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Abstract: As the results of water-rock interaction and geothermal fluid chemical deposition, the hydrothermal
alteration and sinter can provide important information to research on hydrothermal activity history, geothermal
fluid temperature, and water-rock interaction process. The Gudui geothermal field, located in the central
Cone-Oiga rift, is a shallow buried high-temperature geothermal field with the greatest power generation potential
in China after Yangbajing geothermal field, and has great development potential. In order to analyze the type and
distribution characteristics of sinter and hydrothermal alteration, favorable exploration direction in Gudui
geothermal field, and the coupling relationship between hydrothermal deposition and regional tectonic; based on
geothermal geological investigation, microscopic identification, and scanning electron microscope analysis,
identified hydrothermal alterations such as chloritization, silicification, kaolinization, and carbonation. The hydrothermal
alteration in Gudui geothermal field exhibits obvious hydrothermal alteration zonation, which extends from acidic
alteration to weak acidic-neutral alteration, and the alteration center is mainly composed of extensively altered
silicification or kaolinization zones. The distribution of hydrothermal alteration is controlled by fault, and the
alteration center, which is mainly located in the junctions of faults, extends along the faults. The distribution and
intensity of hydrothermal alteration implies that the Buxionglanggu and Shagalangga have enormous resource
potential. Therefore, geothermal exploration in Gudui geothermal field should focus on the Bushonglanggu and
Shagalanga. In terms of hydrothermal deposition, the west area of Gudui geothermal field is dominated by
travertine, and the east area is dominated by travertine and geyserite. Furthermore, combined with the dynamic
background of Qinghai-Tibet Plateau, an obvious coupling relationship exists between hydrothermal history and
the uplift of Qinghai-Tibet Plateau during continent-continent collision and the activity of the Cone-Qiga rift.

Key words: Gudui; hydrothermal alteration; alteration zonation; sinter

T L ey i JEL e T e IX S T b Vi — T Eh
HRRHT, 2 ] K il DX B Bl A B X
o FI AT 5 e D b B A K SCHB IR A A AR
B RIAIL ) e B U5 45 5 T R T R AR IESE, B
137 F WA SR (B T4, 1998; Tetsuya et al.,
1999; £, 2003; Wang et al., 2017; Weinert et al.,
2020; Wang et al., 2020; Weinert et al., 2021; Elenga et
al., 2021; Wi4E 2022; JE @K%, 2023), {HHRIX
b A FH AH DG 7K B ol 28 R S A8 B i T RH X A D T R
HEFIK RSV g b PRRAA AL S TOTE R -5 S A
P, R SCAIESE AT Ay AR FH K R Jre st | RS2 1t A
FH A ol T3 Bk - AR LA T R S5 T e 4 A1 B
BAE R, & b B ) K G i B T B2 (Browne,
1970; Inoue et al., 2009), FF4THAST ), UNLkIeA5F
AR S FEh AR TR BE BT Ml B PR B A v A A
(Paolo, 2020)., Ifij SR A& A TTTARASAN A2 1l PR 1A 14 52
FLIRIA7 2 20 LA B2 43t T 3R Pt 23 32 31 < fie
RR W, W, BT REMTIREER, Rt
R R e R T R LS T AL 9 1R 0 R A
(Z=4%3%, 2002; Wang et al., 2017; Wang et al., 2022).,

P AR SR IR —IR R RS T B, Ak
NI 25 3 B B H v 0 i Ak K E B
I Z —, B EE AR, HokPGgghm gy, i
A RA A BB w AR, 2 I 90 5 R b X A
IRAEFIK P AR MAS X 52 e Ah,  H AR HE A
H AT RS AEX Be2b, H 2248 rp T b b o R A
FKSCHLER AL 2% 55 5 T (KI5, 2017; Wang et al.,
2020), HARKIPAS AR | A3 AR DL S OK GE B

K LAIAEIE o NI, A SCMIRAE S K AR E T,
TE 53 B vty HE B TH K A AR A T | AR A &%
A g RE B AR b, e K Bt R 5 IR SR ik e
B ENEETT AR R o R, SRR TURR  R
oy JUE T SSAIG R, ot — A0 B W oty O st A FH A K
P AR Syl B, T I 5T DA A B R T X
PSSR 9 vy b 4 FH 1 K Bk Je e R HE 5 7 i
JEBET S e Z R R R R RIS %

