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Thermochronological dates



Thermochronological data in the Tanigawa-dake area
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» ~4 Ma pluton distributes widely in the direction of E-W?
(Batholith...?)

Tanigawa body were formed by three intrusions.
« ~4.5 Ma pluton are also found in the northern part of Makihata body.
« The Tanigawa-dake young granites are too much complicated.



Ages (Ma)

Thermochronological data in the Tanigawa-dake area
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5 | « AHe dates are significantly younger than
) ZU-Pb dates (Consistent with the relation
of closure temp.)
4 1 [ ) ® I ¢ ® « Rapid cooled samples (e.g.,5.5 Ma and 4
Ma) can be potentially reflected by newer
® [ 3K { . intrusions than each sample with the
37 ] $ spatial distribution map of ZU-Pb ages.
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Thermochronological data in the Tanigawa-dake area
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§ AHe dates

Red: 3 Ma
Green: 3-2 Ma

§ Light-green: 1.7 Ma
Skyblue: 1 Ma
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Same intrusive bodies are exposed
low to high elevations.

6.0-5.5 Ma: 670-980 m (delta h = 21
4 Ma: 720- 880 m (delta h = 160 m)

at

0 m)

3 Ma: 620-1040 m (delta h = 420 m)
Even at high elevation, younger AHe and

ZHe are found.
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Current geothermal gradient in study area (Borehole)
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Al-in-Hbl geobarometry
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TNG22-11:
(a),(b),(c) Polarizing
microscope images (open
and cross) and BSE image,
(d), (e), (f) X-ray map of Ca,
(9), (h), (i) X-ray map of Al.
Circle points:

: Magnesio-hornblende

: Magnesio-ferri-hornblende

: Actinolitic-hornblende

. Actinolite

Plagioclase




0.16
0.14 e
0.12 o

_ 010 3

=

008 °
0.08
0.04
0.02

0.00

6.80 7.00 7.20

0.70

(c)
0.60

0.50 H

S0.40 o 1%

(1]
2030

e Quter core
@ Inner mantle
® Outer mantle
® Rim

Inner core

0.20

0.10

0.00

6.75 6.90 7.05

0.09
oce  (©
0.07
0.06
2005 .
= 0.04
0.03 * o
0.02
0.01

0.00

(a)

Inner core
® Outer core
® Inner mantle
@ Outer mantle
L e Rim

7.40 8.00

Si (apfu)

7.60 7.80

Hornblende Actinolite

7.20 7.50 7.65

Si (apfu)

7.35

® Quter core
Inner core

® Inner mantle

@ QOuter mantle

o Rim

030 045 060 075 090 105 120 135

Al (apfu)

0.75

0.70

0.85

Mg#

0.60

0.55

0.50

0.80

Mg/(Mg+Fe2+)
o o
@ ~l
(4] o

o
@
o

0.55

0.50

Cl (apfu)
o
8

0.02

0.00

(b)
.
T ;
L] ® !
% f..p ?'
o o z
e % b Inner core
® Outer core
@ Inner mantle
o Outer mantle
o Rim
8.75 6.90 7.05 7.20 7.35 7.50 7.85
Si (apfu)
(d)
.
"
0.’ . ]
'; v ** ¢ e
] °
Inner core i
o Outer care
® Inner mantle
o Outer mantle
® Rim
6.75 6.90 7.05 7.20 7.35 7.50 7.65
Si (apfu)
(f)
L ]
L BN |
Te .8
"3 'as
ie
s .‘3 - ® i
Inner core (] ‘
@ Outer core o :°
® Inner mantle H
® Outer mantle
® Rim i
6.75 6.90 7.05 7.20 7.35 7.50 7.65
Si (apfu)

Chemical composition of TNG22-11
(apfu = atom per formula unit (O = 23)).

(a) Sivs Ti, (b) Sivs Mg# [Mg#=Mg/(Mg+Fe%*+Fe3*)],
(c) Si vs (Na+K),. (d) Sivs Mg/(Fe?*+Mg), (e) AlV vs CI,
(f) Si vs CI. Black broken line is a boundary in solid
solution of hornblende. Pink line is a boundary of Ti (Ti =
0.027) to apply Al-in-Hbl geobarometry by Mutch et al.,
(2017).



