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Fig. 1 Hydrogeological sketch of the study area
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Fig. 2 Schematic profile illustrating groundwater recharge, runoff and discharge

characteristics of Qingshuigou gully
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Table 1  Statistics of water chemistry parameters in the study area
5 Sr Ca* Mg Na* K HCO; S0 Cl- AP R [ AR pH M NOy
1 0.736  57.91  24.28 5.98 0.92 237.2  52.38 4. 89 395. 4 7.58 244.7 4. 62
2 0.666  55.54  10.76 7.76 1.26 201.2  23.97 5.24 319. 1 7.70 183.2 6. 08
3 0.619  48.28  11.88 7. 80 1. 38 183.4  22.53 5.24 294. 0 7.72 169. 6 6. 53
4 0.434  49.88 5. 71 4,93 1. 06 161.4  19.93 5.24 260. 9 7.74 148. 1 5. 89
5 0.728  55.81  22.24 6. 41 1. 04 223.3  51.71 2.07 373.6 7.71 231.2 4.24
6 0.693  54.62  11.17 8. 63 1.25 195.3  28.27 4.82 318.9 7. 65 182. 2 7. 64
7 0.672  50.45  12.41 8.31 1. 40 183.1  25.92 3.10 298. 1 7.74 177. 1 6. 04
8 0.486  52.20 6. 08 5. 54 1. 06 164.8  22.66 2.75 267. 7 7.73 155. 6 5.24
9 0.868  61.36  23.71 6. 42 1.03 234.7  49.53 4. 84 392. 8 7.53 250. 7 4.36
10 0.733  59.04  11.67 8. 96 1.34 204.6  29.22 4.84 332.5 7.55 195. 7 5. 68
11 0.694  50.11 12.5 8. 42 1. 46 192.6  24.72 5.19 307. 8 7. 56 176. 6 6.28
12 0.465  52.46 6. 02 5.56 1. 11 164.3  21.64 5.19 267. 8 7.6 155. 6 4.72
13 0.644  59.00  10.37 8.55 1.28 193.3  28.48 5.24 320. 4 7.73 190. 2 7.29
L mg/L
Fx2 BFKARARARYT RAKRRIER
Table 2 The limit index of natural mineral water for drinking and water quality in Qingshuigou
i H TR I 45
S29 F KM S29 -7k 1 S29 #fi 7k ] ZK001 W
(2016. 8. 12)  (2016.4.30)  (2016. 1. 15)  (2017. 12.3)
il =0.2 0. 007 0. 008 0. 008 < 0. 005 /
= 0. 20(F#7E 0. 2 mg/1~0. 4 B
8 . 0. 666 0. 693 0. 734 0. 644 kbR
mg/L 5, 7K I 7E 25°C R 1)
B =0.2 < 0.002 < 0.002 0. 002 < 0. 002
WAk =0.2 <0.02 <0.02 <0.02 <0.02
= 25. 0(&FH7E 25. 0 mg/1.~30. 0
i 1 iR 9.3 9.28 9.26 8. 64 /
mg/L [, 7K IR 1% 25°CP 1)
Ui B — A Ak = 250 8.6 6. 85 5.2 6. 53
VS e PR [ AR = 1000 319. 1 318.9 332.5 320. 4 /
1 <0.05 < 0. 001 < 0.001 <0.001 < 0. 001 L
b < 0. 005 < 0.000 5 <0.0005 <0.0005 < 0.000 5 L
fif <0.01 < 0. 001 < 0.001 <0.001 < 0. 001 L
il <1.0 <0.01 <0.01 <0.01 <0.01 L
m <0.7 0. 025 0. 024 0. 027 0. 023 L
5% <0.003 < 0. 002 < 0. 002 < 0.002 < 0.0005 L
i <0.05 <0.02 <0.02 <0.02 <0.02 L
it <0.01 < 0. 001 < 0. 001 <0.001 <0.001 L
K <0.001 <0.000 1 <0.000 1 <0.000 1 <0.000 1 L
i <0.4 < 0. 001 < 0. 001 < 0.001 < 0. 001 L
R <0.02 < 0.008 < 0.008 < 0.008 < 0.008 G
ol <0.05 < 0.001 < 0. 001 <0.001 < 0.001 L
TR L <0.1 <0.01 <0.01 <0.01 <0.01 i
iRz R (LA B 31) <5 <0.10 <0.10 <0.10 <0.10 e
AR AR (PL NOsTiT) <45 6. 08 7. 64 5. 68 7.29 g
ALY (VL Fit) <l5 0.19 0. 14 <0.10 0.21 g
FEALE (L)L 0, 31) <3.0 1.24 1.31 0.6 0.78 Bk
BB Bg/L <11 0. 01 0. 01 0. 01 0. 01 g
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Table 3 Pollutant indicators of natural mineral water for drinking and water quality in Qingshuigou
e ) 25

