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Table 1 ~ Stratum lithology in Xinxu
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Fig. 1 Hydrogeological map in Xinxu
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Fig.2 Hydrogeological profile of karst spring 15 044
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Fig. 3 Hydrogeological profile of underground river 15 065
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Table 2 Statistics of hydrochemical characteristics for groundwater in Xinxu
Ei=7an iy ZK13-10 ZK1601 ZK1602 ZK1603 ZK1604 ZK1605 Q15100
oKl o 17.4 23.0 23.8
pH / 7.21 7.26 7.20 7.18 7.09 7.47 6.55
Sr mg-L" 1.66 6.76 0.41 0.05 0.032 0.067 0.087
K’ mgL" 1.37 2.38 1.70 2.56 0.84 3.15 0.28
Na' mg-L" 2.84 10.60 8.90 5.05 1.74 3.30 0.50
Ca” mg'L" 93.74 70.20 96.70 96.00 98.40 80.80 104.00
ng mg-L" 39.07 44.60 10.50 2.02 6.88 3.60 1.50
Cl mg-L" 3.04 6.60 10.20 13.30 4.30 7.50 0.50
2- _
SO, mg-L" 12.22 22.10 17.40 10.70 7.78 19.90 5.70
HCO; mg-L” 473 456 348 275 324 235 326
2- _
CO; mg-L” 0 0 0 0 0 0 0
TDS mg'L" 639 486 332 300 297 252 286
800 - r1.2
« ZK1601 700 1 F 1.0
ZK1602 600 -
= ZK 1603 500 - F0.8
ZK1604 400 - - 0.6
» ZK1605 300 4
ZK13-10 200 r 0.4
+ Q15100 100 0.2
0 = 0
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5 EAWRKIRBEESEXRE EIKEZF" B4Hh)
Fig. 5 Relationship between strontium content in rock and
s e mineral water (modified according to Liu™)
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Fig. 4 Piper tri-line graph of groundwater in Xinxu
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Table 3 Average abundance of Sr in rock and in groundwater in Xinxu
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Fig. 6 Hydrogeological profile of shaft ZK13-10 and shaft ZK1601
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Fig. 7 Runoff sketch of strontium-rich groundwater in the zone of deep subsurface flow during wet season
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() B KB I K B R 0.0069 L-(s'm) ', B35 R H
027 m-d"', =AEFLT ZK1601 FLB B EE 22, fHIF
IRBEARDGT 5A, th B A T K R

c(Cl)/e(Ca™) FHH VE R R BLK 3h F1 45 25 ) —
ANSH, HAHARKR, K 3h 1 R 22™, R K 4
TCR AT &4 o AR 9T XK IR A0 2 R A
WM (6 2), = E S8 EL L o(Cl)/c(Ca™) R EH
0.032~0.060 = [i], H A 7K P A5 c(Cl)/e(Ca™) RE £

E 0.002~0.024 Z [f], 3% 7% — & F b S e i oY
X FRPEITTR S REER SR NEFHRHKER,
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Z RN 0.067 mg-L ', K Bh ) G4 2 # T ok
B EAL, XA S WU T K EOT R S Rie
ZAR L2 HA P 2 B

ZE L RTIR, WFFE X = AN B SRR L A 7K SCH R 4%
HEFINT % 4,

WF5T XA JE T Hu A 55 X, R KK IR ) T
TR G T 1 KGR B — 0 TR B 5 37 MR e
Jn#k, ZK1601 FLA™ SR /KR BETE 23 °C 247, ZK1602
fL7E 23.8 C 247, ¥ T iE % KR (17~18 C),
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Table 4 Comparison of hydrogeological conditions of strontium-rich shafts in Xinxu

K BER B /m T AKEMATR TGRSR

L TR A D s TR IK &, B8 s ANA RIS, 12 B At

BEZRFON0.05 m-d', HREHRSAEL D5 ¢(CL)/e(Ca™)=0.053, K3 11 4%
P55, K IE23 CHIXT 4R, PR IR B AR i K

AR FRRIX A D, s TR IR 7, A BT T AR SRR A L B A,
TBAT AN VR AL TR BT ; B8 R H0M0.158 m-d ', BTG A A X
BT o(C1)/e(Ca’)=0.032, /KB 11 & PEFI RT3 ; /KR 17.4 CCIEH, TE3F
TR AR AN

AN AR AP MDD SR I, T N DLg IR RID 1 Helb e, 488
R RIG; ANA VRS, A2 IR B A it; B R EUCN0.27 mod ™, AR R IR A%
PEFXF BTG o(CL)/e(Ca®)=0.060, /K3 1 544555 ; /KiR23.8 CHIRXTEL
T, TP BE A A

BhifL Sriyft/mg L

ZK1601 6.76 87.6~125

ZK13-10 1.66 4.4~167.0

ZK1602 0.41 232~296
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ZK13-10 fLU RAKIREZHE 174 °C A4, e ik i
Hb T KGR 1 25 57, AH R A5 0 b R K96 R IR
JERETC, KB R

