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AN INVESTIGATION ON THE ASSEMBLAGE OF GEOTHERMAL
ALTERATION MINERALS AND THE FORMATION OF THE
KAOLIN DEPOSIT IN TENGCHONG GEOTHERMAL
AREA, YUNNAN PROVINCE

Zheng Zhi, Lu Daren and Zhou Guoping
(fnstitute of Mineral Deposits, Chinese Academy of Geological Seiences)

Abstroct

Tengchong, one of the largest geothermal area in China, covers an area
of about 6000 km* and is noted for a great number of hot springs, Because
of frequent geothermal activities, all the originel rocks, mainly Late Tertiary
arkose and arkosic conglomerate composed of grenitic gravels, have been altered
intensely. Of the alterations, kaolinization at surface has resulted in the
formation of a kaolin deposit with latent economic value. The geothermal
water s.hows slight acidity (ph=6—7.5), varies from 707 to 98% in tempera-
ture and contains some H,5. The hydrothermal alteration mineral assemblages
can be represented by (1) silicecus minerals, dominantly quartz and opal; (2)
sulfates, mainly alunite; (3) kaolin minerals, chiefly ordered-kaolinite with
small amounts of halloysite and dickite; (4) montmorillonite and chlorite; (5)
interstratified minerals consisting of regular interstratificationa of I/M and
Ch/M and also some of irregular omes; (6) phosphates such as goyazite and
wondhouseite. Of all these, kaolinite is the most abundant clay mineral.

From the center of the hot springs outwards several slteration zones can
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occur in the sequence of silicified—alunitized—kaolinized—argillized zone,
and the distribution of regular interstratification zone is coincident with that
of NS-trending faulted zone.
The development of the altered minerals are contrelled by three factors:
(1) the property of original rocks. Generally speaking, granitoid has been
altered into kaolinite, and basaltic rocks into smectite and chlorite;: (2) the
epithermal alteration which hes led to the assemblage of kaclinite, alunite
and quartz, end sulfur-besring geothermal water which is responsible for the
development of alunite and halloysite; (3) fault structure controlling the
occurrence of hot springs and the distribution of regular interstratified mine.

rala.
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105 hEEHfR %, H 20—28-1 3 5 REHIRERM 107 & &, # 5o, Zn, Pb, Sb, As,
S, Bi, Ag, In, Cd B Sn‘+, Sa®+ & 12 4 BEREFHH . HTEXREBRALSR
LEBHRT, HUABRERTCHRERE, #RTRBRTHF S HHEAE
BREMHEEERHER, HAHEERSIHLIEELE (HF), SIEHERRE S
EEeRERAN—-HEALER. UER PSRN SN EAARRERR. HXRF
3 01 BT B AR T BT OB R,

— . AR R K5

SEERIMEER, THTRMEER (& D XH5R. BHEFHE, 107 FE&8H

FIAMERE | r ] =0.195 (BEMAFENRSY) BIHHERE,
CMHERIERE GBD WR.

1. RS Snt % A& = 0. 866, 7 LA So S HMR A H . Sol550%,
As, 5, BiE XM, KHX BN .2 =0.247,r5. 4. =0.277,ry._, = 0.223,
Foaea:=0.217, TR, SRAKENEET P ROKRY . BVEREF0HFXM I B
HANRENKE. S SETERXRE r<0.195, LEB#FH%.

2. Zok5Cd, 8, In, Ag, As, BIRIFMEMERR, HHRECH, S5, In,AgiX#:
B, AR BENN: roe . =0.818,r70 s = 0670701, = 0.611,7 ;.. =0.594,
r;._l =0:429, Fru-s:i=0.372, Fouopy=0-253, Fiu_s.**=0.209, ri._y,=0.171,
rre—sa?t=0.106. I, Zn 5 S A (Fe) ARBRLBARTHFE, EZ—AR08%
ﬁ%ﬂaiﬁtﬁ"&iﬁ&. TaERY. (EEy. ﬁi&ﬂ’“] ¥ @9, HEWR Ag, Pb,

o ﬁb?ﬁ*ﬁ&&mﬂ?&“’
® FEMTEEAFAFEBSRIE, HALEMNER TR,




$28 FERTHEREE-REET A AT XSG RANE T A 1

%1 NSTHOCHRABTR (XM 9ERER
Toble | Correlation motrix For useful alamants (variables) at
405 ievel of No. 91 orebody

Sa Zs Pb  Sb S As  Ag Bi In Cd  So*  Sa
] 2 3 4 5 & T 8 ] 10 il 13

Sn 1 L. 000

Zn 2 0,146 |.000

Ph 3 -0.169 0,253 1.000

5b 4 o.012 0,171 0,832 1,000

5 5 @, 223 0,670 0,230 0,166 1.000

As [ 0,227 0,42% 0,140 0,132 0,532 1,000

Ag T @018 0,594 0,553 0,472 0.672 Q. 290 1.000

Bi B 0,217 0,272 0,106 0.165 0,459 0.351 0,437 1.000

la a 0.081 0,811 0.328 0,253 0,580 0,228 0,600 0,344 1,000

cd 10 0,161 0.B18% 0,213 0.14F 0,745 0.304 0,887 0,477 0,740 1,000

Sn't 1 o, BE6 0,208 -0,128 0,020 O.Z41 0,190 O.063 0,251 0,146 0,248 1,000

Sn* 12| 0.247 0.106 ©0.021 0.207 0,231 0.197 0.25¢ 0.161 0.108 0.170 6,156 1.000

Sb, Bi MRHE 4, HOiRXiire Cd, b AR hERBFALEE.

