Bk i3
2023 4F 6 A

#
CARSOLOGICA SINICA

i

5 B Vol. 42 No.3

Jun. 2023

X 7%, 2 0, W YRR, S, LB KAEBRIUE R 5 iR e S5 UURBE ST (1] R IEA, 2023, 42(3): 495-508.

DOI: 10.11932/karst20230302

HIN TR IS 8 5 Rk AL 2 5 $5 A TURRRR 5t

x| ALE OB HgmRY

AN

< 1 - 4,5 > 1,5
7258 FYE

(L KRFEALIFRFEFR, Wl RAE 610065; 2. H R K FFAFE TRFREFREILEZ DAL P,
Lok dw 2100235 3. UERAE KRR G R4RY R E A, W) FIGRAE L4 B SN 623402;
4. v KFH AR SRS AF AR, W RAE 610065; 5. Wl KFKAFS
L RTAF AR B REESRE, Wl x4 610065 )

B AR I B LLJT R4 O R BRI EG (CaCOy) o 2017 4F JLFEIH 7.0 M= S HUK AL T
Ui 85 AR SR 5t 5, K AETEE TR o K AR TR LT 30 A6 55 A SR SVUR P A A A e B R AR S 0, S
P WAL AE T, 54 38 IURF 22 U4 835 AR TE AT K I B0, 5 A8t T R 52 210 4Rk, {EL DA 3t 3 UK 23 1
e B B 5 A, (A AR SR W B R AT “ A IRERT  KAERESARIR Ik LB ST T, 0 T R AR G M
I, 25 R ST (1) MR K B 75 A0 ML A8 BOR T 0, 3% W] M 3R K M 1) T4 Y CaCOs, ) T8 57 BLAT 45
A S (2) BRI AR 9 5 AR DU Sk T R AL 2R 0 M o & e A, BT DORL A S AR AT BE
TR A MR K (3) 37 DURRAS AR 1 B o3 A2 I Sk 2R 1) — 2 2 A5 (4) 5 R ARSI B ISR A9 45 A2 4
o, SR E R AR A B AR AR W BRAE K R DR AL AL A B R —E R, HMEZ
BEPEA B, X 2Lt T SR I A L A SRR S O T, R RN B AR T BRI R A AR 2
=AM AR o A KA R M I A S T R, DB g R B IO R R A e
RBRIA A5 AR 0; WA  Bl s ATLJS aRURL A R

FE S P512.2;P641.134 Xk FRIRED: A
XEHS:1001—4810 (2023) 03—0495—14

0 35l

il

PEAE T E 5 Ca(HCO,), ML T K #8 TR )5,
H T CO, i i JE B K AL BRI A4E CaCO,, L4
B RHwEY", A4k Ca(HCO,), 1 CO,
K H MR TR, A A B AR S 9 AR S AR, B e Ry
i AR B e A A AR R DT R, b R R Y
CO, X BRIRh AV i AN FE DTS, W JLZE I s A1
ALY CaCO, EE &V i a MIE XA, D
NI

TR (TR AR %) #5178 (OSID ):

R B0 5 A TR Al B JSCHE T 4 4% 4 S50, 4
PHAEIA | AR A | B AENE LA LB E  Hh A
Ford 47 G451 B4 b i A5 A 5o, JLhoAs gk
G R EHARPRAP X iR 5% DX, 40 e 2 b 3% R A R
. R EHARAE SR . RORFHE R AR ER B, )
YRR A B IR L S T B A 2 Bl A A 3R R LA
LR EILIENE | W . HK G BRI R AT A, Horp
A LRI AR M