it H TR S29 Fk i S29 -7k 4] S29 #ifi 7k 1] ZK001 AN

(2016. 8. 12) (2016. 4. 30) (2016. 1. 15) (2017. 12. 3)
¥RV (LR ) < 0. 002 < 0. 002 < 0. 0015 < 0. 0015 < 0. 002 H %
FALY (Lh CN-i) <0.010 < 0. 002 < 0. 001 < 0. 001 < 0. 002 L
9 85 F A BT % 7 <0.3 <0.025 <0.10 <0.10 < 0.025 i
W <0.05 < 0. 005 < 0. 005 < 0. 005 < 0. 005 B
WAEFR AR (LA NOSTT) <0.1 < 0. 002 < 0. 002 < 0. 002 < 0. 002 B
& B Ba/L <1.50 0. 07 0. 07 0. 07 0. 06 e

TE 3% 4 B0 mg/L

F4 24YNR FHFLZKO01 (295 R R ) REDHERKME R
Table 4 Water quality detection of water samples from 2# observation spring and borehole ZK0O1 (No. 29 spring point)

oy A

SPW2016-0932 SPW2016-1696 GGFCZXW-2016-2050 & AN [F] i [A] BER HORE & 14 4 GB8537-2008

(2016. 4. 11)  (2016. 6. 27) (2016. 8. 12) (2017.12. 1) Bk
KW FF T (MPN/100 mL) <1 0 0 0 0
FEHEER B (CFU/250 mlL) 0 0 32 0 0
IR B (CFU/250 mLL) 0 0 0 0
41 43 {15 20 B (CFU/250 mL) 0 0 0 0
TG R BR BARAE (35 3) 0 K RI AT I  FEHE R R5 MEERTEOWERRK
B (R G F= R I AR B A 2 IR B0 1) 45 B A= W BR Table 5 Strontium of rock samples the study area
PRI AR (K 4) . YIS XA SRk R 32 3 ERES e w(Sr)/10°
e YL 2016 KQS-GP 01 BEARAE 1) 18.6
2016 KQS-GP 02 RLAL K A 102
\ 2016 KQS-GP 03 INRie 514
28] =1 —1
4 @EE‘J%‘E [ =EN *ﬂ@kiﬂ(i%:f% IEJ/flL%: 2016 KQS-GP 04 V= 299
clciffﬁ D 147-GP 01 ViAsk 45.3
D 103-GP 01 pidskel 84.3
D 4-GP 01 EH AN 405
4.1 Rk Elf%"“gi ) B D 161-GP 01 B bR 589
38 XTI SE X EE L2 11 SRR RO R D 29-GP 01 S AR 240
T (R 5) A (FBOIRAE 2 diRLAE K8 ) D 90-GP 01 By AR 212
WA 102 x 10° ~ 18. 6 x 107, A K A4 5 i b 150-CP o1 DR 381
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Table 6 Isotope dating results
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Fig. 4 Correlation diagram of groundwater ion ratio

RERR R A TV A DR IR R A s A, (0 B (R =2 4k
FRERA W fr il . Kb y[ (Ca®t + Mg?* )/ (HCO5
+80,7) ] =i i A ] LLA K Ca?* A1 Mg?* 11 3=
TR W XM R KB F A T 10 1 HET
BRI (18 4 ), BEIT Bk R £R 7 % Ca?* \Mg?* T ik %
BN, K Ca?t B M2 R R AU B A
N KA IR A L K y[ (Na*=Cl)/(Ca®t + Mg?*)
—(SO2 + HCO;™) ]2 5w 4 #t U AE O & nl LA S ik FH
B AR ST X L R KB P U E S T o A
1o 1 HERMHE , KBUR LM (K 4 d), ZWK
Na*t5 Ca®* Mg * A #e A HI Bl % M T 7K 42 Ik 34 12 44
KA B3 58

