salinization, especially in 
the central part of the basin. Environmental isotopes reveal that the groundwater is recharged by precipitation in the 
mountain areas and fast vertical infiltration of irrigation return flow. In the southern sub-basin the shallow ground-
water and the deep groundwater is separated at a depth of about 40 m, with substantial differences in terms of 
hydrochemical and isotopic characteristics. The results are useful for decision making related to sustainable water 
resource utilization in the Turpan Basin and other regions in northwestern China. 
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In northwestern China, one of the most water-stressed 
regions in the world, groundwater is a primary water 
resource for both domestic and agricultural uses (Qu, 
1991). However, owing to human population growth 
and climate change, the use of groundwater resources 
has increased dramatically in recent decades, and this 
intense exploitation of groundwater has resulted in its 
continuous salinization. Accordingly, groundwater 
salinization in this region has become a major chal-
lenge for sustainable social and economic develop-
ment (Shi and Zhang, 1995). Thus, it is urgent to un-
derstand the processes controlling the salinization of 
groundwater in northwestern China to ensure effective 
groundwater management and conservation (Zhou et 

al., 2005). 
In inland basins, the salinity of groundwater can 

generally be attributed to the dissolution of secondary 
minerals in sedimentary formations (Howard and 
Lioyd, 1983), evapotranspiration (Fass et al., 2007), 
irrigation return flow, anthropogenic contamination, or 
a combination of these processes (Ghabayen et al., 
2006). 

The Turpan Basin is rich in mineral resources and 
most hydrogeochemical studies have been performed 
for the purpose of mineral resources exploitation. 
However, several studies have provided important 
information regarding groundwater chemistry in the 
basin. Chen (1959) demonstrated that the TDS 
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concentration of groundwater increases from the 
edge towards the center of the Turpan Basin. It has 
also been established that TDS varies considerably 
between the shallow and deep groundwater in the 
southern sub-basin, where a critical boundary layer 
occurs at a depth of about 30 m. Li (1995) has ex-
amined the hydrogeochemistry and isotopes in the 
Shanshan area, but only preliminary results are 
available due to data limitations. Zhou and Zhang 
(2005) has shown that the potentially exploitable 
groundwater resources in the Turpan Basin is only 
0.8×108 m3. Recent developments have resulted in a 
decline in both the quantity and quality of the 
groundwater resources. However, very little research 
has focused on evaluating the hydrochemical and 
physical processes in the basin through analysis of 
hydrochemical and isotopic data, including the im-
pact of irrigation on groundwater. To address this, the 
present study characterizes groundwater flow and 
analyzes major elements and environmental isotopes 
in the groundwater to provide information about the 
factors controlling groundwater salinization in the 
basin. 

1  Study area 

The Turpan Basin is confined by the Bogeda Moun-
tain to the west and north, the Queletage Mountain to 
the south, and low hills and the Kumtag Desert to the 

east (where it borders the Hami Basin) (Fig. 1). The 
Flame and Salt Mountains (500–850 m asl) are lo-
cated in the middle of the Turpan Basin, dividing the 
basin into three mountainous regions with two inter-
vening sub-basins. Ayding Lake (–154 m asl), the 
lowest point in China, is located in the southern 
sub-basin of the study area. Owing to its location, to-
pography and terrain, the Turpan Basin experiences a 
unique temperate arid desert climate: it is dry, hot and 
windy.  

Statistical data obtained from three weather stations 
(Turpan, Tockson and Shanshan) demonstrate that the 
minimum and maximum average monthly tempera-
tures in the region were –15.9°C (in January) and 
34.1°C (in July), respectively. The Turpan Basin is 
one of China’s most arid regions and has very little 
precipitation. From north to south (with declining al-
titudes), days of precipitation decrease and the average 
annual precipitation in the basin is only 16.6 mm 
(with a relatively larger range of 150–600 mm in the 
northern mountain areas). Average Annual evaporation 
is about 2,845 mm (Halik et al., 2009). 