THFE R 35™ H JLZE A A 5% 8 AN (EE E AR
FEME, B FOUUE JUAEVE e A (R FE E AT

BRI H . P14 95 T AR L I(5132202019000128, 5132202020000046); U148 RHE T E BREHE -&4E35 H (2020YFH0023)
H—VEF A WL (1998 —), L, BEHFE AR, FEEEMIFE T 10 PR A 5% . E-mail: 1qin.1998@foxmail.com,
WEMEE: v (1984 —), 2, W, BIRFFE O, FEMFF 7 MBS A2 . E-mail: qiao.xue@scu.edu.cn,

ks A #1: 2022—06—13


mailto:lqin.1998@foxmail.com
mailto:qiao.xue@scu.edu.cn
https://doi.org/10.11932/karst20230302

496 A

2023 4F

JUZE IR 55 A8 570U 43 A1 T 8% Jr R e LU D2 79 IS, A
K 25 km, HFLZY 2.4 km™ . U 100 4F 20, 520 JLZE
T B SOUL I 3 NS T 20 A 5T S 4 o
B9 F AL (1930—1950 4F ) . 7 Ak R 4% (1966—
1978 4F) . Wik 55 (1980—1998 4F ) | V8 A1 i 14 B
T2 (1986—1997 4F) | & o FE Jilk Ui 1% 21 ( 2005—
2017 4F) . JUZEHHIE (2017 4F) . K5 B H(2017—
2021 4F) R YAF,

2017 4 8 H 8 H, JUZEMW Kk A= 7.0 b g, T3
KAE T T Ui 04 ST 2004 B 105 e (B4R K 24 400 m;
PO K2 40m, 564 12m, &4 15m), A
3.6 hm’ [ KA I JLF- 58 4110, AFE 1RO B — 4%
B (F la) . BJe—FEZ W&, i i
T Ca(HCO,), M FRIK ISR, KALHE LT A1 N AT
RTINS 48 B 0 P B 5 A2 R TR g s B2k
Y5 o 72 FAH TR S A [ R SC2H 2 A ik
P AT B SRR B A9 5785 F (TUCN Technical

Review of the Yanacuo Geological Disaster Treatment

. g
5

Nt

(c) BREXILSRNERE

(c‘ifi#ti%iﬂ%#ﬁ

=

.
s

0-3

B (a) WREIREIAIEE; (b)ROBIUEERHINILSE;
(o) (B EIRME R EIARISEMKHAIRER; (d-H) KIEBIR
I ESBLERE AR E
N-E IR E B HIRR R A5 4R, O-RARIRIN | #) & 554
Fig. 1 (a) Huohua Lake damaged by the earthquake; (b) Huohua
Lake after the dam restoration; (c) Restored dam and sampling
sites for tufa and surface water; (d-f) Tufa sampling sites on the

Huohua Lake dam

N.newly deposited tufa on the restored dam, O.old tufa on the natural dam
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Table 1  Analysis items of tufa, modified glutinous rice mortar, and surface water samples
eSS E e SEM XRD THITER* AL 8 c 8"0 g}
Pe SR E AR E5 S
N-1 Y v y Y Y Y y
N-2 Y v v Y Y v v
N-3 J J y
N-4 Y v v Y Y v
N-5 Y v y Y Y Y
N-6~N-16 S S
RERIRIN FUURR I 5546
0-1 v Y v Y Y Y v
0-2 Y v y Y Y Y y
0-3 S S Y
HFRAKHE S #
W-1~W-5 N
SESUE ST RIR
CERT R RN V V \ V V

T N — BRI *TCHLIT R M dECa L Mg, Al Si, P, S. K. Ca, Fe, Sr, Ba; SABIU4EN-1, N-2, N-10, N-11; BEI{4HEN-3~N-9, N-12; #4 H 1 Kk

AETEEP I — R pHL, MR, LR U T SIeHE

Note: “Y —sample test item; *Inorganic element analysis includes Ca . Mg. Al. Si, P, S, K. Ca, Fe, Sr. Ba; $A type includes N-1, N-2, N-10, N-11; B type

includes N-3~N-9. N-12; #Monitor pH, temperature, conductivity, turbidity, ion, Sic, etc. at two sites of Huohua Lake once every month.
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T YA HLER (DOC) F1 5 ff A1 1 AN F5 %5 (SIe) .
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fift; 24 SI=0, M|k 3 P-4

