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Abstract

Chemical and isotopic data are presented for 9 hot spring waters, and 1 cold sour spring
water, from the Tengchong Volcanic Region (elevation 1200~1750m) , West Yunnan, China.
We also discuss water-rock interaction and present a conceptual geochemical model of the Rehai
Geothermal System in this region.

Stable isotope compositions (6D and §180) of hot waters discharged from 4 areas (Rehai,
Langpu, Ruidian and Longling) indicate that they originated from meteoric water character-
ized isotopically by the equation: 6D=8+3180+9.6. All the hot spring waters are classif ied into
Na-HCO3 type or Na-CleHCOs3 type. Li-B-Cl systematics show that the rocks encountered by
the thermal waters in Rehai and Langpu are rhyolitic, in Ruidian they are andesitic, and in Long-
ling they are sedimentary or metamorphic.

The data indicate that all of the hot waters are peripheral to those in upflow zones of Na-
Cl type primary thermal waters. Na-K-Mg geoindicator and K-Ca geobarometer interpretations
suggest that almost all the hot spring waters are immature, or are in partial equilibrium before
discharge, except for a couple of hot spring waters in the Rehai area. The latter are in full equi-
librium at 260~270°C and 1.9 MPa of COs-fugacitiy, although their chemical types belong to
the peripheral dilute Na-CleHCO3 type. This type of parent thermal water is rare elsewhere,
and we tentatively propose that this type of water be named “HCOgs bearing Cl type water”.
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TATBIXTH B RE, BRFUROEREICAETS. FOHiES 57 )OSR 5 i
BT, ZOBERIL1,640m, FFHRIERIIF14.7C, FEPYHEARITL,425mm TH 5. 8 DDR
Bh BB HIS0TTAD AR DR, 0% MEECHELTWEY., & OHBICIE X R BT %L
BHOBBRKLDA NI =7 ERH 0, Fi, HHARHEBIRROIE D, (EIH O REER A B
FELTW S, BtilE S htc KA DEREPHE S 2 D~ ) w7 ARMMARE I, 2l
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n, EBEERBENTHI D X85 15610, 2o THIRE L\3h s LTRKE DT,
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FAEHIROMWE

{#fi (Rehai; Hot Sea) HhZiHb X >
EFEPBITIZ660EATLL EOIRREAD D, D 5 BH30FAT LI E B A3150°C LL_F oD 5 24
KRTHLEEDLA TS, ZD5Y, 3y vV <—LDOEEET < OEEL, 6005 51,700m i
(Tengchong) i bl 72 % 5 (Fig. 1). b EO v < 5 Y (F < o b -EE5H s E)
TIEME—ZBVIRE KILE D &\ 5 S THR T H 510, Jsrhih B O th.0d 2435 e BUb X & 1
Eh w5 (Fig. 2). HAEROERSE & AHELDOERE, SR A EBIT, DFHOET » v R
DWEPHELC L > TRFIMCED SN TED, ORI EEE KL 510, BpHh
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BRI 2000 KL RO B TE D, K-Ar410%0.09~17.84Ma (KIlE, KR,
FAHA N E)RRL, COHBOMBRDOBEL, hLOKIEHEEYS L LLBEAST
BAHDEHBI TS, EESE DHE X h 2 A BTSN O AR 0 12#97.5km? TH
D, TSR - R - WAL SO A HBEYEA RS 2 ENTESY. BROKRRR
EF1398°C, HEIXHHIE - Na-HCOs+C1ETH 5 12).

(347 (Ruidian) #hBd X >
& Hh B K (3 e T T o> k5 45km i AT B (Fig. 1). HBEENROIAH D 1340 1 km? & 24
MoK & Hh e D/NEBTH 5 2. AEOEERREDEINE» HARBHT S L ODMIT,
AFORELETRELAESLEET23085 0, RBEZEHONHNE SRS, BHERKDT
RTPFHEDONa-HCOs I TH ), FIRIE55~8TChRT 1D, Kbl m MR 3 5 A A DMEBIL K
LB THBH.

