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Thermal Springs in Shargaljuut,
Bayankhongor Province, Mongolia
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2 Geothermal Department, West Japan Engineering Consultants Inc.

Abstract

The Shargaljuut Thermal Spring Area is located at the foot (about 2000 meters above the sea
level) of the Hangayn Mountains in a distance of about 60 km to the North-East from
Bayanhongor City, Mongolia.

Thermal waters are discharged through about 200 holes/fissures of granitic rocks covering
an area of 350 X 170 meters at the north bank of Shargaljuut River. Water temperatures are in a
range of 45~90C, and high temperature waters are accompanied by bubbles containing mainly
nitrogen. Total outflows are 0.05m?/s for water and 18.5 MW for heat respectively. Thermal
waters are alkaline and in low chemical concentration of Na-HCO3- SOy type. Stable isotope com-
positions of hydrogen and oxygen in thermal waters indicate that they are originated from mete-
oric water.

The Shargaljuut Hydrothermal System is interpreted as follows; the infiltrated meteoric
water is heated up to about 170 ‘C by terrestrial heat flow at about 4000 meters depth and is given
chemical substances by water-rock interaction under a limited CO3 supply, and then uprises
through narrow holes of 0.1 ~ 1 c¢m in radius.

Key words : Shargaljuut Thermal Spring, Mongolia, alkaline thermal water, stable isotope,
hydrothermal system
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Fig. 2  Simplified topography of Mongolia (based on Kanisawa,1999). Contour lines show
elevation of 2000m above mean sea level. The rectangular area enclosed by broken
lines corresponds to the area of Fig. 3.
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Fig. 3 Location map of thermal springs (@) around Hangayn Mountains. Numerals show dis-
charging temperatures (‘C). Contour lines show elevetion of 2400 m above mean sea level.
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Z 2T, BHTINE L 721990 5547 D 3k (Dorjsuren et al,, 1990) B L U RBEZ b L12, ¥ v
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OpH : 77 AR Fig. 4 Main spouts of thermal water and sampling points. Point 3
ONa, K, Ca, Mg, Cl, SOy : is running water on the ground surface, and others are thermal
AF v raT R TS T4 —, springs. Numerals correspond to numbers in Table 1.
OHCO3, COs3 : pHIEEIL L BT
VA E(KREIZpHAS) 2T A+ 2k b0k L, RAKDOpHE L REEDSE fREEH K (=
7.7X107 1) & FWCORE - B L7z
OSi0; : ) 77 v A zu—b@EE (D47, No.1,3,7 D3FHEDA).
OKkE - BEDREFMARL (8D, §180) ®4-#7i%, Stable Isotope Labratory, IGNS(Lower Hutt,
New Zealand) |Z4KHE L TH7 - 7.
OBy - ¥k XA EHT A5 (B4 MiniFlex) 12 & 5 SL R %E.
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AKDGHTHER % Table 11248172, ERMALE, BEHIHE- T, FHEEEK(SMOW) 525 D
FRRFEQ %) TERLL. T4bb,

8D F 72138180 = (Rx/Rs — 1) X 1000

T2, RRBEURsiE, #hFNHAX LEERK S ORAMARN (D/HXIZ180/10) TH 5.

CDRFEKOEHDO—21%, pHENISEELEGEVWI L THE. LD >T, PRYVDEDI A
BIIFEH LTV b0EEbhs. RFNol & No3DOSHEIVEREDETr A TH 5 & T1IT,
Z D50 %FEFE (#0.7 mequ/D) 134 F VIREETH A 9 (72 & 21, 4, 1960). Table 112iBiF 57z
FEHS (Na, K, Ca, Mg 3 X UFCl, SOy, HCO3+ CO3) I2BIT B4 + v UBMEDOARRIE, FITF A
BRAF VLo THIDNDE DD EEZOND,

YL EDRSG OIS, BEKIZOWTIEF, KEKIZOWTIEINOsDFENRE Sz, Fizow
TREEL TRV, /3 7ux b5 74 == 20 R THmg/IEESIN TS L)
Thb. NOsiE, HENo.7(NY & ¥ TIVKEK) TA0mg/12BZ ABWETH 72, b d
A d Y OREFITHLT 5.

