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Abstract: Acid mine drainage (AMD) is a difficult point in the prevention and control of environmental pollu-
tion in sulfide ore deposits, has attracted the attention of scholars at home and abroad. Numerous scholars have
studied secondary minerals in AMD in different mining areas. In order to understand the formation and evolu-
tion of secondary minerals in AMD, it provides scientific basis for AMD pollution prevention and control. This

paper briefly reviews the types of secondary minerals, the formation order of secondary minerals, and the forma-
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tion, characteristics, environmental hazards and significance of secondary minerals in aluminum phase in AMD
under different environments. There are currently three main types of secondary minerals associated with AMD,
including: iron—phase secondary minerals, aluminum—phase secondary minerals and other—phase secondary
minerals. The pH, Eh and temperature in AMD have a controlling effect on the formation of secondary minerals.
Fe— and Al—phase secondary minerals have strong adsorption capacity for several metals in AMD, which can
achieve a certain degree of water self—purification. At present, due to the high formation conditions of AMD and
‘

unstable mineral phases, there are limited research results on aluminum—phase secondary minerals and “acidic

“acidic white water”

white water” in AMD. Therefore, the study of aluminum—phase secondary minerals and
can better analyze the formation and evolution mechanism of acidic sulfonated water and acidic white water in
rivers in the stone coal mines area of Haoping river basin from the perspective of prevention and control, as well
as the geochemical process of heavy metal adsorption by aluminum—phase secondary minerals.
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minum pollution in rivers; Haoping river

W H BT IR IF R BT 1L 2 A7 76 R 1 /K (AMD),
AMD WJE AL F2 b, MRS A A HF E LR
JLRIR M, &t —RINELE B SRR R
N, 377 A — S A RV 11 5 SR 4 R kA SR ) A
WA Y, FHUTEE T % (Basallote et al., 2019; Michael et
al., 2019) . BRVE 4 HES AR X Jmy &8 /N E& ] I, — gk
HAEATTEY (Lu et al,, 2021), 36 F K4 149 X T &K
KEWNZEET X IR 1L HEK H & 3T 53X Fh
8, UL TE ( Sienkiewicz et al., 2016; Caraballo et al., 2019;
Newman et al., 2019), 3X &6 [ (A T JE P8 R AT
LUV PR P 7K R B R A0, i LR AH L AR AR IR A
Y143 ) 2 it B R 2 A (FeO(OHD (SO, Fl 2 41 L
(A1,(SO,) (OH) -4H,0) (4 /2 T4, 2023)

PR PR 7K TVE IR AE ), 28 LUK 0 A 8 S A
iR b s A AR, SRR AT Bk O, TR
R AL R /ORI //Ey: R AR Y S
K DORBE IR TR “ A5 %7 (Bigham et
al., 20000, 75— 71, & & Al YRR K B 2= A 3L
FIE T TE, Hoh AL 0] A8 b 5 Bk iR 3 1 ok 2
Z, W HB OSSR G Y i s . EHTE
B V4 45 <22 5 T 8 21 T S 38 3 A TR XA 2 ST
TIIR b % 3T 4k B B Y L TTIE ), B 5 A0 R TR
PEHEZK AR R 2 s HE I T X AR A AEAB 21 (A 1Y
TUVED), SCVRIAT 7K DA b Y 21 e v O B S %) i 3 7K
—R PR K TR K AR CIEL 1L 1B 2D, L DTTE
Y G RIBOIR Y, & )8R F 8 AL R, [
7K Cd, Ni, Mn JCR {544 5

AL P 3 3R Ak 27 R P T DA ) 22 b 98 355 1) A T

A% U R M @ 1 HE 7K (Chen et al., 2022), " 3¢ #

(Espaa et al., 2018) | 572 #i (Jones et al., 2011) , F&€
17 (Cory et al., 2006) F1 1= 111 % i (Munk et al., 2002)
PR R VLB R £ £ 49 (Hicks et al., 2009), 2T + F148 +
(Brown et al., 2011) 8% 52 fig 1 K ULFLEE W 1) & 7K )2

1 BEMREEATRPBRERKRBKRA

Fig. 1 Sulfonated and white water in a tributary river of the

Haoping river basin

B2 BEARERATROBEKEBKRR
Fig.2 Sulfonated and white water at the outlet of a mine cave

in a tributary river of the Haoping river basin
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(Likewill et al., 1992) . BLHIA G Al B9 FREE 1025 12 B
Be A A 2R RN T A A B AR N B S . AR OR B
WAL B B R AT IE, LB T RRYEKH AL &
BETE R4 (Caraballo et al., 2019; Lu et al., 2021)
—J7 T, TR R AR A R b, SR A 2 B I AR A
Al F (SRR B0 ;s 75—, KR TR )
W) 15345 S, AR AL 2 ik 1 B I L O ) i A 48
B, W e A B K e A S IR IR B, 1987) T
FRYEKAGHE X T Al TR B — 2K, 5
TR AL REIR B XA AL BRI A KA,
[F B 2 K 5 B AROK IR A, S BUKIR pH EFH = &
A KR FNTTVEVE I, G3d — R AN 1 RN T Tl — 26 1 £,
HY R PR URLY), 8578 S5 TE R ER A R T L AR R,
FBAFULVE TGRSV o X LR AE 9 Py iy o 9™
ST AT H AR A A SOW, T2 T8 IX R AT RSk
R CER AT, 2022 6

HA, ¢ T B AK i U A= 57 1) (%) F 5 R R
2, PR AT P AR B A (AR AN
A [ 80 % 5 E — 25 AR R A 5T, AR AN IR A= 0 ) i T
LIRS e R MR R L, B
TE NS AMD IR AT PR B 5 T8 B A R

A8 A B A K 2 B AR AR UCLE B M BT L RRAE K
PR 85 6 45 5 T OIS R, LA BT X R
IK—TR MR K — IR T 117K T 38 AR AL i F 5 LA K
Bz i3 St il 42 Rl A A

1 AMD IR A0 Y)

1.1 REF R

T R (R B k) S & A Bk 45 H A i Ak 9
TYR AR K 28 RRAYe I RS RS, B
FUFAE P A | b2 SO, Ak 5 SR
KA AR EY, & &kA— RN RAER . SeE
FH oK VR 45, DT T B 1 2 4 v (pH<<5.0, —
& pH 1B 4 2.0~4.0) I BR VLB 111 HE 7K CAMD) ( Chen et
al., 2022), X H KW P RAL B Z TR IR R
Al R P A R R 3 TR B, X R T K RN 4 S TT
K ) b F RN b T KRS R i Pl B T B AR A (R
R4 2023)

HHTIN A5 AMD A IR A8 W) FZAFAE 3 F
KRR D: ZAHRAT Y . FRAR R AE 5 9 A0 H A
KA ¥ (Sienkiewicz et al., 2016; Caraballo et al., 2019;

Fz1 AMD HREH WFHZEE Alpers etal., 1994 &H0D

Tab. 1 Species of secondary minerals in AMD

BAH IR W) (=¥ A AT Y fl 2 HAbA R AET Y b2 X

IK L FeSO,-7H,0 RIS Al,Fe,( SO, (( OHD,-20H,0 JIERN CuS0,-5H,0

RN FeSO,-5H,0 RN FeAl,( SO,),-22H,0 = 7K AR CuS0, 3H,0
KB FeSO,-H,0 RN MgAL( SO, ,-22H,0 7K JH B Cu,(S0,) -(OH)
3N FeFe,( SO,) (( OH) ,-20H,0 i TR MnAlL(S0,),22H,0 FE 4 4 AL Na,Cu( SO,) -22H,0
LBk B FeFe,( SO,), 14H,0 EMA AL(SO,) ;" 17H,0 R W 4 Cu,( SO,) (OH) (-2H,0
Brag il Fe,(SO,),-9H,0 RHB Al(S0,) (OH) -5H,0 K 58 L Cu,AlL(SO,) (OH) ,-24H,0
S N (H,0) Fe( SO, ,-3H,0 WA KAL(SO0,,( OH) K CuCl,-2H,0