1 WHERER

1.1 KiiEE=

7 A A, TR i — 5 T RREAS 2 i
b R AL AR —IK R A (B 1), BIR—IK R
LA 2T R L e T 30 e A ) AR A S AR i 1 —
%, KNHGRTES SR EA RIFHIEXR, 6
VO 20 DURATY HA B0 I T sl M (52 i, 2008a; Zeng
etal., 2021) %244 2l = A 2f 2 UK 6 22 b
28, MALBIRFARIR IR -RHEE | I8 22 VT o 5 A5 TR
—2 H R A (BN S, 2022), ABAR—IK R AHE
(IR SR B, W 4 R A 24 T i T b AR
FH, iy 3 A O L v d5e FLTF R0 i b B 22—,
JB TR R v R P T, R e i — B T A
rhell Je LAY R R e CRRIR 5 AR R LR A BT
JRERIE ARG, SIS BRI
1.2 MM RAFAE

T HE A b B R S AR, WK 4400~5430 m,
D FHEAR—5 H 9 M By IR 5 o — 3
WIS AL o A IR—% H 74 H 8 2 s 5 S [



160 FIE = S E IR RIEES

E1 #FEsEMEEHE{ERE Wuetal, 2011)
Fig. 1 Geological sketch map of Qinghai-Tibet Plateau (modified from Wu et al., 2011)

El 2 i R EE (a) & &I E E(b)
Fig. 2 Geological sketch map (a) and profile map (b) of Gudui geothermal field
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a—fossil spring point and kaolinite surrounding rock in Buxionglanggu; b—the borehole in Buxionglanggu (erupts once every 15 minutes
for two minutes); c—hot water swamp in Riruo; d-high-temperature boiling spring in Shagalangga.

B3 HHAEFMNER
Fig. 3 Field photos of geothermal activity in Gudui



162 o ER

IR CHURRIES

SRRV, AR X 7K Bl A8 F1 K B 2l 5 3
B X KA, WP IXBNAX, 7K s 5 R 4
Z, MRS RAER K, MEAREL . ms A e
AR 3 10 R 1k b AR DA R DA S R A o R 3R A 1R ok
As L MIRIERRDRE, PUX SRR 3, RAE
B A REAR, T AR DX D0 D A b B R XA AR
FUBIRES A | REARDTRL, SRk, R R T
KRG S5 2 s TR M X, A A &2 2 R
U B 8 7 ) (AR, 2002), R, MR AR
M5, ARXAE TG X AT REEA R IR T .
2.2 JKIRMMTT 5T

I KA AS 4 R, O H A B E A
%, i 2 AW AL BURIESR LA SRR, i
B WAL L TR PARGE SRR AR R T — Al As
Hl o £ R R X ) Ak AR 43 1 R R 28 2 AR TR
oy, HARAS 73 i A B G D5 SRR B K G 5
FEBIRASE, iR IR oA S WA 0GBk, o
S i A FH B 454 Hi AR B % DX P A ol 2 4 R
—E AT, 38 E AR s B R | Rl
RN e = SR M T PP R S o] 7 i G ol e
Mzkle Ak . B RS Rl AR 435 Jat ) 32 28 5 i Al
AR DA G o BT AFFE A, ol b A
A Hb P 1A 32 2 R A R OK IR B KA /K T Al (Wang

etal., 2020), &3¢ H 7 AY A H AT AH XY 0m i R 1,

SR A IO A ORI, L pH {EE F Tk )
1.4~2.2(Holland, 1972), 24X Flsm R A KK AT E
BRI TR AN, BT R KRR
AW, [R5 A R A RO, I A JoT 32 i P
PR A A5 O B, ) B T ol A 2 B S R ol
A T AL U Sy 55 R 1 - M Dl AR Y 4 # (Browne,
1978). [ PN R4 A FH (18 ol A5 -y 5 KBS B T M
PR P ol A 2 ) rh M AR 5 1 A K, A s R AR
AR | PG ) MR AF GRS LS, 1987 A A it
%5, 1992),