G:27)
PRI 612 BV TR S Wz B EIEBRY OMR XHE R 04T (BRE R = ) ORR % Fig 5127 .
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Table 1 Chemical and stable isotopic compositions of thermal waters in Shargaljuut
Hydrothermal System, Mongolia: concentrations are in mg/|

No. |WT (C)| pH Na™ K+ Ca2t | Mg2t | ClI~ | SO4£T |HCO3™
1 88.7 9.36 80.6 3.6 3.6 nd 7.6 56.2 78
2 85.5 9.44 89.5 34 37 nd 8.1 55.8 74
3 175 9.35 99.7 4.3 3.7 nd 7.5 62.6 83
4 87.9 9.50 90.0 3.8 3.8 nd 8.3 56.6 71
b 69.7 9.50 89.0 3.5 3.6 nd 7.2 56.7 70
6 83.1 9.51 87.6 37 3.7 nd 8.3 55.8 70
7 nm 6.93 13.7 2.1 53.0 13.7 21.0 25.8 119
8 nm 6.72 3.1 1.6 11.0 3.1 12 5.6 44

No. | COs2~ | NO3~ | SiOg D (%o) | 880 (%o) Remarks
1 13 0.7 75:3 —97.1 —13.44 | bubbling always
2 15 nd na —98.7 —13.40
3 14 nd 83.3 —92.0 —11.84 | flowing on surface
4 17 0.6 na —98.5 —13.38 | bubbling always
5 17 nd na —99.8 —13.34
6 17 nd na —98.5 —13.48 | bubbling sometimes
7 0 43.6 11.8 —86.0 —11.86 | pipe water: Bayankhongor
8 0 2.0 na —105.9 —14.26 | pipe water: Uraanbaatar

Sampling dates No. 1~No. 7: June 28, 2000; No. 8: June 29, 2000
nm: not measured, nd: not detected, na: not analyzed
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Fig. 5 X-ray diffraction pattern of white material deposited at No.6 sampling point, show-
ing amorphous silica. Spikes indicate calcite. (Target: Fe)
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BT 5. EBE, FERICE o Th TRl RIUN2IZBIT 2B S, FAOET/
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[RERLIEE D S BEBRAKDIEIE]
Table 1127 IREAOKE LEEZOLERAMKILIE, T hTHLRERIHLIDODITLAL
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MESARL OBt %, @BFID 725> TFig. 6 8180(%o)

WCERT 5. FRAKTH BNo3 BRI, THHE -14 -10 -6
AR DRI IR AR (8180 =8 8D + d) I3\ | -60
EARBR DD, BRAIRARELZEZ LN
%

Table 1ICR 6B L 512, FABNo. 30fbE | — —on Ao ——| -80
AL HE b AR b B ADENEITE A LR 7
LTHoY, MEALHRRKOEE D KEY. |~ L5
BREKOEERET L L, HEPBIE3OE
ROHH(Fg6ORA) s, cOXIEME | o/ | |7
&, KR A A BRMERFEAKICE KRG
NBbDTHY, ZEFEICHED BIRRALAFRFIZ
Y230 EHBENRTVES (KRS, 1995 ; ‘ -120
JE - A, 1996) . ZOIKIFEH L7ZIRE KD H Fig. 6 Relationship between stable isotopic com-
EHEARELTWELDTHDENE, BEOR positions of hydrogen (8D) and oxygen (5'80) in
B2k o CRMEDEL LD E2 D 2 \év:rt:rins?gz)ﬁ)éei Numerals correspond to num-
ERTELS. &9 L5, LRRGRER The straight line (3'%0=8.16 + 3D+10.9) is regressed
BRAKDEZNLYRE( B> TRHETTHAS. by data excepting No.3.

W, %< DRMREIIRE C, ZOHERL
FELZW. LL, RENZEGWETHLCOREICLARDTHY, IhPEEMAELT
%A, SBROFETH 5.

|
SD(%o0)

(LR ORE E  TE#HADEE]

Y NHNY a— F DRAKOCZEO LML, TUAIVKTHLIE, BLUESEEK
ZETHhAH. bHAEIIBWTY, EREEOHED SKAFHRILM (KA S, 1964 ; Okiet al, 1977),
Ry ECRE LI (B, 1979 ; —B1 5, 1982), B Ltk (Bia 5, 1981) % &°C, FEkOLFHEE
YR - LR KDL STV D,

EAAS (1981) 13, fERIE EKE 28 AL COBHE T TRIDSEA2ERET, CODHEHITE
AEGRWELTICBWT, {EFREEDRNT VI JEDOKPERT L L aflrni. $72,
Oki et al.(1977) & & (1982) 1%, ~ A BEIE - 7V 3 /7 A BEIGSE & K & 25IR & 7= COL fitkg
TORIET 2L, TAAYMERAIPERSINDZ EZHEHMIRLTWS, Yy VMY a—L
BERADL, HHEAAPKERETHLL LW EDLAT, FREOBEICE > T, Z0/LEMNENE
MHEZ ORI DOLHEENS.

