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Abstract: Based on the study of hot water hydrogeochemical characteristics of the Oiga Graben Geothermal Waters, the authors
carried out hot water heat storage temperature and recharge elevation calculation, and established the Oiga Thermal Spring medium—
high temperature geothermal concept model. The results show that the Oiga hot spring is of medium—alkaline water with low TDS,
and the water chemical types are mainly SO,— Na type, SO,— Cl—Na type and HCO;— SO,— Na type. The hydrogeochemical
characteristics of hot water indicate that the Oiga Springs are characterized by atmospheric rainfall recharge and shallow circulation

groundwater in shallow geothermal systems. The hot water is heated by deep melting body and controlled by the Oiga semi—
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invisible controlled thermal fracture structure. but it is partially balanced or mixed with water in the Na—K—Mg triangle diagram due
to the mixing effect by fissure diving or surface cold water. The mixed model is used to estimate the temperature before the
influence of hot water and cold water mixing, the temperature range of the heat storage is 120—200°C, and the cold water mixing
ratio is 70%—83%.

Key words: Oiga hot spring; hydrogeochemistry; formation mechanism; Cona— Oiga rift; Oiga Graben; hydrogeological survey
engineering; Tibet
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Fig.1 Geological background map of Oiga Graben basin
1—Holocene alluvial deposits; 2—Holocene alluvium; 3—Pleistocene glacial deposits; 4—Paleogene volcanic rocks; 5—Late Jurassic and Cretaceous;
6—Sedimentary assemblage of Jurassic volcanic and continental clastic rocks; 7—Duodigou Formation limestone ; 8—Late Triassic; 9—Mailonggang

Formation; 10—Songduo Formation; 11—Jurassic—Cretaceous melange ; 12—Cretaceous—Neogene intrusive rocks ; 13—Ultrabasic block ; 14—Fault
and its number; 15—Ductile shear zone and its number; 16—Reverse fault; 17—Inferred fault; 18—Geological boundary; 19—River system;20—Town /

City;21—Spring;22—Hot spring; 23—Hot spring site; 24—Range of fault graben basin
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Table 2 Hydrogeochemical results of Oiga Graben hot spring

sHsET R DR RRPIE g s0ss Q8060
® @ (BUE
KiE/C 533 50.5 45 35.7 133 8.60 5.22
pHCEEAD 7.63 7.48 7.71 7.57 6.5 7.69 7.72
AT AR /(mg/LD 744 403 345 404 150.8 117.00  105.00
K 2.84 271 227 2.14 5.4 0.53 1.26
B 57/ Na* 103 81.6 64.3 703 15.6 5.09 2.86
(mg/L) Mg* 0.05 0.06 0.19 0.69 11.6 1.66 1.61
Ca™ 6.05 6.03 7.66 14.7 235 15.80 13.90
. HCOy 74.7 73.4 68.5 87.1 143 68.46 64.10
T/ N
SO¢ 15.3 133 114 97.9 5.4 13.30 6.41
(mg/L) cr 64.4 462 39.5 19 17.8 <015  <0.15
H.SiO:/(mg/L) 80.7 51.6 - 45.9 17.50 10.20
&H/%o -158.86  -158.98  -156.57 -151.61 -1244  -1469
6"0/%o -19.75 -19.68 -19.7 -19.41 -16.69  -18.73
d=6D—85"0 -0.86 -1.52 1 3.63 9.12 2.94
KA Cl-:SO-Na SO+Na SO-Na SO,-HCO:-Na HCO:-Ca-Mg HCO;-Ca HCO:-Ca
LRSS SQ08062  SQO8063 SQO8066  SQO8070 SQ08072  SQ08073
7K/ C 4.24 12.52 11.02 9.45 6.93 14.90
pHCE =D 6.79 7.70 7.68 7.70 774 7.07
AT S AR/ (mg/L)  104.00 106.00  119.00 104.00 83.00 107.00
K 1.90 1.88 1.36 241 0.93 1.22
el Na* 5.59 2.75 7.16 4.80 4.80 4.64
(mg/L) Mg* 1.92 238 228 2.99 222 1.66
Ca* 14.10 13.00 15.80 20.20 15.70 11.60
W18 HCO:' 65.30 72.82 74.68 85.89 74.68 67.20
SO, 227 1.70 5.45 4.99 1.95 473
(mg/L) cr <0.15 037 033 2.04 0.16 037
H,SiO:/(mg/L) / 16.90 19.90 14.00 17.30 /
ODsyiow/ %o -135.8 -147 -142.8 -145.4 -150.3
0" Osmow/%o -17.19  -18.52 -183 -18.25 -18.7
d=6D—85"0 1.72 1.16 3.6 0.6 -0.7
IKA B HCO:-Ca HCO:-Ca HCO:-Ca  HCO,-Ca HCOs-Ca  HCO:-Ca
RIRAE I T HOK RGE M RIREE S, R ESZ  EWR TR R, R i T Hok 25 ok