ESR R Fe( SO,) (OH) -5H,0 A NaAl,( SO, ,( OH) ¢ it Bk 1L Fe,( AsO,),(SO,) (OH) ,-4H,0
AR Fe( SO,) (OH) -3H,0 AR AL(S0,) (OH) ,-4H,0 aw CaS0,2H,0
FEPAN Fe( SO,) (OH) -2H,0 A AL(SO, (O ;- 7H,0 15 7] £ MgSO, 7H,0
EEE/R0N KFe;(SO,),( OH) ¢ EER L LIRTN NaAl( SO, ,-6H,0 KR4 AL CoNi;Mn( SO,) -6H,0
R NH,Fe;( SO,),( OH) ¢ =K A AICOH) 5 B R (Co,Mg) AL(SO,),-22H,0
BN R L NaFe;( SO, ,( OH) G0 C0S0,7H,0
0 4 1L K,0-Fe,0;-4S0;-8H,0 ER:LEE 20N NagMg( SO,) ,-4H,0
W R = A Fe;05( SO, (OH) ¢ ZEHBAH ZnFe,( SO, , 14H,0
Bkl A Fey( CD (SO,) -6H,0

gk o-FeOOH

AR y-FeOOH

2R Fe,0;'nH,0

i Fe,0;
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Newman et al., 2019) . ZRAHR A= 138 5 T2 B 622
RUCTEY), L5 B RN | it WURR 2 L KBk A4t
W 5% (Carbone et al., 2013; Bao et al., 2018; Zhang et
al., 2021); FRAHYK AE 0 W 8 )i A @ 2R TTTE, 2
FEFRBOL . BB BEK S A A=K A 55 (Du et al.,
2014; Carrero et al., 2015; Sienkiewicz et al., 2016;
Lozano et al., 2018; Chen et al., 2022) ., HABAH K4 H"
Yy EEA AL KA S

P4 BE 74 5 A Tharsis 5 111 AMD H & 8L T R
[F) Fh 28 B IR A= 07 ) (Valente et al., 2013), AMD H1 &
B RMBERIRE O, LUR G WL A TE
TE AR T BT VR 1Y DX SR A B BRI S HE K AT IR
ORI T BRI . B R DL R E K A R R
BR A W ok, IR AR ) 22 1) A O 3R RLF- 340 52 HoAth P
gy, an B R Y MoK SCAR M. AT [E S
AMD (2R, I R B P UTTE QN 15 T JR 30 1 Bk 1k 2 3
B, AV AT D G i i R 2 T R X K AL L IH R
SEMELIAFTE Y R A o i 4G S R B9 47 1L ( Candeias et
al., 2014) LUES B BT | B BT 55 O 3, BT AE X B
TR, XZLW, AMD T RIRAT Y £ EA0H
— S R ) R AR R L L R = A L BT Ok sk
B B, ARERET . AR, A E S, B SR
WY FEEFRER R W) . Zézere M FIREIR TR0 ) ARG 1
WK Z AT RAHFCIRE, SRR Sk 2 AR A .
TE Zézere ] (1) T WE il 43, BRI B K AU TRIK 23 il B 2
) BRS04, B DA B 36 R 1k ) 8055 , BRI
R, o BURE H MR A IOTE . TTARKE
LI AMD Hr s 31 A [) 2 B B A i ) (X7 2 4%
2017; 4BF45, 2017; Liu et al., 2018), J7 A K5 1L 4k
MK, 9 A0 Y E ARG R A R
WL INER . FERD . RELT A, [ 2 AR K e TR TR
o BRIz A, REILAMD FIER S ENESE, Ik
YRR R K R SRR ER, BTLAS 45
LSS W L XA TE . 7R pH 4545 T, B
BRBI R R 2 A e s IR, A e R
FRERE . KR, BRI, SR KSR, R
Bkl HAERT . BRI AR o BT AR AE P AR AY
Famatina " fb 17 & B 1 22 FlOAS ] 26 B 19 UCLE 37 )
(Maza et al., 2014), H" 1L 2 & @ B9 11, <%
BHTH . Maza % (201 UE LK A0 ) Al 7 — 28
R B N B R L R 2 A B R AR, BR it 2
HNE R IAFAES KGR L KGRI AR, BERAL . A
BB, BRI KR RS

12 EMRETHEBEHNEEZERR

AN TR B PRI S5 40 T AR LB IR AT W) R A AR 2
o TE— SRR X, S5 AR U R Z IR
TET 52T B ECHE R, A1 9 09 Fh 2 0 25
KK, FE8e 4y 25 AR K B G, DA I 7 35k 26 1l
X 2 R B — e 5 KB D IR AR W) o AT, A [ Y ]
B AT PR A S, AMD YR VE R BE LA B
ANTF . il SR [ A 22 S B R A A B, i i i AMD
) pH 2388, M HRET Y 2 A g oy, s
— SR RIS . B, TEARZ B A
T, AR A A TR S - e R i
YRR SRRl Bl R 2 A L SRR BT B
B, BSEEAH BB S R R . WA E AN
AMD R AR ) B RRIE BOR T IR B b 2 S5 R 1 A5 b
pH. Eh Al B (Carbone et al., 2013), 5t HIE i 3R 55
M5, AT AR 53t 3 Rk AR 0 008 R 8% OB JF K
MRV VAT AR T O TE N, FR A R R V5 WO W 1Y) TC [
SEUITEY) . ZRYFIMHCRITEY . QW B E
W I HEKIE B &5 DR . QB E ., B9 f
X A SR A R 56
13 RETMREIRF

WA )0 A P A — i R AT . TR
A Libiola & LA i WL %% 8] = b AN [d] B €5 1 DT UE
W) (Carbone et al., 2013), 433 M L LR UTTE (pH (E R
23~44) FLHELRTITE (pH N 4.5~6.7), ik
B ULE (pHAEHZ R 7)o 422 Kefeni %30 12 i
5256 W 5 & Pl (Nordstrom, 2011; Kefeni et al., 2015;
Carrero et al., 2015), pH 1B 1Y B BUZ RAET W14 B
WU 0 = 25z R R . A AR T, B pH A
W Tt R, 2 22005 3 AN B Be: BRI A= 0 M1 00 e A=
LB BE CpH B 2.5~4.0), W HE#R AR AL | it J 2 A
4, G TE BUR (G BUIRTUTE, W RRSh “REK 7 o Q4R AHE
WA R Wy O0VE A= LY BE (pH {E 29 2 5.00, QR FR AL
KA EE, BB EL A @ERTIGE, AT “HAK”
@ B B M W R 0 W U0 TE AR R BY BECpH A A
8.0~9.5), WIKBEAT A5, 1EA AN T AT YA
P 55 1 1 35 7K — 1R MR il 7K — 8 M 11 K T Ak P 8 56
REYIMG . TR, W4 2 KB O
FHURAE B P U0TE A= R BE CpH (B R 4.0~5.00, W2 4R
B KR AT 55 . QWEARAH IR A= 0 Wy 0 UE A 1 B (pH
{64 6.0~8.0), 4 GROZREE)AE,
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2 BAAET YT NS RRE