1.2 BRI EHNRATELE

45 4 0 Ay 3 25 A AL LB R et A BR T

AWFFE T T A5 B M BREERE . ARG Rk
YIRETR L. AL MR o= & . 2021 4 4 H
FEAR K, SO TOAR I, RS HUE R BE ) 7 A4
FKET 2 (E lci e, ). BIEHIE ., BEKL
K 12 RS N R ARL(E 2) . S —F
AR, BURREE B, e, by btk 04 5 AR UK AS B,
IF HA — % B E B (B & 254 N-1, N-2, N-10. N-
1), S Fph B, RiliA — 2R EZE, ¥
o, NFRESAE R TR R AR HOR, #9258 5)
ORI, B A (FE 25 N-3~N-9, N-12),

AW FE RS T S IEGHERE S A BUFT B 747
A #E4T SEMH i 1 7 18 7 8% , Hitachi REGULUS

1.21



2023 4F

T

B2 (SR _EASEE SRR IR &
N-BEE I BRI ES AR, O-RIRIEIN L1 5546 A B0 4R
N-1.N-2, N-10, N-11; B 434§ N-3~N-9, N-12
Fig. 2 Samples of tufa and modified glutinous rice mortar

N.newly deposited tufa on the restored dam, O.old tufa on the natural dam;
Type A includes N-1, N-2, N-10, and N-11;
Type B includes N-3~N-9 and N-12
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e A EERE . R Nlumina W FEH AR Y 11
WP, AR 8 DU P X, XTAE ARy 16S rRNA FEP V4-
V5 XIREFT PCR Y4, ¥ 345 [ ¥ 5 F : 515F (5
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FEIKFE AN 3 R FE % B 50 R 2% R T MAT 252
I MAT 253 gEAT 0 % , WX 77 %~ Gasbench 1T 5
IRMS (Thermo Fisher Delta V plus) H¢ FH A% 1% 22 i #F
FEBEE . A S0 87C A 870 fE X2 4 %t T VPDB
I BRbRUE, 23 BTk B2 H+0.1%o.

123 RARWEIMGS L Fols AR INAF L BT AW
M £

N TR FIRIE BRI B RIS 5 A 5B 2
PEIN L RO I 5 A T A AR 25 5, 7 R ARSI
B SEI FORAE T ASAERES (B 1, B 2) . Hp, R
SRIEIUBAERE 4L 34, 45 0-1~0-3. KATAY)
FREER . AL, JCR A AL R YRR
2 RS T R ARSI 5 18 S S0 1 (R S AR A T
LA, R0 T 22 R

2 HRESH

2.1 HiFRKLZE

F2Won, KW EE 5 M R K SlcfE K
0.77+0.11 - B +br e 22, T [A)), R B R K A
PRABT 1) F B 5 42 . KR B, pH R 8.40+0.11,
BN 150610 mg-L ', BL 5 34845 uS-em ', ¥
J¥ B 89 B3 B T HCO;(183+13 mg-L™) F1SO%
(28.21+3.37 mg-L ™), e & Fe o A PHES T4 Ca®(60.2+
7.0mg-L™") Al Mg (13.57£1.96 mg-L™") . 3% 4 NO;
FTNH € 43 ) 2.06£1.57 mg-L ™' 1 0.07+0.16
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Table 2 Water chemistry at two sites on the restored dam of Huohua Lake from September 2020 to September 2021*
Hfiy FEE /ME HE IS IN] Prifi2e RS

