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Abstract: The history of water-rock interaction studies is briefly reviewed and presented in this paper, which basically falls into
three stages, namely, studies focused on water-rock interaction, water-rock-organic interaction, and finally water-rock-gas-or-
ganic-microorganism interaction. Although studies on basic geology and mineral resources have accomplished great achieve-
ments, environmental issues become increasingly important for water-rock interaction studies. Hot topics in this field mainly
include groundwater evolution and global change, transport and enrichment of trace redox-sensitive elements in aquifer sys-
tems, treatment and remediation of contaminated groundwater environment, waste geologic disposal and CO. sequestration.
Due to continuous applications of new theories and technologies in physics, chemistry and biology, water-rock interaction stud-
ies are facing new opportunities and challenges, which mainly include biogeochemical studies of aquifer systems, coupling of
microscale mechanisms of water-rock interaction with macroscale geochemical processes. and fractionation of isotopes as well as
their applications in water-rock interactions.

Key words: groundwater; geofluids; hydrogeology; environment; hydrogeochemistry.

F 20 el 50 AERETRBK SR AR 5T b mor, WRI AR IR w 7T
PEHNZ B RF R RGN A G EAE (wa- T8 —mEPR WRI 2R 2SI GEIREE, 199D, 5,
ter-rock interaction, fij#x WRD X —ARiE LIk, /KA 3AEFF—IKL 3 2010 AELE SR U RF AP E &R 5
MEAERIRITEE T T — AN W J 58 35 1) 2 2. 13 J@ 1. ik oK 2 W0y WRI BF5E 44t 17— MR
TG FE b, (A — 4R A, 1974 4R E PRI ERIE SIS F- & . ARoh et 7 WRI By &L JE.

ESTH: EEARRBFRATH (Nos. 41172224,40872160,41120124003,40830748) s Z & #BHT 421555 A AT H (No. NCET-07-0770).

EE BN JLIERE1932—), T B2 14 S, 1952 AEENL T TR R 2E, 1961 4K T SRl st SR 24 Be . 3584 — M4 gl - 244000
[ I MK SOl BT N FR B T AR A FIE 5T TAE. E-mail: shenzl@cugb. edu. cn




208 R} 2E— [ K2 ik

83T &

IKAE RS K AT T, 25 T % Fh b i fE
FAE 2 — PR 5 A ok BB LR £ 58T, 2002). 4R
b EV U T AR AR AR L KL AR
DL £ S AL 3 1 & AR S R R AR R A K 2
553 B AL AT & SRR L R E
T 55 B A SRR SE AR B TR BDK X — BB A
R M ek A J AR Y Dy s, R R R 2 —
WRI (4552 (UL BE 3, 1991). 20 g it DLk,
PR R} 27 R ER BT b 3R} 2% 7 ok B 8 40 WRI B
5% DN K SCHB I 2 B ERAL 2 A2 LR
o ARSI R A BRI AL A S A B ST A
FUFTVE UL XK SCH BT AR 22 R A 45 T
L Hb T AR [ A 5 AR B A AR ) RGBSR

TEASCH A 3 I AE [ it WRT A 5% 7y 50 i)
fithh L, S5 H AT U R B 58 0 Tl A, TR R T
TSI G I ATLE AR L. AH1E  WRI W58 2045
KR TAESE MU NS T A B RS AA] 15
SR SR [n) R AR i S S AT R B A

1 IR — A A AR BRI 4 I s

WRI W55 A P A 32253 3 : — SO E K A2 s
G — MK Bl g 2. AR A B — 43 S AR5
7 S — TR 2 Il B, 7€ 20 il 50 4R LAY, i
WRI W55 52 800 AT KA A4 2 B X
TR FRBOK R R 2 A T 364 T /. b
B R RIS 0T, A T30 I = I B A ) P R 2 St )
W Hb T KK B (R B 2, 1982) . oy 7 i 7 I T P e
HRAE F1 B 48 7K 7 5 Hb 43 Sy B K AR K (Hem,
1985). iy B 2 35 2215 bR LS 3] b 2 /K R i R 7K
(125 5 DL B 7K — 25 AR AR O 7K 5T 5% i) 1 i 22 4
(Edmunds, 2009). 10861093 4, o [# & 2 F| ]
o] e P SR K BRI SR R (UL 5 1975) S 7K SCHh
BRAb2E R AR A B 25, 22032 1578 4R F (AR T
Y4 H )RR KR B 43 B B SR R SR AL
A7 SR HE R A SR (FE 3. 1968) (38 1), 1669 4E

R 1 e EEEKOHIRWFEH (& Edmunds(2009) , F3h)

