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Abstract: This paper is the result of geological survey engineering.

[Objective] The groundwater in Lianhuashan area of Changchun is rich in strontium and metasilicic acid. It is important to
understand the formation mechanism of strontium and metasilicic acid in groundwater. [Methods] The material basis, hydrodynamic
conditions and hydrochemical conditions of the formation of mineral water in the study area were studied in depth by using the Piper
three—line diagram method. [Results] It is found that the loose rock, clastic rock and igneous rock developed in Lianhuashan area of
Changchun are the material basis for the enrichment of strontium and metasilicic acid in groundwater in this area; Atmospheric
precipitation and infiltration recharge of surface water create conditions for the long—term hydrolysis and leaching of groundwater
with surrounding rocks (minerals), and for the final enrichment of strontium and metasilicic acid in groundwater. [Conclusions]
There is a 16.3—80 m thick bedrock weathering zone in the regional strata, which makes the groundwater rich in strontium and
metasilicic acid distributed in a plane shape. In some areas, two kinds of groundwater exist at the same time, which is different from
the linear distribution of mineral water resources found in the bedrock structural belt; No one in history has found mineral water rich

in strontium and metasilicic acid in this area. This discovery provides imagination space for local economic development.

Key words: groundwater; strontium—rich mineral water; water rock interaction; strontium and metasilicic acid; geological survey
engineering; Changchun; Jilin

Highlights: Under the guidance of groundwater dynamics and groundwater chemistry theory, the mineral water resources rich in
strontium and metasilicic acid are found in areal distribution by integrating the material basis and formation conditions of mineral water.
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Fig.1 Sketch map of hydrogeological and groundwater sampling points in Lianhua Mountain area, Changchun
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202.41 mg/L, F-14 69.83 mg/L; Mg** & H& 4.28~58.69
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S5 AT XK SCHB T A5 (8] 1) K HLSi0, K
KE SeoK IE B L (& 3) AT AT, HoSiOs 7K 3 28

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(1)



504 5 14

PG 52 55 TR KR AR LU b DX 7K P B R Al ik R 1) T JR LR 5

185

®2 KEERUMK M TRUFZDSTE R (mg/L)

Table 2 Chemical analysis results(mg/L) of groundwater in Lianhuashan area, Changchun

