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230 AR

2025 4E

(GB/T 3286-2012), SiO, M3 75 1k Lo {0 1k FI i
B, ALO; M J5 125 2R 43 56 ol BE v R 22 155 CaO,
MgO i 7512 A 25 v A s W s

% H Excel, AquChem, Origin 244 il Piper —
251, BT L AH P AR AR S IR, 1] PHREEQC 4R A%
S3ATT LR KT AR RN BOR AT B ) K SCHb Bk fb 2
B

3.1 7KK LZEHSHHE

WL IX A K pH A T 6.65~7.95, TDS fH A T
28.30~249.02 mg-L', A i B 4 T 12.80~181.00
mg-L (38 1), f2& APk 7K Ay 32 i B 4K —f R IR K
BB X /K TDS B, X vl fig 5 058 IX N AR
BRI, AR KA & AR K A AE
B E) S 06, ) A6 A bt A R U L B A
K pH {H . TDS FE A8 B 148 53 BB /N T 1, 25 1]
BRORE ARG, A AME R BT 20 H i e g5
Mg”'| SO 28 S REUK T 1, o v] B Bl AR R v,
NS00 S AU, HLFE R A1 K -5 LR K ok 2 7k
A — 8 W, A 15 (8] B HORE I, 3240
FIREE A ZEIG B2 A/

FU KA B F W HCO;, [ e B N
100.40 mg- L', (5 B 1 it 90.56%; L # PHE FH
Ca™, HOF B R B - 31 25.80 mg L, (5 BB T 4
i 67.30%; 91 BH 2 T 2 W B P S a5 k. BH S
F p(Ca™)>p(K'+Na")>p(Mg"), [ & F p(HCO; )>
p(CI)>p(SO; ) . $ZEFRINKRKMZEIIE, HHIKIK

A2, HCO, B (5 HE 85.71%) M F . # K'+Na',

Ca™", Mg™". CI', HCO; . SO [ FH &5 -1 I Y 22 7. 24
BB R Piper =2 K (K 2), 22 TR R Hh KRR
MBI T 1K, RS HOK 48 B o e

SIRE T, AT 3 XA S XK RE S RS R
92.86%, S Wt 5 7K ) 55 PR AR K T 5i R AR I HL Ak
iR ER 05 B KT 50%; — A I rh 5 i K i B B Bk
fis 7] HCO; — ] L BH 5 ~Ffi 1) Ca™ —, == 52 1R
AW R

32 FEALFASHFE

JTM AT B AR A T AR LUK o, H i
KA Zs fr At F 4 55 CaO &% i 30.65%~
54.29%, MgO % it 0.45%~21.44%, CaO+MgO 7 &
34.20%~54.82%, CaO/MgO [t i 1.43~211.69., CaO,
MgO+CaO 7 #7485 RV 0.19 F10.12, 73 [A] B HiFe
JEAR, kiR A i A . Ao A& s, rK
] 20 i fife i 2 £ v 7 A A = £, CaO/MgO Lt
{8 18 7% B R £k 2 10 % 1k i ™, B Y IXOIR A Y
CaO/MgO F1H (19.36~119.73) i K F FH = i KA 1)
CaO/MgO H(H (1.43~4.71), F WK 71 1 i 7 W
T H = KA

4 i it
4.1 HTKKKFERESS T

411 2aRWER

DL KA 5 TDS (B 15 B I Ak b, BH BT
(K'+Na") /(K +Na'+Ca’") 8 B % F CI'/( CI +HCO;)
JoT iU B LU B A R A AR 2 il Gibbs [, LU AT BT LT
AKIKAEE B TR R 45 R, A HE 28 R4 . &
A1 AL B3R AR KR TR . BF 9 X K
p( K+Na") /p( K'+Na'+Ca™") iz il — ik /T 0.1~0.6,
p(CI)/p(CI+HCO; ) A F 0.1~0.5, I AR AR 1E A A
RAEAE FE I X IR (& 3), 8 7R AR KR AL 1ok
U8 F2 2237 5 KA AE A

R MTKKUFESFITR

Table 1  Statistics of groundwater hydrochemical composition

i 203 R /mg L . ‘ .
geituiA — ” - - . - TDS/mg-L JE R /mg L pH
K'+Na Ca Mg Cl SOs HCO3
I KAE 19.27 54.11 24.81 24.74 12.40 203.38 249.02 181.00 7.95
/ME 1.47 2.56 0.52 2.30 8.80 28.30 12.80 6.65
FEH 7.80 25.80 4.72 6.03 100.40 119.40 83.84 7.29
LR 0.77 0.74 1.35 0.96 0.76 0.63 0.74 0.05
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Fig. 2 Piper diagram of groundwater hydrochemistry
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Fig. 4 Relationship between the major ions in groundwater
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Table 2 Possible mineral phases and chemical reaction
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Table 3 Mineral transfer amount during water-rock interaction
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Analysis of hydrochemical characteristics and controlling factors of groundwater in
the covered karst area of northern Guangzhou

WANG Zhongzhong', HU Feiyue', JIA Long’, ZHI Bingfa'
( 1. Guangdong Geologic Survey Institute, Guangzhou, Guangdong 510080, China; 2. Institute of Karst Geology,
CAGS, Guilin, Guangxi 541004, China )

Abstract Guangzhou is clearly positioned as the core engine of the Guangdong—Hong Kong—Macao Greater Bay
Area and shoulders the responsibility of leading the high-quality development of the Greater Bay Area. The northern
Guangzhou serves as a demonstration area for urban-rural integration, featuring a distinctive ecological agriculture
industry and a functional area for rural tourism. However, the covered karst in this area is highly developed.
Consequently, the environmental problems, such as karst ground collapse and the deterioration of groundwater quality,
have limited to some extent the local construction and development.