pH JoEMN 8.40 8.27 8.38 8.72 0.11 24
R C 10.96 4.30 11.45 17.40 4.16 24
H uS-em'’ 348.00 338.00 348.00 360.00 5.00 24
s mg-L" 150.00 129.00 150.00 174.00 10.00 24
MhEES NTU 1.66 0.01 0.89 8.46 2.32 24
mE& NTU 41.40 0.90 8.12 161.41 51.51 318
DOC mg'L" 1.18 0.80 1.11 2.05 0.28 24
DO mg'L" 8.87 7.51 8.67 10.50 0.97 24
SIe ToEMN 0.77 0.52 0.79 0.94 0.11 24
HCO; mg'L" 183.77 157.38 183.00 212.28 12.55 24
No7a mg'L" 2821 16.38 28.44 32.56 3.37 24
NO; mg-L™ 1.82 0.98 1.84 2.89 0.33 24
NO; mg'L" 0.00 0.00 0.00 0.03 0.01 24
cr mg-L™ 0.64 0.39 0.65 1.34 0.19 24
PO}~ mgL” 0.01 0.00 0.00 0.12 0.02 24
Ca”’ mg-L™ 60.18 49.10 58.36 73.98 6.97 24
Mg* mg-L™ 13.57 8.65 14.03 15.89 1.96 24
Na' mg-L™ 1.89 0.92 1.71 2.97 0.66 24
K' mg-L™ 1.00 0.36 0.80 2.78 0.64 24
NH; mgL" 0.07 0.00 0.00 0.55 0.16 24

s * R

, 20214F2 7 R REREAT IS IN; $ 0 AR A —UCH N, & B R A M 7R e D H 2391

Note: *Due to COVID-19 pandemic, there is no monitoring data in February, 2021;$ is the monitoring data in Huohua lake once per month, & indicates daily mean

value of online monitoring for the upstream of Xiniu Sea.
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KAIRGE G AL 5 16 53 SR UG ALTE R 1) 20 W AN
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FES XA . RARIEIEEAEAY Sr 7 i fe ik (MIME
489x10°°), 152 SEIALAEAY Sr & H 5 e AR K K 3K
TR I ER L 23 R 1 427+75%10°° 1 1 241%x10°,
B SR A BIFE4E R Si| Al Fe, K. S, Ba, P Y&
AR T B AR R R R A

RARYEI | A 8548 LU B 52 SR 401 TR 45 48 2
R, fE—E R LR T AL S BT, 85
EE R, AL R (K] 5) o RARIE A4S
H£0-1. O2 FEM AL & 1N 4.32%. 3.40%, 1&
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Fig. 3 Changes of water chemical indices from upstream to downstream of the restored dam of Huohua Lake. (12, 24, and

12 samples collected at the sites upstream, on, and downstream of the dam, respectively)
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Fig. 4 Mineral compositions of modified glutinous rice mortar and tufa
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Table 3 Inorganic element content of modified glutinous rice mortar and tufa
T FIRIEIN 15 S A
. . e fiEAL AT B#!
LR B - S
O-1 0-2 FEIME N-1 N2 PHE N-4 N-5 CFEE
Ca % 26.6 36.1 36.4 36.3 349 359 354 36.3 36.1 36.2
Mg % 2.39 0.27 0.47 0.37 0.31 0.51 0.41 0.82 0.68 0.75
Mg/Ca - 0.090 0.007 0.013 0.010 0.009 0.014 0.012 0.023 0.019 0.021
Si % 2.03 0.01 0.82 0.42 2.13 1.69 1.91 0.65 0.40 0.52
Al % 0.38 0.16 0.20 0.18 0.55 0.34 0.44 0.14 0.06 0.10
Fe % 0.48 0.10 0.09 0.10 0.26 0.19 0.23 0.07 0.03 0.05
K % 0.22 0.18 0.08 0.13 0.16 0.12 0.14 0.06 0.03 0.05
S % 6.99 0.14 0.06 0.10 0.17 0.18 0.17 0.08 0.14 0.11
Ba x10°° 53.9 28.0 39.2 33.6 71.9 60.5 66.2 46.7 424 44.5
Sr x10°° 1241 457 522 489 1377 1437 1407 1364 1530 1447
P x10°° 99.1 14.5 58.2 36.4 79.1 455 62.3 54.5 36.4 455
3.0 -
2.5
R 2.0
EEH
o
1.5 4
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=
T 1.0+
0.5 -
0 A
O-1 02 N-1 N2 N4 N-5
: Rl g 5
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Fig. 5 Organic carbon content in tufa of natural and restored dams (mean + standard deviation)
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223 mHASHM®

