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How much fuel is left to drive Plate Tectonics?
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地球中微子的产生与探测

Detection of Geo-neutrino 
 !𝝂𝒆+ p+ → n + e+

Production of Geo-neutrino

Reaction
Threshold 

Energy 

(from S.T. Dye)

U

Th

K

JUNO liquid 
scintillator detector

4



地球中微子应用于地学研究

v应用

原始热

放射性生热

?

ü探测地球深部信息

ü检验地球模型

v局限性

ü!"#$%&'

ü()*+(),-

检验地球中U和Th
（放射性生热元素、不相容元素）

的总量和分布的模型

建立更精确的3D地壳模型

多个站点观测结果联合反演
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S检测 = S地壳 + S地幔



中微子观测站
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KamLAND
SNO+Borexino

Jinping

JUNO

Borexin  0.28 kt
SNO+  0.8 kt
KamLAND 1 kt 
JUNO  20 kt
Jinping  0.5 kt
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地球中微子通量计算

• Geophysical models
• Density of source unit
• Thickness of earth’s layers

• Geochemical models
• U and Th abundances of source unit 
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近场 vs 远场地壳模型

(Strati et al., 2014)

JUNO ROL

LOCCrust

CLM

Mantle

• LOcalCrust (LOC): a portion of local crust centered in JUNO

• Rest Of Lithosphere (ROL): the remaining crust and CLM

1000 km
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S检测 = S地壳 + S地幔 = S近场 + S远场 + S地幔
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地球物理模型提供的关键

Upper 
Crust

Middle
Crust

Lower
Crust

CLM

Mantle

U
 &

 Th abundances decrease

Density increases

• 地壳分层

• Sed
• UC

• MC
• LC

• 地壳密度

Huang et al., 2013

Wipperfurth et al., 2020

Sediment
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全球地壳地球物理模型

Models GEMMA CUB 2.0 CRUST2.0 RMM CRUST 1.0 LITHO 1.0 ECM 1.0

Author Negretti 
et al.

Shapiro 
and 
Ritzwoller

Laske et 
al.

Huang et 
al.

Laske et 
al.

Pasyanos 
et al.

Mooney
et al.

Published year 2012 2002 2001 2013 2013 2014 2023

Resolution 0.5°×0.5° 2°×2° 2°×2° 1°×1° 1°×1° 1°×1° 1°×1°
Methods gravity 

field data
surface 
seismic 
wave data

reflection 
and 
refraction 
seismic 
data

average of 
GEMMA, 
CUB 2.0 
and 
CRUST 2.0

modified 
from 
CRUST 2.0

modified 
from 
CRUST 1.0 
combining 
surface 
seismic 
waves 
data

adding 
new 
published 
data
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全球地壳地球化学模型

CLM
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Huang et al., 2013
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JUNO近场模型

Models GIGJ JULOC JULOC-I

Author Reguzzoni et al. Gao et al. Han et al.

Published year 2019 2020 Under review

Area 6°×4° 10°×10° 10°×11°

Resolution 50×50×0.1 km 0.5°×0.5°×1 km 0.4°×0.4°×1 km

Geophysical model gravity and seismic data seismic data gravity and seismic data

Geochemical model - √ √
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GIGJ model: Reguzzoni et al., 2019, JGR-SE

Inputs: gravity and seismic data Geophysical model: crustal layers

15



GIGJ model: Reguzzoni et al., 2019, JGR-SE
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Geophysical model: densityInputs: gravity and seismic data



Geophysical inputs:

JULOC model: Gao et al., 2020, PEPI
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seismic data Geophysical model



JULOC model: Gao et al., 2020, PEPI
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Geochemical inputs: geological map, rock sample data (~2000)
Abundance of each voxel =

!
𝒊"𝟏

𝒏

𝑨𝒓𝒆𝒂% 𝒊 ∗𝑨𝒃𝒖𝒏𝒅𝒂𝒏𝒄𝒆(𝒊)

𝑖: rock type



JULOC model: Gao et al., 2020, PEPI
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Geochemical model:

Top layer (5 km): 0.5°×0.5° resolution

U Th



JULOC-I model: Han et al., under review
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39 broadband seismometer 
131 mobile seismometer

421 broadband seismometer from the 
China National Seismic Network

WGM2012
Global satellite Bouguer gravity anomaly data

Data source Geophysical model from joint inversion

陆区地物模型
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陆区地物模型

Comparison of Vs at vertical slice 

A

Seismic only

Joint inversion

Ws = 0.2
 𝜎% = 0.1
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陆区地物模型

Empirical relations  between the seismic velocity and density
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Constraints from crustal Vp

Prior probability

Posterior probability

𝑷 𝒊 𝑽𝑷𝒐𝒃𝒔 =
𝑷 𝑽𝑷𝒐𝒃𝒔 𝒊 𝑷(𝒊)

∑𝒊$𝟏
𝒏 𝑷 𝑽𝑷𝒐𝒃𝒔 𝒊 𝑷(𝒊)

Constraints from crustal Vp

• 利用贝叶斯公式和波速的限制，计算出了每个网格里不同岩石类型的占比。

3km

3km

陆区地化模型: Sun et al., 2022, JGR-SE
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18

20

22

24

26

28

107 109 111 113 115 117

U and Th abundance data: rock 
sample data collected from literature 
and measured in lab.

Rock U-Th abundance

陆区地化模型

Yangtze Cathaysia

Continental margin

Oceanic curst
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陆区地化模型

Abundance of each voxel = ∑𝒊"𝟏𝒏 𝑷𝒓𝒐𝒑𝒐𝒓𝒕𝒊𝒐𝒏% 𝒊 ∗𝑨𝒃𝒖𝒏𝒅𝒂𝒏𝒄𝒆(𝒊)

X =
107 108 109 110 111 112 113 114 115 116 117 118

longitude
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过渡带和洋壳简化模型

M
oho Depth

Yangtze Cathaysia

Continental margin

Oceanic curst

Geophyical model: Crust 1.0

Geochemical model

过

渡

带

洋

壳
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Surface heat flow map

Jiang et al., 2019, Tectonophysics

Crustal heat production

Calculated based on JULOC-I model

- =

Mantle flux

地表热流对模型的检验
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全球模型的优化

• 地球物理模型的更新

• 分区域的地球化学模型
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区域模型的优化

• 海区模型的建立

• 陆区模型的优化
• 花岗岩（极富U、Th）延伸深度

• 地壳岩石U、Th丰度垂向变化

• 机器学习等新技术在数据处理和建

模中的应用

• ……

Yangtze Cathaysia

Continental margin

Oceanic curst
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地球中微子与地壳模型研究展望

• 2024取数在即
• 对数据的解释

• 学科交叉应用



Thank you!
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