Table 1 Chronology of important events in hydrogeochemistry
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OV R A BRAR AL 7 1) T 25 B A i T R
AR 28 AR AT A by B 22 () AR R 8 b - 3 JLAE
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As P hbEy M7EFER — TR SR FMN T A E T
M As FHE MG (Zhou et al. , 2011).
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TRl 323 pH. ER B FHL5r A SR &
IKIZ YIRS 5L T AL K SO BR b 25T

Mn(107)
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(Nickson ez al. » 1998). BRIt 240 . A LY FIHAE D)
TEMGIT R A & 45 4 1 EAE H (Islam ez al. o 2004);
H T KA 2R BRI K Z DU M R A 22 R P s
& i 1 i B & 4E (Guo et al., 2011; Berg
etal., 2008). XKLL R B AHGAE—ERE T H
KRS B AR s DL Y & e M. Harvey
et al. (2002) FEd P Jie WRI BFFEI ISR 1
figtt As 55 SO RHAHE, i 5 NH, ~ fl Ca® &2
TEAHOC (8] 3a F1 3b). X =6 2 F1) F1 27 L5 A1) I 114 7
W JE A e e T K As B S H Bk
JERIE L TEB R AL IA K As B 5 3530 B (&
3d) (Rowland et al., 2011). /£ & B 7% i Upper
Mystic Lake (UML) #, i F NO,~ B & 1k As
CID AT FeC I RBE T » BER BURE TR 19980/ NO,
EETE M As & BN FEAK (& 3¢ F1 3D (Senn and
Hemond, 2002).
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Fig. 2 Image of stalagmite (a) and its manganese (b) and arsenic (c¢) concentrations
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WA T K As 5 CH, (o) As 5 S(d) Z ATy 6 F CHidp T AR 7= B BE s /K TR R BRBR MR 12 Ji /KD (Rowland
etal., 2011) ; BEVGHE B & 321 Upper Mystic Lake (UML) H1,1997 4F 6 H 28 H As Fl NO, ~ ¥k B MV BE 97284k (o)

1997 4£ 11 H 18 H As(IID As(W)FI NO;

B&EIR B 175 4k (f) (Senn and Hemond, 2002)

Fig. 3 Variations of dissolved SO,*" (a), As, NH, " and Ca*" (b) with depth in Bangladesh (Harvey et al. , 2002) ; Compar-
ison of As (tot) with CH, (c), S(tot) (d) of waters from the Pannonian Basin ( | : Methanogenic; [l : Sulphate-re-
ducing) (Rowland et al. , 2011); Observed NO; ~, As(Ill), As(V) and As profiles in Upper Mystic Lake (UML) on
June 28, 1997 (e) and November 18, 1997 (f) (Senn and Hemond., 2002)

®3 REUEMEEFZERTRTRM TOKRETEREFZEFRLEY (Farhadian ef al. , 2008)

Table 3 Electron acceptors and microorganisms involved in the degradation of monoaromatic pollutants

V5~ IR by WA
BTEXGA ) AR (RED B Pseudomonas aeruginosa
BTEX Fll Z, & ﬁﬁﬁﬂ*ﬁéﬁ fr FeCllD AIHER BTE, TCE Pseudomonas putida F1
RORED
Rhodococcus  rhodochrous;  Pseudomonas — putida;
7 MTBE MgO, (515 BTEX Cladophialophora sp. strain T1; Pseudomonas putida ;
Pseudomonas fluorescens ; Achromobacter xylosoxidans
BTX H, O, (480 BTE(m—/p—)X Rhodococcus sp. RR1 and RR2
BTEXCf D) YER R (R4 BTE(o—)X Pseudomonas putida Pseudomonas fluorescens
BTEX (7 3#) T ERAR FIAR B AR (RS0 BTE(o—)X Rhodococcus sp. strain DK17
BTEX(GR3H) %% ;E };}Ei%iﬁm();é g‘ )M UL BTX Geobacteraceae
KD BB AR AT Fe( Il URED BT(m—)X Rhodococcus pyridinovorans PYJ-1
BTEXG5 D = BT(p—)X Pseudomonas sp. ATCC 55595
Ralstonia picketii PKO1; Burkholderia cepacia Gi4;
BTEX &) TR AR AR IRAR (R T Ralstonia pickettii strain PKO1; Blastochloris sul fo-
viridis ToP1
BTEX G EHmD KNOs f09 1752 . 12 Tn—/p—)X Pseudomonas putida strain mt-2

AR E SR (RO

“m— X Al R 0— XA TR p— X X TR AR B 2R T R TCE.: =5 20 s MTBE . FUJGUT JEfik.

