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——_ Background

“* Regional Tectonic Setting
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Figure 1. Left panel shows cartoon illustration of a second continent that formed under 180
eastern China due to Pacific-type subduction occurring along the western margin of the Pacific
basin. Picture is an adaptation of Fig. 5. in [Kawaei et al., 2013]. The proximity of 3 geoneu-
trino experiments to this putative second continent are shown as being underground in Japan . ok
(KamLAND) and China (JUNO and Jinping). These 3 detectors see approximately the same
predicted uncertainties. Local differences in the geoenutrino fluxes for each of these detectors are a) MR LA O B T S H Y SRR, HUrh e 25 AL T COMPASS-ELIP i iS58 P I ol $OR L 2545 ( Chen et al. | 2015) '
due to geological differences in the nearby lithosphere (closest 500 km) surrounding the detector; o B 0 255 A G oA i S SRR DM (RS s (b) BUE A T B S R E A T RR R R, 1K1 09 B g - S B &l . 1
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Schematic Diagram of Mantle Plume Upwelling and Emeishan Large Igneous
Province (Chen et al., 2023)

» The Second Continent and Deep Material » Mantle Plume Upwelling and Emeishan
Circulation Large Igneous Province

Schematic Diagram of the Second Continent Hypothesis (Roskovec et al., 2018)
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¢ Regional Tectonic
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Schematic Diagram of China Jinping Underground Laboratory

» China Jinping Underground Laboratory
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s* Data Sources

, Data Source
N Bouguer Gravity Anomaly WGM2012 (World Gravity Map 2012)
Vs Model CSRM1.0 (China Seismic Regional Model 1.0)
26°N \E‘bﬁ‘lger
- R Thermophysical Parameters Relevant published studies and reference literature
99°E 100° E _ 51(31:7E _— ;002“ Emuﬂ 103°E 104°E
Bouguer Gravity Anomaly LAB Depth LithoRef18 Global Reference Model of the Lithosphere and Upper Mantle
Heat Flow Data Compilation of Heat Flow Data in the Continental Area of China (5th Edition)
Global Heat Flow Model The First 0.2 Resolutuon Global Continental Heat'Flow Map: Advancing
Fine-Scale Geothermal Modeling
Active Faults CAFDv2023 (China Active Fault Database Version 2023)
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Terrestrial Heat Flow Distribution
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1. UNDERGROUND DENSITY STRUCTURE INVERSION
’ .
0 Fl ‘N) h t Input Data Geological Constraints Inversion Implementation
* O c ar CRUST1.0 model
Bouguer gravity anomaly data Layer depth and initial reference density Interactive inversion using
Seismic information from previous studies IGMAS+ software
P-wave velocity, S-wave velocity
OQutput
Underground density structure
Upper crust — Middle crust — Lower crust — Upper mantle
o 5,
- I SR =
2. UPPER MANTLE TEMPERATURE ESTIMATION
Input Data Method | . Temperature Constraints
| Goes et al. (2000) r.nethod l Constraints from literature |
Vs model [ | Calculate th_eore“‘:a' Vs | Maximum and minimum temperature |
| and compare with observed Vs Other parameter settings )
Fitting and Optimization
Fit observed Vs and theoretical Vs J'
Qutput
Upper mantle temperature structure
Temperature at 70 km depth J
p — +
3. CRUSTAL TEMPERATURE STRUCTURE MODELING (COMSOL)
Boundary Conditions Thermal Properties i Heat Flow Selection and Integration ‘ Model Implementation
Surface temperature ) Global Heat Flow Database v5.1) \ e |
Bottom boundary temperature Thermal properties . o QL therma
| bt Lol | Global 02° eat flow data ! canaioeib v ibdsiing
‘ Lateral boundaries [ 1 _ Fusion to obtain ‘
! thermal insulation / heat flow | || final heat flow model
 J
Output |
L Crustal temperature structure JI
P
4. RESULTS AND DISCUSSION
Resuits { Discussion and Outlook i
The calculated heat flow trend matches the observed trend well, | Due to the lack of heat flow cbservations, |
but there is a large difference in the absolute values. | further field measurements are needed to obtain |
| more reliable heat flow data. |
L
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¢+ Methods and Principles of Density Inversion \ Ag;

» Model Discretization X
Let the total number of model cells be N and the - X
number of observation points be M. The gravity anomaly S
induced by the j-th cell at the i-th observation point is \7
v4

expressed as:
Figure 2. Schematic model of apparent

density imaging.

Agi; = Gyp;
» Inversion Method

» Forward Model Preconditioned Conjugate Gradient, PCG

N The objective function is defined as:

—~ ¢(p)=5p Ap—Dbip

Ag IS an M x1 vector Of observed gr?wity To reduce the condition number of the coefficient

anomalies, p 1s an N x 1 density vector, G i1s an matrix, a preconditioner matrix P = (G'G)™!
M x I\L l;err;el meﬁnx WhOSC. clements, G arZ is introduced to construct the preconditioned system
controlle y cell geometric parameters an of equations:

observation coordinates. PG'Gp =PG'Ag
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¢ Inversion of Upper Mantle Temperature

Flowchart for Calculating Upper Mantle Temperature

3. Iterative Inversion 4. Results Analysis

» Core Inversion Method

2. Model and
Partitioning

‘ Initial temperature
— estimation = | " it =
—_— nversion results
+1 — + / Horizontaland | z d+ = ‘ table
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( ) ( S-velocity data vertical partitioning | \ ] 9 ( | (temperature, Vs,
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5 v o Statistical L ;
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% : | 3 e —
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¢ Calculation of Crustal Temperature

