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

[Objective] Metasilicate mineral groundwater is widely distributed in cenozoic basaltic stratum of Bashang area. It is of great
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practical significance to study the formation mechanism and water—rock interaction for rational utilization of water resources and
development of mineral water industry in this area. [Methods] The formation mechanism of metasilicate mineral groundwater in
Cenozoic basalt in the research area was analyzed by collecting environmental hydrochemical samples such as groundwater and
rainwater systematically and using mathematical statistics, ion ratio analysis, isotope analysis and other methods. [Results] The
metasilicate mineral water is mainly distributed in the groundwater recharge area of the front edge in the Bashang area on southern
part of the county; And the mineral groundwater of study area is characterized by low mineralization while the main hydrochemical
types of groundwater are HCO;—Ca- Mg and HCO;—Na - Ca; Also, metasilicic acid in groundwater originates from the hydrolysis of
sodaclase, plagioclase, olivine and other silicate mineral in basalt, and is affected by rock mineral leaching as well as hydrochemical
parameters cation exchange. According to the analytical results of hydrogen—oxygen isotope, it is concluded that the main source of
groundwater recharge is local precipitation in summer, and the actual age of groundwater is between 15 a and 60 a. [Conclusions]
The formation of metasilicate mineral water in Bashang area of Hebei Province is related to the local special basalt geological

structure and specific hydrogeochemical process.

Key words: metasilicate mineral water; basalts; hydrochemistry; stable isotopes; hydrogeological survey engineering; Zhangbei
county; Hebei Province

Highlights: Summarized the hydrochemical characteristics of metasilicate mineral water in the Cenozoic basalt area; Clarified the
formation mechanism of metasilicate mineral water in the Bashang area.

About the first author: HE Jin, male, born in 1980, doctor, senior engineer, engaged in hydrogeochemical research; E— mail:
hejing007105@126.com.

Fund support: Supported by the project of China Geological Survey "Comprehensive Geological Survey of the Northern Section of

Taihang Mountain" (No. DD20160328).

1 5 5

PRt R B B SR K VR S 3R [ 2 IR K A
— BB AR Co o A 2 FRE Sl ki A Y
gk (EME 45, 2015 R, 2016) o P XA
RRER ) A PERRAE AR ) 2 BR L B 1 D R g R =F
B AR KA L S A O A R B A SR K
FEdh 22 43 A0 T 0, A SR O VT R R b (R SR A
2019) R T (B )5 & FIT 4, 2014) | 91| gk
JE L (F35,2018) RBAVE L (BLd, 2018) 75 M2
5 () FHF,2019) %, T84 Jf AXT PR RS
W IR KT T REPRHAVFT . TUARIE (1993)
il bR K 2 R R K R LR K B
B LI K 7K 4 Flol R KRR, I HOAh LA
H R 7K T2 B A7 M Rk R A SRR AR AR
(2008 ) 45X 5 M 7= B S 7K 4% [B] 43 A5 FRAE R
Jo R mEERR B SR OK Z TR 5 M 21 Ll H
KB M ZRAIEEA B 55 A R AE R K
CO. M, MR BERR T IR 7K BB B $ 40 T 0 B 4%
o B (2019) M X BRI — & R XA
SRS G KB, bR K P RE R S R I T

ZRA TR A SR A SRR RS S
i, LR B 1 25 55 B O [) b B 1) b Bk Ak 24 45
PR L B HRE . PN =55 (2022) & B AL K 7
Hi DX Z A KL A i A T B L
T LRI 5 G 2T I PR SR K IF R
WX,

AT I i XGEr A= AR 2 % 3 o A T
U 1700 km®, H T 32 28 AE A h A s, X
PR R T KRR A5 R o 1 ATE DA IR 7K
PIRISIE TAE , & BZ L X AFAE & K AU ik iR
IR IK (AN RS L2 (] 2 A7 R A S T B
FEARXS A IR K 1) w5 4 B R BE LB T A T
RAWFSE o Bl ok b B e 268 U5 g PR & Ji A
RGO BB A i, T 0 K=l B 2k
sk BB ECE AT S5 2 — . L, B H AT
] TR A SRy R AT L LB R A b T R A T
FE P AR R A6 B AR AL A 43 A XK SCH T % 14
K ARBERR A SR 7K 25 0] S A B B BE Al L, 32 7K Ak
2 ROIABE [ Z T B AR W5 T X R AR B %
IR B KA 2E AR S AILER , T A BT SR KR Y
B PRI R PR A b BT

http://geochina.cgs.gov.cn H1[EHLET, 2023, 50(6)



250 4 4 631

AT B A% T IE A TRAL LB A A UK S I RE RS SR K A2 R B B A 1889

2 T XA

2.1 BAMIEHLR

AL B TS = R R S, AR R 0L b
X, 4H BN 4230 km?, SE37EK 1437 m, 1
XA A e B R, PO LA A B, H -
[ CiTEP IS INDQIIE: T SIAE S 2 I EA
A PRI A, A A2 2 e DR, 2
B btk o H R RO I SRR A2 I
M TP B fg A B UL (8T 1) o

T XS R T IEIR AT 2 T 2 Kbl XS
fi . AR R K B 380 mm, 4E 1425 & & 1655 mm, -
BIXGH 2.4~5.5 m/s, F- YR 1.2~3.5°C, ZHE R
il DX T 22 S g b I TR R A DN R ) A
KB IE PG , A E0 AL, KR R EEE R
SRR A2, 3R T4 L H] SR KRR, R &
AR BEGER , O ZE TR
22 WEAM