2.3 HMIT/KIMETRIEBESEE

S JEUMI B e R A E PR 5 T S MU A2
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A 7y HEZ A RS A A
H AT YL 3 A 1 PR 2 25 e 0 T P 4

473+ DT 5 A R 88t g XK HCAE K VAW b TR BE . 3t T
U EEIREE IV VAN R N T | P> 6 ) o
£ 2B LT K FREE T Yia B S5 18 S BT B AR
(Parbs et al. , 2007). TEIZM 5T G, A LR fife T
(T 5 AL L SZ AR 9T 5 T K VB SRR
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BEPE B A EL ] A B R85 25 1 1 R T 5 4 ol
S5 RA MG YAk A B 08 B I B 5E O )
(Farhadian et al. , 2008). %} T FARR 354275 Ye tth
IKIWAEYHE S R Y H 732 R T sE i A 4
& 3 PR, HULRE B, R T 32 5 m IR EEASOR L B
A BT e B I v [ 7= 4y %) A 558 RS A LT
(R BEAE AW 715 8] T Pk . sk 24t
FasE R Z A AR (MD-CSIA) (1 )57 » Sy Hb T 7k
ARG GR35 A8 BILTS e R i S oL B
IR A HLTS e 5 Ah a8 42 1 o i 5k 45 1 42
A )1 P (RIS, 2011).
2.4 EYHBRAES CO, £#HiF

Bl AT R IR AN A% 2 A TG b
W R E AR 215 YK AR AN HE R 28 8
H ) 07 T PR B SO, R R AN H 25 ™ E  AATTRE IR
B E R Y Ak F R Ak O BOG TR thT Y L
S BB Y Z R AE BLVE L 5T
YrH T AL B A CO, 7B 2B WRI BT H 134
SRLREL TR A P P LA i B (R XA R R G
() fe R 52 . R TR B REAR IR BT 1) 1 T 5%
i) o DAk B AF S (A A O S DA VN R B
SEOG Hb R AT A% RS R A BT
(CE3,2008). FEhk A 44 B0 R ] A 2
R R G AT R WAL B A A K SO R A%
R R H K A RUK AL AR AE %Ak 5
R BT S TR R PR Y
—FP S T-BE (Blyth et al. , 2009). [ FH 4 Fp 5 b5
) G R 2R R [ 3R PR 5345 7 B
AR (Tokarev et al. , 2009), YE473 NELLSLE DL M
JRALRTS 38 s A% A B At B AL L s e [

-8
gx10% MCL— — — — — — ——
g 6x10™%F
°
£ 4x10™F
®
=
& 2x10%F
()><1()0 — 1 1 (a)
0 100 200 300 400 500
PH 25 (m)

As¥ iz (mol/L)

B o T U AZ I Wy Ak B 5 e AR R 118 S B )
i (Witherspoon, 2002; Garcia-Gutiérrez et al. ,
2006). 1% 3 15 B AR AL LE XU T000 22 4 1 PPA
TR YA EEAE . G057 O — YR AR A —~
Kd 8 —>Z2 4 73 SOy AR RY ) Rk /e A B3 A
Qb PR XS ST A o AN A 25 5 S LAl R v i — L
TE 57K B AT R AR B e L) e S v 68 0 45 D7
T IR 9 18 (o 114, 2011,

X COy EA7, — R T Jr 2 W e A7
CHs CO, HAERETENEFE K AR b B 1 D | 1 ot &F
A7 CRF COp TEAZI M TeAh 5 v 43 =R B2 DL &
TR K & K258 LR CO, Ak SRR R k. H:
o b T B R RS2 e 1. CO, MR B 7E L Feep, LU
I AL BBARTE AT A2 TR B ) R EE
T COy 9 HOtE A b 5T A 11 L Bk 24 B v
P65 HUZAIE USSR AR B 5 A A R AR R
b2 [ W (Kharaka et al. , 2006). XA Z CO, —
HuJZ K — & A A EAE AR RS R OBUE TR r Ak
ST AR AL RE 5 R LS W B BT (2 3 R
FUBREE AR B2l AE (Gaus, 2010). HETHFSE )
A FEAE TR (DR E AR P ny 2
Ml CO, 55 A R BE + Z Al AR TAE T (2)
RAWFFEIER A 2 Aimi 3 (iR B ) AR
PERE S 520D o I VIR 26 1 7 7] BB A A 5 A
(R ER A2 AR T DR 5 (1435 375 14 7T BE A2 ] 5200 5
(3D 38 4o PEAR A 199 WRT S i 5l g 27 J T 4 A i o
PR, AT SRR DAL A Ak CO, (1968 77 B B[] 1) 22
s (O FE—2LIRANT T N A2, 4 ) it 75 1&
R PIAH R 7 2R 5 (O BIFFE CO, e 24T i il
FCO, HHE GREE T N ZE R R 4 (K
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Fig. 4 Comparison of lead (a) and arsenic (b) concentration profile along x at y=0 after 100 years of CO. intrusion (Solid

