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Fig. 1 Hydrogeological profile of the Liuzheng water source area



s 2023 4F

./

|
3

B2 XMEKEERKEKRESXE

S —

B k>S5 000 me-d
I &kt 3 000~5 000 m*d-!
FTI &7k 4 1000~3 000 m?-d!

IV | BKHE 500~1 000 mi-d!
EAKPE<500 m*-d !
BUKHES X R
T2 A T 2
W2

0 1 km
L

f

Fig. 2 Zoning of karst water-abundance in the Liuzheng water source area
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Table 1 Monitoring indexes of water quality in Xizhang Well Group/mg-L"'

e BUREH NH} cr NO, NO; S0%- pH coD  BEEREE AR E A
7.20 278  69.85 6.60 5571 21589  7.59 1.58 546.66 741.10
7.25 <0.04 7127 8.79 5592 23083  7.66 0.82 549.49 754.16
7.30 125 72.87 5.00 5574 23493 731 0.87 534.08 707.98
LROS 8.05 3.03 6897  <0.008 5278 22214  7.88 0.82 528.56 715.04
8.10 <0.04  70.70 3.78 5849 22461 8.08 133 527.86 696.22
8.15 <0.04  70.82 6.86 53.88 22574  7.84 1.61 570.48 697.01
7.20 455  79.93 10.19 56.67  255.03  7.58 0.81 547.72 799.76
7.25 325 8416 6.02 56.74  267.13  7.44 0.82 584.33 828.38
7.30 1.67 8274 5.00 56.69 26259 732 0.75 576.13 784.43
LRO6 8.05 453 8231 <0.008 5439 25712 7.96 0.73 564.30 786.43
8.10 <0.04  81.69 10.42 5482 25490  7.95 4.50 552.44 751.66
8.15 <0.04  81.18 4.84 5492 25359  7.74 421 605.70 762.58
7.25 <0.04  88.02 8.30 5479  260.11 7.60 1.39 586.74 821.78
7.30 203 86.51 6.25 5321 25555  7.54 0.71 559.22 761.84
LKO07 8.05 3.58  81.52  <0.008 5170 240.11 7.80 0.73 555.98 753.86
8.10 <0.04  81.55 7.79 5230 23851 7.90 3.33 539.33 725.95
8.15 <0.04 8127 7.77 5203 237.06  7.78 3.37 587.63 740.58
7.25 <0.04  68.97 4.87 5074 20745  7.66 1.47 530.44 713.39
7.30 <0.04  57.87 2.00 4771 18034  7.41 1.46 476.55 731.96
LKO08 8.05 1.03 5218 0.86 44.96 163.12 771 0.82 470.32 600.12
8.10 <0.04 5316 Al 48.65 162.06  7.88 0.67 423.17 545.79
8.15 <0.04  52.73 2.08 46.01 16228  7.87 1.35 496.17 576.71
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Fig. 3 Isotope sample collection and content distribution of SO3~ in Xizhang Well Group and its surrounding areas
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Fig. 4 Tracer flow direction of tracer test
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Table 2 Test results of pollution source analysis of some samples collected from the Xizhang Well Group
FESh TDS ST cr o/ &'H 8"0 80 8"s
R mg-L mg-L™ mg-L™ mgL" (H,0) (H,0) (s07) (s07)
WKO1 617.50 501.57 35.62 194.98 -58.1 -8.1 6.56 1.7
FHEFE 967.11 826.28 151.99 206.42 -60.3 -8.5 9.75 2.8
FAEE R 939.20 672.61 154.34 186.55 -53.5 -7.8 5.94 2.6
—feRY; 770.57 661.56 53.26 127.79 -62.9 -8.6 4.74 3.8
17 1314.44 697.89 341.33 322.00 -53.7 -72 10.88 8.7
LKO5 715.09 543.50 69.40 224.02 -60.5 -8.2 - -
bR FH 553.05 473.04 65.89 113.84 -58.2 -8.1 5.68 3.3
LK15 357.27 304.67 27.79 71.17 -61.3 -8.7 5.63 3.8
LK04 575.98 424.01 66.97 189.44 —-62.2 -8.7 7.50 4.7
W29t 443.66 369.34 48.27 81.65 -60.1 -8.5 6.02 45
259 419.82 360.74 40.81 69.21 -61.9 -8.4 5.12 3.4
KT 461.14 370.48 26.44 124.16 -57.9 -8.1 6.74 3.6
SK05 565.45 486.61 59.89 102.49 -60.6 —8.4 5.51 32
R4t 413.05 356.89 41.91 71.78 -61.8 -8.4 5.62 3.9
MR H: 845.54 663.25 164.05 165.53 -57.6 -8.2 5.50 42
IR I 371.49 282.09 47.29 126.12 -52.5 -6.8 5.00 5.5
AT K % 23.62 14.40 0.42 76.55 -52.5 72 5.66 3.6
7K 238.02 191.04 13.45 4.75 -58.1 -8.2 - -
AT YL EI IR 2159.76 19.29 4.1
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Fig. 5 Relationship of sulfate-sulfur-oxygen isotope
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Source-tracing of sulfate in groundwater of Xizhang Well
Group in the Liuzheng water source area of Zibo City

