


Research experience

e Geochronologist
5 Dr. Hirose kindly invited me to this

* Fission track dating research community to understand
* Luminescence dating space evolution

U-Pb Dating ° ,

K-Ar Dating * Environmental fluctuations

e Quaternary environment (210Pb, 13/Cs, 14C)

» Radiation from the Earth Surface Environ




Dating method by the observation of radiation tracks

/ o Recoil track

He nuclei

5 times more
compared to FT

Fission track

Order of 100 yrs, 1000 yrs dating possible (zircon: 100ppmU)



Dating by radiation induced track counting

FT
method
is popular

FT ART
Spontaneous Alpha dcaey of
e fission of 238U U, Th, etc.
Energy ~200 MeV Several MeV
Number of fow 108 times more
tracks compared to FT
width:
Shape 6~10nm 30~40nm
P length:15000nm (Biotite)
(Apatite)
Well studied
Annealing | (Ap: ~100° C, Zr: ?7?7?
~300° C)
ol meth;’d ART method
Dating : (maturet.)t (On going)
21rcon, apa ,I € layerd silicate
sphene, volcanic glass
Ref e.g., Fleischer et al., e.g., Hashemi-Nezhad
= 1975 and Durrani, 1981

Order of
100 yrs,
1000 yrs
dating
possible
(zircon:
100ppm
U)

ART
method?



Limit in applying FT dating

Short etching
4High resolution microscope

Trial by Atomic Force Microscope

N A

N0

. Uncountable




AFM (Atomic Force Microscope) Outline
* Scanning by a small needle

* No energy given = No FT annealing
* No carbon coating

Photodiode Cantilever
v | aser beam Zircon

Sample Cantilever
37 = Probe |

ss\ss ‘vn’vk XA \ )




AFM (Atomic Force Microscope) Outline
* Scanning by the small needle

* No energy given = No track annealing

* No carbon coating

* Observation under atmospheric pressure
* Depth profile of tracks (shallow)

Cantilever
By AFM Zircon

* nano-order observation

* short etching time
* no overlap of tracks




T e

Reflective
100 X

-
-

F

Tracks are connected
under the optical
MICroSCope,

but distinguishable in
AFM image.

750 ' 0 7.50



Height (nm)

(w) uonisod

Strange wavy structure

10 hours etching

-

Height (nm)

Position (um)

Height (nm)

(w) uonisod

ol N

5 hours ethcing

. »

Amplitude: ~5nm (depth ~10nm)

Height (nm)

05 10 .20 14
Position (um)

Ohishi and Hasebe (2011)



Surface structure: alpha recoil tracks?

X Rough estimate of number of ARTs from the wavelength
ART estimate from FT age

—— No match

[nm]

wavelength
30 ! !

20
10

04 08 12 16 20 24 28
ART

i & [um] zircon
- 7 Depth of pits:~25nm
- . = Topographic low at the ART
4 -~ = Wavelength may reflect ART
= » denSity ‘

"'5‘ Rough estimate of
r. = - number of ART
= § Jk




Surface structure: alpha recoil tracks?

X Rough estimate of number of ARTs from the wavelength
ART estimate from FT age

—— No match

V|  Observation of young sample without ART

33 Ma zircon (4h etching) Modern volcano (10h etching)
- 53 Modern zircon,
Ma zi e <. e
33 9 2ITCON, . 10h etcihing
4h etcihing +~« = = =
v IR e
§75 ......... ......... . e b 20
= 50 P A\ N AN 15
L il .10
8 0t M b b 5 : |
04 08 12 16 20 24 28 O 1 2
(um) (um)
25nm oscillation <5nm oscillation
50nm depth FT 7 nm depth pit (ART?)

V| Effect of annealing




Surface structure: alpha recoil tracks?

Modern zircon (No FT)

10h etching

Modern volcano (10h etching)

(um)

Calculated age (ka)

<5nm oscillation
7 nm depth pit (ART?)

Unzen volcano

20 F

10 F

alpha recoll

@® Calculated age (ka)
® U&Th not direct(ka)

i

Expected age (ka)

30 40 50

(Hayasaka, 2018)

Dating o
age known
Tephra
Zircon

Not very
successful



I need certificate they are ART

More haste, less speed

OHow we can produce artificial ART?