H

AR, A REAFR L

Prffviigt B9 TREE o PRLIRG 38 8 A T Si0s T bs i | B B
TR AR I A e MR AR 2 R AR O VR R T R A
IR EE . H I S AT, RIS IR R SRR
FEFR AT X SR A 7K X, TR R TSR V5 7R R oK
X, RBIIR R W bt T HOK R G b ok 550
KEAE I ARIB RN 58 4 -, s PUK IR A T8
KA R AR S ¥ 7K (IS A5, 2018) , BHES
TR E A AR B R R

Si0, it Ak 35 (8 R TR E Y L 23 Ry 97.86 °C
~125.56 °C 1199.14~122.88 °C($4) ., i Na—K-Mg
- B 5) a g, IR R R 4 4 R VR TR
120~200°C %3 £ Z [, 45 SiO, T A Al 5 1 1t i

FEI e s it vh 2 3] T 1R 2 B K B K
RS -

(2) TR A B AR A

PL_EAy MR TR R A IR R B 5 e
IR R, AT g 57 TR A IR AL S DR 1 EL S I
T . AR RE R .

SX+Sy(1-X,)=S, (1)

PCsi02XotphsionXo(1—=X2)=pSsion (2)

AP SR KK (3g) 3 SN SR K LS (g,
100°C AT MR R ZK 48 45 T 7K i 48 PG BE 455 100°C
DL BB IR S KA B S R N S th i )
S N IR WIKE (3/g) 5 pesion 12 7K 1Y Si0, 5T 1t Wk
(mg/L) ; pssion M R 7K 1 Si0, i & 4k & (mg/L) 5 phsio

http://geochina.cgs.gov.cn FPEHLT, 2020, 47(6)



1708 oR = Hb BT 2020 4F
R3 T HKENIEEEIILE R 0 I I ; ; 7
. . . L REWR '
Table 3 Simulation results in the saturation index of E Atmospheric rainfall ! | /
underground hot water wf | EEBE : | /
p SE 40 H 21 ALk R T e
EIL%*H ﬁr%éﬁ% Jﬁ‘]_f’ di% BT Jf ﬁ_@ ® Plateau lake | / |
AR RR & o Rmak L
Natural i
£ 7 (Anhydrite) CaSO. 329 247 237 i o
N . -80 (H i A Kanai hot spring b st ot o] ‘/_ X_i _____
A4 (Aragonite) CaCO; -0.89 -1.15  -0.77 B e \
Jif# A (Caleite) CaCo; 077 -1.02  -0.63 2 i | veka bot spring W ° ARAAMANE
' ' ‘ ' = Lo mkER | FH=85%0+10
&8 (Chalcedony) Si0, 037 021 031 £y A uaka hot spring y
AYECSIO) SiO; 2038 -0.55 -0.49 U :— ----- s~ t - - —! —————
|
21 8UA (Chrysotile)  Mg:Si;0s(OH),  -6.47  -8.15  -5.99 : | |
174 (Dolomite)  CaMg(CO.:  -3.1  -3.58 217 B : :
41 (Gypsum) CaSO.2H,0  -328 -243 -2.18 S B aanl I LD DEEEE PLELL
Fi 4 (Halite) NaCl 675 1 43 '/ ! : :
" | |
A # (Sylvite ) KCl 2798 -8.14 -8.56 / i : |
0.(g) 0, 2795 -29.34 -33.42 -200 /£ ' - :
30 24 -18 -12 -6 0
CO.(g) CO, 258 246 -2.57

