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Abstract

Zircon U-Pb dating by laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS) and zircon fission-track (FT) dating were
performed on granitic rocks from the Nojima Fault and its vicinity on
northern Awaji Island, Hyogo Prefecture, Japan. The analyses yielded
zircon FT ages of 52-78 Ma, which are in agreement with previously
reported zircon FT ages. Zircon U-Pb (**U-""Pb) ages of 83-88 Ma were
also determined. By combining these results with existing radiometric
age data, we estimated the entire cooling history of the granitic base-
ment on northern Awaji Island, spanning the period from the time of
intrusion to the present. U-Pb ages were determined from zircons that
were prepared for FT dating. Moreover, U-Pb ages were corrected
based on analyses of Fish Canyon Tuff zircons as a standard material.
As aresult, a precise and accurate age of 16.3 (.1 Ma was obtained for
the Buluk Member Tuff. This result demonstrates that the effect of
common Pb is minimal even when analyzing zircons that are chemical-
ly etched, and that the Fish Canyon Tuff, which is a well-known age
standard for FT dating, can be used as a standard for U-Pb dating.
Many previous studies have reported on zircon FT analyses performed
throughout the world. The method applied in the present study should
pave the way for adding information on the crystallization age of the
studied rocks by analyzing the zircons prepared previously for FT dat-
ing.
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Fig. 1. Topographic map showing sampling localities on northern
Awaji Island, along with zircon U-Pb and zircon FT ages (Ma)
obtained in this study. UPb: zircon **U-""Pb age, F'T: zircon fission-
track age. Geology is after Mizuno et al. (1990).
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Table 1. Results of zircon fission-track dating of granitic rocks from the Nojima Fault and its vicinity.
Sample description  Number __ Dosimeter _ Spontaneous _ Induced P(xz) T+ 1o
of grains  number density number density number density % Ma
x 10°cm™ x 10°cm™ x 10°cm™

Nojima F. 10 4798 3.055 878 7.600 273 2.363 86 61.0 + 4.4
Kusumoto F. 20 4798 3.055 1916 3.321 531 9.203 36 68.4 + 3.7
Uplifted block 1 18 4798 3.055 2328 6.392 856 2.350 31 51.6 + 2.3
Uplifted block 2 20 4798 3.055 1613 2.874 435 7.751 2 77.8 + 6.5
Uplifted block 3 17 4798 3.055 1601 2.599 436 7.079 4 68.6 = 4.8
Uplifted block 4 20 4798 3.055 2322 2.528 656 7.141 64 67.1 + 3.3

Ages are calculated using (=124.8+2.0 (16 error) (Ito and Taniguchi, 2002). Dosimeter glass CN-1 used. P(xz): Probability of

obtaining %’ value for v degrees of freedom (where V = number of grains - 1) (Galbraith, 1981). Ages are pooled age for samples that

pass the XZ test and mean age for samples that fail the X2 test at 5% (Green, 1981).
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ZETHRFEITEVERDE 5N S. common Pb D8 %5}
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OO *Pb HWAML L 7= WIREME (radiogenic Pb loss) 7535
AbN5. UEoZEns, BEKERKEHZIDWTIE,
common Pb DJEAR Pb DA DEENKRENEEZEZ SN
5. BEWEERNS, WiETEE) (eSO VK
OB X0 D) O IR - (LENCEEE T, 35
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Table 2. LA-ICP-MS operating conditions at Kanazawa University,

Japan.
Laser Ablation: MicroLas GeoLas Q plus
Laser type 193 nm (Excimer ArF)
Crater size 50m
Repetition rate 5 Hz
Preablation 2 sec
Energy density 8 I/em?
Data acquisition 20 sec

ICP-MS:
Acquisition mode
Scanning mode
Forward power
Gas flow rate

Agilent 7500s

Time resolved analysis

Peak jumping

1200 W

plasma) 15 I/min (Ar)

auxiliary) 1 I/min (Ar)

carrier) 1.3 I/min (Ar), 0.3 I/min (He)

Measured iSOtOpeS ZQSi’ Xxsr,ZOZHg’ 204Pb, 206Pb, 207Pb,
208py, 232y, 23575 238

40 ms for Pb and U

NIST SRM 610, 612

Dwell time
Standard glass

common Pb OJEAR Pb DM, L2 UEIC
TARDMERA L BRI A UZREITEE Z 0 B (Bl ZIE, Pb
DERIE, o IIVZEKOEMNIIN O hOmHMeT 5o
FrIIBEHTL2IEN—RTHD) TELERRNTHD, E
WrEiEHI Z DX Sk 45 L Bbh S,

B EEELUSN OEREEEREHI DN TS, KFHRDON
ZYF13, Fish Canyon Tuff %> Buluk Member Tuff IZEE~X
REW/=®, common Pb D& Pb DIFIHDEEEH
FREIIZITWDEEALGNS. 351, (EEEEDHE,
DN AP TR TR EEE W TR S alREEN B 5
2D, RFHERONTYFERESLEEREEZ SN D
N, BRI S NREHE (83.4 £ 0.4 MaBE U
87.6 + 0.4 Ma) ZHMT 2 LICKDAM LD \DF
BINIWEHETEIND, Thabb, HMEREERTIE com-
mon Pb OFE EH/SFHIENNETIIH 203, KIZINsz
FEhal7z&E L THZDOHE /NS NI ENDS, common Pb
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Table 3. LA-ICP-MS analytical results.