V Ussize heavy ion irradiation necessary

RIKEN (;,3Nh)
....hesitate to access...

Vv Many irradiation facility: Positively charged ion

Alpha particle (He?+), then remaining

parent particle negatively charged
(Kobayashi and Oka, 2011)



Artificial ART: previous research

Hashimoto et al.(1980)
— 252Cf source (irradiation time 1~60min, under vacuum 0.01torr)

Alpha decay (96.9%)

S -

252Cf — 248Cm E
(3.1%) o .

» Nuclear fission )

- 0
Disadvantage )

. ART and FT formation ;

- FT noise and sputtering (pollution P ARy T
and uneven track distribution) SN 50um

| -1‘
9 . “‘. >

o (Hashimoto et al., 1980)

Source without fission decay




Artificial ART : previous research

Turkowsky(1969), Hashemi and Durrani(1981)
—Drop of 241Am or 228Th solution on the sample surface

s L - .
L ' ™

(Hashemi and Durrani, 1981) (Turkowsky, 1969)

Disadvantage

We tried metal

- pollution

- 241
. uneven ART distribution deposited “**Am
source




ART formation

Alpha decay (100%)

241AM » 23’/Np
\ I
Sample L* Sa%le /‘/ L- Sargple
.Z“lAm.Source. » \§41Am Source » 241Am Source
1/
@ Parent 241Am @ Daughter 23’Np O Alpha particle

(He)

Sample: Muscovite
Am source: ??



241Am Source with appropriate dose

Electrodeposition: No success (uneven)

y
;
1
i

/f "
I

oy

i

Commercial source

: - Base Stainless
| 7‘ o _,-_.h,-:“‘*ﬁf%éélf e
f el . | Radioactivity 300Bq
g;ﬁ'z‘“mei::m«;;w \% | Method Electrodeposition
#o”\ ne
Acﬂvei‘rl ‘PE

| D I A* : surface active diamétre 15 mm
R - Aicrniia Innv




Natural ART-like tracks in Muscovite

Before annealing After annealing (600°C, 6h)

Background tracks were all erased.



Uranium and Thorium concentration

U-238 Th-232
1.6E+06 8.E+05
1.4E+06 | 7.E+05 |
1.2E+06 | 6.E+05 |
+~ 1.0E+06 [ 5.E+05 |
[
>
8 8.0E+05 | 250 4.E+05 | 250
6.0E+05 [ 200 3.E+05 | 200
150 150
4.0E+05 2.E+05
100 100
2.0E+05 [ \ 50 1.E+05 | 50
0.0E+00 —“—L 0 0.E+00 J‘”U—‘L‘—I—L ‘"“ 0

Time Time



Irradiation and observation

@®Pre annealing 600°C 6 hrs (Hashimoto et al., 1980)
@Irradiation 241Am (300Bq)

Vool b

lhr 3hr  6hr 12hr 2d 4d 1w
®etching 32°C HF 2 hr (Gogen and Wagner, 2000)

@observation Phase contrast microscope, Imagel
>

- Photo of 5 screens (34,100ym2x5) ?
- Image binarization using Image] =

' DISC ey @ |
|

- Number and size (area in ym?2)
of ART



Background tracks

Image] Size distribution
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(0~5um?2 tracks: around 78%)



After 1h irradiation

Imagel
«
‘ ¢
¢ ¢ ¢ ‘
t‘ e g, . _
¢ ’ “ ¢ ¢ N —3
] . %
q e é
. ¢ ¢
[ ‘¢
“ . A « ‘ ¢
.

Number of tracks (5
screens) : 283

Size distribution

100
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el 0 0 0

0 5 10 15 20 25 30 35 40 45 50
Area [um?]

0

ART formed on the surface

—ARTs are bigger than natural background tracks



Results (3hr, 6hr, 12hr)

(3hr) (6hr) (12hr)

783 tracks

Irradiation time increase— Number of ART increase



Results (2d, 4d, 1w)

(2 days) (4 days) (1 week)

-~ -Q! “‘“"‘:S‘? . : li AT

R A

RYox N Sl &
[

@tod “s.{o}f
S

LR .“-aa;.hu
X EI0P IR

ART overlapping, unable to distinguish



Size distribution (3hr, 6hr, 12hr)

3 hr 6 hr 12 hr

250
226 226

shift

200

150

Count [tracks]
5
o

Count [tracks]
0]
8

w
o

o

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Area [1m?] Area [[m?] Area [1m?]