T HE BB A5 A A R X R T KA Bl
DA SRR A3 A AN TR), 7K EA Dl A8 7 b 3R 19 43 AT RRAE
BN MR 25, G ERAG MR R T
U (R PR AR A3 RRAE, Ay = AN R R R X Bl AR 43
LGRS AR R X kAR 43
WAL B 25

3% W P VR A B oty b 0 S 7 DX (1 7K A ol A 5
FER, HphASs- B, 20l ARG AL ZK301 AgkifL
ZK201 SAphAz ety R R R X ) MR IR H
(L FAN =1 O SR NS STV R A | B S e o] H = e A
R DO ey SMUR HY 8 i Ak L SR AR AR
THAR P LA o S AR ot R SR Y RS 32

PRI IESSA A, kAL | i A fli i+
GraR g, JLFaih Sioy ¥yl mie T, REAE
A7 i) SR I A R 0 A A DL R SRR AR o AR
ML B L FF) 2 08 A1 A RS A1 8 3y 558, e
FEARERORE TR, IR ERMAESS AR, )i
A B EUE R AT S A EGE SR s, R
Ao B R R P AR B TR L A R D) LA i 20
LSVt R

FoA = A BoR IR A i AR R B AR X s . 12
A A5 5 8 B K AR SRR s Ak REAR LA
oA, IR ER R MU R 2O e | Bt | ERAE
AR e A A (P45, 2000), £5 5K DL BT S 4 ol A8 4
o HAr BRI R, DL REAE IR R R 1k,
Az R T RN X, BEE LT 2 ANl
JEE R v O SR L, BRI SR AL L LT B X 2%
BB H A /R X H R 31 1 5 ph ek A e 8 D T A A
RRERAL IS

3 IR RTINT WA

KA AR 2B Y Ak S 8 DLAIE .ty b AR
IKIVARSR A, phARRHIZRE, FEA ML, mid
b, iR . SRIEAL . Bk LSRR, Rl iE
KEH— B RS (E 4),

31 XWHIE

SRR ol AR PR R B A TR e
WMP-6880 it >t i ik 5e; 14 v B 43 AN RE 3 20 B
E AR B TR A7 b 3R} 27 25 e 451 4 L 5 52 96 2 1)
I kS T BAEE (P % Nova Nano SEM
450) AT 43 A al; AR BEBER AT Quorum Q150R
PLUS #4114 H 8h & TS 9 (B4 5 Q150R ES
Plus), T-fEHLE 15 mA, BEPERT[E] 180 s. AW
Y T8 ZE DA AT B A BT RN RE I /3 AT 45 R DL IR 5
5Kl 6.

32 MTABERHEHFWAS

T A B AR YA SRR . R
A EOA . WAL EARBERT Y, ANEP
T AR A S AR A HE R B 22 51 o

W HEHD IR T R T A AR s B gk e A AL R
OREEEONRIA . TUE . s DARBEKCE, T
S NARARERZ A RO LT . kA
HfRt R IR ER A, NERE S A 2N E W 040N
SJEUYWERL, SRk Bl R AR Yk Sk
P, A, EAAL D RARBHT YI(KE 5a). &
WA Ak B 25 7 50 4 b A S /R XA 4 A TR L gk
5 Z AR ) b 2 L 58 4 s U A L, i A A
A, 26, Ka6, nE 8 mmit,



S—1 SCMEA 72 DU HE A T KR AR SR | I A AR RO BT 1 (9

163

a—mn & A1k, b—& e A ik, c—nrtfk; d—451E,
a—kaolinization; b—chloritization; c-silicification; d—travertine.
B4 SR EAKRMTESL

Fig. 4 Photos of hydrothermal alteration outcrops

a— s ZU AR 1 ke A1 AL LA b—REAL LS Th i A S K, c—BUZ R REAE ) d—85 48 T (4 Jy fif 1 FORE BEAL AT
Q—AY¢; ChI—&té f1; Cal—Jsfift4a; Chn—E#f; Opl—& 4.
a—extensively altered chlorization; b—quartz vine of silicified rock; c—lamellar geyserite; d—calcite and diatom fossil in travertine;
Q-quartz; Chl-chlorite; Cal-calcite; Chn-chalcedony; Opl-opal.