The Turpan Basin contains a wide spread of Qua-
ternary sediments, except in the mountain areas. From 
the edge to the center of the basin, Quaternary sedi-
ments occur as ring belts. These deposits can be di-
vided into several depositional facies: alluvial, lacus-
trine, marsh and eolian. The lithologies typically 

 

 
 

Fig. 1  Study area and sampling sites 
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include gravel, sandy gravel, sandy clay and clay. 
These sediments are typically composed of variable 
amounts of quartz, illite–smectite, feldspar and calcite. 
Saline soils are very common throughout the Turpan 
Basin owing to intensive evaporation and high 
groundwater tables. Evaporites including halite (NaCl), 
mirabilite (Na2SO4•10H2O) and gypsum (CaSO4•2H2O) 
have been found to occur as ephemeral accumulations 
on the land surface, particularly in the center of the 
basin (Wang and Wu, 2003). The northern sub-basin is 
characterized by Quaternary gravel and sand with 
thicknesses varying from tens of meters to several 
thousand meters and groundwater depths of 30–300 m. 
A single unconfined aquifer is formed in this area due 
to the absence of clay layers. In contrast, many clay 
layers can be found along the northern side of the 
Flaming and Salt mountains, resulting in the forma-
tion of several confined aquifers. The thickness of 
Quaternary sediments in the southern sub-basin varies 
from tens of meters to hundreds of meters. The clay 
content of the Quaternary sediments is particularly 
high close to Ayding Lake, resulting in the formation 
of a confined aquifer around the lake. The bottom of 
the aquifer is defined by Tertiary bed rock.  
 

 
 

Fig. 2  A hydrogeological section along line A–A‘ in the Turpan 
Basin (1, clay; 2, silt; 3, sandy soil; 4, gravel; 5, fault; 6, ground-
water table; 7, vertical recharge; 8, evaporation; 9, lateral re-
charge; 10, bedrock) 

 
The groundwater flow system of the Turpan Basin 

is constrained by the terrain and can be divided into 
three fundamental flow systems: Turpan to Ayding 
Lake, Shanshan to Ayding Lake and Tockson to Ay-
ding Lake. The average annual precipitation in the 

Turpan Basin is only 16.6 mm, yet the average annual 
evaporation is 2,845 mm; thus, it is clear that 
groundwater cannot be recharged effectively by pre-
cipitation falling within the basin. Rather, groundwa-
ter recharge is achieved through precipitation and 
snow melt in the surrounding mountain areas. The 
water in the Turpan Basin flows along the following 
pathway: from the mountain areas to the piedmont 
belt of Gobi, to the Flaming Mountain overflow belt, 
to the fine soil plain, and finally to Ayding Lake (Fig. 
2). This process is an important feature of the forma-
tion and distribution of water resources in this inland 
basin (Li et al., 1995). 

2  Methods 

A total of 45 water samples were collected for hydro-
chemical analysis in June 2011. Sampling locations 
were determined using a handheld global positioning 
system (GPS) (Kansas, USA). The following parame-
ters were analyzed in the field or laboratory: TDS, pH, 
Ca2+, Mg2+, Na+, K+, SO4

2−, HCO3
− and Cl−. All water 

samples were filtered through 0.45-μm membranes on 
site and placed in high-density polypropylene bottles 
that had been washed with 1% HNO3. Unstable hy-
drochemical parameters including groundwater tem-
perature and pH were measured in situ using a port-
able pH meter and combined temperature meter. Con-
centrations of major anions (Cl−, NO3

− and SO4
2−) and 

cations (Na+, K+, Ca2+ and Mg2+) were analyzed in the 
laboratory of the School of Water Resources and En-
vironment, China University of Geosciences in Bei-
jing. Sulfate (SO4

2−) measuring of the water samples 
was conducted using a spectrophotometer and carbon-
ate (CO3

−). Bicarbonate (HCO3
−), calcium (Ca2+) and 

magnesium (Mg2+) contents were determined by 
volumetric methods. Sodium (Na+) and potassium (K+) 
contents were determined using a flame photometer. 
The analytical precision reported by the laboratory 
was better than 5% for all hydrochemical parameters.  

