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Formation conditions and prospecting targets of physiotherapy geothermal
mineral water in northwest Shandong Province
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Abstract: There are two kinds of physiotherapy geothermal mineral water developed in the northwest of Shandong Province, one
referring to carbonate fissure—karst type and the other referring to sandstone fissure—pore type. The carbonate fissure—karst water
belongs to Sr- F water, whereas the sandstone fissure—pore water belongs to Sr water and Br- Sr water. According to the analysis of
the formation conditions of geothermal mineral water, the authors hold that the weathering crust and karst well—developed buried
hill at the top of the Yanggu—Qihe uplift and depression are favorable prospecting target areas for carbonate fissure—karst geothermal
mineral water, whereas the secondary structural zones near the deep faults within the North China depression and on the edge of the

depression are favorable prospecting target areas for sandstone fissure—pore geothermal mineral water.
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Fig.1 Geological structure map and distribution of wells and prospecting targets of geothermal mineral water in northwest Shandong
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Table 1 Division of tectonic units in the study area
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Table 2 List of water quality of geothermal mineral water in northwest Shandong Province

& - AT 25 V44

;1_:;1;; WK R AMAT 7 B (mg/L) . s e
. ZSi (0) F r Br #  HBO, (kM (mg/L) '
7
1 362 475 <010 245 1430 102 475 2210 74 514283 SO, Cl-Na-Ca Tt K

33 SOy Cl-Na-CaM o

2 475 <010 205 1450 114 4.63 2405 73 508281 . TeHE K
3 [i7gi e 40.6 500 <010 385 1760 220 8.85 2990 73 729831  Cl:SO,Na:-Ca Tt K
4 P 42 500 <010 400 1732 222 8.85 3120 73 740441  CI:SO,Na:-Ca JHEK
5 — 57 270 <010 090 11.88 026 2.50 4420 74 3470.11 SO,~Ca SRR
6 izl 43 325 <010 077 1250 022 275 3510 79  3290.59 SOs—Ca FBEK
8 399 325 <010 308 1725 220 8.50 3380 72 704899  CI-SO,Na-Ca Tt K
9 52 40 <010 222 160 143 — 377 78 532179  Cl-SO;Na-Ca Tt K
10 62 39 009 208 1514 0942 — 4157 69 52927 C1:SO,Na-Ca Tt K
11 495 104 460 1000 2538 0498 5.40 3432 — 9870 Cl-Na HEK
12 58 150 395 180 1374 0438 4.10 3487 73 828342 C1-SO4-Na K
13 53 090 550 7.00 2231 0392 4.70 3494 72 10120.76 Cl-Na LK
14 575 1.0 0.5 40 1394 0334 10.0 3925 72 8365.0 Cl-Na K
15 55 12 0.9 085 1025 05 95 36.4 75 6343.04 Cl-Na HEK
16 55 13 13 36 1075 02 10.38 338 7.7 6455.08 Cl-Na HEK
17 51 275 — — — — — — 72 941639 Cl-Na K
18 56 1.0 056 438 170 030 10.75 3900 75 902291 Cl-Na K
19 52 0.8 12 6.0 195 022 13.0 325 74 9479.2 Cl-Na K
20 bk 64 020 400 960 7342 0406  40.00 60.71 — 14724 Cl-Na Hle e TR /K
21 e 64 034 300 560 2624 050 15.00 51.06  — 11926 Cl-Na Hle e TR /K
22 FLBR A 64 <0.1 32 2375 505 1.7 23.0 442 70 2102293 Cl-Na HHK
23 74 0.5 22 2925 3562 074 225 455 73 18875.67 Cl-Na K
24 62 <0.1 1.0 37.7 550 084 6.75 416 69  19078.87 Cl-Na IReBEK
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26 65 0.25 7.0 410 950 1.8 13.75 36.4 7.5 2301227 Cl-NaCa Tl K
27 60 0.25 080 4188 69 1.65 45 39 — 2138726 Cl-Na IReBEK
28 73 0.65 25 120 812 032 925 52.0 72 928339 Cl-Na ik R K
29 82 056  0.76 54 — — 4.70 — —  23764.88 Cl-Na Bk
30 79 0.4 029 072 851 1987 8.0 48.1 7.1 22664.06 Cl-Na K
31 69 0.55 0.9 290 2975 054 — 46.8 72 14974.07 Cl-Na WReBE K
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Table 3 List of water quality of non—therapeutic mineral water in northwest Shandong Province

Hh A AU K %ﬂ‘?‘th/ : : Xﬁ{\%ﬁfﬁﬁi%é‘?%«mm) oH WAL/ P
Gt (C) F I Br 7 1 HBO, kR (mg/L)
7 @ﬁ%%%% 38 160 <010 028 458 0.10 138 31.20 73 1446.83 SO,~Ca
T
32 58 14 05 19 415 0.39 4.62 37.39 78 485491 Cl-Na
33 59 108 062 24 5235 02 6.0 36.55 82 4711.8 Cl-Na
34 52 14 05 3.0 54 0.22 5.0 37.0 7.67 493239 Cl-Na
35 54 132 045 34 415 0211 44 3771 7.75 4902.82 Cl-Na
36 56 144 045 25 6.03 0.227 5.0 4028 7.96 488238 Cl-Na
37 56 13 054 205 54 0.36 52 325 7.7 4913.19 Cl-Na
38 47 140 080 265 5.50 0.20 7.50 32.50 8.0 5448 .61 Cl-:SO4-Na
39 62 135 045 275 8.0 0.18 6.63 416 7.7 5300.26 C1-SO4-Na
40 62 140 070 265 8.50 0.20 575 4550 7.7 538227 C1-SO4-Na
fib R
41 L 58 12 0.8 225 7.75 02 825 36.4 7.8 5563.47 C1-SO4-Na
42 53 105 060 238 8.50 0.22 — 46.80 7.7 5052.39 Cl-Na
43 62.5 1.35 0.6 2.06 8.75 02 6.5 377 7.7 4811.1 Cl-Na
44 63 124 055 055 8.01 0232  <0.04 46.63 7.78 5228.95 Cl-Na
45 65 140 070 275 8.68 0.017 6.50 4597 743 — Cl-Na
46 55 180 140 180 6497  0.176 5.10 33.85 75 5035.87 C1-SO4-Na
47 51 140 145 3.0 7.52 0.15 6.20 3427 745 5487.54 C1-SO4-Na
48 54 120 040 118 3.50 0.10 — 338 79 3969.60 S0,-Cl -Na
49 47 140 028 179 7.5 0.64 — 29.90 7.6 5027.91 SO, Cl-Na
50 45 130 045 170 1.95 0.90 6.00 39.0 8.1 4075.60 C1-SO,-Na
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Fig.2 Relationship of F and Sr content with salinity of geothermal mineral water of carbonate fissure - karst type
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Fig.3 Relationship of Sr and Br content with salinity of geothermal mineral water of sandstone fissure-pore type
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Table 4 List of saturation indexes of fluorite and celestite of carbonate rocks

AT G 1 2 3 4 5 6 7 8 9 10
#A (CaFy) 0.75 0.12 079 079 025 0.42 -0.37 0.44 0.59 0.57
KA (S1SOy) -0.01 -0.01 0.07 007  -0.02 -0.01 -0.59 0.05 =001 -0.05
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Fig.6 Comparison of characteristic coefficients of therapeutic and non—therapeutic geothermal mineral water
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