3 hr — Similar distribution to 1hr irradiated sample

6 hr — larger tracks (30~45um2) are observed
12hr — distribution sift to left (in 0~20um?2)

Overlapping of ART affects the apparent size distribution



ART overlapping
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— Manually separated based on original microscope image
— Then they are smaller than original size
— When overlooked, two ART combined and they are larger.



Number of ART vs irradiation time

Time vs pixel number Time vs ART areal density
3500000 - 2> r — Liner increase until 12hr
3000000 F g 20 [
5 2500000 F &
i X fé 15 |
— 2000000 [ )
g L — ‘..-'
S 1500000 F g‘ 10 |
r g
1000000 F 3
: S 2L 0
500000 F 5 .
0 N L 0"1I|II|I|I|I|I|I|I|I|I|I|I
0 50 100 150 0 1 2 3 45 6 7 8 9 10111213
Irradiation time [hour] Irradiation time [hour]

Giving a limit in dating under this
etching and observation condition



Comparison between Artificial and Natural

Background 1h

90,

450082311

80)

70)

w (=)
(=) (=]

Count [tracks]
2

1 2 0 0 0 0 0
0 5 10 15 20 25 30 35 40 45 so O
Area [pm?] Area [um?]

10 15 20 25 30 35 40 45 50

Number of alpha decay

Natural (1~8) > Artificial (1)
Average ART size

Natural (0~15m2) < Artificial (0~35im2)

-

Long-term annealing at ambient temperature?
= annealing experiment



Annealing behaviour

- Preannealing > 3hr 241Am irradiation >Annealing
Temp : 100°C,150%C,200°C
Time : 30m,1hr,3hr,5hr,10hr,20hr,100hr,352hr

16 1

o | - ® 100°C
. A 150°C

_ ® 200°C

£ 10 +

= o ¢

E 89 |
6 - ()

A 1 ¢ . .

49 + i + | Majority of
2] | - natural ART
! 0.1 1 10 100 1000

Annealing time [hour]



In (t)

Geological annealing duration

16
14
12
10

S N B~ O ®

T [*C]
1727 727 394 227 127 60

y =26237x -47.975

.
*
*
o0

o9 0 ®
L
.
LX)

| -
ad
*
*

ART size

® 2 ~3um?

® 3~4um?
4 ~5 um?

® 5~7 um?

® 8§~10 um?

borderlines

0 0.0005 0.001 0.0015 0.002 0.0025 0.003

1/T[K]

-1
|

Annealing duration

Temperature (°C)  Estimated period (Gyrs)

25.0

8.0

—Long tern annealing at ambient T (27°C~34°C)

can shrink the track size

Little size variation = recent heating at the time of sampling? They may not be ART?
Internal ART vs surface ART



Conclusion

Positive
Artificial ART formation successful.
ART can be a tool for thermochronology.

Negative

Not truly the same situation with natural ART
(only from crystal outer surface, only one

decay)

Question arises
What we find in natural mica?



Result and discussion

OART dating applicability to muscovite (2h etching)
ART age equation (Gogen and Wagner, 2000) 12 h irradiation maximum

_ 2
Age ARTareBI density — pa_2150[ARTS/mm ]
a
t= - T=30nm (Hypothesis)
(23877 (2384 4 235, .7 4 232, .]LR
T {{ Ua ( A+ 24T+ 554 [U]s)} (Googen and Wagner, 2000)
Diameter of ART U concentration Decay constant Th/U
- Th/U=1
100000000 7 U concentration and age limit
10000000 - !
_ pa=21.50[ARTs/mm?] U opm) ART-age (10°year)
Al I N O s 1.0 48.0
B — ~ 2.0 24.0
g 10000 - 3.0 16.0
< 1000 1 4.0 12.0
100 A 5.0 9.6
0 6.0 8.0
. | | | 1.0 6.9
0.01 0.1 1 10

U [ppm]