512 SR L, AR ST A2 ) 2 1 22

P5HE(P<0.05) . HART TH-ERAHTES PR T 2%
TEJE K- b, 8525 RARSEIN I L 15 ) 1 A
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Fig. 6 Microstructure of modified glutinous rice mortar and tufa

R4 RARMAESRDESEFRIMEE OTUs St

Table 4 Bacterial OTUs and diversity indices of tufa samples collected from the natural and restored dams

FEfh s OTUs* Chaol PD Shannon Simpson
FHAEEHIA 451 414.5 25.86 3.68 0.92
FHAESAIB 427 505.5 32.49 3.78 0.90

RIRIRIH4E 1099 763.3 45.24 5.09 0.98

H: *AL BRI —IA76071~0TUs, TE R 5182 IRIEFERIOTUs A 5144

Note:*There are total 607 OTUs in A and B types and 514 OTUs in both natural and restored dams.

XEFEAERKES . Hh T3 )8 (Flavobacte-
rium) . ¥4 B8 A 1 )& ( Sphingomonas) . 5 3% H &
(Massilia) =FFEEA [R5 TCH g 22 5% (P>0.05);
&2 5 AL B RS AL F R SR BE A5 42 vh Ferrug-
inibacter W& AN I B & ( Brevundimonas) /8578
BEZ5(P<0.05) .

2.3 W.ERERMEAK

PR KR 1 87C A 610 (H -5 E5 e A K
TR G IO A TR 2 22 5 (1D 8) o UG K IR 1Y
8"C 1M 0.93%0~2.07%0. KM HSAGIE FEFIH T
T HORTE CO, BB, H 8 8 AR, 7E
—12%0~—2%0Z [A] . 5T R, KIRVEIIEHAE | Hh

F K B AE 53 ) H—0.85 %0~—0.32 %o Al —3.52 %o~
—2.68%o; 1M 16 & SEINAHAE §°C ] REFY 57 J& 0152 i,
H=2.46%0~—0.71%0. &R IEHEGAE ) §"0 {HA T
R AR Y& UG AL RO PERR R K W = 0], =25 43 5]
H-10.73%0~—7.49%o0 . —11.3%0~—10.72%0F1—5.52%0~
—3.92 %0, H & & 3 #4545 B ALY §°0(-7.89 +
0.28%0 ) I =1 T A AUAE (—9.72 + 0.87%0) o

3 i #

3.1 HRKUFESHESWIEKTE
W 7 A A B (STe) 2 et oK 2 7 A
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Fig. 7 Bacterial community compositions of the tufa samples collected from the restored and natural dams

A.type-A samples from the restored dam; B.type-B samples from the restored dam; O.old samples from the natural dam
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Fig. 8 Isotopic signatures of tufa and surface water

VURVES AR 199 10 24 SI>0 B, 7 A b 13 i,
e WA M KA T IS AR A 1) 5 24 STe<0, 26 I b 3%
IKA VA AR > B ST Ab, FEAETTRLA 2K,
i AEWIVER L K 3h Jiskn . ok fhar 21 4 2 i 5%
mi' o, PO, Mg® MR i A HLER (DOC) 45 Xy ik
ARG TE 5 A R 2 PR AR R, SRS
A B, KPR 0 85 R DR R A1
Ca”>80 mg-L "' 1 SI. & 0.7~1.0 7K A",
KAEE K B R A AR 1 R TR 9 KA A
EHON . MR S BOKAR TR, KA LT i 32
L, WA RS AE e AR R R s ], HJLEN
BRI 205 A AN AT SR IED", 75 55 R MK b gl
T, &S EAS RS K BRI,
A R ST Ak, (EIR IR SR k2 1 F