FE il TDS Na'+K* Ca* Mg* HCOy SO cr H,SiO; Sr
s01 198.85 15.63 4411 12.8 88.78 16.34 18.27 28.88 0.21
s02 360.67 31.86 7225 17.15 76.95 65.11 5421 38.89 0.85
s03 191.65 13.82 49.87 13.75 103.29 23.05 28.48 31.85 0.4
s04 423.73 29.45 101.22 25.44 165.73 80.23 43.73 22.65 0.41
505 184.43 10.32 40.87 119 65.11 20.62 26.73 13.56 0.3
s06 198.71 12.97 45.95 10.13 65.11 5.28 27.84 19.77 0.23
s07 302.14 21.41 70.96 23.36 151.64 24.8 99.18 31.55 0.27
s08 139.04 10.21 49.44 11.67 145.01 9.61 30.54 34.58 0.26
$09 197.45 14.33 59.47 9.62 118.38 4.61 31.32 37.04 0.31
s10 508.42 24.83 98.23 26.39 73.99 23.13 119.68 39.82 0.54
s11 105.71 17.43 43.09 10.2 195.21 14.08 11.34 38.05 0.27
s12 205.13 15.72 51.83 12.85 96.3 26.14 33.57 39.99 0.74
s13 123.92 17.65 31.19 5.81 115.21 13.56 23.51 25.92 0.4
sl4 82.49 14.54 40.74 6.03 153.66 7.79 10.2 29.23 0.48
sl5 207.49 21.36 51.82 12.6 105.06 29.05 38.54 28.09 0.89
s16 185.55 28.36 86.45 20.16 346.26 19.97 20.16 27.67 0.37
s17 209.3 9.33 4428 11.69 63.21 3.34 33.42 26.68 0.41
s18 365.29 18.36 65.19 16.27 377 8.95 62.99 30.38 0.8
s19 138.01 16.37 59.32 12.62 201.24 26.25 223 26.95 0.32
$20 221.82 20.04 74.57 14.33 210.12 29.12 70.28 30.63 0.27
s21 107.93 13.87 48.78 9.27 192.66 8.7 16.07 29.1 0.3
22 327.17 41.19 77.77 17.92 171.65 67.84 55.23 26.8 0.24
23 238.76 18.46 60.93 15.11 121.34 27.87 36.44 31.93 0.39
$24 103.44 15.67 20.02 452 4735 23.22 23.25 22.98 0.59
$25 500.28 25.5 132.29 18.99 1243 38.42 117.1 37.76 0.51
$26 474.22 31.62 96.28 23.67 68.07 32.17 108.59 34.64 0.72
27 107.29 133 34.68 5.79 91.74 37.36 14 31.23 0.4
s28 121.04 13.63 35.91 5.95 79.02 45.44 17.5 33.99 0.57
29 390.49 37.81 83.22 19.11 88.07 89.02 92.17 35.7 0.47
s30 275.88 32.64 72.66 13.81 136.14 87.76 58.49 16.32 0.5
31 85.47 17.93 52.16 14.82 118.38 26.28 28.8 31.17 0.43
$32 91.14 12.35 61.78 16.41 165.73 8.96 39.39 27.17 0.22
$33 133.52 28.06 83.11 21.59 94.7 9.15 106.99 23.26 0.31
s34 543 10.37 34.26 8.65 130.22 8.19 10.1 51.89 0.52
$35 67.14 11.43 35.54 10.32 118.38 32.96 27.07 58.73 0.37
$36 40.82 11.54 21.81 6.4 82.87 3.76 3.6 22.64 0.13
37 60.66 13.16 37.7 9.08 53.27 6.18 2031 42.19 0.13
s38 108.66 23.57 65.89 18.33 73.99 20.46 75.07 29.99 0.18
$39 119.68 18.68 77.09 22.18 79.91 4455 64.57 55.36 0.27
s40 70.24 18.24 43.11 7.25 88.78 224 17.49 50 0.29
s41 182.6 23.92 126.88 30.51 59.19 2.39 112.08 46.13 0.33
s42 117.77 31.91 58.43 25.39 53.27 96.66 92.81 41.05 0.21
s43 58.49 9.77 37.89 10.48 109.5 16.14 5.07 30.11 0.6
s44 142.62 37.64 80.86 22.94 168.69 54.5 42.72 45.04 0.31
s45 119.68 20.12 75.43 23.6 118.38 447 57.95 33.53 0.46
s46 143.67 53.51 63.56 25.72 319.62 34.15 17.04 46.36 021
s47 79.96 18.27 4333 17.53 189.41 25.35 15.76 36.32 0.4
48 64.44 19.56 33.02 10.85 106.54 49.55 8.73 7.01 0.8
49 80.94 10.79 47.38 11.62 204.2 14.94 9.9 55.76 0.73
$50 78.93 10.69 46.47 114 201.24 103 10.86 53.37 0.76
s51 288.97 15.92 62.23 16.28 228.8 18.37 14.8 33.01 0.59
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el TDS Na'+K' Ca* Mg* HCOy SO cr H,SiO; Sr
$52 347.32 54.62 40.63 10.11 200.2 36.28 43.97 33.64 0.4
$53 484.51 43.08 85.04 26.32 251.68 87.21 83.21 42.49 0.33