AT (Langpu) M #dh X
BAEHIR ORI T ~ 8 km I hLiB T 5 (Fig. 2). BYET 5 LA DD Bk ES BkT 3
C O/ NER T I BGIR T H 5. B4 TE AL LTERAKEFIA LTV 5. RIRIXSTT, R
ik dNa-HCO3Cl1 BT H 5 12,

(W (Longling) Hh & X >
A H 28 2 T O B R BRAO50km i (29 % (Fig. 1). ROV WA KIS 51
BHTHD, FAERRCIIBERMIR T AHERF TS - . BROBHIBNOWELTADN, 1976
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Fig. 1 Map of the Tengchong Volcanic Region in West Yunnan,
China showing the locations of springs sampled
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Fig. 2 Locations of sampling points of waters in Tengchong
Country. The insert shows Rehai (Hot Sea) geothermal area
in southwest of Tengchong City

FOEBEMEEDBEICH ICBH XA IBR 7 &S FIET 5. BEERIIIERE DS T 5 Hilk &
LTHILN TN 5. KMBMXIC 5T 55A S ERMETH B LD niH 506, EEL
DB TEHE LIS DRERED L OB L. MOBEREYZ T TER LIER, A~
YA NOFEREL B LD SEF LVHERESZTOLERS LAY, BRAKCOLTHR
WITEZE L DMBIE DA Lis .

CFE (Heshun) »

BEH DR DB B B, EFOHE LTHARNTH % (Fig. 2). B KILURKICIZERD X
o3, SBORMREBER)BFETEON, T2 FDOND—>TH L. W3 EmEAD
WMEEDTHRHD, T THRLADLRBKIEMMEINTWS. RADKEL, Na, Ca, Mg-
HCOs®ITH % 12,

3 BREHRIRE Ak
SEHER

RBEARMBARES N OT, BMiTAE, pH, BELEEEOHELT, AACHBIED
AR BOE Lic. AKRIGBENT 7Y VIR T, pHIZ#EHH 5 5 2 BpHEH CHE L c.
AR E 2 Fig. 1 & 2 @R L. SENT, FEMIKE EEMIE, D> Zh2h 2 A%
(No.6,7,8,9), BN FNEMIE D &2 h2h 1303 > No. 1, 10), & LTHE b sk
T5 B DI 56 T Bfg il b © 4 30K (No. 2 ~ 5) DFH10ME DR HLR K & 5RH L 7= (Table1). % 7=,
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aHTE
HAREBIR - 3eKE, FRERDTORETHN L. $io, EREEOMED, Nuclear
Sciences, IGNS (Lower Hutt, New Zealand) DE B/ Hiat & L TIT - e
Na, K, Ca, Mg, Li, Cl,SO4: A1 A v/ a= T 57 4 —, 2mg/lLLTFDCa & Mg lZJFEF
W X D HT L
HCOs, COs : pHigE (CO3 & HCOs D#& iz £ hpHS8.3, pH3.8& L72)
B:BWNEE(T V) AF vV-H)W

4 AbBSHT & RGAELERIE DR R

(22547, BERMELIEDOHEY FhFhTablel, 2 R T. ok, RERMELOERR

T, EBICREL, 6, b bEREREAK (SMOW) 5 b D T4 RiFEE (%),
oD, F1ziX 0'80= (Rx/Rs—1) X 1000
BRI, & ZERx, ReiZEh Fhatkt X &R K S O FMLALL (D/H, % 7oid 180/190) %
E£3. BRLBRRKL, BERECHSL0HE< (RKN0.2,3,4,7,8,9), ThbIDL
TR HE (PR @ & & 70 > AR DB ELMIET 2L ERH 5. £ 2 TUTRRTFIR
Table1 Chemical compositions of the waters sampled from the hot springs in Tengchong Volcanic
Ragion, Yunnan Province, China; concentrations are in mg/I

WT EC

- | O] 2- + + 2+ 2+ | T,i+

No. Sample U0 | fomy| PH| HCOs™ [COs*| €I |8Os*-| Na* | K* | Ca* |Mg?| Lit | B
Langpu

| |LenE ey | 907 3080 |8.4| 1254 | 18 |3%5 |25.1(676 | 58.4) 4.T) 1.2 2.1 4.9

o |Rehai-I 05.8 | 2360 |9.0| 573 | 77 |345 |20.0 (447 | 66.4| 1.6| 0.1 |4.2 | 6.4
(B By il i '

g |Rehai-II 95.8| 3580 |9.2| 681 | 168 |587 |24.1(687 | 99.4| 0.8 | ND [6.8 | 9.9
(B BER) ) )
Rehai-III