21 BHFEH AIRKIE

ALYE R 3R A f 3 rh i ) S F e R
Z—, AR T AR, o B Hh 5T ST Y 8%,
P A A FE 2R 7%, FE R AR A K R TR
FERAR . Al LAZFIE AP TE T 3R, HAA AR
P, B EE L AN AP AICOHD™ | AICOHD,
T AICOHD, 4§, A DL 4= 3 AL 5 v i B 43 #H T AR
o ALRA Yy a] ) P32 Z2 R ) o (52 ), G0k iR ]
L5558 B AR AR PR B R IR R (HASs), DA R AR BR Y
BETEAE T A LB R 2 AR B A —, X AL A A
MRS EEAEH . W ALE R — 2 BREW
HEN T, @ UK KA AEYIET | MY E A,
JRER S RAE S RGE M KM . AMD R Al
B B B T4 A AR R R AR, X T AR A ok U, AR
A AR O PR:

KAISi;O4 + 4H* +4H,0 & Al +3Si(OH),’ +K* (1)

XL W AVE N kA FETE T8 A A, A8 R
20 ERDURR Y 0 B 0T . 40 RRE DA 32 MG ek R AR
PR TN 2 P A T o R LR R A o DR SRR AR
YR AR 55 1R, AT LASE o 187 SR A I 4 MR R PR 25,
MAX DR, Al A LGETE =7k 884 (AICOHD ) |
A AT CALSLOSCOHD DAREAF M [FE AL

KAISi;O5 + H* + 7H,0 « AI(OH); + 3Si(OH),’ +K*
(2

KAISi;Og+H* +4.5H,00.5A1,Si,05(0OH), +2Si(OH),"+K*
(3

HRAE A O FA(3), HE pH (E 323 I
LR 2% A 70 (B AN HLIRR D 1 R B I AN = B, R HOR
SRIK AR A 1Y) AL B R BE AR AR ( <<0.1 mg/L) (Nord-
strom et al., 1982b; Z8JKIH, 1987) , 7E R ZEMR MR £
oh, G AR g b AT PR AR AN S = KR A
T U A VS A FE R . SRTTT, 7E AMD Hr, FR Y ek ik
SRR AR W AR o DR, =K AR A R e 04 A T R
AN R ARG E DY AH, ] BEIE B ] V1 Al IR R R I
PR IERBR TR ER 01 o XA R ME XULE AR FH 8 A 5%
R BRI, SR SR AL AT B A 2 R A
B H WK A4 (Zodrow et al., 1978) . M5 H
& ALY AMD 5% = pH /K MR & I, s 5 o R
W28 wh 25 pH I, B2 B AN IS PR R AR IR 3

XA T AT Fe A sV iR 0 A AL . R
YRR LR R R0 W AR 0 RN, WA (DO FIA (S
FR .

3AP* +K* +250,%" +6H,0 & KAL(SO,),(OH), + ?g

4AI*" +50,” + 14H,0 < Al,(SO,)(OH),, * 4H,0 + 6H*
(5

22 SRMRRET WEHE

CLHITE AMD G b 23 B i —SE 25 & 32 22 | W i
JEARBY BB AR LR 1) o SR AR AR ) F 2R LT
AR VR T . B Bl L AR IR S A Ml R o
TR, B S AR IR L R T L W BT A BOR R s
[) 4 R 2R, AT B B BT 25 1 25 5 O ) 218 0 1Y) R A IR
AR YIE R PR, W5 BB S A X T B A R A R 2R
) W BUHL ] B A 25 L (Bigham et al., 2000) .
FERSRTRME . 55 R B AT oW 82 21 BH AL AT CAllpers et
al., 1992; Long et al., 1992), I H.7E % Az PO 1rh 75 1) k.
Ly X35k At 25 % BB FL A7 (Raymahashay et al., 1968;
Hemley et al., 1969) . R, BARLAT LT A J& (T TE
Y 320y, A DTTE Y A IR N 8 TR A F
TR A B R 1 /K M 7E — 28 4 77 JE A9 ( Theobald et al.,
1963), - 7F 3 [ Doughty Springs 5t & ¥ T 11 4 1 1E
¥ (Cunningham et al., 1996), % VG 4 HE 3 X Fi1 35 [H
KA [T XY A TTE Y © IR S8 8
F AR Caraballo et al., 2019) . K ZEURUITEY 94
S ER AL & B AR L Alpers et al., 1994), {H 25 AR 2,
Kt = 25 4757 . SR, BRAIE pH (EHEE 5.0 5000 5,
WA 28 X F ALBIULTE, N4 ALK f# 89 pK, 4
5.00 4 pH {HIE/NT 5.0 A, F 0 AL B0 A R SF 4
G, T2 pH (KT 5.0 B, ALZET 85 BE AR, HE A5
5 =K A Uit 2 T8 58 T O A Y 18 S 45 i £ (Nord-
strom et al., 1986; Nordstrom et al., 1999) , F43-48 AH K
HEATYEPE BRI DL AR 2. X e LA R S B,
WURL/IN, 25 AR EE 22, TE B 4 2R R B9 4 RR, R Ak S AT
1) ALF S BEIR LE AN TR : K R SR AL A0 55 32 SR AL 1Y) L 431)
B, A4 1 R KRR, 2.4+ 15 SRS 2B
A5ZEWA, b2 REEMEN SRR, N
1: 1, R R BRI o X 2803 1Y 28 A
W i Y AL 5 i ) o R AR O R D | R KT L 491
PRI Sz et AT T L E B AR X pHL. ¥ 5 22, 7E pH
fEBE M OL T, AR ALCSEPR b A KRR LA,
R BRI H K R R AL K I B D B 7K SR R R
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R 2 FRHERET YR (3B Bigham et al., 2000 1&30)
Tab.2 Properties of aluminum phase secondary minerals
—, KEFEBNA ZER AL K A A
7N
AL(OH) SO, 15,0  AL(OH) SO, 4H,0  Al,( OH),( SO,),-20H,0 AlL(OH),S0,7H,0 AL(OH),SO, 5H,0
LE R R R R “HEAR LN RN R
23 ] #F P2, Pl P2,/c P2,/m
a=18.475
a=14.911 a=12.954 b=19.454 a=7.440 a=7.930
=9.993 =10.004 =3.771 =15.583 =16.879
R b=9.9 b c=3.77 b b 7
c=13.640 c=11.064 0=95.24° ¢=11.700 ¢=7.353
p=112.24° B=104.1° B=91.48° p=110.18° B=106.73°
y=80.24°
EEZN
i {5, [ERRETRE A g =R il H AU M PASEEN
" BRI v Sk
2 by T4 T AR, A AR, 255 HE TR B - R /NI 7% 25 5 MR B R Ok
RIS S v i 7T 9 UL IR W7 11 W 5 8 4 1 GECRG NS BERRBES Y
IR XRDIAIBE (A 12.6,6.18,5.29,4.70  9.39,4.73, 3.69, 1.438 18.1 8.98,7.79, 4.70 8.46,4.52, 4.39,3.54
Fae Sy WK KRR BKRE LA BT S 7R AT K 1£55 CT K A il A