Samples for isotopic analysis were collected in July 
2012. A total of 57 samples were collected in glass 
bottles with gas-tight caps and used for analysis of 
δ18O, δD and T at the State Key Laboratory of Geo-
logical Processes and Mineral Resources, China Uni-
versity of Geosciences in Beijing. Stable isotopes 
(δ18O and δD) were measured by a VG Micromass 
602C isotope ratio mass spectrometer relative to 
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international standards calibrated with respect to 
V-SMOW (Vienna Standard Mean Ocean Water) and 
were reported in conventional δ (‰) notation. Ana-
lytical precision was ±0.1‰ for δ18O and ±1‰ for δD. 
Samples for T analysis were electrolytically enriched 
and analyzed using a Quantulus 1220 liquid scintilla-
tion beta spectrometer. Results were reported in T units 

(TU) with a typical error of ±1 TU (Wang, 2002). 

3  Results 

3.1  Hydrochemical characteristics 

Table 1 shows the results of analysis of the surface 
and groundwater samples used in the present study.  

 
Table 1  Results of chemical analysis for surface and groundwater samples from the Turpan Basin 

Location K+ Na+ Ca2+ Mg2+ Cl− SO4
2− HCO3

− TDS 
Sample 

Latitude Longitude
pH Depth 

(m) (mg/L) 
Water type

R4 88°50′00″ 43°17′37″ 7.87 0 0.8 9.8 52.1 7.3 7.1 67.2 122.0 223.3 River 
R3 88°28′28″ 42°58′08″ 7.73 0 1.9 59.4 76.2 17.0 60.3 172.9 170.9 473.2 River  
R2 88°29′08″ 43°09′18″ 7.88 0 1.2 23.7 62.1 17.0 20.6 105.7 183.1 348.2 River  
R7 90°08′55″ 43°10′58″ 7.57 0 1.7 17.4 52.1 12.2 21.3 57.6 152.6 238.6 River  
R6 89°46′10″ 43°14′54″ 7.83 0 1.7 18.4 60.1 17.0 14.2 48.0 213.6 266.2 River  
R5 88°56′30″ 43°10′15″ 7.79 0 1.1 26.7 64.1 17.0 46.1 115.3 152.6 346.6 River  
J22 90°37′52″ 43°01′43″ 7.72 32 2.7 205.1 68.1 24.3 198.5 259.4 146.4 831.3 Unconfined
J23 90°37′18″ 43°01′00″ 7.66 29 2.1 152.7 56.1 24.3 120.5 230.5 183.1 677.8 Unconfined
J3 90°15′14″ 42°52′31″ 7.62 19 1.7 38.2 56.1 14.6 60.3 86.5 140.3 327.6 Unconfined
J18 90°13′22″ 42°52′47″ 7.70 19 2.0 31.2 56.1 19.4 49.6 67.2 164.8 307.9 Unconfined
J19 90°11′26″ 42°51′16″ 7.38 7 3.6 270.6 460.9 72.9 343.9 1,364.1 170.9 2,601.4 Unconfined
J20 90°35′35″ 43°00′49″ 7.35 27 3.1 137.3 168.3 53.5 390.0 230.5 109.8 1,037.6 Unconfined
J13 90°26′47″ 43°05′37″ 7.55 310 2.3 32.3 48.1 14.6 21.3 57.6 183.1 267.8 Confined 
J12 89°57′13″ 42°58′04″ 7.81 83 1.0 16.7 20.0 4.9 7.1 9.6 103.7 134.4 Confined 
J5 89°11′19″ 42°57′14″ 7.49 35 2.4 132.9 192.4 43.7 390.0 249.8 97.6 1,060.0 Unconfined
J6 89°08′52″ 42°55′53″ 7.47 20 1.1 33.7 32.1 17.0 24.8 86.5 122.0 256.2 Unconfined