TNG22-33

Thin section




“Actinolite

TNG22-33

(Host rock):
(a),(b).(c)
Polarizing
microscope images
(open and cross)
and BSE image

(d), (e), (f)

X-ray map of Ca,
(9), (h), (i)

X-ray map of Al.
Circle points:
@ : Magnesio-Hbl
o : Actinolitic-Hbl
@ : Actinolite
o : Plagioclase
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Chemical composition of TNG22-33 (Host rock)
(apfu = atom per formula unit (O = 23)).

(a) Sivs Ti, (b) Sivs Mg# [Mg#=Mg/(Mg+Fe?*+Fe3*)],
(c) Si vs (Na+K),. (d) Sivs Mg/(Fe?*+Mg), (e) AlV vs CI,
(f) Si vs CI. Black broken line is a boundary in solid
solution of hornblende. Pink line and pink broken line are
boundary of Ti (Ti = 0.027) and boundary of Mg# (Mg#
=0.81) to apply Al-in-Hbl geobarometry by Mutch et al.,
(2017), respectively.



TNG22-33 (MME).

(a),(b) Polarizing microscope
images (open and cross),
(c) BSE image,
(d), (e), (f) X-ray map of Ca,
(9), (h), (i) X-ray map of Al.
Circle points:
@ : Magnesio-hornblende
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Chemical composition of TNG22-33 (MME)
(apfu = atom per formula unit (O = 23)).

(@) Sivs Ti, (b)Sivs Mg# [Mg#=Mg/(Mg+Fe2*+Fe3*)],
(c) Si vs (Na+K),. (d) Sivs Mg/(Fe?*+Mg), (e) AlV vs CI,
(f) Si vs CI. Black broken line is a boundary in solid
solution of hornblende. Pink line and pink broken line are
boundary of Ti (Ti = 0.027) and boundary of Mg# (Mg#
=0.81) to apply Al-in-Hbl geobarometry by Mutch et al.,
(2017), respectively.



1D numerical simulation



Input parameters to disturb geotherm & Boundary conditions:

Exhumation

rate .
Surface Boundary condition:

| | I I I (10 °C, O km) 1387 1397 1400 1417 142 143"4?
4

. Depth(km)
30

25
Boundary 2
Emplacem| . fronssns I Thickness conditions
ent depth

15

10

Matsumoto et al. (2022)

Bottom
(450 °C, 10 km)
Matsumoto et al. (2022)




Conceptual diagram - How do we obtain
cooling path from G and exhumation path?

No thermal
disturbance
(G = constant.)

Surface Temp.
Temp.
Z,- (t,-t,)E to
Surface
ZO
Equibillium
Depth geothermal gradient Z,
(Exhumed with E [mm/yr])

Depth
(km)

t

1

Cooling path

3 0 time
(Ma)

Temperature information
are obtained from
geothermal gradient at
each time!!

Exhumation path

t, . 0

What is a cooling path
when the sample is
exhumed like this path?



Step changes in exhumation rates test

Running start

) : Surface
(= t_intrusion + 3 Myr)
N 3.32 Ma 0 Time
— O > [Ma]
5
e
L / El
Emplace r"

ment | Intrusion

_—l :
[
1

Record

Depth
[km] Frame of program



In the case of Depth = 4.0 km, Thickness = 4.5 km

Temperature, °C

Modeled cooling paths for TNG20-10 E1vsE2 B
steps change in exhumation rates
0+ % - 4.0
Ol ®
® 0.0.
S ® - 3.5
200 - I Constant
£ exhumation 3.0
Analyzed ages N v S J | . T,
(TNG20-10) p S, E
400 - g ; X 2.5 g
Predicted path with % 10° 2.0 2
the Jowest mifit value £
600 - 2 15
c .
L
1.0
3 2 1 0 O ° 0 .. ® o 0.5
r — = — r
Time, Ma 6 x 10 10° 2x10° 3x10° 4 x 10°
_ LOWGSt m|Sf|t Value — O 31 Exhumation rates E1, mm/yr

c.f., In constant exhumation rate test,
lowest misfit value = 0.36.
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