WFEIEE LREKIE, FOFEMEEDO AT, BLEMIHRAI L TEBMOIREIZSH D,
BHOCOTHICED LNL HRARBRAPSE L2 L IHSLTHS. HITTIEBESL
FRF OB E > THY), TEALLERTEEICHLb0EBbNE (—/5,1982). %9
L7AbSFE# 2 5E L, NaKALFRES (518, 1991) % @A UL, Buko#iTicsi) 5 TRk
i, ZETHITNCTERDOONS,

[BRKR]
TANHNY a— MBRKIZ, EOKE - BRERERVAEES L LSRR &0 O HITL T,
RELFASFICHBRRARICE o TSN b DEEZONE. ZORRPMET LN T A
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IR —5 D FREFT & 13 70 ~ 90mW/m2 & T TW5B DT (FEE, 1999), %O E{E80mW /m? %
W, EADBYREREZ 2 W/m/K &7, MRAENT40°C/kmiBE L 24, HEERE » £
FIROT) T, BICRBED o 72 FEIRE(170C) L 2 A FER, BXF4kmTHb., ZOFES
A, BOKOBAETEBBLEFOESEREZENS.

ARz L 912, FHIERRKEIZB L %0.05m3/s, ZDEREKICHES THRET 22813185
MWTH5, HERAETITE > L 80W/ M2 TH L7 5, ZORMBEZEENICENL) 2L, Pk
< &b 300km? DEFEALEL T2, b, AIEAICIE, EBRAEIZI120mmBETH S22 5, Al
O RIZB L 2 1Bkm? DK EICY 72 5. BADRAKICERT 28413, 728 2 ITESR
HEMIETH 5 FIFIRREICBWTE 2, MHRRKEZHEBEEKEDI6BIEETH LI ENLAT
(HfE, 1999), ¥ YV HNVY 2 — MERTIED 2 L/ SWTH A . RICEBEREOR/IME(300 km?2)
AT, BIROEEII4 BRETHY, i, TOREEV Y VIV 2— MNIOERIZH
5T lin, ZIUCED B EKERE % FRERE (1200km?) DE45 & $HUE, EHROEE1E2 %FEET
5. DEopmmtEewb L, 300~600km’ 2 OEREA SRE L RAD—EAEL T TIFER
L, #HEEE TSN T, EREY0.06km2 DIV EF (¥ v VANV Y 2 — MESIR) IC LR - BH
LN B BN S T A B

[EHEROY 1 X

HWTH 4000mDOES FTELREKD , WTICTFFIZELHEELT, 170CEFTHELTH,
TN WELI T EATIERTHREICI2GH XTS5, BEOELREIZZOGHOKEE L AL
SNBD, OCIETHFRTELT 51213, GHOWRE, SVEZIEEABROT 1 XADKE
SIIHEBETRHHETTHL. 8L, LAREN-EOHE, T4 XITREVIETIE(ThDb
L, WHEHSKE W) FEINES L, BRTOHHPKEVWD, BHEEIEL 2505TH 5.
FORBEMOBE L%, HHE (1941) OFEBPFEIZ L > TROTH B,

A% AT 5720, RAKP LA T2 BEEWEIHE CEHER) DEEE L L, FET3
RREAKITEELY B L TOA= 2 — b VHHICEE SN S LT, BHIBE (Ts) 3XxD (1)K TE
ENA. 72, BEEICBTLEENE, BRKDEE L ZFOEENENH5EN 25T OHE &
DEZHHITELDEARET 5.

(Ts—0,) / (Tp —8,) = (1/yD) - (1 —exp[—7D]) (1)
y=(27R/Q) - (n/pc)

TZIT, 0 dHiRERE (T 2 TIRHEFHFRIRELT5), TpldEEDICHAHKDIRE, QIIEH
2, NIIEHORE, pL c BEFENEFNERKOBELBLOCRHTH L. 2B )L, BE - EHE
(1969) DEEOXAEHL, BEXHZ /b0 TH 5.

