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Quantitative valuation of radiation-induced defects on mineral

The alpha effectiveness of the dating ESR signal in hydrothermal barite

by He*-ion implantation experiments
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Abstract

As the LET of alpha particles is much larger than beta and gamma rays, causing high-density ionization, the probability
of recombination which do not contribute to the generation of the ESR signal is larger, therefore, generating smaller amount
of signals. The alpha effectiveness value (k-value) for the ESR (Electron Spin Resonance) signal due to SO3" in barite was
revised by comparing the dose responses of the signal intensities to gamma rays and to 4 MeV He" ion doses in natural
sea-floor hydrothermal barite samples actually used for dating. Of the values obtained for a synthetic, a natural old, and a
natural young samples, the one for the natural young sample is tentatively adopted, which is 0.053+0.006, although further

works are still necessary to establish this value.

Keyword: barite, alpha effectiveness, ESR dating

1. [FCBHIC

Kﬁ%f@\@ffﬁmféﬁﬁtﬁwﬁﬁﬁ
Z W72 ESRERBEIZIRIT D a BROEEIZ DN T
et L7-, EiaA (Barlte) Rl N U 7 2 (BaSOq)
ZALEHR L T HHMTH D, ARBFFETHW UK
PEER A, HEBUKRICB W TER SN D88 T,
BUk o)) v L (Ba?) EEKT ORI (SO2) &
DIIGICE > TRt E&n D, F7m, BUkPFicidist
MR CTHD T VU LDNEATNL L EICETIAA
TRY, EMOFTONRULALEBHRL T, EEaTf
(21X 2%Ra X° 2°Ra WFIET D, > T, HEiAIEN
EICEEND T VT L EZOREREN D SR &
S THIRT %, Okumura S, SO5IC#E KT % ESR
155 % FAWTC, MEEZUKMEE S O ESR AEGHIE &
HRATWD[], EE A Z V7= ESR AAHIE Tk
SOy 7 VA ND o M & B RN RN IEHE 72 AR AR
EIWCEETHD Z LN RENT, BENSERRSH
f_?mkriiaaE@ ESR HRHE 2 A 7= A1, 2]

CkArL, BEREATICIE T TN UL L ER
L’CE&@L&?@%K a BRI X DM ERR 2RO
m~m%%£w5:kﬁ%%#&&oty%%aﬁ
T RLF—Af 5 (LET) DK 72 o fIE. BB E A
FoAbEBI &R T 70, FEEOAERICEHES L
FiE G OMERN, By BRI TE S, BALK

*nishido@rins.ous.ac.jp

AR ESH -0 CTHEST 5 L5 5O AR RIMEL 72
HZEDHLNTWD, ZD7, WNEHREDRER
DEEDD o BT X DMEITH T DIE T OAEKL R
FIEREICID A Z &%, ESREEICEZERAZ AV
AR E I ERBERNO—D2TH D, ZDHIT,
a R L7z He' A A2 L ABEERN T
T& 7o, ZORFOAERNFRIL, v e He' A 4 MR
FOWNMELE EHITHRKTHEERENSHEON
HEMOMEE DN BRO HND, ZDEMREZRED
% kL PR, IEfMEZR R ER 2 R HPRICE
BERETHDH, ZHET, EHiaA D ESR FRHET
X, B EoBESEAE AV THRE S kK EEBRAL
TX72[3], Toyoda HIE[3]. o R & #&4E L 7= He' A A
VOGS E T~ IBENC K DR B OREINE & T
W52 Licky, ERAOCBITS aBOEE K
%L\@L@Emaﬁﬂ_owfkmwm%iams
ZRD7I=,

L L7 s, IR EIZKT 2 ESRIE50D 7 1
v "D B a SEONREZED D7D
ViR LIRS EREITOLERH D, T, EBRIE
RE &2 R - g EBUK MRS A 2 VT, ot
ZhBZ a8 1T 2 E TS W, ARAFZE T,
BT 2 BUKIGENC X 0 Rk L 7= Bk Mg i
aﬁ#éima%mmf\&y?AME%Kié4



TRk 28 AR EEJF - RS R R e [FIATT 2R
—IEFEINFTE R RS

Table 1 The samples for the present study. The efficiency is the slope of the tangent at the point where signal intensity

is zero on the saturating exponential curve of the dose response. The k-values are obtained as the ratio of the efficiencies

to He ion implantation and to the gamma ray irradiation

Sampling Location Efficiency to
Cruise ESR age Efficiency to He
Sample No. Site gamma k-value
Latitude  Longitude No. (year) ion dose (Gy™)
ray dose (Gy™)
Hatoma , , +190

HPD#1621R07 Knoll 24°51.33 123°50.33'  KY14-02 1480 -160 0.020+0.001 0.37+0.04 0.053+0.006

HPD#1358R03 Iheﬁg‘l’“h 27°4746'  126°53.73' NTI2-06 6300 ffzo(? 0.011£0.001 0.1120.02  0.102£0.022

Synthetic 0.022+0.001 1.28+0.07 0.017+0.001
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Figure 1. The set-up of the experiment for He+ ion
implantation showing the cross section of the barite

sample deposited on an aluminum plate.
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Figures 2. The ESR signals observed in (a) a synthetic
barite sample and (b) a natural sea-floor hydrothermal

barite sample (HPD#1358R03).
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Figures 3. Dose responses of the ESR intensity of

SO; signal to (a) gamma ray and (b) He® ion

implantation doses.
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