J7 89°08′01″ 42°55′20″ 7.02 11 1.1 38.6 32.1 9.7 21.3 76.8 128.1 243.6 Unconfined
J8 89°00′08″ 42°51′28″ 7.46 7 2.6 178.5 104.2 26.7 372.2 163.3 97.6 896.3 Unconfined
J9 89°01′46″ 42°57′53″ 7.55 16 1.3 59.7 76.2 26.7 46.1 259.4 122.0 530.4 Unconfined
J10 89°20′33″ 42°46′14″ 7.78 10 0.7 57.2 8.0 9.7 21.3 86.5 73.2 220.0 Unconfined
J1 88°07′31″ 42°56′22″ 7.62 80 1.7 187.6 52.1 14.6 92.2 249.8 250.2 723.1 Confined 
J2 87°53′54″ 42°49′35″ 8.02 7 3.1 45.0 70.1 27.9 58.5 129.7 213.6 456.2 Unconfined
J14 88°32′20″ 42°47′34″ 7.65 15 4.9 64.3 64.1 21.9 56.7 172.9 189.2 479.4 Unconfined
J15 88°36′18″ 42°48′47″ 7.50 13 3.9 92.4 104.2 51.0 170.2 278.6 201.4 801.0 Unconfined
J16 88°39′40″ 42°48′10″ 7.40 140 3.1 20.9 32.1 9.7 14.2 19.2 164.8 181.6 Confined 
TK10 89°10′45″ 42°37′25″ 7.74 44 8.3 458.6 192.4 46.2 602.6 643.6 54.9 2,017.0 Confined 
TK11 89°26′31″ 42°45′37″ 7.94 19 1.7 96.3 36.1 17.0 70.9 172.9 109.8 476.2 Unconfined
TK15 89°46′11″ 42°37′14″ 7.89 15 2.1 102.9 64.1 17.0 148.9 172.9 97.6 583.7 Unconfined
TK16 89°38′14″ 42°38′59″ 8.02 8 1.7 93.5 40.1 9.7 70.9 134.5 109.8 430.1 Unconfined
TK17 90°08′07″ 43°02′22″ 7.98 235 1.2 22.1 28.1 4.9 14.2 38.4 103.7 181.6 Confined 
TK2 88°08′24″ 42°46′45″ 7.93 145 2.9 22.1 32.1 20.7 30.1 52.8 146.4 255.4 Confined 
TK4 88°35′13″ 42°56′52″ 7.63 158 1.5 78.6 32.1 2.4 35.4 67.2 177.0 329.7 Confined 
TK5 88°37′55″ 42°41′28″ 8.18 135 3.6 68.4 28.1 16.0 53.2 96.1 170.9 376.8 Confined 
TK6 88°50′44″ 43°14′16″ 7.78 17 0.9 18.2 46.5 13.1 21.3 71.1 122.0 249.2 Unconfined
TK7 88°49′43″ 43°04′59″ 8.03 300 0.7 22.4 26.1 8.5 8.9 38.4 122.0 196.2 Confined 
TK8 88°49′42″ 42°56′58″ 8.13 105 1.6 46.3 24.0 9.7 24.8 48.0 146.4 253.5 Confined 
TK9 88°49′31″ 42°47′40″ 8.16 150 2.7 37.3 20.0 4.9 14.2 18.8 128.1 194.4 Confined 
S5 88°08′13″ 42°57′12″ 7.85 0 1.3 126.3 24.0 7.3 53.2 128.7 195.3 438.4 Spring 
S6 88°42′01″ 43°07′31″ 7.78 0 1.0 28.8 36.1 6.3 18.4 34.6 161.1 205.8 Spring 
S7 88°41′16″ 43°08′06″ 7.83 0 0.9 40.5 44.9 23.8 21.3 76.8 203.8 310.1 Spring 
S2 88°12′51″ 43°06′49″ 7.60 0 1.6 95.3 56.1 17.0 60.3 124.9 256.3 483.4 Spring 
S1 88°12′49″ 43°06′59″ 7.45 0 1.9 100.3 60.1 17.0 62.4 134.5 274.6 513.5 Spring 
S3 88°14′31″ 43°04′40″ 7.45 0 1.8 113.9 60.1 17.0 70.9 144.1 311.2 563.4 Spring 
S4 88°15′08″ 43°04′23″ 8.05 0 2.1 120.7 64.1 17.0 70.9 153.7 317.3 587.2 Spring 
T1 89°15′19″ 42°41′30″ 7.56 2 27.8 9,648.1 360.7 170.1 14,800.4 2,737.7 280.7 27,885.2 Unconfined
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The results of statistical analysis of groundwater hy-
drochemistry indicate that the cations Na+ and Ca2+ 
and anions SO4

