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On a simple approach to increase TINT numbers in apatite
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Abstract

A new method to increase TINT (track-in-track) in apatite is proposed. The method uses
irradiated apatites and simply re—etches them. Track figures were observed before and after re—
etching. It was shown that diameter of etch pits and width of TINT increased considerably while
length of TINT increased slightly by the re-etching. The number of spontaneous TINTs and their
length distribution were observed for Nojima granodiorite and Kishima Group sandstone. The
number of spontaneous TINTs increased greatly (from ~6 to ~20 and from ~5 to ~18,
respectively). Although it is difficult to distinguish between spontaneous and induced TINTs of
~15 wm in length, this method increases valuable information on shorter spontaneous TINTs. It

also provides information on initial induced track length, which can be used to test the reliability

of length measurement procedure.
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FT 5 CEFEIIT NI A REDIN A EHNE
BBREMRAT T HONTND. 2055, 7Y A
MOV T, —RICU I EFEMNNSI NI E
M5, BERWRITICKHEEINSH (50-100
&; #%1E Barbarand et al., 2003) OE¥ S
v 7 BRHIEEITD T EMRERGEENL N, KR,
AAD XD BEEHEDO T /NT A MMIMEZIT &

IHET, YY1 S OMBERE (% 100°C) Lk
DREZEHE > TWDD, HIFENT v I EENK
<, NIy EHIEZE W2 U8 BT AR S
NBWEENZN., 205 ENS, TS
A reAWEARELN Ty I RAET —5 217
RATODNTRAT D ZEIFERNKEN. ZC
TiE, FREEMRICBF L2 emIyF >0
THIETHBRTHFEE N T vV eANnD &I
&0, BRENS v RHET Y& dIEN
TEMREWMET 2.
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Z w7 EROREICE, #ENEICN Ty 70
EEMRESIN/Z T v 7 (confined track) %
WETHHE L, HEEIMIIBEN TS My



('semi-track’; Laslett et al., 1982) ZHIET %
BENbbH. BEIBRDIZHOT -5 EZRHET
ZLN, NBEEDE WEITICIEATENET S
(Laslett et al., 1982; Gleadow et al., 1986) 7=
B, EBICETIVEIRICHWSNS F Iy 7 ElF
MBEZANZBDIIRENTNS. > T, 22
TIEATHE ZRRITT 5.

confined track IZIZ#EMEMICET ST YT
SUENER I v I ERR LIE NI I THS
TINT (track-in-track) &, #EMEMOEERLX
L7z TINCLE (track-in—cleavage) b % (Lal
et al., 1969). @, ~ T v 7 EMFTITIIE SN
FAnsnsn, TINCLE O T 7 ERENNS
w7 EGORETIIETNS 2 HAKE T AEDH
BT TINT KD BEWED S OPHMIITEZ S
235 572, TINT OAZERETRELLED
WM 5 (Barbarand et al., 2003).

72, IV IERHETIE, BEMEDOAT—T
O &EF1772 b T w7 (horizontal track) &%
5 T/aWh I wZ (inclined track) MRBIE 1
5. BFEOHEICIE, 3 KL THIETES AT
LIBETH O (UTFIEH, 1992; Twano et al,,
1996), BiEDHMN b T v 7 KHIE % @8I B
BRLITA B, BEFFMEEAWZ NSy I/ &
HENMTHONTNS.

LLEDS, &2 TIREMEEAT — DI AT /8
fNERTHE D TINT O H 2 MRICiHE R T D.
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cow I BHET—% &8P HiEELT, #
BN U CRE FICR TR 2 A9 %7
ERMTHONTWS. KT (B 2HAVWSHEEL
TR TH 2 22Cf BIRIT K DR G
(Donelick and Miller, 1991; Ohira et al., 1994)
Y CTLAMEREH WL NI 14 > B
(Ohira et al., 1994; Yamada et al., 1998) "®%
%. Ohira et al. (1994 1IM& ZHEKL, BED
FNER R TEIEE QRSN NTA, REFEbBHID
ELTWBED, K0S IETHS 22Cf 2
WS ZITo BN % N, ZDiFH, TINCLE

EWOTHEELT, ABMICHSMICEZIES
Hik (EMED, 1994; Yamada et al., 1998) M
»H5.