lines: CO; intrusion rate of 6>X10* kg/s; dash lines: CO; intrusion rate of 7. 5X107° kg/s)
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Wep g M) S5 Z 8] AH HLAE HT5 (6) BIF 5 AN ]l 2540 T
CO, MR K2 B IR K A2 Rt T R ITH
Sl Ik AR DL R K S H BR A A AR TS5 /Y 52 e (Le-
mieux, 2011). Zheng et al. (200 FEWEE REHL T
TKIK T & K R AL 27 i o3 S B 10 ikt T
Ib ST MR A2 BESE T CO, iR BAT E K
JEHT K As Fi Pb & i fy52 0, A3 CO, #E AT
PR E KR BEME As A1 Pb BB K, I 15 Beiltt i X
H iRy 7K (B D).

3 KA I AE I HLIE 5 Pk AL

3.1 TKRGEHEMMIKUFITEFR
EYIEHER R R T AR — R B A
. FEHBERRZ AN R L B A Qs i R D
FA il 3 L A Yy Bk AL A VR (IR 5D S TUEY)
AR ) M ER AL o o R AR AR R R JEE b 5 e
WRI SR 50 B ol e 3h 122 55, IR ABESE WRI
R A AR B A R T 4 1B g K BRI R )
JRIGIERFAL FETFHHF TR — 2 — A —
P A AR A B R (2 — 4 WRI 9K

B2 (km)

Jig s [A) A B G H L

X B DA AR R e o ] A S I WRT iy
PR R Rk b AR R G R R R AR
S A=A A (B 6 th@®). Sk & AR )i AR
A AVERD B4 » A= P05 Bl i 5 b Bk Ak~
YERICE 6 Hh®). IX T AR fiy R 48 19 8 A0 s AR RAUK
VEFI LY 5 A7 LA K A FATL A A ) 1) i PR 2 vh
(| 6 H©). Pt iR fA= Py i R BE DR 22 571
REAS PRt — 26 5T Bk b2 R S22 T s DL
R AR5 B (B 6 ). BN, Archaeo-
globus fulgidus HEA T LR, i T3 L FL [
FIRESR AR ) B DRI A AR 7 PR 5 T R TR AR
AR A AL AR S A AR ST 5 ] 2
AT PRR A KT A R AL I AR A T mE AT
ST IR TR R IR 3R (B A0 R B T
FER SR ER {27 2 B B R (K 6 1 ®) (Reysen-
bach and Shock, 2002).

RSB LR M) HUBRAL SRR R T2 T K &R
GEWK — S EAE IO S ZOCE S, i THU T KR
LG5 5 MR AR W 25 0, AT TENS B ik
FEHbER AU 22 RRAE A= 1 b BR b2 e ) 388 B0 AR K 1)

A HC=CO:8# K=Y

il i #h+8Fe’' +4H.0=
2HCOs +8Fe*+9H"

ZF+6NOs+6H =
6CO:+3N:+6H.0

FeS:+14Fe’+8H.0=
15Fe*+2S0:*+16H"

| H:S+20:=S0+*+2H" |

l Z A HC+SO.>=HCOs+H.S

| 4H.+CO.=CH4+2H.0 ‘

(b)

K 5 HiEkR)ZE— LT A MG Yo B (o) K HAH R AR 2 (B) (Newman and Banfield, 2002)

Fig. 5 Important geomicrobial habitats (a) and their metabolisms (b) near the earth surface
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Fig. 6 Evolutions of microbes and geochemistry in hydro-

thermal systems
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W) 4 % (Kim and Batchelor, 2009; Ramos et
al. s 2009). 367K SCHER b A7 38 Fbe A AN [ 72
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Fig. 7 K-edge XANES spectra of arsenic in the sediments
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preserved atdifferent conditions (Solid line: preserved
with high purity N; at —20 “C; dash line: preserved

in sealed plastic bags at room temperature)
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148 (Harrington et al. ,» 1999; Kopinke et al. ,
2005) , TMAE A YR A it A vh e A & B T T B

T RN 25 5 B A 3R & AR A [R] 2 B8 1 448 (Kuder
etal. » 2005). (AL 7EHL T KA PTG Yy WRI 45
I8, CVHL O\ SN, Cl &R E [F 3= I BF e85 21 )
ZHEM L EACE B TR 5 R KA LG G ik
T (Dempster et al. , 1997) , 8~ A Y115 4L W) % ik
S HLER (Schmidt ez al. s 2004) , i H WA HLT5 4
WEEAEAR 1€ B R SR A ) 2% 3045 (Hof-
stetter et al. , 2008).
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TR Fe [R &/ (Staubwasser er al. , 2006).
B AN I A B A Wit 8 B0 Fe W &R
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(Herbert and Schippers, 2008).
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