A ML, B pH A B FEAR, RUCh KRR, 6L
A AR, BILA . RHMRILS RIS EHESIR
R AREWTLED, M, TR RA RAFSS 1]
wEh

B SRR FRER T ) A Ak e M T — A AR =K, ]
Ry FEE A AN S A R P PR T 1 A A TR 5 ot AR, 5
BRAR Z 1 K A AR B TR G L 328 . A e b Y
DUVEZ 5, A W W 0 ek, 9218 0 3% AR gk B2 0k 17
TE TS/ ZAL IS LT, 0.5 mol ALCSO,), % UK [F] i
PLUE =K A . A . A AR B L A (Singh,
1982) . BF40 I B B2 VA R AE 50 °C A B il & 18 J
Jei, e T AL =K AR A . FE AR AR B AR A 1 B — /1R
SR BT WITTE(Adams et al., 1978) . Z4EHK, Af]
— FELTERE M2 75 A7 7580 R 55 01k 2R BB 71, B R 2L
E M AL 7 B4y S IR A B AE7E, HR R Eh 5 5
BeUE B — 17, DT R Eh FUR B T
(Weiser et al., 1941)

Bassett 55 (194944 #H ~F- i v it B2 £ 98 5 XRD 43
BT LA BT TE B A 27 B A CHRRE R T %) 0 At R 3k ™ )
TR WO L& . B 5, TERHR LA R 2 — A
¥) 2 1if (Anthony et al., 1976), 2= E G EHE X T £
LA FARHER O 0 o i FE S T . IR, — Rk & W
(Al,(SO,)(OH) - 17TH,0) B £ 78 ¥ fiff i Y Bl ke %
AL E W R E N —Fh %) . Johansson % (1962)
il AR X R Y RHMB LA AR, JT 4 A 2 1 AR
¥4 . Johansson 45 (1963) 1) 5 — Wi W55 K BH, Al;0,, H

TCHY I T LR AR 3 SE G R 46 1 SEA I 4y o R TE T
E LI AUHAD SE S B 5T b, B B S 2 B
B ) A SCHk P 2 A X R e, (HR s
Al 2% 5708 B0 Ry 2 R EUE B AR A, I
HAZEG 5. MO, BB AR 45 B 25 138 5 23 BRI 0
KUTTERT pH {H, & IITTE F eSS A3 2 (Bertsch et al.,
1996) . Bassett % (1949) 4 i, If-H1 Johansson 4$(1963)
T % f AR Z5H A 13A1,0,-6S0,xH,0 L&, Hossr
LKL AR BUAR L, {5 XRD 48 AR B A5 A1
Lz Ab X555 R W], 16X 2 R 5 Al BE 28 UH:
by 5 A R T

HCH DL AR R R B R AR R K R AR LA R
ER AN . Bannister 25 (1948a) 14 5o 78 e [ g 52 1 £ fff T
b e gk B v 2 BT K R AR LA R R AR L. Y
R MK 55 v M 9 22 phoK R B 5805 B R 3 ) S I B
HopH &7t e pH A TH & B2 3T 5.0 50U = B, ik
SR R BLA (R 3) . 8 3 M T /KR4 1)
PRI AY . KA IR A A0 BRI 2H A A B 9 A R R LR
it CHE o — AR AE 5 4 ) B9 40 A1 41 5 ( Clayton, 1980) .
30 CHE SR E FE SR AE TR R K 5 K IR A i
A TTVEY o D FE S AN TR Z A0 78 T8 & R P
K5 E R R . SR B #5  (700~ 800 mg/L) () 20°C
SRAKIR G M B o 33X S8 45 1 AT B3 o 1 WA 7
XA Hi S T AR . — S8 TG E T UUTE W Y e K AT
RE S e 1 K 3 8RB A AR R 5 AR B 14 K A 2 R AE
JTA 53 BT BT L0 AR 38 P AR KOS AR B A A B AL Y 3
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#3 HEERBITYPEREYHAEK (%) (HE Bigham etal., 2000 EH50
Tab.3 Composition (%) of Al hydroxysulfate minerals
A FA
H);J;L” o R %;;i‘ B = ccz 5 D E F
I Rt
AlO, 38.80 45.80 31.70 46.40 44.75 36.20 42.80 47.00 39.00 40.10 44.10
CaO 0.30 0.40 0.77 1.50
Na,O 0.00 0.05 0.18 1.20 0.10
K,0 0.00 0.04 0.00 0.50 0.00 0.00
H,O 20.57 36.30 55.90 33.40 35.60 46.9 40.80 39.50 46.00 45.60 35.00
SO, 40.63 17.90 12.40 17.40 18.10 10.70 12.40 8.70 17.40 11.60 22.30
Bt 100.00 100.00 100.00 97.20 98.75 94.20 96.90 96.90 104.20 97.40 101.40
XU 2 AT 5 ELE RN RE LTk LE® Xk LA T e JoE B
A BN XER kEE LEE 45 JiE B eLER IR

e R & AR H Bannister5 ( 1948a) 5 B 5 B H Clayton( 1980) 5 £ /i C3R H Nordstrom( 1984) 5 #£ iy D# [ Headden( 1905) .
Cunningham%: ( 1996) ; ¥ FhESK [ Ball( 1989) ; #f 5t F3E [ Charles® ( 1967) 4 WL UL o

WHZM . §YRIEREE S RERRRERS S
BRORG A 9 B R, sl o R M AR R R R K 5 K )
R, B0 o Bk R $h W) v A s 55 IR M R R VA A
Clayton( 1980) %} 5Z [E] Chickerell, Dorset Ft) 7K £2 45 L A1
AR LT T8RN AT, B HEH A HL A7 515K
T ) 375 5 L AR . XRD B8 | fb2E ot R 43
Pr(TGAY FIZE AT (DTA) o WA TR, T 2%
IR YA FFRER AL A AR S5 44, A Ry i W a4 J2
#A [A] B9 (Jambor et al., 1990; Farkas et al., 1997), /K¥#&
L) B Ruotsala 55 (1977 $ ik Sy —Fpok B B 564l
RS LK, AR, BORAY . PR e Y. TERE
Pofadder [ff T (Beukes et al. 1984) F— R~ 5
WAB XY, IS T BT R XRD, IR, DTA il
BT EAE o SR, XRD Zds 25 17 A TEBA 1) 4 L R T,
Jii K FEAT T A% IE (De Bruiyn et al., 1985) ., A7 FIZE L
A 1 BRSSO AR LA RN R BRI A A B 2 AU A
. AN %) Fuemrole # H, Frondel %5 (1968) 1 IX
R T 5REINMAFA LN ENA, YT EmE S
R R P 7K 55 R = iR R R s I TP I 1 o

3 BAHIRAT PR A E S X

AMD 1ER B HIBR AR R EE 7K (Nordstrom, 1982a;
Rose, 1998; Nordstrom et al., 1999; Lu et al., 2021), X
BAKK) pH HRES 50 A . FlE SO, i b Hodh iy (D