2− and Cl− are the dominant compo-
nents of water in the study area (Table 2). Additionally, 
the coefficient of variance for HCO3

− is high, indicat-
ing that the distribution of HCO3

− is rather uneven. 
Sample T1 (TDS=27,885.2 mg/L) was collected close 
to Ayding Lake (Fig. 1) and has been omitted from the 
analysis because the TDS content of this sample was 
anomalously high and affected data presentation. Re-
moval of this sample from the analysis had only a 
very minor effect on the results for the entire basin. 

3.2  Isotope data 

The environmental isotopic ratios of oxygen (δ18O) 
and hydrogen (δ2H) are excellent tracers for deter-
mining the origin of groundwater and have been used 
widely to study groundwater recharge and mixing of 
waters from different sources (Subyani, 2004). Table 3 

provides a summary of the isotopic analysis results for 
all of the water samples collected from the Turpan 
Basin for the present study. The isotopic compositions 
of the groundwater samples collected vary from 
–11.5‰ to 6.9‰ for δ18O and from –85‰ to 7‰ for 
δ2H. 
 
Table 2  The statistical characteristics of ions in the Turpan 
Basin 

Average Max. Min. Ion 

(mg/L) 

SD. CV (%)

K 2.1 8.3 0.7 1.3 157 

Na 82.8 458.6 9.8 82.8 100 

Ca2+ 67.8 460.9 8.0 72.7 93 

Mg2+ 19.3 72.9 2.4 14.3 135 

Cl− 92.8 602.6 7.1 129.5 72 

SO4
2− 159.0 1,364.1 9.6 215.0 74 

HCO3
− 80.6 317.3 54.9 58.3 275 

 
Table 3  Results of isotopic analysis for water samples from the Turpan Basin 

Sample δD (‰) δ18O (‰) T (TU) Sample δD (‰) δ18O（‰） T (TU) 
H1 –63 –9.7 22.1±0.9 S4 –61 –8.9 - 
J1 –62 –8.9 25.3±1.0 S5 –70 –10.3 1.0±0.5 
J10 –81 –10.9 21.3±1.0 S6 –68 –10.0 0.8±0.4 
J11 –71 –10.0 0.8±0.5 S7 –71 –10.0 0.9±0.4 
J12 –69 –10.3 - S8 –63 –9.4 - 
J13 –74 –10.5 4.5±0.6 T1   7 6.9 20.3±0.9 
J14 –58 –8.6 - TK10 –66 –9.2 <0.4 
J15 –66 –8.5 - TK11up –67 –9.9 0.9±0.5 
J16 –65 –8.8 - TK11down –77 –10.8 1.0±0.4 
J17 –81 –11.2 1.0±0.4 TK15up –84 –11.2 - 
J18 –82 –10.8 23.4±1.0 TK15down –81 –11.5 - 
J19 –76 –10.5 8.0±0.7 TK16up –78 –10.7 0.9±0.5 
J2 –52 –8.1 - TK16down –81 –10.7 0.9±0.5 
J20 –77 –10.5 9.1±0.7 TK17 –75 –11.1 - 
J21 –77 –10.1 25.8±1.0 TK2 –56 –8.5 0.6±0.4 
J22 –75 –10.6 2.6±0.6 TK4 –72 –10.2 - 
J23 –71 –10.3 3.2±0.6 TK5 –56 –8.0 1.0±0.4 
J3 –85 –10.9 17.1±0.8 TK6 –65 –9.6 - 
J4 –56 –8.7 23.8±1.0 TK7 –74 –10.2 - 
J5 –64 –9.8 5.1±0.5 TK8 –72 –10.8 - 
J6 –67 –10.0 0.7±0.4 TK9up –55 –8.4 1.6±0.5 
J7 –72 –10.0 3.2±0.5 TK9down –55 –8.7 0.9±0.5 
J8 –69 –10.0 2.8±0.5 R4 –58 –9.4 - 
J9 –64 –9.8 0.9±0.4 R5 –59 –9.5 26.7±1.0 
K1 –60 –9.0 - R6 –58 –9.4 20.7±0.8 
R1 –64 –8.9 - R7 –78 –11.3 21.3±0.9 
R2 –67 –9.1 - S1 –63 –9.3 - 