3. Pb, SbAg, S, In, CAERAFMEMHMEXHE, LAXRESINr, ... =0.692,
Frocaw=0.553, ryu_pe=0.472, r,,_,=0.230, r,,_s=0.166, Pb, Sb, Ag, SWH
BB B9 % Pb, Ag, SRR @R H WY, WBGE Pb, ShEkibdy. BNESHR
A1 o#y, (X H Pb-5, Sh-5 MR RES/DRHTREN, ZRELHRXRRL
MELFTHET EPLARBD, BXBRBARE 2o, As FRLHD, BRHEXR
8/ BXE EXREGPb,SbEIn, CdF —Z KM reior. =0.328,ry,-,. =0.253,
Framcs=0.213, In, Cd ERAREARFEETHET LRRERET $.

4. SECAMHMEBRBERM, Hroc,=0.745, 5 Ag, Zn, In, As, Bi 2HFHIEH
%, WRREAMT 0.672—0.459 2, RARTR2REHREHRELT W= 1, H b
§ 5 Cd MR R, MMTERSEY P RA B A RMD 7.

5. As 5§ S (r=0.532) RAHH, LEWEAEE. A5 Bi, Cd, Ag HXRYS
F0.20—0.351 2], RNEFWDPHFIRAKRBE Ag, Bi HBETHELEFEE.

6. Ag S, As, Pb, Sb, Bi REEMIEMXE, KT EESHEY T ERARNS
##esh, B HPb, Sb, Bi, S TRERAMELT W, BRALEFETEHELDR
EWBHNE h. A5 2HMEMNK, ric..®* =0.269, MASTHEETFRET F.

7. Bi 5 Cd, 5, As, Zn, Ag FRBIFMHEMAXRR, HXRYE0.351—0.477 2
[, FTRBI ¥ R A RY, BHRLHRELTWEET R Fe, Zn, AL
R LIRE R S TSNy 2P, :

I AHRESE TN
FELLE 107 ARRM 12 M BRZAMXRRSFHER LA T R URFHH, K



12 H Eiﬁﬁﬁ#% . ﬂiiﬂﬁﬁﬁﬁ)ﬁﬁ}iﬂ 1987 ﬁE

ﬁTiﬁi?ﬁﬁﬁFﬁi ED ARDTR, K/W=AERET, AREFHETRE
Barlh2h 81.79%, WLUAGM= %E?E&E%Tﬁﬁﬁiﬂhﬁkﬁﬁ}ﬁﬁu Kepy
%2 AATKRDIATRWEN

Table 2 R-mode principal factor loading matrix of useful elements

B F F % % BT
— F, 3 Fy -
* & e
1 Sa 0. 284 0. 822 | 0, 385 0. 8895
7 Za 0.814 | -0, 001 -0, 288 0. 7512
3 Pb 0. 442 -0,631 0, 453 0, 7980
4 Sk 0, 415 -0, 443 T 0. 8482
|
5 8 0. 847 0,077 0. 194 1 0. 7603
6 As 0. 538 0. 182 0.010 ‘ 0.3231
T Ag 0, 829 -0, 212 | 0,078 | 0. 7893
s Bi 0,802 0. 167 | -0, 041 | 0, 3913
g In 0,750 -0, 154 ! -0.218 0, 6472
o od 0. 8ag 0,021 ; -0, 331 0, 8648
11 So* 0. 338 0,785 0. 297 1 0. 8191
21 Sat 0,310 0. 187 0. 407 | 0.2062
jj ; #it n (qb} 47,06 21,10 Tnes
:b‘!i?tttlﬂ' (ﬁ) 47,05 68,15 81,78

F—-BT F) FERMBA, GTHEBUL—LRHXRFER. Hdin, S, As, Ag,
Bi, In, CABERMAFLBEOHRA. KEEMZn, As, SHEBERT, EMARKAS
¥, %W, HEERDERD Fe, MiZAFPHTIRAREERILHARERD Fe, R ME
B H A& PSE Fe £AT A MBI (REE, MREP) MEE, EmEETHE
SURXPRAF-AARRENE YL, HA(DOHFREEL BB REN LT (Za(Fe))so,
By (Fe) AsS, RBW- (Fel 5., MRGE (Fe) S, () MLEHHLER#B @, In,
Cd EERELEGAHT P, B TEHRHBSXRNY, Liorie SRRV T ok
AR, Bk, EMNRARS R+ttt :=RMs, i In, Cd, Bi RinrcihBifk
5-#y, FMEAE S M Se> HERBYEE. FLE-ITRIBREHBENAT R,

BZRT (F), LiSs, S0 mEATFEES, TRAEERATFRHEMRM. TR, Sa
AR tri@askr FEs. W, F. 2805 mERENER, REEHTPRE A,
Bi R Sn*o MipEMBARRY, BE FOHEERR AT HEe, BDPHEHI R
Bk, BTRERASONENNERGEE R FRSEY h-l, RREEFhHE
2 RS,

SE=HT (F.), LA Sb, PbRFTHEMG, b—LARSEHED HEMm Pb, Ag, Cu, Bi,
Sb kT HMmEAER. B TRESHTSRETXR/BLHY, AR5 S AH—
EHFRF Bk, XTI F, BRERH P, Sh Ry Ag, So* HEEABTR, R
HTHERRBET FHLT- HHEERTB B,

O ESHERSRNERBLR.UTH® .