P . A RAL R B TR B AR U T AR
TR A ML & AR e kA K S A AR
FH 25 T a5 A M B (8 KU RV AR S KA 7K
J& , B AR B SRS A8 B3R A8 J7 i A1 AR % b 3 K
(32 2), AFFOABENERSE: —ZEILT SRS
25 SRR I B2 ik, DT RAEAIR T 5 48 XUk — 02
D7 i A TR A b 3R K 23 LR B A5 42, AT AE — 7R
JE HE B B R Ay = R TR S AR
REAS DB [ 32301

KAEIF 1 i 2K i pH AT HCO ¥k B Bifi /K I
J7 T} R AR (18] 3) , 3 5 B 30 i 8 455 K et T A
KO 2) o KAETFEEIMAL /K JZHE L SR, SUE A,
Tk AR CO, 1Y%k, K1t CaCO, 7E AL PR IE T
I, R KA pH A ST TR, SR E R
) SO, NO;. NH;, DOC, PO ¥4 & 25 5%, il
T BN A 3G INIX e 32 5r 5% CaSO, MR .

MR e, — LKA AR A A A . MR
HCO; ¢ & g 94~291 mg- L™, i iZ 5 2 A SBE
Rk 189~338 mg-L ™, SEINIE S J5 H 157~212 mg-L
(£2). MANTEREJAEMIEI HCO, M AZ /T 5 AR 1L i)
JE R, O 32 2 Xof S R e S IR L K IR R L ok
TEEWATAK SCAR A, M M SE™ s th ™) 45 1 25
B RN . HIFZRT NO; M 0.43~1.23 mg- L™ 542
J5H 1.98~2.89 mg- L' (% 2) . DOC {5 A 0.8~
2.05mgL ', HWF5 KW, 7£ 25 C T, 24 DOC Ky
3.6 mg-L " B 5 fif A4 DU 58 2 5 24 DOC e
M 024 mg- L™ FH5 E 1.8 pmol-L™ W, J7 it £1 & 1A
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M 100 pm FEASE 2 pm™ . R, JLZE I H AR I
T8 8 T 7 b R T K e R T T (R 2) . X
JE TR S BULZEN 132.7 km® MRHE 32 BB AY,
T A M AR ot R Y A L e X A
GE& I, ARG IR G, X 4 393 o W i/ AR, 4
BN 3K i NO;FI DOC i A, NOS &MY fE
BTy, BRI TR T RE S ek A e
KM, DOC e BE T 23 i iR s T
1 S BT 8 VD HE I, 2 e B A2 B Ak 2E S Y B
(4,75, 76),

3.2 fEEIRI_LHSERIKIR

BRI A H U R S AL (K] 2), FE A2
T AL CaCOs(JE 4) o M F=A: 37 B FAM I IE
A LFE, BERM A BESENZ T8 R IER
T () K, B R (s AR rT RE R ZOR H B
BRI K (1, B 2) . g, [ R M HLR
BT XA X p AR A — S 4

(1)Ca, Mg, Mg/Ca TEE 5 S IUAH AL (1 {5 53 %)
H 34.9%~36.3%, 0.31%~0.82%. 0.009~0.023, $i/T K
SRYE IS AL TR (i (53 5h 36.19%~36.4%., 0.27~0.47
F10.007~0.013; 3% 3), 3 1% T 0P K K 3K ) (B
(351K 26.6%. 2.39% F1 0.09), 2 W H B TR 55 1k
f) Ca AIE F 2ok [ MK, (B EE—E W5 Ca
[R5 3R S5 A BB A 5

(B IRIEEAERY 57C H(—1.39+0.49 %o, 4] 8)
Ab T H F 7K (—3.0720.28 %o) FI K IR INETAE §°C {H
(—0.640.23%o ) Z [H], ZEAK TG K KK 1 (0.93 %o~
2.07%0), F WA 4= WY CaCO, Y CO, Al HCO; A fig &=
ok H R