4 gy |99 21 |4 7 | ND | 15.4|75.9 | 32.2| 15.6]| 0.9| 0.1 [0.24| 0.4
Rehai-IX

5 |ReallX ey |88-7| 420 |7.6) 1220 | ND |730 |22.3|820 |12 | 0.8 ND 8.0 |12.2
Ruidian-I

6 | | 767 | 1770 |7-4] 803 | ND |15 26.6(350 | 32.8) 24.6 3.7 |1.9 | 3.7
Ruidian-1II

7 | ien gy | 92:7| 2010 |T.4] 927 | ND |15 |26.9392 | 40.5 18.0| 3.7 |2.0 | 3.8
Longling -1

8 | | 71| 90 84| 433 2| 15.4/40.7 |192 | 18.3] 1.4 | 0.04/1.8 | 3.3
Longling -1

g [ \ o8.4 | 1060 |9.2| 203 | 102 | 17.8|41.2 |217 | 21.2| 0.9 0.02]2.3 | 3.7
(FEE THER)

10 |Heshun® NM | NA |6.1] 997 | ND | 5.9 1.7| 78.5| 16.0/96.8|91.2 | 0.2 | 0.1
(FE RARFEARK)
Tengchong$

¢ ST N YR g1 | ND | 0.7| 0.8| 6.1 2.4 9.3|5.5 | ND | 0.1
U epbapkak) | 181 1%6 68

Sampling dates : Langpu ; Nov. 19, 1993, Rehai-1to-IX ; Nov. 20, 1993, Ruidian-1to-1II ; Nov. 22, 1993,
Longling-I1to-1I ; Nov. 24, 1993, Tengchong ; Nov. 21, 1993

ND : not detected (Mg<0.01 mg/1), NA : not analyzed, NM : not measured

# : cold sour spring, $ : tap water supplied from groundwater in Tengchong town
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Table 2 Isotopic compositions (6D, §180) of the waters sampled from hot and cold springs in Tengchong
Volcanic Region, Yunnan Province, China and values corrected for steam-loss (dDg, §180p)

Measured Corrected values

No. | WT(C) | Elevation (m) | 6D(%) | 6'80(%) | BT(C) | K/Mg-T(C) | éDo(%) | 6'800(%0)
1 90.7 1200 —73:1 —9.31 95.9 145 —75.8°% —9.80°
2 95.8 1450 —69.1 —9.23 95.0 198 —174.8 —10.27
3 95.8 1450 —69.0 —8.41 95.0 278 —179.8 —10.39
4 95.9 1450 —63.1 —6.49 95.0

51 887 1450 —64.3| —17.36 | 95.0 291 —176.2° —9.53°
6 76.7 1750 —81.4 —11.02 94.0

7 92.7 1750 —85.3 —11. 55 94.0 115 —86.6 =11:178
8 97.1 1300 —74.5 —9.59 95.5 165 — 18 .1 —10.26
9 98.4 1300 —74.8 —9.93 95.5 184 —179.4 —10.77
10 NM 1600 —177.9 —10.95 94.5

11 18.0 —67.8 —9.67

(Remarks) WT : water temperature, BT : Boiling temperature at elevation
K/Mg-T : K/Mg temperature (Giggenbach, 1988) , NM : not measured
$ : corrected using BT

THENE (6D, 6180) IHHIE% M2 72 (6Do, 6'800). 75 %, #FINo. 1 & 5&2\Tik, Table2
CREIN5B XD, HEKBELNFEKMGSOERCETHKDOIBAI DL MTE D, HHIREE
DHEZ TBHEMCIZBRREBLD -1 EL LN DRABEDOMIEL L .
FFECM I TRDO LS I ETAVEE Lic. bbb, BE, KERIOBMEDRMMEALN
TnxnTo, 6Do, 6800 DEVKD, BHEECRWCIHEL, TOBORSERL (@EE)IT 1
ThHDH, RIADHBEOBKDEMMAILIL 6D, 080 TH b T 5. HER L AL EYES
FThE, TV 2L E—DRFIDKRRNDBHILT S.