202

204

206

238

Sample name He Pb Pb U Uncorrected Corrected Age 1o
[cps] [cps] [cps] [eps]  *"Pb/P"U *"Pb/ U [Ma]
Fish Canyon Tuff
FCTO05-1-1 139 31 11337 2086843 0.00543 0.00454 292 03
FCT05-1-2 78 35 7327 1414037 0.00518 0.00433 279 03
FCTO05-1-3 81 25 13314 2568435 0.00518 0.00434 27.9 0.2
FCTO05-1-4 33 21 6461 1238844 0.00522 0.00436 28.1 04
FCTO05-1-5 65 26 13910 2650981 0.00525 0.00439 282 0.2
FCTO05-1-6 28 31 14746 2758150 0.00535 0.00447 28.8 0.2
FCT05-1-7 47 19 10312 1937939 0.00532 0.00445 28.6 0.3
FCTO05-1-8 31 32 1516 292577 0.00518 0.00433 27.9 0.7
FCTO05-1-9 62 10 11859 2163567 0.00548 0.00459 29.5 0.3
FCTO05-1-10 35 17 14208 2700034 0.00526 0.00440 283 0.2
Weighted mean 28.5 0.1
Buluk Member Tuff
BMO05-1-1 350 73 626 191776 0.00327 0.00273 17.6 0.7
BMO05-1-2 239 47 1445 500454 0.00289 0.00241 155 04
BMO05-1-3 221 55 1550 508171 0.00305 0.00255 164 04
BMO05-1-4 171 39 1361 461046 0.00295 0.00247 159 04
BMO05-1-5 148 39 2152 710930 0.00303 0.00253 16.3 04
BMO05-1-6 160 23 1762 536351 0.00328 0.00275 177 0.4
BMO05-1-7 137 23 787 264597 0.00298 0.00249 16.0 0.6
BMO05-1-8 176 40 1283 425663 0.00301 0.00252 16.2 0.5
BMO05-1-9 147 20 1508 497617 0.00303 0.00253 16.3 04
BMO05-1-10 160 32 1214 414884 0.00293 0.00245 158 0.5
Weighted mean 16.3 0.1
Nojima F.
0202-1-1 669 177 33091 1826050 0.01812 0.01516 97.0 0.5
0202-1-2 726 175 25726 1339326 0.01921 0.01607 102.8 0.6
0202-1-3 531 104 18945 1039340 0.01823 0.01525 97.5 0.7
0202-1-4 399 83 1286 95647 0.01345 0.01125 72.1 2.0
0202-1-5 461 87 16743 1009411 0.01659 0.01387 88.8 0.7
0202-1-6 514 123 11529 643532 0.01792 0.01499 959 09
0202-1-7 402 96 7871 411971 0.01911 0.01598 102.2 1.2
0202-1-8 441 122 23387 1335287 0.01751 0.01465 93.8 0.6
0202-1-9 528 155 23651 1375678 0.01719 0.01438 92.0 0.6
0202-1-10 480 116 15942 934031 0.01707 0.01428 91.4 0.7
Weighted mean 95.0 04
Uplifted block 1
0202-2-1 335 80 24892 1571131 0.01584 0.01325 84.9 0.5
0202-2-2 281 55 10202 700279 0.01457 0.01219 78.1 0.8
0202-2-3 268 102 18941 1186765 0.01596 0.01335 855 0.6
0202-2-4 263 79 25451 1628232 0.01563 0.01308 83.7 0.5
0202-2-5 266 66 32828 2024148 0.01622 0.01357 86.9 0.5
0202-2-6 240 50 6812 471759 0.01444 0.01208 774 09
0202-2-7 280 59 19409 1284005 0.01512 0.01264 81.0 0.6
0202-2-8 329 78 21111 1372177 0.01538 0.01287 824 0.6
0202-2-9 270 67 13750 935158 0.01470 0.01230 78.8 0.7
0202-2-10 405 90 21152 1304965 0.01621 0.01356 86.8 0.6
Weighted mean 834 04
Uplifted block 3
0202-6-1 52 58 10191 609336 0.01673 0.01399 89.6 0.9
0202-6-2 37 33 4788 313403 0.01528 0.01278 819 1.2
0202-6-3 60 98 6767 382301 0.01770 0.01481 948 1.2
0202-6-4 97 30 2475 158615 0.01560 0.01305 83.6 1.7
0202-6-5 115 67 7211 424112 0.01700 0.01422 91.0 1.1
0202-6-6 100 31 3494 226590 0.01542 0.01290 82.6 1.4
0202-6-7 73 17 2572 159335 0.01614 0.01350 86.5 1.7
0202-6-8 68 23 4694 271801 0.01727 0.01445 92,5 1.4
0202-6-9 74 33 5816 395543 0.01471 0.01230 78.8 1.0
0202-6-10 50 75 23918 1445442 0.01655 0.01384 88.6 0.6
Weighted mean 87.6 0.4