=Rt KRR E
HE—-MoMEEEE T, BTERSEET
FABL o ZE7K 5 A0 W R — DT V€ B it A ey, S
BB E AT Y Ca® KA HE T 8B,
MK SN K A Se? e e — Ol T,
1M Ca?* & T W0, oAb, 75 H 4 o i
e, R S IR W AR T 2 S ik ] DU
RE A RERR AL (WS KA B KA %) b K, ff
— FE Y S BRI K A 1)

AR SCH) FH 7K v G584 2 (CATL/CAT2) >k 3H
FIWE T 7K Se?* B S5 PH BT 32 40 IR AR 1 G
F 06,

5.2

I

CAIl = [CI-=(Na* + K*)]/Cl-

CAI2 = [Cl=(Na* + K*)]/(HCO;~ + SO} +
COs + NOy)

SRTEHOR T 0, BEBAZK i Na* Hil K+ 5 [l 2
T Se2r K AR T g Rz AR BUh T 0, 0
SRR Ca?* Fl Mg?* 5 A ) S+ B A8 735
24 CAIL A1 CAT2 X% {4 I BH B 384 & HE 1Y
Al e K

I 4 e B 4 0] LA A58 X R 7K CATL
HAF-3 ~ 0 ZH),CAI2 {4 F-0. 04 ~ 0 Z i), &
B R B /N T 0, H CAIL 46 X (B 48k, Ui A 1 F 7K
H Ca?* Fl M2 S HIA Y S &4 TR FIn BT
AR R K Sk IR EEE K Ca?t Mgt
HHEA T Nat K &S E BT ES R

PE— P52 M, R Ky (St /Cat ) Fl y
(SP* /M2 )l fE R IE LA C (K 4 ¢ Bl 4 h), B
FAE AR 3SR, BEBH K T S 5 Ca?*t Mg?* A AL
W AR R K s BB AR Z, MR K Se? R A
X

6 45t

()BT DX 7K 28 8 Sy 45 3 7K V8 73 A1 B A T
FIEALBRK TR 23 A ) R S 2R B K R K W



56 LS I %31 4%
JE2 4 A B U7 00 ORI K, B UK (AT IR L (3] TR W WA, DO A SR R PR A
MR 2K ) R LA B AL A B 2 AL B Ok Wi RS2 AT L) ], e o0 25 i HEBF 5T, 2001 (02) :23-24
i w A W HE 3 2 3 e
R RT3 KK, KR R A
FRBUKHR B IR R BTEE SEVIAY I (51 g T, (AR 5 R K Y A O
B, RAERIN LALWTJZ b T S R o 25 0 9 J7 AR T ALERFSE (1], o [ 4% ,2020,47(06) : 1688-1701
T4, KT 7k 5 Hb 3 K B R % 10 1Y K %8 5 (6] ZRWE R XVH, 45, BEA4H0 LM X 51 AR 0 5 /K SR 10 7 15
ES FERFE SR BT L) ). BRE RS T, 2021,21(02) :458-464
(2) 7K S 3 5 B Je — A 7K SCAF 1 7K 5 3 75 [7] ?@?,@iﬁé‘,]‘—?ﬁ,fr.ﬁﬁi*é’f}’(ﬁﬁ?kﬁ‘ﬁk%?\lﬂm%:%
‘ . . . . . E R ISR T[T ], HFRS 3BT, 2015,43(04) :403-414
BUEERRYL AT P RORIERRE IR 1) g oo, gn x o sk (M. Jes, i 0 5
251 200 m’/d; 7K Ak 2 2L 7k HCO,-Ca B K, F8 22 ik 1989
0. 434 ~ 0. 808 mg/L, WIIEME A K 260. 9 ~ (91 FJAL HOWKESHOK M. JL5 AR BT, 1995
395. 4 mg/L, 7K (¥ 1) B0 P R 5 R B M AE bR L [10] E#y, £G4 W I, 55 w807 KBTI [)]. RIETLR
RO SEIR IS RIS AT L) o oroams e i
REIRT SR A 1 (GB 8537_2018)>> H it JoL 220K ’ I 10 ﬁ‘iﬁ"ﬁ%fﬁ% [’J]. jﬁlﬁi%é ,2005(01) : 142—14411“
R SR AL TR KSR SR JROKAT I O 2 460 ~ [12] 36K B R AR5 50K MR 107 o (1. SR8 S5 B A3
2 480 a, Gl /N T 1.0 TU, J& T B 46 R 19 228 I8 b 2010,27(10):910-911
7 [13] PMNE =, T H R, 5. Pl 3 b U B8 b R 7K B A
)X RS M S LS NE KB 5T RALHI () ]. i\’fﬂf*i"fﬁ,2020,4l(0.ll) :65—79'
L T A S ettt
5] Ig%o i&T7k#ﬁé7ﬁff§%ﬁ$§EPééﬁ& Hd‘ I‘Eﬂ surface and groundwater [J]. Applied Geochemistry,2018,93:
7K B BIAE T, 7 A BB 72 4 (LA v iy BT 102-112
%.%%ﬂz?ﬁﬁj\]ﬁ.ﬁﬁ ﬂ?ﬂﬁﬂﬁﬁ/\ﬁjk% , Mﬁﬁﬁﬁ}ﬁ%ﬁﬂfﬁ [15] Katz B G,Bullen T D. The combined use of ¥Sr/*Sr and carbon
7%7‘*(0 and water isotopes to study the hydrochemical interaction be-
tween groundwater and lakewater in mantled karst[J]. Geochimi-
%} % 3‘[ ﬁk ca et Cosmochimica Acta, 1996,60(24) :5075-5087
[16] Hanshaw B B,Back W. Major geochemical processes in the evo-
(1] FBSCHE. SR RO AR IR ™ SROK O 23 0 [T]. o AR5 3 lution of carbonate—Aquifer systems [J]. Journal of Hydrology,
Ji1,2015,27(01) . 44-46 1979.43(1):287-312
(2] By, EARRL AT EF, RARE KO AR (e B e i 5 () . [17] F VFEakie B, — R0 i JOR S —— 15 T8 A W TR 5T