& JE B, HOm AMD — S A o Y (CED & 8
WA AMD 15 A 21| 2238 4b PR, W% Z) 18 AR TS G
RIS K 4 8 2 1 MR AR 25+ (Ash et al.,
1951; Barton, 1978; Caraballo et al., 2019; Topal et al.,
20203 WL K BR AL M B 4x T 75 gk, S B S A H A
IKAEAYIET, IR 23 X4 6 L R | G R At 25
a3 B ., I R AR B T BB ROK B
V5 Y, SRAR YR AR BV A B RO UE B R S LA B A
FHEVIME . AMD YR A AR Y n] BE B B,
XA RGN RN R0, —Sp R
W1, SR AR AR b AR B 1 AT DA K AR AR i AR K
FVES = A AR RZ R o BE Ak, BRAH R AR 0 ) A Ak B 5
T2 AT RE 7 A K RN T, X K R RN A B T RS G
(Cala-Rivero et al., 2018), H FHHILshth S0P
FRA T 2 1 R G825 MK, DL R A SO 2o # rp
TR B, im0 G B 1 TR, AE A SE M X, B R ER
AT AR R . R, R WL pHE R K . ]
4n, € [ (Cravotta et al., 1999) 7= #P 4 7 L X g m K&
B I HEK 2R M (pH (E h 2.0~4.0) 8 £z i %
(pH{E & 6.0~7.0), A X} 2> 1 #£ & pHE & 4.0~
6.0, RIYER BAR(EUE T Feo AL MU A 4 @ DA TR
TR TTVE 23 B3, (H 6 R AR Mk B A S M AN B
TEt 2 30 4F , Koa A Bk 22 SCHRIE ] T & % B
PR £ 19 BR P4 7K 7E i BR ( Bigham et al., 2000) 1k 2 R 1A
¥ 5% (Farrand et al., 2009; Ehlmann et al., 2016) F X} &
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ARG 26 b B — o W HIE . SR M 9 A& 81,
AMD 7EHRSE ST 4 )8 & ft i bR TR E IR £ .
W 5% & (Waychunas et al., 2005; J& 57.#f, 2008; T i
#45, 2009; Espaiia et al., 2018) & B, AMD 7E 4 72
THAEWNRWESERES BN ARSI SR .
1914~ 1980 4 7E i =2 F 1% [ 52 5 4b B 8 L 15 7K 0 il
TH AR VEAR AR, BRES 7 | BRERAR 5+ 7 it Sl A, (H
2o JL P AR KR B A SR AL, 3 2RI B 4 R B vk
JE kbR, BRI 8 HP 1 (Sienkiewicz et al., 2016)

TR 50 ] LB N 292 4 0 IR TE R K ek rh
it F 55 22 14 4k 2F 22 8 57 ( Viddndnen et al.,2012) . 7£3
Z 104, BF 98 0 H AR R SR K B Th A R e-Keg-
gin T Z2 S Ak W) 1) B 5% (Furrer et al., 2002; Casey et al.,
20090, H D HU SCHRBIEFE T 8 & AI'-SO, —JLIEMI I
WY 2 v RN b BR b 2417 24 (Jones et al., 2011; Car-
rero et al., 2015; Espafia et al., 2018) . Fif AW 5% 3% BH
(Nordstrom et al., 1999; Bigham et al., 2000), 44 K4~ ¥
IR IR SR ALAT P BE 2 & 7 B R h i IR MR 7K A rh i ik 1Y
B B w4 Al-SO,” M ULTEY) o (A A2,
KRB AR PR E R, JLT R E RN, 75
KAGFMT, IR G 82 I AK AN AT 3 b 0557 45
45 AN R R, 2RI Cu fil Si4F T &R
HIRE JIfR5% . Carrero %5 (2015 WF5Y B, SR AR LX)
2 JE 0 W2 B RE ) Lo B R BRI L bt R R 2 A R v, TC AR
AT LR A R AE B AT LLBR & AMD i 60%
H) AsCAs B T HJEH 2 mg/L, Al BT HJE 4 194 mg/L,
Fe B T M}y 2040 mg/L) . M4k, LN ALK E &
WESE, FEAN R 55140 F, an & %/%0 4k (Espafia et al.,
2006) Fl k4 /38 JFL ER 3% ( Carrero et al., 2015), ‘B %} JLA
B CRE R AMRRAYRIRE S . 51— 7, —LL 8
Yt x f a7 HAESZ TS P R T AT LA BRA T
# (Verplanck et al., 2004) 14 J& (As, Cr, Ni, Cd. Zn
FPb) . (HIEA R TR I RE T, i A T
H— L

CIOWR B BR £ /K A, BRAR YA B 40 01405 R K
A EERTIREY . BRAHUE R ) T2 AR
BRI | i R = A RERET AR BT A A AR
) E R AR AR RHR L SRR 4R =K A
5o UERTWIRIE K52 2 pH. Eh FLR EE A5 PR R

o, Herp pH S T2 BRI 1 .

QWA WL W2 5T pHL E L KT,
W Joe 2L JRCI S L ] 45 R ER o AN T 9 R P A R
R [ SR A F A UE B I R . R 2R kA
PR Aoy AR L & R ER A, (ELA SRR 22, Bk = 454
AT S8RV R BEZ pHAE SZ WA, 4 pH (/N T
5.0 IF, ¥ fif 18R 22 BE A PR <1 2 23, T pH(E R T
5.0 I, §R A2 AN, IR R 5 =R A A0 1P
W

(3R PLANS AMD I BEAE I, A (0 BRI
e BRI A TR P SRR AT ) e UL I, R A
TG T E T AR R S B R ik o R A A M DL, LA
CERTTTE Y ) BEAEATAK LA K] PR AR 1A

(OB AG Y BA TR, DIREBRE, 45
i 22, ME AR AR 0, 8RR 10 K AR AR W 9 2R R
SETE T BE )" A TR 5 (ELIR] ) A ) A R /K A
HR A TLUE S A W B 1 R o, X KA Y
15 W) L bR A v R R AR . BTSRRI
AB YT I AR BILTR X T 0 E  E] d d
IK—TRE K B BAT B B e W A E

& Z Lk (References):

IR AR PR R IE &S KXHIB SRS O7 i L), TR AL, 1987,
(01): 46-56.

LUAN Zhaokun. The speciation and speciation study of aluminum in
water[J]. Environmental Chemistry, 1987, (01): 46-56.

XUAF G, BRIV, JR 7K 55 45 . BLAG OR 52 Ll R X e R M Ll I K v
ARG WA W52 (0], Mo sk 5 3R 85%, 2017, 45(03):
259-266.

LIU Qiyuan, CHEN Binghui, ZHOU Yongzhang, et al. A study on
secondary minerals in different sediments of Caoduikeng acid
mine drainage, Dabaoshan mine, North Guangdong province,
Chinal[J]. Earth and Environment, 2017, 45(03): 259-266.

FRA, BRW, TR B IRE W & 2 A2k 72k
JBRCRE AW RS AR LI A AW ok 4k RE 2009,
28(06): 581-586.

WANG Wuming, LU Anhuai, WANG Changgqiu, et al. The forma-
tion and transformation of schwertmannite during the prepara-
tion of ferric hydroxide with acid leaching filtrate of tailings[J].
Acta Petrologica Et Mineralogica, 2009, 28(06): 581-586.

SR, R, PMELSE. R IO R] B K 2R K DI R K AL
YRS [J/OL]. P4 b6 H fT, 2023: 1-12. doi: 10.12401/j. nwg.
2023010.

WU Yakun, XIE Chenchen, SUN Kui, et al. Hydrochemical evid-



55 44

WA 45 0 LR /K SR AR U AL 7 ) B B 2 28 SR T 5 ik 149

ence for hydraulic connection of different aquifers in Shenfu
mining area[J/OL]. Northwestern Geology,2023: 1-12. doi:
10.12401/j.nwg.2023010.

AT, RVLAR, An 05 46 VUL XA 1L b BT B 58 9 4 5 B v BT
3¢ 0], PEL 5, 2022, 55(3): 129-139.