» Core Equations
Mean Surface Temperature of the Study Area

d:pC‘pu VT +V -q = sz + qo + d:Qted

q=—d.kNT
. » Steady-State Simplification
Thermally Heat conduction Thermally 4 P
Insulated Insulated * Fluid advection neglected u=0

* Frictional heat generation neglected

Qted:O
Bottom boundary temperature obtained
via numerical calculation \YE (dszT) =d.Q + qq
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¢ Results of Field-Measured Gravity Data
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* The terrain is high in the west and low in the east, while the Bouguer gravity anomaly presents a low-west and high-east pattern.
The observed Bouguer gravity anomaly values fluctuate drastically, indicating frequent tectonic activities within the study area.
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¢ Results of Field-Measured Gravity Data
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3D Schematic Diagram of Residual Density Anomaly Distribution in the Study Area (submitted Journal of Earth System Science)

High-density bodies correspond to the Emeishan Large Igneous Province, while low-density bodies al and a2 correspond to the
eastern lower crustal flow and western lower crustal flow, respectively.

Blocked by the Emeishan Large Igneous Province, the lower crustal flow migrates toward the southwest and southeast separately.
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¢ Density Inversion of Profiles
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- Results and Discussion

“+ Upper Mantle Temperature (P3)
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- Results and Discussion

s Upper Mantle Temperature (P4)

} Temperature-Depth Relationship (70-100 km)
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“ Upper Mantle Temperature (P5)
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The nearest terrestrial heat flow measurement station to Jinping is about
— R . . 46.2 km away, with a heat flow value of
= _ Results and Discussion /’

50.5 mW/m?2.

+» Statistical Charactevristics of Terrestrial Heat Flow
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» The regional average heat flow of 72.7 mW/m? is generally high, with a wide range of heat flow values.

0.03 1 1 | 1 - | | 1
N=33 : Normal fit
Mean =72.7 - = == KDE
Median=712 Mean
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0.0254 gskew=-027 Median L
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Heat flow (mW m™2)

Index Value Unit Description
Sample Size \E
33 — measurement
N .
points
Regional
Mean 72.7 mW/m2  background heat
flow
Median 712 mWmy ~ Robustcentral
tendency
Minimum Cold thermal
. 26.8 mW/m2 anomaly end-
(Min)
member
Maximum Hot thermal
107.0 mW/m2 anomaly end-
(Max)
member

> 50% of the heat flow data are concentrated between 66—87 mW/m>.Distinct cold and hot thermal anomalies coexist
within the study area, while the overall distribution is approximately continuous.
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¢ Crustal Temperature (P3)

Surface Heat Flow and Crustal Temperature Distribution along Profile P3
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» Surface Heat Flow Characteristics

* The variation trend of surface heat flow is similar to that
of Profile P4.

* Moho heat flux rises gently from west to east, reaching

approximately 20 mW/m? east of the middle segment.

Deep Temperature Structure

* The Moho discontinuity gradually deepens eastward,
accompanied by a synchronous decrease in deep

subsurface temperature.



- Results and Discussion

+» Research Parameter Table

Calculation Table of Crust-Upper Mantle Radiogenic Heat Production Rate in Sichuan-Yunnan Region

Profile Density Heat Production Rate Thermal Conductivity
(kg/m?) (nW/m?3) (W/(m-k))
P3 2300 1.43
Sedimentary Layer P4 2490 1.56 S
P5 2400 1.57
P3 2720 1.70
Upper Crust 1 P4 2730 1.70 2.55
P5 2680 1.67
P3 2760 1.72
Upper Crust 2 P4 2780 1.73 2.6
P5 2720 1.70
P3 2790 1.02
Middle Crustl P4 2820 1.03 2.65
P5 2780 1.02
P3 2830 1.04
Middle Crust2 P4 2860 1.05 2.7
P5 2870 1.05
P3 2930 0.203 (Sramek et al. ,2016)
Lower Crust 1 P4 2920 0.202 (Sramek et al. ,2016) 3
P5 2900 0.201 (Sramek et al. ,2016)
P3 2960 0.205 (Sramek et al. ,2016)
Lower Crust 2 P4 2980 0.206 (Sramek et al. ,2016) 3
P5 2950 0.204 (Sramek et al. ,2016)
Upper Mantle(CLM) P3/P4/P5 3200 0.027 (Sramek et al. ,2016) 3.2

Note: The element abundance data are derived from Sramek et al. (2016);Relevant References:(1) Huang F et al., 2015; (2) Luo F et al., 2024, (3) Huang S D, 2023,(4) Zheng J et al., 2020.
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¢ Scientific Significance and Limitations of This Study

» The inversion fitting performs poorly with insufficient accuracy.

» This study mainly relies on model-derived data, while the quantity of in-situ
measured terrestrial heat flow data within the research area 1s insufficient.

» The rock physical property parameters adopted in this research are limited; most
parameters are set based on previous empirical values, leading to weak constraint

on solution non-uniqueness.
*» Prospects
» Future research requires integrated interpretation and joint inversion using

multiple geophysical techniques and methods.
» More field-measured datasets need to be supplemented, including gravity data and

terrestrial heat flow data.
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