PREE {24 A, 1992,009(003) : 101-103

ZER ()], HERRL - HE R 2001, 16(002) :201-208



552 4 = I 258 - 93 7K A 8 L TR TR AR 07 SR K Ml R AL 2 R AE RO Bt R R ) 57

HYDROGEOLOGICAL CHARACTERISTICS AND GENESIS OF
STRONTIUM-RICH GROUNDWATER IN QINGSHUIGOU OF
XIAHE COUNTY, GANSU PROVINCE

YAN Wang', DUAN Kai', JIAO Shi-wen?, LI Peng-ju'
(1. The Third Institute of Geology and Mineral Exploration, Gansu Provincial Bureau of Geology and Mineral
Exploration and Development, Lanzhou 730050, China;
2. Gansu Remote Sensing Geology Center,Lanzhou 730050, China)

Abstract: Natural mineral water for drinking is groundwater containing certain minerals and trace elements
and uncontaminated, and mineral water rich in strontium is important for maintaining human physiological
functions. Based on the data of actual investigation, hydrogeological exploration and tests of surrounding rocks
and chemical composition of water quality, the chemical characteristics of conventional ions, 25 ion limit
indicators and contaminants, microorganisms and radioactive indicators of mineral water and the distribution
characteristics of strontium content of surrounding rocks were analyzed in depth on the basis of the elaboration of
regional hydrogeological conditions, and the causes of strontium-rich groundwater formation were explored with
the supplemental analysis of environmental isotopes such as *H and "C of mineral water. The results show that the
bedrock fracture water (including fracture zone vein fracture water) formed in the widely distributed Triassic slate,
cordierite angular rocks, amphibolite and other surrounding rocks in the area and the loose rock pore water
formed by its cyclic transformation are the types of groundwater endowed with mineral water, and the water
chemistry type is HCO;—Ca type water, with strontium element content of 0. 434 ~ 0. 808 mg/L, TDS 260. 9 ~
395. 4 mg/L, is low mineralization strontium—-rich groundwater; water age 2 460 ~ 2 480 a, tritium content is less
than 1. 0 TU, belongs to atmospheric precipitation infiltration through deep circulation of remote source recharge;
surrounding rock is the main parent rock of strontium element in groundwater, groundwater in the process of
runoff circulation after a long time of water—rock mutual assistance, resulting in cation exchange, so that strontium
element in surrounding rock is fully dissolved and filtered into the aquifer, thus Strontium-rich mineral water is
formed.

Key words: strontium type mineral water; water quality characteristics; geochemical background; genesis of

groundwater; Xiahe County