XU Youning, ZHANG Jianghua, HE Fang, et al. Investigation and
Preventive Research of Mine Geological Environment in North-
west China[J]. Northwestern Geology, 2022, 55(3): 129-139.

TRACT, BRAENE , A3 28, 45 385 3100 I S R DXl 3 45 Y
0,95 Y Ke R 434 U bR, 2023, 56(4): 128—140.

XU Youning, CHEN Huagqing, KE Hailing, et al. Analysis of White
Pollution of River Aluminum in Stone CoalMining Area in
Haoping River Basin and Its Causes. Northwestern Geology,
2023, 56(4): 128-140.

JASERE. BRI K P AR AR R A R T ) RO R B
TREEE SCLT]. #2470 4%, 2008, 15(6): 74-82.

ZHOU Lixiang. Biogenic iron oxyhydrosulfate and iron oxyhydrox-
ide occurring in acid mine drainage and their environmental en-
gineering implications[J]. Earth Science Frontiers, 2008, 15(6):
74-82.

ARs, BRAE, XA 4%, T ARRE IR e AMD g (TR Y
TR W BE ST D). R 5T A 4R, 2017, 23(03):
442-451.

ZOU Qi, CHEN Ying, LIU Qiyuan, et al. Study on iron-bearing sec-
ondary minerals of ochre precipitates in the Tielong acid mine
drainage, Dabaoshan mine, Guangdong province[J]. Geologic-
al Journal of China Universities, 2017, 23(03); 442-451.

Adams F, Hajek B F. Effects of Solution Sulfate, Hydroxide, and Po-
tassium Concentrations on the Crystallization of Alunite, Basa-
luminite, and Gibbsite from Dilute Aluminum Solutions[J].
Soil Science Society of America Journal, 1978, 126(3):
169-173.

Alpers C N, Blowes D W, Nordstrom D K, et al. Secondary Miner-
als and Acid Mine-Water Chemistry. [M]. 1994,

Alpers C N, Rye R O, Nordstrom D K, et al. Chemical, Crystallo-
graphic, and Isotopic Properties of Alunite and Jarosite from
Acid Hypersaline Australian Lakes[J]. , Chemical Geology,
1992, 96(1-2): 203-226.

Anthony J W, McLean W J. Jurbanite, A New Post-Mine Aluminum
Sulfate Mineral from San Manuel, Arizona[J]. American Min-
eralogist, 1976, 61: 1-4.

Ash S H, Felegy E W, Kennedy D O, et al. Acid Mine Drainage
Problems: Anthracite Region of Pennsylvania [M]. Technical
Report Archive & Image Library, 1951.

Ball, P. The crystal structure of sodium sulfate decahydrate,
Na,SO, 10H,0[J]. Acta Crystallographica Section C: Crystal
Structure Communications, 1989, 45(3): 363-365.

Bannister F A, Hollingworth S E. Two Bew British Minerals[J].

Nature, 1948a, 162(4119): 565-565.

Bao Y, Guo C, Lu G, et al. Role of Microbial Activity in Fe (1II) Hy-
droxysulfate Mineral Transformations in An Acid Mine Drain-
age-Impacted Site from the Dabaoshan Mine[J]. Science of the
Total Environment, 2018, 616: 647-657.

Barton P. The acid mine drainage. In Sulfur in the Environment[M].
1978.

Basallote M D, Canovas C R, Olias M, et al. Mineralogically-In-
duced Metal Partitioning during the Evaporative Precipitation of
Efflorescent Sulfate Salts from Acid Mine Drainage[J]. Chem-
ical Geology, 2019, 530: 119-339.

Bassett H, Goodwin T H. The basic aluminium sulphates[J].
Quarterly Journal of the Chemical Society of London, 1949:
2239-2279.

Bertsch P, Parker B. Aqueous Polynuclear Aluminum Species[J].
Environmental Chemistry of Aluminum, 1996, 117-168.

Beukes G J, Schoch A E, De Bruiyn H, et al. A New Occurrence of
the Hydrated Aluminium Sulphate Zaherite, from Pofadder,
South AfricalJ]. Mineralogical Magazine, 1984, 48(346):
131-135.

Bigham J M, Nordstrom D K. Iron and Aluminum Hydroxysulfates
from Acid Sulfate Waters[J]. Reviews in Mineralogy and Geo-
chemistry, 2000, 40: 351-403.

Brown Jr G E, Calas G. Environmental Mineralogy —Understanding
Element Behavior in Ecosystems[J]. Comptes Rendus
Geoscience, 2011, 343(2-3): 90-112.

Cala-Rivero V, Arranz-Gonzalez J C, Rodriguez-Goémez V, et al. A
Preliminary Study of the Formation of Efflorescent Sulfate Salts
in Abandoned Mining Areas with a View to Their Harvesting
and Subsequent Recovery of Copper[J]. Minerals Engineering,
2018, 129: 37-40.

Candeias C, Avila P F, EF da Silva, et al. Acid Mine Drainage from
the Panasqueira Mine and its Influence on Zézere River(Central
Portugal)[J]. Journal of African Earth Sciences, 2014, 99:
705-712.

Caraballo M A, Wanty R B, Verplanck P L, et al. Aluminum mobil-
ity in mildly acidic mine drainage: Interactions between hydro-
basaluminite, silica and trace metals from the nano to the meso-
scale[J]. Chemical Geology, 2019, 519: 1-10.

Carbone C, Dinelli E, Marescotti P, et al. The role of AMD second-
ary minerals in controlling environmental pollution: Indications
from bulk leaching tests[J]. Journal of Geochemical Explora-
tion, 2013, 132: 188-200.

Carrero S, Pérez-Lopez R, Fernandez-Martinez A, et al. The poten-
tial role of aluminum hydroxysulphates in the removal of con-
taminants in acid mine drainage[J]. Chemical Geology, 2015,
417: 414-423.

Casey W H, Rustad J R, Spiccia L. Minerals as molecules—Use of


https://doi.org/10.1016/0009-2541(92)90129-S
https://doi.org/10.1180/minmag.1984.048.346.18
https://doi.org/10.2138/rmg.2000.40.7
https://doi.org/10.2138/rmg.2000.40.7
https://doi.org/10.2138/rmg.2000.40.7
https://doi.org/10.1016/j.crte.2010.12.005
https://doi.org/10.1016/j.crte.2010.12.005
https://doi.org/10.1016/j.mineng.2018.09.014
https://doi.org/10.1016/j.jafrearsci.2013.10.006
https://doi.org/10.1016/j.chemgeo.2019.04.013
https://doi.org/10.1016/j.gexplo.2013.07.001
https://doi.org/10.1016/j.gexplo.2013.07.001
https://doi.org/10.1016/j.gexplo.2013.07.001
https://doi.org/10.1016/j.chemgeo.2015.10.020

150 o4t o# R

NORTHWESTERN GEOLOGY

2023 4E

aqueous oxide and hydroxide clusters to understand geochemic-
al reactions[J]. Chemistry—A European Journal, 2009, 15(18):
4496-4515.

Chen Z W, Zhong X, Zheng M Y, et al. Indicator species drive the
key ecological functions of microbiota in a river impacted by
acid mine drainage generated by rare earth elements mining in
South China[J]. Environmental Microbiology, 2022, 24(2):
919-937.

Charles Roberson, John Hem. Form and Stability of Aluminum Hy-
droxide Complexes in Dilute Solution[D]. USGS,1967.

Clayton T. Hydrobasaluminite and basaluminite from Chickerell,
Dorset[J]. Mineralogical Magazine, 1980, 43(331): 931-937.