TINT 789 72D Ik TR % RS9 % 41k,
R TIED 20, FAllsEEEZLELTS.
T, PO &SI, fifEic TINT 21597
HBERET 5.

FT i CHERNE 217556, B8, ST«
527 5 — (Gleadow, 1981) MNEHINS. Z
DOHETE, HRIEY (FNXFA be2Ial)
DA ETHFE b v 7 BOFHIZTY, 5t
W75 — (EITHER) LTHEELNI Y
BEFHIT 5. FARMAEICHEA L Zayadeh,
HFE Ty 7 ROFHIAKDIE, Ty 7 EHl
EICHWSNLH, FREOF oy 7 HITRES
NTWBFENZ W, ERBERE H OB FHE
IyFT7TNE, Ty ForINEFENT Y
JERKTHEFE DT v 7D TINT P72z
INBHT LR, POV IEMBITICAHIATES
boLifFENS. ZOHE, BEN IV I D
TINT &#FENT v 7O TINT 2RI TEH0NE
SMMNEE E 75 %, Gleadow et al. (1986) 12,
TINY A NOFEE ST w7 D confined track 13
EXOEYN~16.3 um T, AFE L7 v 7 T3,
HEIDY A 7 (Rl L KIERRE L S
L) KBEHbS5 Y, FHEIT 15 um BT THB
ELTWS., ZOZEMS, HREN TV LiFE
;Z w27 @ TINT ORFNIIHZBEEFIRETH D &
EZO6ND. ZOHKIR, FlEEEZLESL
B, Wi TR AETHS. L FICZOHE
IZDWTHRET 5.
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TIXF A bid 5 M HNO, Z MW, 20 + 1°C T
20 Oy FUTEITIGENSL N, EXITZ
NET, ITNNYAL MOy F 2 THEIRIT 0.6%
HNO, (0.13 M ITHH2) 2w, 25°C T 2-4 5
DILyF o T7%{ToTER WX, Fik -0,
2004). Barbarand et al. (2003) % 5M HNO, &



LDEEOH N 0.8M HNO, #ItEL, #i&EDH
E TN EmETLOHABICTY F I N
LT EMS, MiFEHERLTVWS. E5T, 40
WAERBIE A OB (0.6% HNO; TT v F >
ZEH) 2, 5SM HNO,, 20 = 1°C T 20 B
DBEILYF > TZEiTo7.

FAWnE7/8% 1 hitkBHE Fish Canyon Tuff,
B EWELEOERME (BEERNRE), Bk
VDERBEOVEEEOWE (G - 2811, 2004)
NS REEL7-HDTH . Fish Canyon Tuff i3
FERERERETH O, ARENR 279 £ 05
Ma; #7%1% lo. BAF, Mk ) DK, 2mlizd
DEINTWS. BEAEHNRRE S EERDE
12, 7N MERELTENTEN, 82.6 + 8.8
Ma (EZFICXDHEE. RNKT—4. ), 23.8 £
2.6 Ma (' - /0, 2004) DHESENTNWD. T
NTOFRENE, HAREF IR O JRR-3
DREE PN-2 (FE) T 4 HhllEFZzT-72d
DTHD. ZOWRHKOEPETHIT 4.7X107
n/cm? sec, Au IZx9 % Cd ki 24 TH2 (H
KIEFH1WF5EFT, 2000).
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RFT 154) ITH®AENZ 1.5 cmX 1.5 cm @
—hREEL (to, 1998), MimT— 7 TAF
A RATAEEINTVWS., AT71 RHT I
BT NNT A FRBEE Y ZF o 7 TS I NN
T4 T — (HER) DO TTHEH, 7
NEZA MABOANLT Yy FoTHEKE G M
HNO,) IKiE5X2i12L, kot yF >
JETo. TyF %, BEEIHTKEL
b0 Iy EREICANW:.