WFSE X AT Dys Je K5 2340 DX FL AL L AN
KR KB A B E/NT 0.2 mg- L, HL R A
Z 1T KGR S5 52, BN, ZK1605 L% /K2
YR 2.07~125.87 m, 5 ZK13-10 FL & 14251, &K
JZ Dys K7 St B 9T X N, 35 0.07%~
0.08%, {HH A KNI /K ik 1.378 L-(s'm) ', B
FH0EK 934 m-d ', YLIWARNG SR T, R AC IR B,
H R KA FRES (), ASF) T H R K T R 0 2R,
filt ZK1605 FLHL T 7k v Se™ 2 & A i3 3 E bR (kO
FIRE™ R IK (GB8537-2018) ) FLFRHEHR 0.2 mg-L ™,

e 5, ZK1602 FLA [ 22715 B A i 45 5 (7w
HAR SRR /N, EEE T H & K2 IR R (232~
296 m), i T VR T AE, K Bh IR k55, 54
TR ZR 55, MO R KRS RS AE . ZK13-10 AN
Zo: T R ARG 25 SR SR SR K (4-6 A0y B i
i, P Al KRR, X B T ZK13-10 B
B & B TR K, Sk BEBR & T HHR K
(87.6~125 m), IR /KA ME 5 0 & BUKIR A, K.
i 7K 3 B TR SR VR T T B B AN, FOK R T
ARG 46 b KAz, o 1 W 24 i) BELK VR
SR AR K BT R AR A B RS KB,
RS EAE (- 7). Mk Z, LR T
IR B 5 R AR AR AN S IE A

x5 MARFKBEARFDEZHRSEMRERSEITE
Table 5 Comparison of Sr’* content in groundwater in different seasons
LI ZK13-10 ZK1602
W B AR H B 2014.5.29 2014.7.14  2016.4.11  2016.12.30 2016.8.15  2016.12.30 2017.1.10  2019.1.30
TR & H/mg L 3.02 1.68 3.63 1.66 0.96 0.98 0.90 0.41
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(2) 5 H R oK A R B 4 T S A A I A
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Metallogenic regularity of strontium-rich drinking natural mineral water in
Devonian carbonate area in southern Hunan: Taking strontium-rich
drinking mineral water in Xinxu town, Xintian county as an example

ZHOU Xin, WANG Can, ZHENG Pengfei, YAO Tengfei, WU Zhengqing,
MI Maosheng, QIN Zuohui, LI Yang
( Hunan Institute of Geological Disaster Investigation and Monitoring,Changsha, Hunan 410004, China )

Abstract The study area is located in Xinxu, Xintian county, the middle of southern Hunan, in which Devonian
carbonate rocks are widely distributed in the south of N26°30'. 44 samples have been taken from some boreholes and
springs in different lithologic distribution areas in different seasons for many years. The sampling sites are located in
the marl distribution area of Shetianqiao formation of Devonian interplatform basin (Dss). Testing statistics of these
samples show that the strontium content of groundwater in ZK13-10, ZK1601 and ZK 1602 boreholes is 1.66 mg-L ",
6.76 mg-L™" and 0.41 mg-L' respectively, which can prove the existence of strontium-rich drinking natural mineral
water.

Based on the analysis of lithology, structure, hydrogeological conditions, hydrogeochemical origin and
influencing factors of strontium enrichment, the metallogenic regularity of strontium-rich mineral spring water in
Devonian carbonate distribution area is preliminarily revealed. According to the statistics of rock and mineral analysis
and test results of 80 groups of rock cores at different depths of 5 boreholes, the average content of strontium in marl of
Shetiangiao formation of Devonian interplatform basin (D;s) is 524x10 °, peaking at 800x0 °, much higher than that in
other rocks.

The high abundance of strontium is the material basis for the formation of strontium-rich mineral water in the
study area. Primarily, the content variety of strontium in groundwater is closely related to groundwater circulation

conditions. Three spots of strontium-rich groundwater in the study area mainly come from strontium-rich water in the


https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1007-4929.2013.10.013
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002
https://doi.org/10.3969/j.issn.1001-4810.2009.01.002

Fart o i A IR R BRIRER A DX R SRR AR SRR i LA 209

zone of deep subsurface flow. High circulation depth, relatively closed groundwater circulation and weak
hydrodynamic conditions are the main constraints for the formation of strontium-rich mineral spring. Because the
groundwater recharge runoff is restricted by topographic and geomorphic conditions, seepage conditions, fault
structure location and water control properties, the farther the distance of groundwater recharge runoff is, the higher the
circulation depth will be, and in turn the more conducive will be to the enrichment of strontium and the formation of
deep strontium-rich water. The water temperature is another important factor affecting the enrichment of strontium in
groundwater because it affects the dissolution and ion replacement of minerals containing strontium, and it also affects
the CO, content and corrosiveness in groundwater, thus affecting the enrichment of strontium in groundwater.
Meanwhile, the circulation depth and geothermal field will control the groundwater temperature.

The metallogenic regularity of Xinxu strontium-rich drinking mineral water shows that the marl distribution area
of Shetianqgiao formation of Devonian interplatform basin (Dss) is a favorable area for people to look for the strontium-
rich mineral spring in southern Hunan. In particular, the hanging wall of water-blocking faults in gentle karst hills as

well as the location close to magmatic rocks and regional thermal conductivity faults are the target areas.

Key words strontium-rich mineral water, Devonian, carbonate rocks, metallogenic regularity, Xinxu town in Xintian

county
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