- = (Mg — W) /e (HIV — LWk siitsmeismind s eiin b o oo et 43 ks 4 i a5 it . paie s 4 1)
ZZW®&, Ho, Hw, HviX, FhZTHRBEEToC BT A KDz v 21—, BEHEERECET
LKEBRKIDT YV ZNE—TH 5.

¥, KEHHEC E T D RS BIOR & AMACET2HERTZORE, KDOLHET
E=#3IN5A.
103 Iy oW OF ree s wimws Fadiba X il S L damar e s 3l s s A s s 0Bl s spteipiedines (2)
0= 0V oL GW o (LX) wevvrrrrmnem ettt et (3)
T, ol B (B RE W BT 5 85 MGRE, do, ow, ovizZehZhiRETo DEKD
FIfLAR L, P DK & RO FRMAA LA ET.
PED3ARLBbovE xBHEEL, BEFTALIEIKANDIOILCKAS.
d0=0w— (Ho—Hw) / (Hy —HW) e 1030 I+ ++-+++seererseermmeermmmmertmeenieen @)
RADHELD% /3T A —Z DN ow T EABETH D, o« &Hw, Hv ZBHIRE %\ To Hl6k
KOBEED LERLEPDBEBICRD BN S 9. Hok 5 2 5 TR () 5 OBk DR
BERRDILERD D, THOEERIIFEHEIEEE DK &L P % FIH L ot bAm et
ThAHK/MgREZ D A\ 1. AENo. 1 & 5 DEKD R LF L, AT bl &
51, BHEEEONRD D CBHESESOH SRV, 20X 5K L THIER D2 7B (W
W) BT DBIK DIKFE & i FE DL ERAAA A Table 2 DAEDHICR Lic. 78, #AFINo. 4F, #
BB E> i, BMBEI S HORELD, KEK X ALHOBUEREEE R (pH=4.4)T%
LHLERHATH AR, BT E S RMESHBROMIEEThd - .
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BRADORRICOWT

Z OB >WTE, KOKE LR 5180 (%)
i@ﬁi@{ﬁ%ﬁﬁiﬁﬁkﬁﬁ%%ﬁ% .16 -14 12 10 -8 -6 4
LT b, HificR L ‘ ' p .; -60
AR DR ROMEZ B LIch D H‘,-"
#Fig. 3IR$. SEITBHTKR Soar hating - |70
MADEREMRT L DT, T4 S : surface evaporation S
RO EREE ST OHIMOK > 10K JwharRsk L ©
K (MWL) &b 5 & &P EIeh - L /853 interacton S
e, WD LD BIETEhEHEE L > 8 -
fo. HI%, 3URHNo. 1113 #: T Ak % FIH & --90
LBk Dkl ACH B 1, % DR s/
RLfHE (6D, 6150) %3 5 1 X 8 DI {is
@l L ThH 2. FIEO%RMEREIZZ  Fig.3 6D versus 6180 for waters in Tengchong Volcanic
DEAE LEMBLTED, 22TO Region, Yunnan Province, China. Numbers indicate

o 7 the sample numbers shown in Table 1. Measured

HENRZEUTHLZ LERLTNS. isotopic ratios of samples from 1, 2, 3, 5,7, 8and 9
T OBEREPI DAL ETEHEIK have been corrected for steam loss, using estimated

L underground temperatures (see text). Symbol A
DR E R TH% L, No. 4 ZER shows meteoric water in and around Rehai area
T RTORKREB AL & DHANEHIT estimated from hot spring waters (2, 3 and 5)

X OEK 2 %REDO-shift Zi# Z L
FRKREE L T EMRTE D, ME—FISLARNo. 4 LDV TRKD LD EHEZL DT LN
T&%. Thbb, No.4 &R UHKSE SR ANo.2, 3, 5) DKRRABKELND, &
DHHOMEKITIRFDADS DT ry hENDLHEESNS. Th&iNo. 4 DERFESE
BOEXTRIBLE3THD. ThiTE OMERBERCRONIHETHD, HEDBROFAL
BREEZIERTH S E LTHERRNTHAH S 7.