Cory N, Buffam I, Laudon H, et al. Landscape control of stream wa-
ter aluminum in a boreal catchment during spring flood[J]. En-
vironmental Science & Technology, 2006, 40(11): 3494-3500.

Cravotta III C A, Brady K B C, Rose A W, et al. Frequency distribu-
tion of the pH of coal-mine drainage in Pennsylvania[C]US
Geological Survey Toxic Substances Hydrology Program—Pro-
ceedings of the Technical Meeting: US Geological Survey Wa-
ter-Resources Investigations Report. 1999, 99: 313-324.

Cunningham K M. Water-quality data for Doughty Springs, Delta
County, Colorado, 1903-1994, with emphasis on sulfur redox
species[R]. US Geological Survey Water-Resources Investiga-
tions Report. 1996.

Du J Y, Sabatini D A, Butler E C. Synthesis, characterization, and
evaluation of simple aluminum-based adsorbents for fluoride re-
moval from drinking water[J]. Chemosphere, 2014, 101:
21-27.

De Bruiyn H, Schoch A E, Beukes G J, et al. Note on cell parameters
of zaherite[J]. Mineralogical Magazine, 1985, 49(350): 145—
146.

Ehlmann B L, Swayze G A, Milliken R E, et al. Discovery of alunite
in Cross crater, Terra Sirenum, Mars: Evidence for acidic, sul-
furous waters[J]. American Mineralogist, 2016, 101(7): 1527—
1542.

Espafia J S, Pamo E L, Pastor E S, et al. The removal of dissolved
metals by hydroxysulphate precipitates during oxidation and
neutralization of acid mine waters, Iberian Pyrite Belt[J].
Aquatic Geochemistry, 2006, 12: 269-298.

Espafia J S, Wang K, Falagan C, et al. Microbially mediated alumino-
silicate formation in acidic anaerobic environments: A cell-scale
chemical perspective [J]. Geobiology, 2018, 16(1); 88-103.

Farkas L, Pertlik F. Crystal structure determinations of felsobanyaite
and basaluminite, Al, (SO,)(OH),,'4H,0[J]. Acta Mineralogica-
Petrographica, Szeged. 1997, 38: 5-15.

Farrand W H, Glotch T D, Rice Jr J W, et al. Discovery of jarosite
within the Mawrth Vallis region of Mars: Implications for the

geologic history of the region[J]. Icarus, 2009, 204(2):

478-488.

Frondel C. Meta-aluminite, a new mineral from Temple Mountain,
Utah[J]. American Mineralogist:Journal of Earth and Planetary
Materials, 1968, 53(5-6): 717-721.

Furrer G, Phillips B L, Ulrich K U, et al. The origin of aluminum
flocs in polluted streams[J]. Science, 2002, 297(5590):
2245-2247.

Headden, W.P. The Doughty Springs, a group of radium-bearing
springs, Delta County, Colorado[J]. American Journal of Sci-
ence, 1905, 19: 297-309.

Hemley J J, Hostetler P B, Gude A J, et al. Some stability relations of
alunite [J]. Economic Geology, 1969, 64(6): 599-612.

Hicks W S, Bowman G M, Fitzpatrick R W. Effect of season and
landscape position on the aluminium geochemistry of tropical
acid sulfate soil leachate[J]. Soil Research, 2009, 47(2):
137-153.

Jambor J L, Puziewicz J. New mineral names[J]. American Miner-
alogist, 1990, 75(3-4): 431-438.

Johansson G. The crystal structures of [Al,(OH),(H,0):](SO,)4-2H,0
and [AlL(OH),(H,0)](Se0,),:2H,0[J]. Acta Chemica Scand-
inavica, 1962, 16: 403-420.

Johansson G. On the crystal structure of the basic sulfate
13A1,05-6S0, xH,0[J]. Ark. Kemi, 1963, 20: 321-342.

Jones A M, Collins R N, Waite T D. Mineral species control of alu-
minum solubility in sulfate-rich acidic waters[J]. Geochimica et
Cosmochimica Acta, 2011, 75(4): 965-977.

Kefeni K K, Msagati T M, Mamba B B. Synthesis and characteriza-
tion of magnetic nanoparticles and study their removal capacity
of metals from acid mine drainage[J]. Chemical Engineering
Journal, 2015, 276: 222-231.

Liu Q, Chen B, Haderlein S, et al. Characteristics and environmental
response of secondary minerals in AMD from Dabaoshan Mine,
South China[J]. Ecotoxicology and Environmental Safety, 20138,
155: 50-58.

Long D T, Fegan N E, McKee J D, et al. Formation of alunite, jaros-
ite and hydrous iron oxides in a hypersaline system: Lake
Tyrrell, Victoria, Australia[J]. Chemical Geology, 1992, 96(1-
2):183-202.

Lozano A, Fernandez-Martinez A, Ayora C, et al. Local structure and
ageing of basaluminite at different pH values and sulphate con-
centrations[J]. Chemical Geology, 2018, 496: 25-33.

Lu C, Yang B, Cui X, et al. Characteristics and Environmental Re-
sponse of White Secondary Mineral Precipitate in the Acid
Mine Drainage From Jinduicheng Mine, Shaanxi, ChinalJ].
Bulletin of Environmental Contamination and Toxicology, 2021,
107(6): 1012-1021.

Liikewille A, Van Breemen N. Aluminium precipitates from ground-

water of an aquifer affected by acid atmospheric deposition in


https://doi.org/10.1002/chem.200802636
https://doi.org/10.1111/1462-2920.15501
https://doi.org/10.1180/minmag.1980.043.331.18
https://doi.org/10.1016/j.chemosphere.2013.12.027
https://doi.org/10.1007/s10498-005-6246-7
https://doi.org/10.1111/gbi.12269
https://doi.org/10.1016/j.icarus.2009.07.014
https://doi.org/10.1126/science.1076505
https://doi.org/10.2113/gsecongeo.64.6.599
https://doi.org/10.1071/SR06106
https://doi.org/10.3891/acta.chem.scand.16-0403
https://doi.org/10.3891/acta.chem.scand.16-0403
https://doi.org/10.3891/acta.chem.scand.16-0403
https://doi.org/10.1016/j.gca.2010.12.001
https://doi.org/10.1016/j.gca.2010.12.001
https://doi.org/10.1016/j.cej.2015.04.066
https://doi.org/10.1016/j.cej.2015.04.066
https://doi.org/10.1016/j.ecoenv.2018.02.017
https://doi.org/10.1016/0009-2541(92)90128-R
https://doi.org/10.1016/j.chemgeo.2018.08.002
https://doi.org/10.1007/s00128-021-03355-9

55 44

WA 45 0 LR /K SR AR U AL 7 ) B B 2 28 SR T 5 ik 151

the Senne, Northern Germany [J]. Water, Air, and Soil Pollution,
1992, 63: 411-416.

Maza S N, Collo G, Astini R A, et al. Holocene ochreous lacustrine
sediments within the Famatina Belt, NW Argentina: A natural
case for fossil damming of an acid drainage system[J]. Journal
of South American Earth Sciences, 2014, 52: 149-165.

Michael G S, John A W. The role of secondary minerals in remedi-
ation of acid mine drainage by Portland cement[J]. Journal of
hazardous materials, 2019, 367: 267-276.

Munk L A, Faure G, Pride D E, et al. Sorption of trace metals to an
aluminum precipitate in a stream receiving acid rock-drainage;
Snake River, Summit County, Colorado[J]. Applied Geochem-
istry, 2002, 17(4): 421-430.

