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Geothermal distribution and forming mechanism: Insight from 3D

numerical simulation on Yangbajing-Ningzhong Basin, Tibet

LIU Chang', SU Jinbao*
(1.College of oceanography,Hohai University,NanJing210098, Jiangsu, China.),

Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] Meteoric water in the mountain areas infiltrates deep underground and circulates to the surface. It
involves deep structural and hydrogeochemical processes, and it is one of the fluid source of forming rich
geothermal and mineral resources. Predecessors focused on the groundwater source, circulation depth and flow
system using methods of hydrochemistry isotope and numerical simulation, and further evaluated the distribution
of regional geothermal and mineral resources.[Methods] Based on the data of DEM, fault structure, and lithology
of the Yangbajing-Ningzhong basin,we establish 3D geometry finite element model.The standard saturated
groundwater flow equation is solved using groundwater simulation software, and we analysethecirculation system
of the typical hot springsand regional groundwater migration.[Results]The simulation results show that the

maximumcirculation depths of groundwater are respectively 5~7 km, 3.5~4 km, and 3~3.6 km at Yangbajing,
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Laduogang, and Qucai springs, and the corresponding groundwater circulation times are 23~80, 5~6 and 4~8 years.
The groundwater of Nyaingentanglha Mountain seeps down to 10 km depth, where the time spans million years.
[Conclusions] In general, the circulation depth and the recharge time of hot springs are different due to their
different supply sources and circulation paths. Notably, there is no hydraulic connection between the hot springs at
Yangbajing, Laduogang, and Qucai, although they are located in the same rift valley. It results in differences in

material composition among these springs.

Key words: Tibet Plateau; hot spring;groundwater; fault; numerical simulation; hydrogeological survey
engineering

Highlights: The finite element 3D geometry model is established and meshed by using geological modeling
software. We import the mesh to the groundwater numerical simulation software. The results reveal the different
flow systems of hot springs and the regional groundwater infiltration depth in the study area, which provides a
feasible technical method for the study of groundwater flow and hot spring circulation mode.
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60°C) , XKILG Wi f77E T H A5, wiinE KiEE Lk (Grasby and Hutcheon, 2001)
Hrou b R BTl (Menzies et al., 2014) . FFE PG5 (Craw et al., 2005) . B3 il fik
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BB AT I INFLIR /K 77 I PRI A I SR B D)5 EE. (Wang et al., 2021) . A AR NE
% (Cathles et al., 1997) . &EHMFIFEESE (Feng et al., 2012;Zeng et al., 2014,2018)
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IREEBEATAIF ST, Geetal. (2008) o H ] PH B4 5 B A% SR A7 UK B VT 2o EAT T 4t R
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PL/NF 2km R0 R 25 I B R SOK A AR RARRE,  (HIA KA K SRR vl LA
L F) 6km ¥&; Wanneret al. (2020) X3t R /KT T 2T Bk Ib I EVERE T, K
DUERRFE T LLS]IL 9km ¥&; Diamondet al. (2018) 45 1 Fi A SCHRH I KR B K NIBIR
B, EXTRA R B Ll @B AT B 2 b R K AEIE A 2 9~10km K. AWML AN, HUR
DRABFR )RS BRI REFH A R AT KUK B, &R Z PRI 1E s A\
HR B B 404 (Nesbitt et al., 1989; Wickham et al., 1993; Butler et al., 1997) . #—J7
T, AR R KGR (Bt AEE & &8 ), LLUNTE The Grimsel Pass Hh#R & 4t (-l R 7k
YC g, RILHAEFA I 2> )y 30ka (Diamond et al., 2018) ; M7EHE+ A —AKiEE
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AR ZE 8km % (Wanner et al., 2020) .