T XA T & Jb 2o B, I 5 i Lk
b GH S BT, X PR DLE AR 1) R AR T 2

Elpe
Quaternary
uaans e Tl

ZRAE
Basalt

o
EFIEER
Stratigraphic profild

HTFAKRR
Groundwater flow
s?ﬁ]l?%#xé of e d

Bedrock areas

R RAER
Sampling point of buried bedrock areas

P 1 BRSSO M5 P B R R A ]

Fig.1 Geological map and distribution of sampling sites in the stduy area

http://geochina.cgs.gov.cn H1[E ML, 2023, 50(6)



1890 i

b, J 2023 4F

L AT IR AR R, A X2 AT R o R
il ol T AR < I (Ary) R ool Bt
— AR S HE M 52 . A 5 R B R
I R UG—URT ST Hb T4 (N k) DA I (N Rl
R HREX I RQM M. H oD IH X
R B A B R VG ER , 52 7 KT sl i A
PES R A i XX A BT 2 )2 DU ] R,
TR RS s W, i) iz mifeE . BAK
ZRA LKA O T A 2 s 32, A2
PRYEMT SR AMBURE , AR B e IE, AL A&
B AFLE20%~30%; T EB A 2 i, B0 Ikl
AR WT A 1 2SI A B i, T2 A
i GEMEA HEEA R
2.3 Kb

HRYEIFIT X2 i RIS B LA H oK
A3 MR XV K A X IR A /K (B 2) o #ER X7
IKZ A AL B VU R 5 & b S KA 2
o MU K ZAERZIDI R I 48 S f HhBE BB Ak L
IRATE SR, BRI 2 AE 1~15 m¥/h, ARPEAIK
R 7K KA W TR | A K AL AF ARk 3 B Az [
K IR AL, FERAERET GG 2
2RI RT Y 4—6 H 03 H BUIK A7 3 , ZER R &
R 1) 9—10 H 4 H B8 i KA 15 (18 32) o HLEE X
HUR K AR A LR b S R e R Al 22 R 2R Y

FIEALIREK 5 X A BB IR iR &
IKo X LR T 7K 3 B2 b DX 1) b 25 1
PARLCFL BRI K A T ) #b 4, 28I AE T N TR
T RAFERAB RN GTR)Z - T KRR S, )
PETAMAIEARFNIA, N BN BFREAE h R T K,
TRARFEE T 1%, 7E 6—8 0 IR (KA o 1717 il
M AR AR RO T R A 8D, BIRAFE3 A
Hy Hh B— 7K SN I S KA (1 3b) o
3 WL

TE 2019 4R 7K B, ve B kAL B 2 A o A R
FH S L | RS FL SR SE T A R AR T K
43 4 (Hrp 2 sl s R R XUk 24 2 3T X565 Y 2
HZRARAK194) , [FIEFRERIFEK 24, B
FES A UNEN 1, IR IR pHAE AR
5 EC(HACH sension— 156, USA), HoAth 35 Fr 2% 1
SEEE M, SRR, HZR B A U4 T
THUE, SR 5 FARE S oK RO ok 3 W, REA SR R AR
FE 5 3 (250 mL R & LRI , 4 0.45 pm S8
T UEAE K oI A SRR , B2 b 2 pH=2 I T
W P B, A 2 AN R A SRR AR A 1] S 56 %
FHF MR B A SR R 2 RS R ST
BRI & B B, sk b 89 0 Bl ik A i 75 5
bS5 T AR A B v SR F R S AR, Hor Ca*

A A/
| X | BRE . Heh X |
20°, WiRm
i 1500
% i

1400——

—1400

130

/
1300
7

0 4
L 1 ]
it DA Bl 1 zRE e
Clay ! Sand gravel E Mudstone Basalt E Sandstone
T R Rk fL T (7] W2 (7] %
i i Granite E Water table Groundwater flow direction Fault Spring

P2 W5 IX K St | T 14

Fig.2 Diagram of hydrogeologic section in the study area
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Table 2 Correlation coefficient of hydrochemical parameters of study area
H.SiO; pH DO TDS Na’ K" Ca™ Mg*  HCO; CO% Cr SO NO; Br F

H.Si0; 1

pH 0255 1

DO  —0.349* 0.194 1

TDS 0.347*  0.328*% 0.689** 1

Na’ 0.281*  0.458** 0.466** 0.879** 1

K -0.299 0.275  0.332* 0.491** 0.367* 1

Ca™ -0.076  0.361* 0.508** 0.327* -0.107 -0.054 1

Mg™ 0.362*  0.305*% 0.534** 0.738** (.532** 0.890** 0.187 1

HCO, 0.061 0.303* 0.477**% 0.788** 0.757** 0.374*  0.118 0.576** 1

CO; —0.124  0.525*%* 0.378* 0.640** 0.828** 0.375* -0.309* 0.406** 0.614** 1

CI' —0.414** 0.338*% 0.603** 0.940** 0.809** 0.562** 0.300 0.782** 0.650** (0.529** 1

SO, —0.445%* 0.331*% 0.644** 0.903** 0.771** 0.617** 0248 0.811** 0.615%* 0.499** 0.908** 1

NO. —0.290 —0.019 0.468** 0.448** 0.296 —0.074 0.465** 0.120 0.107 0.218 0.278 0.263 1

Br —0.328* 0.498** 0.417** 0.800** 0.861** 0.538** —0.085 0.632** 0.600** 0.704** 0.870** 0.735** 0.141 1

F -0.262 0.493** 0.230 0.332* 0.490** 0.121 -0.326* 0.266 0.431** 0.554** 0.218 0.266 0.106 0.282 1
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Fig.6 Gibbs figure of the hydrochemisty in the study area
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