Newman C P, Mccrea K W, Zimmerman J, et al. Geochemistry, min-
eralogy, and acid-generating behaviour of efflorescent sulphate
salts in underground mines in Nevada, USA [J]. Geochemistry:
Exploration, Environment, Analysis, 2019, 19(4): 317-329.

Nordstrom D K. Aqueous pyrite oxidation and the consequent forma-
tion of secondary iron minerals[J]. Acid Sulfate Weathering,
1982a, 10: 37-56.

Nordstrom D K. The effect of sulfate on aluminum concentrations in
natural waters: some stability relations in the system Al,0;-SO;-
H,O at 298 K[J]. Geochimica et Cosmochimica Acta, 1982b,
46(4): 681-692.

Nordstrom D K. Hydrogeochemical processes governing the origin,
transport and fate of major and trace elements from mine wastes
and mineralized rock to surface waters[J]. Applied Geochem-
istry. 2011, 26: 1777-1791.

Nordstrom D K, Alpers C N. Geochemistry of Acid Mine Waters in
The Environmental Geochemistry of mineral deposits Part
B[J]. Reviews in Economic geology—Society of economic geo-
logists, Inc, 1999, 6A: 133-160.

Nordstrom D K, Ball ] W. The geochemical behavior of aluminum in
acidified surface waters[J]. Science, 1986, 232(4746): 54-56.

Nordstrom D K, Ball ] W, Roberson C E, et al. The effect of sulfate
on aluminum concentrations in natural waters: II. Field occur-
rences and identification of aluminum hydroxysulfate precipit-
ates[C]//Geol. Soc. Am. Program Abstr. 1984, 16(6): 611.

Raymahashay B C. A geochemical study of rock alteration by hot
springs in the Paint Pot Hill area, Yellowstone Park[J].
Geochimica et Cosmochimica Acta, 1968, 32(5): 499-522.

Rose A W, Cravotta III C A. Geochemistry of coal mine drainage [J].

Coal Mine Drainage Prediction and Pollution Prevention in

Pennsylvania, 1998, 1: 1-22.

Ruotsala A P, Babcock L L. Zaherite, a new hydrated aluminum
sulfate[J]. American Mineralogist, 1977, 62(11-12): 1125—
1128.

Sienkiewicz E, Gasiorowski M. The evolution of a mining lake-From
acidity to natural neutralization[J]. Science of the Total Envir-
onment, 2016, 557; 343-354.

Singh S S. The formation and coexistence of gibbsite, boehmite, alu-
mina and alunite at room temperature[J]. Canadian Journal of
Soil Science, 1982, 62(2): 327-332.

Theobald Jr P K, Lakin H W, Hawkins D B. The precipitation of alu-
minum, iron and manganese at the junction of Deer Creek with
the Snake River in Summit County, Colorado[J]. Geochimica
et Cosmochimica Acta, 1963, 27(2): 121-132.

Topal M, Obek E, Arslan Topal E 1. Phycoremediation of precious
metals by cladophora fracta from mine gallery waters causing
environmental contamination[J]. Bulletin of Environmental
Contamination and Toxicology, 2020, 105: 134—138.

Vadndnen M, Kupiainen L, R4mo J, et al. Speciation and coagulation
performance of novel coagulant—Aluminium formate [J]. Separ-
ation and Purification Technology, 2012, 86: 242-247.

Valente T, Grande J A, De La Torre M L, et al. Mineralogy and en-
vironmental relevance of AMD-precipitates from the Tharsis
mines, Iberian Pyrite Belt (SW, Spain)[J]. Applied Geochem-
istry, 2013, 39: 11-25.

Verplanck, P.L., Nordstrom, D.K., Taylor, H.E, et al. Rare earth ele-
ment partitioning between hydrous ferric oxides and acid mine
water during iron oxidation[J]. Applied Geochemistry, 2004,
19: 1339-1354.

Waychunas G A, Kim C S, Banfield J F. Nanoparticulate iron oxide
minerals in soils and sediments: unique properties and contam-
inant scavenging mechanisms[J]. Journal of Nanoparticle Re-
search, 2005, 7: 409—433.

Weiser H B, Milligan W O, Purcell W R. Composition of floc formed
at pH values below 5. 5[J]. Ind Eng Chem, 1941, 33: 669-672.

Zhang Z, Wang L, Zhou B, et al. Adsorption performance and mech-
anism of synthetic schwertmannite to remove low-concentra-
tion fluorine in water[J]. Bulletin of Environmental Contamina-
tion and Toxicology, 2021, 107(6): 1191-1201.

Zodrow E L, Mccandlish K. Hydrated sulfates in the Sydney
coalfield, Cape Breton, Nova Scotia[J]. The Canadian Miner-
alogist, 1978, 16(1): 17-22.


https://doi.org/10.1007/BF00475506
https://doi.org/10.1016/j.jsames.2014.02.010
https://doi.org/10.1016/j.jsames.2014.02.010
https://doi.org/10.1016/j.jhazmat.2018.12.035
https://doi.org/10.1016/j.jhazmat.2018.12.035
https://doi.org/10.1016/S0883-2927(01)00098-1
https://doi.org/10.1016/S0883-2927(01)00098-1
https://doi.org/10.1016/S0883-2927(01)00098-1
https://doi.org/10.1016/0016-7037(82)90168-5
https://doi.org/10.1126/science.232.4746.54
https://doi.org/10.1016/0016-7037(68)90042-2
https://doi.org/10.4141/cjss82-036
https://doi.org/10.4141/cjss82-036
https://doi.org/10.1016/0016-7037(63)90053-X
https://doi.org/10.1016/0016-7037(63)90053-X
https://doi.org/10.1007/s00128-020-02879-w
https://doi.org/10.1007/s00128-020-02879-w
https://doi.org/10.1016/j.seppur.2011.11.010
https://doi.org/10.1016/j.seppur.2011.11.010
https://doi.org/10.1016/j.apgeochem.2013.09.014
https://doi.org/10.1016/j.apgeochem.2013.09.014
https://doi.org/10.1016/j.apgeochem.2013.09.014
https://doi.org/10.1007/s11051-005-6931-x
https://doi.org/10.1007/s11051-005-6931-x
https://doi.org/10.1007/s11051-005-6931-x
https://doi.org/10.1021/ie50377a029
https://doi.org/10.1007/s00128-021-03147-1
https://doi.org/10.1007/s00128-021-03147-1
https://doi.org/10.1007/s00128-021-03147-1

	通常硫化矿床开采矿山会存在酸性水（AMD），AMD的形成和演化过程中，伴随着有毒有害重金属元素浸出，经过一系列蒸发、溶解、氧化和中和等反应，会产生一些相当难溶的羟基硫酸盐和氢氧化物等次生矿物，并沉淀下来（Basallote et al.，2019；Michael et al.，2019）。陕西金堆城钼矿区局部小溪中可见一些白色沉淀物（Lu et al.，2021），美国天堂门矿区和广东大宝山多金属矿区的酸性矿山排水中也发现了这种白色沉淀（Sienkiewicz et al.，2016；Caraballo et al.，2019；Newman et al.，2019），这些白色沉淀物通常表现为矿山酸性水中的次生矿物，最常见的铁相、铝相次生矿物分别是施威特曼石（Fe8O8（OH）6SO4）和羟铝矾（Al4（SO4）（OH）10·4H2O）（徐友宁等，2023）。
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