54 49223 21.71 94.46 20.08 131.56 35.48 81.81 29.06 0.33
$55 229.06 18.42 4239 7.84 128.7 25.99 22.58 55.21 0.51
$56 237.7 10.08 42.62 9.25 82.94 6.92 21.8 35.42 0.18
s57 487.64 25.99 83.6 17.87 131.56 3.41 79.14 22.94 0.44
$58 517.85 34.49 86.74 17.87 108.68 22.52 99.09 29.28 0.14
$59 344.61 15.15 50.06 10.78 45.76 12.49 50.47 38.72 0.28
$60 416.42 28.98 76.06 14.91 120.12 36.62 87.51 40.47 0.55
s61 143.39 13.53 25.55 4.64 85.8 9.01 11.79 18.57 0.38
562 168.36 12.04 2521 6.07 62.92 15.88 22.65 40.55 0.25
s63 216.79 17.53 35.74 10.97 65.78 34.74 57.74 39.56 0.82
s64 248.36 20.28 40.56 8.91 94.38 39.93 22.63 35.83 0.47
$65 289.23 17.83 52.76 11.12 94.38 39.74 28.16 35.29 0.08
$66 400.74 57.36 65.57 18.91 308.88 8.28 51.67 38.37 0.09
s67 253.34 16.03 42.44 6.28 65.78 37.02 23.39 29.36 0.25
$68 292.72 31.05 40.09 9.32 165.88 43.62 14.87 40.54 0.19
569 402.19 83.9 42.48 19.94 180.18 35.28 97.76 24.63 0.08
s70 502.88 23 92.87 18.33 82.94 20.85 86.13 29.76 0.09
s71 293.67 27.57 49.19 24.18 308.88 0.32 18.29 54.57 0.08
s72 366.28 15.54 66.39 13.78 572 29.74 65.57 55.71 0.4
s73 674.43 23.58 125.5 23.68 62.92 12.27 133.67 48.81 0.15
s74 845.86 58.84 145.5 3233 286 72.65 156.19 43.56 0.31
s75 855.53 3475 183.73 26.34 80.08 63.57 177.98 13.57 0.09
s76 569 26.25 103.83 28.45 117.26 60.33 78.47 44.07 0.24
s77 285.74 20.47 61.41 9.01 154.44 28.54 32.53 28.91 0.28
78 170.75 8.46 33.08 7.86 120.12 6.46 6.33 33.13 0.29
79 222.09 21.65 33.8 10.83 91.52 50.09 19.18 252 0.12
s80 408.38 38.07 74.13 22.98 245.96 28.87 44.85 30.39 0.14
s81 1169.62 65.68 202.41 58.69 231.66 155.84 202.5 55.88 0.13
$82 327.49 28.05 55.11 12.92 111.54 49.08 41.56 49.04 0.12
$83 251.87 226 42.02 14.67 160.16 50.09 16.5 27.94 0.19
84 175.06 8.53 30.24 7.99 117.26 6.2 6.21 36.26 0.2
$85 696.87 35.9 1252 36.61 177.32 91.26 115.59 24.29 0.22
s86 337.7 35.53 50.6 15.71 134.42 64.54 20.15 39.68 0.14
s87 161.59 9.46 31.11 6.01 108.68 2.95 12.05 49.49 0.13
$88 369.84 25.18 80.44 16.71 260.26 25.16 53.13 51.09 0.08
$89 626.19 35.39 102.49 35.9 137.28 75.85 94.87 40.65 0.42
$90 163.7 10.78 25.08 5.62 111.54 7.81 434 49.83 0.28
s91 129.16 10.23 15.68 428 7436 13.02 3.45 33.07 0.58
92 351.41 15.57 68.05 17.39 131.56 20.3 45.56 39.91 0.52
$93 195.02 17.31 34.59 9 114.4 34.82 13.76 32.73 0.42
94 314.56 28.52 38.49 12.91 7436 53.47 20.29 35.41 0.17
s95 290.17 34.06 46.03 14.64 160.16 37.67 26.38 44.47 0.2
$96 731.13 33.84 130.6 33.55 102.96 55.56 105.8 33.07 0.57
97 1017.64 59.34 192.76 45.66 183.04 89.36 169.37 26.84 0.72
98 235.58 25.25 42.83 11.68 163.02 33.08 28.69 30.55 0.63
$99 233.53 17.6 326 8.85 60.06 18.61 18.43 27.84 0.2
s100 398.18 277 70.64 15.95 143 47.79 38.43 25.41 0.2
s101 599.83 25.59 140.79 27.57 294.58 107.7 124.58 23.43 0.51
5102 376.44 26.63 7435 14.45 117.26 3223 76.69 17.96 0.39
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Fig.2 Piper three—line diagram of groundwater
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Fig.3 Distribution map of strontium—rich and metasilicic acid—rich regions in Lianhuashan area
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AR TERRERRER 10 1045, B A5 K A7 AT
A VLS IN A ST PR KR, 385 Sr LS 7245
K