E5 EMETRA
Fig. 5 Photomicrographs
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a—X-ray energy spectrometric analysis of kaolinized rock; b—X-ray energy spectrometric analysis of travertine;
c—X-ray energy spectrometric analysis of silicified rock; d—X-ray energy spectrometric analysis of geyserite.
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Fig. 6 X-ray energy spectrometric analysis of alteration samples



% —1

SHEA" A TRy S st A K B AR 2

R O3 AR RO S 18] B R R 165

AR DX I3 7% ML B LI 7S DX 6 3T 7 DG ] DA 2R S i
Hb, AR =AU R DR 23 A1 T LT ) R
£, RN R W ROE M AEM H A s DX 3 ) A
T AR 1] A W W2 0 AR Y ) 3 WY ST A — 2,
B AR ) E W BT = SE M Rk, oty SRt A 7K
p S | g N I v N o AN | B T3 )
P, 2R A8 S AR AR AT S K BT Bl i oy o 2 X
S RN, R Bl K IAAE 22 [ AT v R
FOSC AR, W2 L T g At 1) SR R AN ) 1y
S AR Pt RN T R 0 A, L T M AR
IKIAGIAZ Y 504, K B Bl a5k B B0 X R 1 2
IR R AN | B RO AL, T HE A
F1% 7K AR oty A 0 DA DRI R s DR 2R S Y Ak D b A s
AT 8 K Rl A 2R TR R TR 58 3 T I 280 A1 9 2R IR
T8 H s B ERAOIR 0 A, A B R BB R X
g DUZR 74 i) W 2R SR TR O Dy, KR AR SR
TUAE W28 M O S0 B 5, AR I BN s X {EL TG
lop iy e e LN L G A N P
BLH phy R T A e o B D 5 R - P P Tk A e ) B
o

SASRYE, e ER A K Bk AR 52 3 i R A
TR, W S ] B B D) A S o Ak
PAY P DR 0 3 o oty K T el 23 OB AR, O vl
S S A FET ) 7 BA 2 ) e A AN TR B el A I
W7 SR s A HI Ak 3 e AR A e Ay it B IX 3

5 IR A SR E B E R 2 HR R

IR AT W) B2 AL S IR A G, AW
WA sy KT BB R AR R F X AR

YT AT EE A, B, PORM AR T
BT AR, DATEAL A R G i P BRI 22 5%
, W E . A BB PR R 45 (Browne,
1970) iy HEHBI HH =8 B i A o H S 4R b
BoMa IR T b o | e Btics, AR A
MELR K, AR AR AR AN R, AR SR A ok AR
SR R T A7 A T K A Bl B DA S Ml AT A
WA R FE 2 AW, W IR sS04 T
RE AR 2 A B AF B B . BT )2 N8 7
A — o BT M e ), JF B B A —
JE U B S M R DX, TR, DT TR — I
SR KRR DA S Bk PE 25 13RS, AR R iR
TR R T K B I, R O R T
IK R Gu kb5 FIHE ) X 5k (Manaka et al., 2020) . [H i,
VT2 A 3 11 24 B 2R e oy b AR AR 1 3% 2 B 5 R
SN R AR B T B A TR R 9 3 ]
XoF AR B ) TR ORI A3 A L AR . N
SRR R, = At aEfk LA 1R
UK A AL A5 Tl AR R X b B )98 B — 2 1
& 7541 (Browne, 1978).,

T HEHD R N L B A AR A Ak Ak R e
ik, FEAL RS E TR I B oR IX, A HER
R XA WA ER A AR LS 1 8 =i Al 3B
B A R R ORI I I S R X, 3K PR
PR ARIERA B T AT B B AR G A
eI &, BB e A NIE s —
PISEIR, — R UL, BaE b . RS X, =i
AAAIXT R BB IR X, SRk
MR kT (ML K, 1987); = Fg A i 44 1

B 7 St AEKARE S E

Fig. 7 Distribution of hydrothermal alteration in Gudui geothermal field
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