(3) AR E A B IR, A LR AK LR /R e R
FraB A 5), KARIEIURT A R4S A () B3 €2
A YR S R ST B RAE4E; Si, Al Fe, K fl Ba
fEARIES AR i 5 S T B RS RN i
(£3). AR S0t B IRy §"°0 2 KARSEIN
FRAETE (] 8) o 7K B3 i F5 AR S WU, AT P
Tevb | AR IR A B g, S8 B AUES AR YR
S B RS AESN T B A, VIZOR AR SR A
IR ES S, ATV | WA

St £ BRCHRE K IR RS 52 B 008 A v ) (B (43
WA 1 241x10°° A1 1 377x10°~1 530x10°°) it i T K
SRERIN [ B91H (457x107°~522 x10°°) (% 3), 1 RE Jiz e

TR A T 55 A A 2 20 A — 2 s ), T
B b 5T T IR A A I R A5 . A e KAk
K Sr R IR, TTRVE & A B A A St & i,
JUZE Y Kb Sr & 0.23~0.68 mg-L 'Y,
PR IR A T A B I(E 4), St 7 FH
R WL, St R EAB AP HTEESE
LR EEMZ, &8 KZLE 1000x10 °~5 000 x
1077 gbah, B RFSE SR 5 A DT R A PR
25 H0 S YUBLH I, A6 5 BRI K 2, UK
gl J1 5 a, fE 42 #F K CO, #E i I CaCO, 1 UL
S DRI, TG A I B DX 3 e A 2 4
46 Sr FrEL R R

3.3 RARMBLEMESRNBENER

AR S IEG A 548 52 B2 30U 4 ) fie K22 S AR B
7E: (DI IR, 4 AT B (O 240 B 2 e, TE TR Y
B K im WA P (K 5, 36 4)5 @5 KARIE
FHAEAR LL, B 5 5L E A B R AE rh S oK b 2R 1Y
Si. Al K. Fe Fll Ba 3% 85 (3 3); @K IRIEM
PhAE R AT B 2 0 ek o A U AL, 1B SR TR T
A TUEGAE oA /D i R R T, B B R /D e A
PRI (18] 6); @R IRSEIMELAL R 5 i £1 b iR 22 0
FEJE IR, A8 52 5 00405 A8 vh 1 A R B 7 Al A1 I A
(>50 um) o DL b Bd S e, AR e LS AR TR )
HUA, ST ARSI 245 P TR R B, K AR
FEL A 0TV Ak T MILBG 1) R I 7 s i JEBLBIR 11y 8°C
(A", A B A Pk B 5, A HLBUR 87°C {6
B M, BRI E AL AR TUR AR, A2 iR
PHARAERYAE 2 AF DL, HOR AR Ak 22 Bt (6] A Mk
IKWTR, S BRI S Db, R, B A SR A 1R
89T AL BT 20 B 22 AR O AR, 5 4R A A 235 4 B

4 & ik

(1) KA o IR B S1>0, 2 W] M 2 oK fli 1) T
Frith CaCO,, A7 F| T4k 2 R 77 A F5 L3R 1. 3
S S, L SR A 1 B TR A K A 3 R 1 Sk e
NO; SR KA 18 b B . fE—EREE L,
IR L RE B 225 W A AR Y, DOC S92 40 i £
HEPURR, nl e (e it A MR AEA T I, AR R 3R 23 1Y
NO A FI TR A AR
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Water chemistry and tufa deposition on the restored dam of
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In 2017, an Ms 7.0 earthquake breached the tufa dam of Huohua Lake in the Jiuzhai Valley, resulting in

the lake drainage. Exposed to the atmosphere, the tufa dam collapsed due to continued physical and chemical

weathering. To prevent further collapse, the dam of Huohua Lake was restored by using the modified glutinous rice

mortar and local limestone rocks. After the restoration, we monitored the chemical and isotopic compositions of
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surface water and tufa to answer the following questions.Does the surface water after the earthquake tend to conserve
the tufa dam and precipitate tufa? Does the modified glutinous rice mortar have a significant impact on the surface
water in the lower part of Huohua Lake? Does new tufa deposit on the restored dam? What are the characteristics and
main sources of newly-deposited tufa? Are there any differences between the old tufa on the natural tufa dam and the
newly-formed tufa on the restored dam?