LALEDEZ DL, ALK ORBADEEAELTE, BRTIRKTHD, ZOBETH
EWMBEDOUEBEZF LD ERERTES. Lich - TREKCESF LTH2WEDKNL, KD
FEERRTAKDRBR L LD EALDBEHLTELDLELLNS.

ER-KHEEER

EDY Bt a4 TOEREMEIMEREIT > e kM5 1id, Cl-B-Lidiagram (ZAKX)® %
ERT B DRBERTH %, & Odiagram CFIH & 5 THKE, —BEALDKTEFHS L
BESE~FMb SRV, HEVERIEL VLD, WhOBABEETREFEN DS DT
$%. LiIZLIE, BEClD2WAKEGEAWERY BAMEN DM, Hia L MLFRALZED
LIcKEBEROESTMAI NI kY FABICKHT S 2 EMNTERWID, Likzic3 D%
THRHATLZONEE L. B KUK ORRCIGE Lk R 2 Fig. 4 g TORMBRD
Iy ieERELR AN .
(a) MerERiERYE s (No. 4) %K < MITEHX & BupX Ol R K (No. 1, 2, 3, 5)ik, vV hEH

BOEWHRSEBEOER L OREEA TR I ERRENTV .

(b) HEHHOMERKNo.6, i, HAE & LR E O PRI ISR DS A & OHEIFR TE
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RLIbDTHSZ ERRERTWS. Th Cl/100
EEEIRIC BT 5 E AR RIS TH D &
WHRE® LER B LT 5.

(c) mMEBEHBDERKNo.8, 9IF, KkBlEE
DODHIEMTTERLLD TN EHRE
T35, B/CLULMO0. 1L ETH D Z &M 5,
WRE SHBERRRE Lok, 50k
OB TMEZINIKD TR LTH S,
HBEHLICEL I Ehb, #ESETWLE
NERIRET 550, FIXTEBSE KD
BEBCAFETSd0EEZ RS,

ChECoFEmbnr D, Wi kUR DO RKK Fig. 4 Triangular diagram of Li, B and Cl for

KEREE L, MECHEEE, FUEEEE B heoad oo oy ) and

Hass vk ehalEET 550 F

BE) & DM EIFR %R L TE KT gl

BHTERREN. KER-KHEE

TERZ IR R K DA A A VB B

X5, Fig.5Dk 5k, Cl, SO4

B XU KM% (HCO3+COs3) D 3 B4

RO AR R L. RER

fLfR D B B THISITH > foilkiNo.

413, TORTHMDOREEE 5 fobhdg

HETED, BINEEZ A T ORI

DKTHBEND T L TIhETORR

L= 50 8 B/4

20

& %}é‘ L 7’-3: L. Ia [_ZI ﬁ’ rO ) ?IQHNO .1 ’ 6 ) Steam-heated waters / steam condensates 9@8 ,OHCO
7, 8, DRSS INBI Dbicarbonate  °>* T e0 o w0 20 {0y
WoKTHD, No.2,3, sixafitfic it Fig. 5 Relative Cl, SO4 and HCO3 (+COs3) content of
i L 7=Cl B D EREf 240K hibicarbonate %Y hot spring waters. For numbers see Table 1

DIKTTFHR XN T T & f=Dilute C1-HCO3

MDOKTH B EDREINTWS. bicarbonate # % Dilute C1-HCOs it 38 X 5 KL, W
b CLE DERIEIK D53 AT D D AFAET DIRAEI IR TH B 2 & 5% 1718, 200C R AT
ECTEA- KB PP EERBR LT EREBEAERVWEIRTWA. R-T,
MRILEK TIECLBE D FES KR DOME DI/ <, HFAIT THCOs ¥ &b FAKDRA % F
Ficdb DR, ClBOEK» LS LI AKDB T ARKCREA L TTELLOMBEHR LTWEIT
EINE VWO DOREHRNISBRTH L0, ZOHKRCE N TELTLL LD Tl 2 &2 kic