LIU Zhizheng', LI Shuang', LIU Baihan', ZHANG Xuesong', LIU Huafeng', PENG Junfeng’, LIU Yunde’

( 1. Shandong Institute of Geological Survey, Jinan, Shandong 250014, China; 2. Zibo Water Conservancy Service Center, Zibo,
Shandong 255000, China; 3. China University of Geosciences (Wuhan), Wuhan, Hubei 430074, China )

Abstract  Affiliated to both Linzi district of Zibo City and Qingzhou City of Weifang City, the Liuzheng water
source area belongs to the run-off and drainage area of the Dawu hydrogeological unit. This area plays a significant
role in the water supply for residents and enterprises, and thus enjoys an important strategic position. There are four
pumping well groups in the water source area, among which the Xizhang Well Group is located in the west of the
water source area, including four wells from LKO5 to LKOS. The water source area is located in the intermountain
depression and river valley area with the Quaternary system of 20-meter to 70-meter thickness, underlain with Jiulong
Group (€;-0,J) and Majiagou Group (O,;M). Zihe fault zone, Bianhe Fault, Wangzhai fault and other fault structures
are developed in this area, which control the stratum distribution and groundwater movement. At present, the water-
bearing rock groups with water-supply significance in the water source area are mainly those of carbonate fissure karst,
which are representatives in areas of karst water source in the north of China. The aquifer lithology, highly rich in
water, is mainly composed of limestone, dolomitic limestone and dolomite of the Majiagou Group and Jiulong Group
of Sanshanzi Formation. The overall runoff of karst groundwater is northeast oriented along the fault zone of the Zihe
river, and the groundwater dynamics are influenced by human mining and atmospheric precipitation. The
hydrochemical type is mainly HCO;-Ca (Ca-Mg), and the water quality is generally good, but the indexes of sulfate,
total hardness and ammonia nitrogen in the Xizhang Well Group exceed the permitted standard of Class III
groundwater. Based on the test analysis of karst groundwater in Xizhang Well Group and its surrounding areas, it is
found that the area where sulfate exceeds the permitted level is mainly distributed in the area of Yanghuya-
Shuangyangyouzhi, and the sulfate content decreases from the center of this area to its surrounding parts.

At present, the research on karst water system in the Liuzheng water source area mainly focuses on the sequential
dynamic change of water quality and quantity and the spacial distribution characteristics. However, few studies have
been conducted on the directional sources of chemical components in karst groundwater. In order to ensure the safety
of water supply, it is urgent to carry out the source-tracing analysis of groundwater sulfate under the influence of
human activities. The sources of chemical components in groundwater are generally studied systematically by
statistical analysis, hydrogeochemical analysis, fuzzy mathematics, numerical simulation and other methods based on
geological and hydrogeological conditions. All kinds of methods have specific applicable conditions and advantages,
but most of them are difficult to trace the source quickly and accurately, and identify the specific migration process. In
this study, hydrogeochemical analysis, tracer test, isotope indication analysis and other methods are used to carry out a
comprehensive source-tracing analysis of sulfate in the Xizhang Well Group. The results show that the method used in

this study is effective in source-tracing.
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Based on the analysis of the dynamic characteristics of groundwater and the mechanism of recharge, runoff and
discharge in the Liuzheng water source area, the power source of sulfate source was analyzed by tracer test. Besides,
the main path of sulfate migration was described, and the target area of sulfate source—Wangzhai basin, a special
recharge area of water source—was determined. On the basis of power source analysis, isotope samples were collected
in the target area and its surrounding areas, and the contribution of different end-member sources to groundwater
sulfate was calculated by using the ternary mixing model of sulfate content and sulfur and oxygen isotope composition,
and then the material sources of the pollution in the Xizhang Well Group were quantified.

The calculation results show that the proportion of sulfate from sulfide oxidation in groundwater is large, and
there are 17 water samples exceeding 50%. Because there is A Pollution Source instead of coal-bearing strata in the
area, the A end-member represents that the sulfate of this area comes from A Pollution Source. There were no water
samples occupying more than 50% in the B end-member, indicating that the contribution of atmospheric precipitation
to sulfate in water was small. There were 3 water samples accounting for more than 50% in the C end-member,
indicating that other human factors also contributed to a certain proportion. The comprehensive analysis confirms that
the main source of sulfate in the karst groundwater of the Xizhang Well Group is the A Pollution Source in Wangzhai

basin, followed by the atmospheric precipitation and other unknown factors.

Key words the Liuzheng water source area, karst, groundwater, source-tracing of sulfate, isotope
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may be affected by pollution sources such as agricultural fertilization, livestock breeding, and domestic
sewageinfiltration. Both the concentrations of nitrogen and chlorine are high in most of the pore water, and hence the
water quality is generally poor, with S0?-, as the main ion exceeding the permitted level, which may be related to the
application of chemical fertilizer for large-scale agricultural vegetable farming in the study area, and the infiltration of
surface nitrate and other pollutants into the groundwater with rainwater. The nitrogen concentration in both Kangwang
river and the Huihe river is generally low, while those of chlorine and sulfur are high, reflecting the significant impact

of urban sewage discharge and coal mine drainage on these two rivers.

Key words karst water system, groundwater, hydrochemical characteristics, evolution law, the Feicheng fault block
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