R3 –64 –9.4 - S2 –61 –9.3 - 
S3 –63 –9.0 -     

Note: "-" indicates not tested. 
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4  Discussion 

4.1  Hydrochemistry 

The TDS values for groundwater exhibit a clear in-
crease along the flow path from the mountain front 
recharge areas to the discharge areas in the central part 
of the basin; accordingly, the highest TDS values tend 
to occur in the southern sub-basin around Ayding Lake 
(Fig. 3). Groundwater samples with low TDS values, 
which typically correspond to mountain front areas, 

are typically of Ca-HCO3 and Ca-HCO3-SO4 type 
water. In contrast, groundwater samples with high 
TDS values, most of which were collected in the cen-
ter of the basin, are typically of Na-Cl and Na-SO4-Cl 
type water and are characterized by high Na+, SO4

2−, 
and Cl− concentrations. In fact, the evolution of 
groundwater from Ca2+ dominated to Na+ dominated 
water can be observed along the groundwater flow 
path from the mountain front areas to the center of the 
basin (Fig. 4).  

 

 
 

Fig. 3  TDS contours in the Turpan Basin  

 

 
 
Fig. 4  Piper diagram of water in the Turpan Basin for water samples in (a) the northern sub-basin and (b) the southern sub-basin 
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Figure 5 shows the relationships between major 
element concentrations and the TDS. The linear rela-
tionship indicates that Na+, Cl−, Ca2+ and SO4

2− are the 
primary contributors to groundwater salinity in this 
region (Fig. 5). These ions are also the major compo-
nents of evaporites such as halite (NaCl), mirabilite 
(Na2SO4•10H2O) and gypsum (CaSO4). The observed 
positive correlations between TDS and Na+ (R2=0.893), 
Cl− (R2=0.895), SO4

2− (R2=0.930) and Ca2+ (R2=0.935) 
suggest that evaporite dissolution makes a significant 
contribution to salinization in the basin. Since there is 
little precipitation in the Turpan Basin, the dissolution 
of evaporites is probably caused by artificial irrigation. 
This is also supported by the inverse correlation ob-
served between TDS and water depth (Fig. 6). Al-
though Mg2+ exhibits a strong relationship with TDS, 
the concentration of Mg2+ is lower than that of all 
other elements studied; therefore, Mg2+ is not consid-
ered as a major element. HCO3

− exhibits a negative 
correlation with TDS values, i.e. as TDS values in-
crease, HCO3

− decreases. Moreover, the observation 
of a significant relationship between Ca2+ and TDS 
and the positive correlation between HCO3

− and TDS 

suggest that decreases in HCO3
− are due primarily to 

the precipitation of calcium carbonate (CaCO3) (Guo 
and Wang, 2005; Wang, 2002). 