204 204

Pb counts include both

Pb and 204Hg because of instrumental difficulty to separate these isotopes.
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Fig. 2. Grain-by-grain U-Pb ages (a) and corresponding *'Pb and **Hg values (b) . Sample numbers correspond to those in Table 3.
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Table 4. Radiometric ages determined for granitic rocks from the Nojima Fault and its vicinity. FT apatite ages are from Ito (2004), and the

(U-Th) /He apatite age is from Ito (2006).

Sample description U-Pb zircon FT zircon FT apatite (U-Th)/He apatite
Ma [10] Ma [10] Ma [10] Ma [10]
Nojima F. 61.0 +4.4 44.1 + 4.8
Kusumoto F. 68.4 + 3.7 53.6 + 9.9
Uplifted block 1 834 +04 51.6 +2.3 82.6 + 8.8
Uplifted block 2 77.8 £6.5 80.5 + 11.2
Uplifted block 3 87.6 + 0.4 68.6 + 4.8 81.1 + 93 441 + 1.3
Uplifted block 4 67.1 +3.3 629 + 7.1
U-Pb zircon
=3 2 1000
BT, A SN T, BN O _ zgg |
HEHOREM, BEUSEENL - LAICP-MS 1245 U- £ 200 /
Pb FRBIELD U DV THET 5. o0 |
| BENBEAOTEEEEDANE 2 200 K-Arhornblendd
Table 4125V EEHED 5B ENEHEERE, 5 400 K-Ar biotite /
BERAHERBEY, £ TRY. Table 4 &0, H5hED)) E 300 FT zireon
O FT AR, WBIEEIC &L B BOEEE ST TR E = 200 —FT apatite
#x 5N 54K Uplifted block 1 ~4) T, 7/8%A kFT 100 H(U-ThyHeapatite .~
EREFRREDERAESNE. 5B, 7851 k FT R 0 | | |
BN A PT ERE D b HNERAR 5N, ZHUE, 0 20 ‘“’A (1\20) 80 100
ge (Ma

TINZA DTy 7hvbia<, FHAFSEAMEIWLY (LA
o T, FRERENKREN) D THD, ZITIE, Pa
SFTHERET YA - FT FRDFAREOFERERTEL
Tigmzited s, WENFAREOEREZRT I ENS, KK
EALRO B E IS 2 HERL T S TERE AN FT R0 a >
DOBSEEE (] 240 °C: Hurford, 1986) 757 /8% 1 hDR
$HIRE (F9 100 °C: Naeser, 1981) 12/ T OIRE IR T,
FIFERNICRM LD D EBZ 6N, —F, HEkEE
FEAWE N 51572 2)V 3 > FT #4113, Tneho7 /X7 A1
N FT HERE D BEHWMERN RSN, £z, ZhsoP)a
O FT EMRIS, W K 2 EEZIT ThianeE
A BNBSREEMBLOMER G EEN S/ 5 N2V a2 FT 4R
REFREOHERZRT. 2O &L, BEEEICKD, ¥
Va2 DFT FERICEEE KT TREOREEIZ T e >
=2 EERT

SEIOFEREZINAS ZEITED, F—0EaRE Uplift-
ed block 3) ZfW, BASREOE W)L > D U-Pb 4148
N5 BSEEE DKW T )NY 1 R D (U-Th)/He £ E TOLE
REf/DIENTEZ. TORREEI, BED K-Ar F£
HIERER Bk, 1992) ZINA, WSSO E s %
MRk 2 IEREES DIMHIRZ Fig. 31TRY. SRIORER
1, BRICHE U2mAER (to, 2004; (1%, 2006) &1FIFH&
HT20, VNaA> O U-PhEREEMNASZ &ICKD, B
SMTTE A DOIERE B, EkEN S 100 CRE L THHA
ITHHEIIELS, Z0%, RMLEIEEZX0PICTZZ
EMTE.

Fig. 3. Inferred cooling curve for an uplifted block of granite on
northern Awaiji Island. Horizontal bars represent the error (£ 26).
All the ages except for K-Ar are from Uplifted block 3 (Table 4). K-
Ar ages are from Takahashi (1992) . The adopted closure tempera-
tures are as follows: U-Pb zircon (~ 1000 “C) from Mezger and
Krogstad (1997), K-Ar hornblende (500 °C) from Harrison (1981),
K-Ar biotite (320 °C) from Harrison et al. (1985), FT zircon (240 °C)
from Hurford (1986) , FT apatite (100 “C) from Naeser (1981), and
(U-Th) /He apatite (70 °C) from Farley (2002).
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