In order to study the hydrochemical characteristics and formation of groundwater in the covered karst area of
northern Guangzhou. We utilized fourteen groups of karst water samples and fourteen groups of rock chemical

composition test data collected during the dry season from 2017 to 2018. We conducted a qualitative analysis of the
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hydrochemical characteristics and controlling factors of groundwater using mathematical statistics, Piper diagrams, the
Gibbs model, ion ratio diagrams, the and chlor-alkali index. Additionally, using the hydrogeochemical reaction
simulation software PHREEQC, we performed a quantitative analysis of the hydrogeochemical processes, with a
particular emphasis on the dissolution—precipitation equilibrium of minerals in groundwater.

The results show, (1) The karst water in the covered karst area of northern Guangzhou is characterized as
extremely soft to slightly hard, neutral, and fresh. The total dissolved solids (TDS) and total hardness of the karst water
are low, and the pH remains relatively stable. The dominant anion and cation are HCO; and Ca®’, respectively. The
trend of ion concentrations is Ca’>K'+Na>Mg”" and HCO; >CI >SO; , respectively. The hydrochemical types of
karst water are primarily of the HCO, type. (2) The p(K'+Na")/p(K +Na'+Ca”") of karst water ranges from 0.1 to 0.6,
and the p(Cl )/p (CI +HCO; ) ranges from 0.1 to 0.5. The chlor-alkali indices (CAIl1 and CAI2) mainly fall within the
ranges of -2 to 1 and -0.25 to 0.25, respectively, indicating weak cation exchange adsorption. In 78.57% of the water
samples, the ratio of y(K'+ Na") to y(Cl) ions is at or above the 1 : 1 line, indicating that K, Na" and CI primarily
originate from the dissolution of rock salt. The ratios of y(Ca’+Mg”") to y(HCO; + SO} ) ions are concentrated near
or above the 1 : 1 line. Furthermore, 85.71% of the water samples display ratios of y(Ca’") to y(HCO3) ions that are
either near the 1 : 1 line or between the 1 : 1 line and 2 : 1 line. Additionally, 85.71% of the water samples exhibit
ratios of y(Ca’") to y(Mg’") ions above the 1 : 1 line. These findings suggest that Ca’*, Mg’* and HCO); ions are derived
from the dissolution of carbonate minerals, while SO, ions originate from the dissolution of carbonate rocks and
evaporitic salts, such as gypsum. (3) The lithology of covered karst is dominated by limestone, followed by dolomite
limestone. The ratio of CaO to MgO in the rock chemical composition of limestone (19.36—119.73) is much larger than
that of dolomitic limestone (1.43—4.71), and the dissolution ability of limestone is obviously stronger than that of
dolomitic limestone. (4) PHREEQC software has been used to establish a reverse hydrogeochemical model in the rock
sampling points from SY20 to SY19 in the Caopu area of Lyutian Town . The simulation results quantitatively
confirmed the dissolution of calcite, dolomite, gypsum, and rock salt in karst water, with respective dissolution
amounts of 2.599x10 * mol-L™', 8.474x10° mol-L ', 4.165x10 ° mol-L ', and 3.446x10° mol-L . (5) The saturation
indices of calcite and dolomite in karst water show a good correspondence with karst development. Among the water
sampling points where calcite is in a good dissolved state, 85.71% of the points exhibit karst development. In contrast,
among the water sampling points where dolomite is in a dissolved state, 66.67% of the points exhibit karst
development. The saturation indices of calcite and dolomite in groundwater indicate the trend of karst development and
can serve as criteria for fine evaluation of karst development.

This study reveals the hydrochemical characteristics of groundwater, as well as its formation and evolution in the
covered karst area of northern Guangzhou. It also explores the relationship between groundwater mineral saturation
indices and karst development. The research findings can provide a scientific basis for the exploitation and utilization
of groundwater and for the protection of geological environment in the covered karst area of Guangzhou, which holds

significant practical implications.

Key words northern Guangzhou, covered karst area, hydrochemical characteristics of groundwater, formation,
hydrogeochemical process

(%% # 4)



	0 引　言
	1 研究区地质背景
	2 样品采集与分析方法
	3 结　果
	3.1 地下水水化学组分特征
	3.2 岩石化学组分特征

	4 讨　论
	4.1 地下水水化学成因分析
	4.1.1 岩石风化作用
	4.1.2 溶滤作用
	4.1.3 阳离子交换吸附作用

	4.2 水文地球化学过程分析
	4.3 地下水饱和指数与岩溶发育关系

	5 结　论
	参考文献