Figure 7 shows the correlations between ion pairs, 
i.e. Na+ vs. SO4

2−, Na+ vs. Cl−, SO4
2− vs. Cl− and Ca2+ 

vs. SO4
2−. We can see that sodium increases linearly 

with chloride. Most groundwater samples have 
Na+/Cl− ratios close to 1.0, suggesting that the disso-
lution of halite is a significant source of both elements 
(Appelo and Postma, 2005). However, some ground-
water samples have Na+/Cl− ratios greater than 1.0 and 
plot above the Na+/Cl−=1 line (Fig. 7b). Na+ and Cl− 
enrichment and depletion could be caused by wa-
ter-sediment interaction. For instance, processes such 
as sodium-calcium exchange can result in enrichment 
of Na+ over Cl−. The effect of sodium-calcium ex-
change is confirmed by Fig. 8, which shows the rela-
tion between Na+-Cl− and (HCO3

−+2SO4
2−)– 

2(Ca2++Mg2+) (García et al., 2001; Carol et al., 2009). 
The observed positive correlation between SO4

2− 
and Na+ (Fig. 7a) and SO4

2− and Ca2+ (Fig. 7d) can be 
attributed to simultaneous dissolution of mirabilite 
and gypsum. Dissolution of evaporites, including 

 

 
 

Fig. 5  Relationships between element concentrations and TDS values for surface and groundwater samples from the Turpan Basin 



 Lu CHEN et al.: Groundwater hydrochemistry and isotope geochemistry in the Turpan Basin, northwestern China 385 

 
 

Fig. 6  Scatterplot of TDS vs. water depth in the Turpan Basin 

halite, mirabilite and gypsum, can result in the simul-
taneous increase of SO4

2− and Cl− concentration (Fig. 
7c). In the study area, the accumulation of evaporites 
in the soils is related to strong evapotranspiration due 
to the slow groundwater flow. Therefore, a greater po-
tential for evapotranspiration can be expected in the 
unsaturated zone in the central part of the basin (Carol 
et al., 2009). The intensive evapotranspiration leads to 
the buildup of evaporites in the unsaturated zone, 
which is consistent with the occurrence of a wide dis-
tribution of saline soils within the Turpan Basin (Han, 
2008). The vertical recharge by irrigation return flow 
in agricultural areas, especially around the central part 
of the basin where flood irrigation is extensively ap-
plied, can cause chemical transport from the surface 
soil into the groundwater. 

 

 
 
Fig. 7  Scatterplots of (a) Na+ vs. SO4

2−, (b) Na+ vs. Cl−, (c) SO4
2− vs. Cl− and (d) Ca2+ vs. SO4

2− in water samples from the Turpan Basin 
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Fig. 8  Relationship between (Na+-Cl−) and (HCO3
−+2SO4

2−)– 
2(Ca2++Mg2+) 
 

4.2  Isotope geochemistry 

In the scatterplot of δ18O vs. δ2H (Fig. 9), all ground-
water samples plot close to the global meteoric water 
line (GMWL) where δ2H=8δ18O+10 (Craig, 1961) and 
the local meteoric water line (LMWL) where 
δ2H=7.21δ18O+4.5 (Li et al., 2009). This indicates that 
the groundwater in this area originates from precipita-
tion. Only one water sample (T1) does not plot close 
to LMWL and GMWL; this sample was collected 
close to Ayding Lake. T1 exhibits a TDS value of 
27,885.2 mg/L, and the groundwater depth at the 
sampling location was 2 m. This suggests that evapo-
ration of surface water in the Turpan Basin is very 
strong but evaporation in deep groundwater is rela-
tively weak. 