The characteristics of surface water and tufa samples were investigated. First, from September 2020 to September
2021, the surface water of Huohua Lake was monitored once a month. The parameters included pH, conductivity,
temperature, alkalinity, turbidity, DO, K', Ca’, Na', Mg’", SO, NO;, NH;, dissolved organic carbon (DOC), and
calcite saturation index (SI¢). We also compared these parameters between the values before and after the earthquake.
Second, to examine the physical and chemical characteristics of tufa, we used the scanning electron microscope (SEM)
and X-Ray Diffractomer (XRD) for tufa samples and analyzed the elemental compositions (Ca, Mg, Al, Si, P, S, K, Fe
and Ba), organic matter, and carbon and oxygen isotopes in the modified glutinous rice mortar, tufa samples, and
surface water. Third, the characteristics of microorganisms in the tufa samples were quantified by using the high-
throughput sequencing technology.

The Slc values of surface water after Huohua Lake restoration were 0.77 = 0.11, indicating that the surface water
tended to precipitate CaCO,. From the upstream to downstream of Huohua Lake, there were no significant changes in
Ca™, SOﬁ’, NH}, NO;, PO, DOC, and other water chemistry parameters (P>0.05), indicating that the dam restoration
materials had no significant influence on the surface water. The concentrations of HCO; were 94-291 mg-L ' before
the earthquake, 189-338 mg-L ' after the earthquake but before the restoration, and 157-212 mg-L"' after the
restoration. The concentrations of NO; increased after the earthquake, and the DOC concentrations after the earthquake
were 0.8-2.05 mg-L . At the same time, the lake turbidity generally increased after the earthquake. The changes of
these hydrochemical indicators were most likely due to the vegetation damage caused by the earthquake, which further
intensified soil erosion. After the dam restoration, newly-deposited tufa was observed on the top of dam, and the brown
color generally reflected the high content of organic matter, Si, Al, K, Fe, and Ba from enhanced soil erosion. On the
side surface of the repaired dam, tufa was white and contained much lower amount of organic matter compared to that
of the tufa collected on the top of dam. The main mineral composition of tufa from both the restored dam and the
natural dam is calcite, but was quite different from the modified glutinous rice mortar. The 3"C values of newly-
deposited tufa on the restored dam were between those of surface water and the tufa of natural dam, but were much
lower than those of modified glutinous rice mortar. These results suggest that CaCO,; of newly-deposited tufa was
likely mainly from surface water. The bacteria biodiversity indices (Chaol, PD, Shannon, and Simpson) were higher in
the tufa of natural dam than in the newly-deposited tufa. Compared with the newly-deposited tufa on the top of
repaired dam, the old natural tufa was richer in organic matter and more porous.

Our results show that the Slc values of surface water were larger than zero, indicating that the water tended to
precipitate CaCO; and was beneficial for tufa dam conservation. The newly-formed tufa on the top of dam was likely
from surface water according to the mineralogical characteristics, carbon and oxygen isotopes, and elemental
compositions. The composition of newly-deposited tufa was affected by soil erosion. The old tufa of natural dam and
the new tufa of restored dam showed differences in the physical structure and the trace elemental content. In addition,
the organic matter content and the bacterial biodiversity were relatively lower in the new tufa, probably due to the fact
that the natural restoration of vegetation and microorganism community may require a relatively longer time.

Continuous monitoring is required to better understand the future evolution of the restored dam.

Key words tufa landscape, mineral composition, microorganisms, organic matter, carbon and oxygen isotopes
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