Hu T K5 BBl S RERT ) G A7) K 30042 i 2
W SR AKTE I LA 25 A (R HE MR AT, 2019 2R 55

2022) , fEHAM AR RS OL T, R K5 7 Sr.
TED™ 1) CA A ) 32 ) B) e UK S A RE TR 75
TR (A N5 %, 1996) , RS IX A A (5
TER N A R B IE K A i Ak 1<) 7 41
B0 KA R BE R (LA 5% R 16.3~80 m) , KL%
BURE , Z 220 KR, R BR, K A7 1.91~
5.63 m, & KSR IEATR , I 7K 2 50~840 m'/d, 7K
AR E: . BB A AL A N KA S A A
TR HE S Se R R AERR 1 S 5 DX PN R B AR 1 il
Wy MR ENAL S R T 5 i K, T
TR AR AR AL T 25 [

WFFE X P, KA 1 FLIR  ZEBRB 15 4
R IR ZEUTFLIR LB ) TR R A8 RS A B i i A
W, BT RARE K COLRE R KB AL T (Dobson
et al.,2004; 75 # H4E,2017) , 16— & R BE AT )
B, A5 LUK 5 8 LA A iR AT K A s DR AR

®3 FFFIIRMTRER S LKLt

Table 3 Shukalev groundwater classification summary table

FAR O 1-A 11-A 12-A 15-A 16-A 18-A 2-A  22-A 23-A 25-A 36-A 37-A 4-A 43-A 44-A 5-A 8-A 9-A

b3

s 17 1 1 5 1 1 12 25
Lfl/% 16.67 098 098 4.9

15 1 1 1 6 4 2 2 4 3

098 098 11.76 24.51 14.71 098 098 098 5.88 3.92 196 196 3.92 294
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Table 4 Identification results of representative rocks of aquifer in Lianhuashan area
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=

=

T
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RHAT A BTRARAEAR KRR B0 B AR SR P XU ST » AR M 55 YR Ak » B8 20 R T1 24 K

1£:0.4~2.7 mm.

B A AT = OB AR S IRIEAR » W3 92 BT KA £ 0.6~2.7 mm,
A UM AR IRIBR S JR T SURDIREE & 6 SR BUR T 2N, RiA%:0.3~3.5 mm.,
TEIE ) - BB IR AT A 98 RARE 0.2 mm DR .

DEAR Y BT AR R EDIR HETOROR  REULH , R MR IRKIR 3 2R Ri4%:0.3~0.9 mm, 5 6%~8%.
RHCAT ABUWEDIR, WA SRR 0.8 mm, 2915 2%.

R & A . R — s
2 P FEJT « RH RGN 24 BL o A, T 18] 7S I B A 4 e b
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T PRARFAE « 2 1 R AR BB IR SR AL , B SRR R AR T2 284X, MLACHE T M ik o
By WO« AR RRIR BRI HETRLIR , REUR & B 2B S, FifE:0.4~0.6 mm, 5 7%~8%.
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S e SRR B AIR, B DU S R A LA 10207 mm 94521%,

B - 2 AR BRI Dy, D R M IR A D

H AR N AR 5 7 SRR i Se iy ket
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TE 5 R R 55 75 (HCOs— Ca ) 7 Sr M R EEFR 1™ 5
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