The plot of Cl− concentrations against δ18O values 
(Fig. 10) can be separated into two zones, in which 
chloride concentrations (Zone I) increase sharply with 
little change in δ18O values, or δ18O values (Zone Ⅱ) 
change significantly with only minor changes in Cl− 
concentration. In Zone I, the relationship between Cl− 
concentration and δ18O values reflects the effects of 
vertical recharge by irrigation return water. During 
irrigation, low evaporation rates due to fast vertical 
recharge do not have a significant effect on the δ18O 
values of the groundwater. However, fast vertical re-
charge by irrigation return water can transport consid-
erable amounts of Cl− to the groundwater owing to the 
dissolution of evaporites, resulting in sharply in-
creased Cl− concentrations. Therefore, the high Cl− 
values in groundwater samples that fall within Zone I 

can be attributed to irrigation using isotopically de-
pleted groundwater. In contrast, the variability in δ18O 
values may indicate mixing of groundwater along the 
flow paths from mountain front areas to the center of 
the basin. 
 

 
 

Fig. 9  Scatterplot of δD-δ18O in groundwater and surface water 
samples from the Turpan Basin 
 

 
 

Fig. 10  Scatterplot of δ18O vs. Cl− in water samples from 
the Turpan Basin 
 

The tritium data indicate that the range of tritium 
concentrations in the Turpan Basin is in agreement 
with the general rule that tritium concentrations are 
high in recharge areas but low in runoff and discharge 
areas (Fig. 11) (IAEA, 2001a, b). Three samples 
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Fig. 11  Distribution of tritium concentration in the Turpan Basin 
 

collected from spring water in the northern sub-basin 
returned low tritium concentrations. Because the water 
in the Turpan Basin is recharged from precipitation in 
the mountain areas (which typically exhibits low trit-
ium concentrations), it can be concluded that these 
three springs are recharged by groundwater. Con-
versely, two sampling sites in the southern sub-basin 
returned high tritium concentrations; both of these 
samples correspond to water at shallow depths (i.e. 2 
and 10 m). The above analysis reveals that manmade 
canal irrigation is the most likely cause of the anoma-
lous tritium concentrations found at these two sites. 
Examination of the relationship between tritium con-
centration and groundwater depth also reveals that the 
groundwater in the Turpan Basin has a critical depth 
of around 40 m (Fig. 12): that is, groundwater above 
40 m depth has a high tritium concentration, whereas 
that below 40 m depth has a low tritium concentration. 
Thus, according to the results of tritium analysis, the 
groundwater in the southern sub-basin can be divided 
into two groups: a) that which is recharged by 
groundwater from the northern sub-basin, and b) that 
which is recharged by artificial irrigation. 

5  Conclusions 

A combination of hydrochemical and environmental 
isotope analysis has provided new insights into the 
evolution of regional hydrochemistry within the Tur-
pan Basin. The TDS values for groundwater increase 
along the flow path from the mountain recharge areas 

to the discharge areas. In particular, groundwater with 
high TDS values is found to consist primarily of 
Na-Cl and Na-SO4 type water, which are located in 
the central part of the basin. Dissolution of evaporites 
(particularly halite and gypsum), cation exchange and 
precipitation of calcium carbonate are found to be the 
primary contributors to hydrochemistry evolution 
within the basin. Moreover, the relationship between 
the dominant ions and TDS indicates that evaporite 
dissolution likely plays an important role in ground-
water salinization. The relationship between δ18O vs. 
δ2H shows that groundwater in the Turpan Basin ap-
pears to be recharged primarily by precipitation in 
mountain areas and evaporation in deep groundwater 
is relatively weak. Analyses of environmental isotope 
data (Cl− vs. δ18O and distribution of tritium concen-
tration) and the relationship between TDS vs. 
 

 
 

Fig. 12  Scatterplot of tritium (TU) vs. water depth 
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groundwater depth suggest that the groundwater in the 
southern sub-basin can be divided into two groups: (a) 
that which is recharged by groundwater from the 
northern sub-basin, and (b) that which is recharged by 
artificial irrigation. These results will prove useful in 
decision making related to sustainable water resource 
utilization in the Turpan Basin and other regions in 
northwestern China. 
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