b oy 7 ERER, JeEBEMEE (Nikon #h#
OPTIPHOT) T THF% 1250 £ (K1 O
100 fi%, %02 10 £%, drawing tube 1.25 %) T
FEH L7z, ZONFEEMBIIAEL TWD FT
STAge > 25 /. (Dumitru, 1993) #fW, T
YA —=ThrIvIOWisa sV w7 §5ZET
Fow I EZEHELE. 2OYATALATHIEL
B OiEIL Digital Instruments #h# @ H -7
M 71 SRS O REHEY > )LV & AW T 0.15 pm
DINTH B Z EZxffER LT,

b Ty 7 BREICH W TINT 137 /35 1 h s
i ORI EATICHE S NZHmICTBNWT, bIy
J O MARICBREINDIBDOERALL
(Green, 1981; Donelick and Miller, 1991;
Barbarand et al., 2003).
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Fig. 1. Photomicrographs of fission tracks in apatite before (a) and after (b) re—etching. a) etchant: 0.6%
HNO; at 25°C for 3 min., b) etchant used for re-etching: 5M HNO; at 20°C for 20 sec. By re—etching etch
pits and width of TINT widen greatly while length of TINT increases slightly. Crystallographic c-axis is
horizontal direction. The apatite is from Nojima granodiorite. Scale bar is 10 um.
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Fig. 2. Changes of diameter of etch pits parallel to the crystallographic c-axis (a) and length of TINTs (b)
before and after re-etching. a) sample: Nojima granodiorite, b) sample: Nojima granodiorite and Kishima
Group sandstone. In (b) angle to c-axis is shown for each TINT.
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Fig. 3. Photomicrograph of re-etched fission
tracks (TINTs) in Fish Canyon Tuff apatite. Scale
bar is 10 um.

HARMOERERMELZHDOTHD, TINT OES
1Z ¢ @& 45°LL TR Do b D (Fig. 2) &l
ELEDBDTHD. TyFT7OINDT I
mOHICE L TRAENDNH D0, ¢ #iEHEg
THHMOLIyFEY FORBUET HHICLD,
K VBB TBRE 2T O BN D 5.
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Fig. 3 KHIYvF 2 JIRKOFICHBLZ
Fish Canyon Tuff @ TINT % 2 &AxR9. N5
BEINENTN17.3 um & 14.9 um THo 7=,
ZITINSHEEN T v INFEEN T Y IMI
DWTHHT 2. £79, Zhs0BRKITES LS
WXL TeWZ ERNbnb. Gleadow et al.
(1986) 1 6 KO T /XF 1 hZEHAWENT VY
Ei#flE (TINT & TINCLE Z2#lE) ic&kb, 7/
A4 T OFEENT I EITFEEHN~16.3 um
(¥R 0.9 um) THHELE. 51T, BF
Fow I EE, R LUEKILIET 14.5-15 um
(F 1.0 ym), A N> h&ZIFTWRWIERS
T12-13 ym (A 1.2-2.0 ym) &L/ 2O &
M5 Fig. 3 DEWIES® TINT ZHFERNS v 7
ELTRETELZDT, FBENT VI THD L
WrT&Es., HWEHD TINT OoEIIZR2m LK
HIEOEEEE BT 5720, B NT v T DF
REMEMYE . H L, Gleadow et al. (1986) DR
LEFERNS Yy VORI LEERFREEZEETSH &
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Fig. 4. Fission track (TINT) length distributions for Nojima granodiorite (a, b) and Kishima Group sandstone
(c, d). TINTs are shown before (a, ¢) and after (b, d) re—etching. The line graphs are induced track length
distribution obtained by assuming that it has normal distribution with mean track length of 15.8 um and its
standard deviation of 0.9 um. The peak of the line graph is adjusted to the experimental data. n: total number

of tracks measured.
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