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Mantle

How much fuel is left to drive Plate Tectonics?
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Mid-ocean ridge:

New crust formed here

Trench:
Old crust destroyed here
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[V Surface heat flow
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crust heat flux measurement & calculation

Mantle cooling
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*R radiogenic heat "%

(after McOenough & Sun '95)

(0.4 TW) Tidal dissipation|
Chemical differentiation

after Jaupart et al 2008 Treatise of Geophysics
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5 ThiU = 3.9 r_ Corrtmental Crust
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Almost half of radiogenic heat
contributes to the surface heat flow.

"Bulk Silicate Earth (BSE) models

composition of chondrite meteorite
/— Cont. Crust + Modern Mantle

@ Middle Crus
ll Lower Crust |3

6.8 TW

(Huang et al. 2013) /¥
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Production of Geo-neutrino

238y — 2%6pb 4+ 8a +6e” 4+ 67,
22Th — ?%®Pb+ 6a +4e™ + 47,
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10K 9%, 400, + e + 7, + 1.311MeV
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Borexin 0.28 kt
SNO+ 0.8 kt Mantle/total geoneutrino signal
KamLAND 1kt .

JUNO 20 kt T hasaimi AN
Jinping 0.5 kt Borexmo KamLAN A
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Activity and number of produced geoneutrinos Volume of source unit

- IC?I@ @

Survival probability function

v

Abundance and density of the source unit

Distance between source unit and detector

« Geophysical models « Geochemical models

« Density of source unit « U and Th abundances of source unit

» Thickness of earth’s layers
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LOcalCrust (LOC): a portion of local crust centered in JUNO
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mm CUB2.0 |CRUST2.0 m CRUST 1.0 | LITHO 1.0 | ECM 1.0

Author Negretti Shapiro Laske et Huang et Laske et Pasyanos Mooney
et al. and al. al. al. et al. et al.
Ritzwoller
Published year 2012 2002 2001 2013 2013 2014 2023
Resolution 0.5°x0.5° 2°x2° 2°%2° 1°%1° 1°%1° 1°%1° 1°%1°
Methods gravity surface reflection average of modified modified adding
field data seismic and GEMMA, from from new
wave data refraction CUB 2.0 CRUST 2.0 CRUST 1.0 published
seismic and combining data
data CRUST 2.0 surface
seismic
waves
data
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N a(V) [nal/d] a(Th) [ug/g]
()
S ucC
B Sed 1.73 + 0.09 8.10 + 0.59
cc L . oC 0.07 + 0.02 0.21 + 0.06
\ , OC . 1 . . 1 .
" LC oo uc 2.7+ 0.6 10.5 + 1.0
DM
™ a(U) [mg/d] a(Th) [pg/g]
MC 0.97+3:38 4861332
- - LC 0.1613:34 0.961538
CMB CLM 0.0319:95 0.1519-28
L AALTLELALLLLLLLLLLELLLALLLLLLLLLEL AL '

Huang et al., 2013
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— JUNOIRZHE ()

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

Published year 2019 2020 Under review

Area 6°Xx4° 10°x10° 10°x11°

Resolution 50%50%0.1 km 0.5°X0.5°X1 km 0.4°X0.4°X1 km
Geophysical model gravity and seismic data  seismic data gravity and seismic data
Geochemical model - Vv vV



———_ GIGJ model: Reguzzoni et al., 2019, JGR-SE @

Inputs: gravity and seismic data Geophysical model: crustal layers
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———_ GIGJ model: Reguzzoni et al., 2019, JGR-SE

Inputs: gravity and seismic data
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Geophysical model: density
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— _ JULOC model: Gao et al., 2020, PEPI

Geophysical inputs: seismic data Geophysical model

(a) Distance(km) (b) Distance(km)
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— JULOC model: Gao et al., 2020, PEPI

Geochemical inputs: geological map, rock sample data (~2000)

B Carbonate

23 2

Basalt

22

latitude

21

L: rock type

Abundance of each voxel =

n
. // il ZArea%(i)*Abundance(i)

Table 1. U and Th abundances in geologic units in the regional crust in the 3-D model.

Granite |

1-sigma 1-sigma

1 - Geologic Unit Umean + - N Thmean + - n
2 Granite 2 Granite 54 56 27 2200 237 162 9.6 2200
- Intra-plate basalt 0.7 0.7 0.5 255 3.7 32 1.8 255

Granite3 MORB 0.7 08 04 332 2.6 18 12 332

Iéﬁgit‘dsdé el L Siliciclastic rocks 2.7 12 08 391 11.1 128 59 391

Carbonites 0.9 05 03 31 3.6 29 16 31

Upper crust basement 3.0 2.1 1.2 57 154 10.7 6.3 57

Middle crust 0.6 04 04 10 1.9 14 14 10

Lower crust 0.04 008 003 55 0.1 03 008 55

Oceanic crust 0.7 0.8 0.4 332 2.6 1.8 1.2 332




— _ JULOC model: Gao et al., 2020, PEPI

Geochemical model:

Top layer (5 km): 0.5°x0.5° resolution

latitude
latitude

T ongitude T ongitude T T
Geologic Unit U mean + - N Th mean + - n
Upper crust basement 3.0 2.1 1.2 57 154 10.7 6.3 57
Middle crust 0.6 04 04 10 1.9 14 14 10
Lower crust 0.04 0.08 0.03 55 0.1 0.3 0.08 55



——_ JULOC-I model: Han et al., under review P X it 4R @

Data source Geophysical model from joint inversion
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I Empirical relations between the seismic velocity and density |

| =)

Vo(km/sec) = 0.9409 + 2.0947V, — 0.8206V?

+ 0.2683V3 — 0.0251V*,
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—— PBEXHB{EIREYE: Sun et al., 2022, JGR-SE @
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Rock U-Th abundance
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Abundance of each voxel =)' ; Proportion%(i) * Abundance(i)
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Geophyical model: Crust 1.0

Geochemical model

: U Th
Cathaysia _
S B [g] = 2.38+0.15 9.50£0.59
e ! o THFT 2991062 11.96+2.49
e || R 1.25+0.5  4.98%2
22- ya 2 GlMkl ey
A | sl PHIE 0.42+0.15 1.67+0.59

- mafg —26 g
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2 "‘ / RraE: - a(U) [nalg] a(Th) [uglg]
' — v ||| Sed 1.73 + 0.09 8.10 + 0.59
ol T W i;" oC 0.07 + 0.02 0.21 + 0.06
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Surface heat flow map Crustal heat production Mantle flux

16.0+£5.6 mW/m?2 18.0+£8.1mW/m?

&
*

T
108 109 110 m 112 113 114 115 116 17 118

Crustal flow
mwW/m?

118

Jiang et al., 2019, Tectonophysics Calculated based on JULOC-I model
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Crustal geoneutrino signal
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