WG,

SR KEEEROYE(LSRIRE

FEBALER T O T — 2 EFIA L, BE-KHEEIER 2200 BIICHR 3 % JikhGiggenbach
I DMEIN TS 1820, i, Na, K, Mg D45 % i\ 5 Na-K-Mg geoindicator
EWENRBLDT, SEIOHHT—42%7 vy b LicdbD%Fig. 6 TRT. TORMLEUTOD
TEhbhAEINTW 5,



$45% (1995) FFEZREAR KUK B0 5 #K RO €T 21

Na/1000

6
K/IOO L L L L 3 L L 7 P JM_g

Fig. 6 Na-K-Mg diagram (after Giggenbach, 1988)
for the spring waters, the cold sour spring water
and the tap water in Tengchong Volcanic Region.
For numbers attached to the plots see Table 1

(1) B5hi-fERKkDHEUK A H T T albite, K-feldspar, K-mica, chlorite, silica & 3&47 L,
UTFIERER A oG- T+ 2, 2057 — 23R [full equilibrium (584
SR | B ET T ey hERD.

albite+K+:K_feldspar+Na+ ......................................................... (E 1 )
2.8 K-feldspar+1.6 water + Mg2t=0.8 K-mica+0.2 chlorite+5.4 silica+2 K*
............................................................ (E2)

F 72, Z Ofull equilibrium line IZEREBE O BFTHRTED, 7ry b IhlcmihbF

B DRE L FHANA Z EMTES.

Q) HEAD IO, HAEHDBKNDTEOBEN LD OWTIE, KD [immature
water CGREVEAK) ] O 71 vy bEh 5.

B) E¥RIGEL, E2 20 TREFHED - fokd, EROMFKOBEARZZTHIE LT
EREE T 285 &, 05 — #xfull equilibrium line & immature water ST & o
&% [ partial equilibrium B4 F) | €7 v v &3, R FHERKIGOEEHEIKE2
ThLI L DEMNTSDTH B GEMIEGiggenbach DFHL2V X BM]). 7k, T DOFHIEK
PICE | 2T B 8T 7 DK D5 AT = 5 DATICREER L i S22 PR BT B 5 e DIREE %
TTHDT, Fuy hENLMELDLZORE FTATNS.

IREFELTSEE LR IRRKCDOWTEEEINL TAS. TREESBEDZRZ I DK (No.
DK NR T a v kAT &A%\ immature water FUIRICALE LT 5. HfED#KNo.
6+ TIHHEHEDKTHLE L b HT, immature water fHIKIC 7’2 v ¥ Tw5b. Thb
L REREL Sy % % { & A1 bicarbonate DK TH B = &b b (Fig. 5), AWFEOK D _EF LD K
BB WTEEOH T ADEARL L DBRENTKTH ), HFAKDLEDAEERKE DR
BEOBMAYE LD LIRS, KELRIGEE % > PIGR E 2 S cK/Mg
B, 115T L BHIRE (92.7C)IEW 2 £ h b, AFRBKD EFHO KM TS
Ni-KThBHEEZAZLFEHKTHHD.

et DNo. 1 (A7), No. 2 (84E) & &EHED 2 Akt (No. 8, 9) i3\ 3" % partial equilibrium
DRI H D, AEBKD FRRORBICHMATEKOBEEEFD, B+ VlE»bEINRI
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~240C, 260~270CTH 5 Z LRI N,

DL RGBS A 4 VD DHEE X M- R B K DT EGHEEE & Na-K-Mg geoindicator 12 L 5 fi## i
ROE—HLIBTHS. Lrl, BEHIKTHEL RN, 3 L 5Tk, HENE-TWS.
FTlhebblA A+ VEENE, ThbokdClEDBEIBEK D4 Atk D B A74E T 5 IRAER 73
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- 0.001

Lkm =log (cKZ/cMg) Ly =log (cfecd

Fig. 7 Evaluation of COy-fugacities in the geothermal
systems using K, Mg and Ca concentrations in their
discharge waters (after Giggenbach, 1988) . For numbers
see Table 1. Samples from deep geothermal wells are
plotted in the area B surrounded by dotted line
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Hot Sea Geothermal Area 1425 majye.
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Fig. 8 A conceptual geochemical model of the Rehai (Hot Sea)
geothermal system
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