F)NH—T AL T AR B BRI, TA—RERS AT 5 S
7 (Hochstein and Regenauer-Lieb, 1998) , ZHr LA A T Z RGN, Wimi< 4L,
AR IRRAPRRIESE, RN R RR IR BT 80°C, SR M4 (Su et
al,, 2020 . WA—RHFERRWILN EHE Liv Rb. Cs Al B ZnEk, HRUH T AELE TR
A (Zhang et al., 2015) o F)\H—7HF BHLIR B A IR IR 478 12~15 A
(Brown et al., 1996;Alsdorf et al., 1998) . £ /\JF. T4 5 Hup BA B Y 61°0 i
IR (XIS, 2014) , KT WAR—HEERAWH N KGR AL BTN
AN PG R K B B AT (Yong et al., 2021) , AIAEFEAEHL R KR ZIRIEIR, H R
IKEAR ISR RE B4, XIS A N /KPR ERBE . A PRI (8] DA S A 24 1 2
HMERRE , AT S BEVE -5 SRR IO VP AR o T8 an R SR PR A R AE R A — EH AR L
EREE (BERHIE%E, 1985; XIHA%E, 2014; Tanetal, 2014) , wHEZEFS Bl & LXK HUR
(i T KRS 22 5 EOR . e i iR S s B T I AR AR R B T AR R G0 A AR AL
A REAEAENA R, AR5 R VK A 2 K #UR LS (Tan et al., 2014) , XA TR
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8 AT P RO F A 1] 6] 1 538 /K 0 Y5 B R b R /K AT S ) 25 th LA BB 2% X (Chen et
al., 2021) .
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B — 2 )\ BT ORI RS A ML 5T (Zuoet al., 2021) . F N —FHhEMAT KL
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2008) . AHIEXAFE AL BAIHGR, Hoh 2 ) OFRGRAL A FL 3 F5 FLak T2 B RBR 00 A s
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Fig.1(a)Tectonic mapof Himalayan-Tibetan orogen (after Liu et al.,2021);(b, c)Regional geological mapof study

area.

3 BTk
BLMRBEN . MIERINFHAR KM RE

454y INDEPTH I H (¥ R VR S S I 205, AR X3 . AT AR SC (Alsdorf et a
I., 1998; Zhang et al., 2013; Tian et al., 2015) FIscibiff 50 L BB, 3T DEM Y E L
MR R4 B ERL 22 BE T SRR 45 S5 Hr O bt 28 22 ) 0 = A B 1, Chttp:/iwwwy,
gscloud.cn) ) Al 1:250000 H 5 i 7% Bl AR A FH 3 57 A5 45 1F Geomodeller #4972 =4 L] R 7Y,
A A EAEAE SHGRMICM 13 &2 (B 1), WiZMiffih 55° F70° , 5~6km i (Fen
getal,2012) , HEAINITZS— B E MMM 60° « TEE 150m. IR 6km (K 2a) . fRA
WRAERE AT IX AR TR BEMEE . AR AR AT EIT (B 20) o FRE
LTRSS 122390m, % 121693m, AU HEA 18km I, HuJE & A 7054m, A 3
641m. HERIARA 3.42678 X 10 m?, XA RISy WK%, 3L 832594 Y . 3463588



ANETG. 13 AMKTRTH

a b #

2045 CEM) M=t s () MIRALa I E (b)
Fig.2 (a)The 3D geological model with the faults (colorful) considered in the simplified model;(b)Lithologyunits
setting in themodel.
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Fig.3 Hydraulic head distribution.
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Tablel Horizontal permeability coefficient of each lithology unit in the model.
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Fig.4 Vertical permeability coefficient in the model.
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Fig.6 Groundwater streamlineof Yangbajing hot spring profile and 3D path ofgroundwaterflow, white line

represents the contour line of the water head.
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Figure.7 Groundwater streamline of Laduogang hot spring profile and 3D path ofgroundwaterflow, white line
represents the contour line of the water head.
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Figure.8 Groundwater streamline of Qucai hot spring profile and 3D path of groundwater flow, white line
represents the contour line of the water head.
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Figure.9 Summary of groundwater simulation results from three hot springs.
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Figure.10 (a)Locations at recharge elevation above 5500m;(b)Groundwater streamline simulation results at
recharge elevation above 5500m.
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Figure.11 Groundwater streamline agesimulation results with recharge elevation above 5500m: (a)W direction;
(b)SW direction.
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Figure.12 Groundwater streamline age simulation results at 50a with recharge elevation above 5500m.
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B B G PO ERS IR, ph T P R K B R AR EL . R A\
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