S IR I U Si0. 5T E VR E (mg/L) 5 X AR KIR &
Fb B

FRAE RS, ¥ 7K TR UK R Y M A2 iR
JiE 8.2 °C, ¥ /K SiO, 7 i HUA M N3 SR -39 ME . #4
IKWIIREE 25 T 75~300 °C, AR S (E 26 5 AT DL #F
o SRR SiO, & AR AR U S . 4%
T R % 1 S10, Y i MR B A IR A AR (1)
K (2), S RBA R T WX HFXAE , 25 B AR
T XS HOKIR 2R (L 6) |, X0 R XG 2658 a5,
BRI L B R

FH & 6 TR, R % il SR AR 4 200 °C L, 127K
TRA BN 76% 5 IR i SR AR R 150 °C 127K
TRA BN 70% ; B3R I SR AR R 175 °C L, ¥
TKIRA LB R 83% 5 F UL T UL, YK 748 2 b s
POK RGE T RiR UK R 50 02 2B KRG 1E
FHERZ . 5L TR ARG B0 Bt 5 Na—K—
Mg - i ] I #0fi ek 31 PRl S A — 380, B A oy LS
iz R R 5 2 b T oK R G AR (A .
5.2 tMAETE

KAREAK R 28 A AT R AR, T AR X
—FEAE, B "0 A7 (A TR0 SR AR i A
TR TTREN -

H= 0, —0,

X 100+4

o H ANA X R, my i W EURE S R, m;
S MR 1 6O (8 5 6 I R I 0COMH ; K MK
SR 50 B FEREEE (5/100m) o 80 FRS B E B

K4 i FHukh 8H-0"0 X R K
Fig. 4 0"H-5"0 plot of the underground hot water
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Fig. 5 Diagram of Na—K—Mg balance of underground hot water
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Table 4 The temperature of thermal storage calculated by geochemical temperature scale
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B 35 il R 35.7 97.86 99.14
RS RKRE JEUKSIO.REREXF 1.0 ,
Table 5 Relationship of water temperature, enthalpy 0.8 T e
and mass concentration of SiO, § 0.6
(/°C S/4.1868]/g  pc so, (mg/L) é 0.4
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Fig. 6 Diagram of the ratio of deep hot water temperature to
mixed cold water
X1 is the cold water mixing curve calculated based on the spring
outcrop temperature; X2 is the cold water mixing curve calculated
based on the spring SiO, content
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Table 6 Supply elevation of underground hot water
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Fig.7 Resistivity model from 2D CG inversion form Cona to Maizhokunggar(modified from Tan Handong et al., 2004,2006 )
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Fig.9 Origin model of hot spring in Oiga Graben basin
1—-Middle lower Jurassic Yeba Formation;2—Lower Cretaceous quartz diorite; 3—Middle Cretaceous monzogranite ; 4—Tight sand cover; 5—Channel
of Quaternary thermal reservoir; 6—Measured or inferred fault; 7—Geological boundary; 8—Make up cold water and transport direction; 9—Mixed
cold water and its migration direction; 10—Hot water and flow direction; 11—Hot spring; 12—Warm water swamp; 13—Inferred temperature contour;
14—Heat source
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