FORICHNBZEHDIZL AL, ThTETICRREMERHEES 5 VIETHE» 552501

Table 2 Data used for calculations by the equation (1)

0.(C) 0 | temperarture at ground surface (mean air temperature) | Dorjsuren et.al (1990)
Tp (T) 170 | temperature of deep thermal water at depth D this study

D (m) 4000 | depth where exists deep thermal water this study

Q m3/s) 0.05 | total thermal water outflow Dorjsuren et.al (1990)
n (cal/m2/s/K) | 1.7~17| coefficient of cooling Kitaoka et.al (2000)
pc (Mcal/m3/K) 1.0 heat capacity of water text book
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5D T(Table 2), WL THL EHAEDE( A X)  Table 3 Examples of relationship between

EWET A EATE S, Table 3121d, Dorjsuren et D and (Ts—6a) / (To—6a), and resulting
~ e ; - S Ts when 6,=0C and Tp=170C

al.(1990) IZ X A EiRE - ‘PR E - HEEELZ D7

LY EMEANEE, T A—FDIcEseTRLE, | P | 76 /(Tp8) | Ts (O

FHIERE (81.2°C) L 2 B DI, D~170L X Th ;i gzg i?
XX H. /A g = - : . .

D, D~4000mDFAERN/Q~68THE. ZhE [ o MB

TREHEZEEINTVWEEHOFRE (0.1 ~
1.0kcal/m?/min/K : 1.7~ 17 cal/m?/s/K ; dtf 5, 2000) %22 &, R/QiZ4~40s/m?L 7% 5.
bL, CORZOEEHE (Q~0.05m%/s) SH—DEPLBEHTL%51E, RI202~2mé%kb.
bHEAA, TOEIICKVEPHEEFEET ZbII T2V, ZORIEE L OMILOEEOAFT
EARZLTH L,

Dorjsuren et al. (1990) |= X AUFTEHILIZB & 2200087 H 5 DT, 1fL47: ) OFHEHE (q) 1E
250cm3/s TH 5. ZORPETOREEMFI SIS EHTE, LOR/QEREMILTOr/qfE
(riZEF)THH505, rid0l~lemb i s, ZhH3MILOT A ADEETHS. FEr =05
cm DA (r/q=20s/m?2, n = 3.4cal/m?/s/KDLFE 2 E725), q~295cm?/sD & &8 HIRE L
90°C, q~115cm3/sD & &45C & 7 % (Table4). F7z, HHOTOFME v (=q/nr?) & #ril/kEE h
(=v2/2g . g\ TEIEE) bEH ENEL. Table4iZlE, 2o b8BTz, BHOBVOBIENS,
HeE S N7z ERIEKEE ($010cm) 1d, ZNRUEEARBGETIE 2w EEbh b,

Table 4 Examples of outflow (q), temperature (Ts), velocity (v) and static

head (h) for a small hole of radius (r=0.5cm), when h=3.4cal/m2/s/K.
Values are rounded.

q (cm3/s) Ts (C) v=q/nr? (cm/s) h=v2/2g (cm)
295 90 370 70
250 80 300 45
115 45 145 10
8. HbH I

TV IVHIRICIZIRER - SERSEEL, RECERIHHAEINTYS, FIZEY Y VIV 2 —
MEBROXHIZIOCTICHETLIFEHEEZRTINODY, T/, TOBBLEE~Y MLOFA
TEVHERD L EE Yy MARY bOEENICER T 2 G582 EHESHO%HTH L I Lhb, Bill
OKILHIRIZ ETIE 2 WICL TS, AMIEORBA T AV F—RT 2 Iy VIR EWS O L HEE
ENB. LAL, FOERIZIZEALHLPIZENTESH T, HMEAEMESAIZL L L VEERH
RIANVF—FHOBE»S D, 4, RENLFHENEISERINS Z L2 HEFELZW

KeETIE, BOBVTF—F%b L0, Yy VANV a— MEROERBELEE LS, H{F
TFENLRLDTH L., BERIE, T IONVBROBRTHEFETLECTETIVELRYVBELIOTIE SR
WhHEBbIE, ZOEKRTY, MTHEERELZE0CLHICO 5 I HENEENS.

B

ARlOE Y TVERIE, KOEY IVBBEBHEROFEDO—RL L TTh:. EZL08M%R
BDTWEX, RITICELAETERTL TV WA LIz L. FABEIE ISy vk v I
LRICECERHOBEAERL T3, KRRE L (FEREMBRESEIIZENZ) (2, T ) HRR
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KOBRNZDWT IR E 7272wz, K EFIE L (KA RFELEE) - IWHEHK GRS B 20
ZeRl KR E) - B. Vaglarov K (R R BRI FEIERR) 1213, BHAKDILFEGT 21T o Tz
V72, Tsegmed Baartarkhuu KI21E, €Y TVEOLE A ZFR L T iz72wiz, S8L T, Blko
FARIREEH N LET.
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