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Thermal constraints on zircon fission-track annealing as inferred from
a granite under present temperature of 250 °C at 4.4 km depth
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Abstract

Zircon fission-track (FT) dating was applied to a granite beneath the Cooper Basin, an area
with the highest geothermal gradient, in Australia. Zircon FT age and mean track length of
158+16 Ma and 7.9+1.9 um, respectively, were obtained from a granite at a depth of 4.4 km,
whose present temperature is ~250 °C. The track length data indicates that the granite had
experienced higher thermal conditions (~300 °C) over the last 10 m.y. as inferred from the
Arrhenius plot of Tagami et al. (1998). The FT data suggests that age reduction is small (less than
half), assuming the original crystallization age of ~310+10 Ma (U-Pb zircon age), under the
above-mentioned annealing conditions (~300 °C for a heating duration of ~10 m.y.). A DAP
detector, recently introduced to FT dating by Yoshioka et al. (2003), was also applied and its

etching characteristics were reconfirmed.
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Fig. 1 Position of Cooper Basin HDR site
(Habanero #1) and related basins.

Z ZTIE, DAP BHEICEEL TEHE DT = ER
FERIZDOVWTHIRND,

2. HhEHE & EBEHRER
AT L7=1EfiA 1L Big Lake Suite &FEIEN,
ZTOEA « EELFEREIDINaCEANWE U-
Pb #12& D 300~320 Ma (Gatehouse et al.,
1995) LaNTWa. KREMAETEAR, 2K
IR - HIMZ 20T, ZEAENCIE R ICHE M
L TWw/= (Gravestock and Jensen-Schmidt,
1998) . To, “EBEiI~=8RKIMTTOIR
[%12 &% Cooper Basin Ok E T & L THIER
DRI X % Eromanga Basin (Fig. 1)DF k%
BT, B, AMEMAETHT 3.6 km DURICH A
9% (Fig. 2). /a3, REMEIIAERLRER
ZEAT SRR —HRIEREETH D, RERIMR
EAIKEEL TWs (Wyborn et al.,, 2004 ; f*
% - #0K, 2005).
FT 4R3I A EHE, Cooper Basin HDR 7
02 x 7 MTHHI SNz Habanero #1 #7058
WUZEE 5B (TRTHY T4 2 FAT, &

Time (Ma)
300 100 0

1 1 L 1 1 L

[ PERMIAN [TRIASSIC] JURASSIC | CRETACEOUS | TERTIARY
Eromanga Basin
subsidence

Cooper Basin
subsidence

| -0

Basement subsidence curve

/

Granite intrusinop & uplift

Fig. 2 Simplified subsidence history of the
Cooper Basin HDR site (modified from Deighton
and Hill, 1998, Fig. 9.4).
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Table 1 List of Habanero #1 samples for zircon fission—track dating method

Sample code | Sampling depth (m) | Temp. (°C) Description
HB3650 3642-3652 221 Bottom of sedimentary rock
HB3675 3673-3682 222 Top of granite (weathered part?)
HB4000 39994008 233 Granite
HB4255 42494258 242 Granite. Near a major fracture.
HB4400 4398-4407 248 Granite. Bottom of wellbore.
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Fig. 3 Spontaneous tracks in zircon from
Habanero #1. a) Zircon from sedimentary rock
at a depth of 3650 m (Temp. ~220 °C). b) Zircon
from granite at a depth of 4400 m (Temp. ~250
°0).
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Fig. 4 Stepwise etching results of DAP detector using PEW-50 etchant.
etching time (numbers above plots are mean etch pit diameter of each etching time),
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a) Plot of etch pit diameter vs.
b) plot of number

of tracks per unit area vs. etching time. PEW-50 etchant is solution of 20% KOH and 50% ethanol in water.

Etching temperature is 60 °C.
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Fig. 5 Photomicrographs of fission tracks in DAP detector etched in PEW-50 at 60 °C.
White circles denote the same tracks for a) — ¢) and for d) - f). Scale bar is 10 um.
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Table 2 Zircon fission-track dating results of Habanero #1.

Sample code N Dosimeter Spontaneous Induced P(Xz) U- T+l n Lzlo
number density number density number density % content Ma um
x 10°em™ x 107cm ™ x 10%cm™ ppm
HB3650 9 1455 3.737 1453 1.99 145 1.99 27 218 257426 18 8.4%l1.6
HB3675 9 1455 3.737 1278 1.84 115 1.66 2 184 304433 22 7.9%l.6
HB4000 7 1455 3.737 749 2.80 118 4.41 20 455  164£18 14 7.5£1.1
HB4255 8 1455 3.737 892 2.82 115 3.64 91 408 20022 20 7.242.2
HB4400 9 1455 3.737 872 2.70 143 4.43 53 461  158+16 18 7.9+1.9

Ages are calculated using ¢=140.0+6.0 (1o error).

Dosimeter glass CN-1 used. P(x2): Probability of

obtaining 2 value for v degrees of freedom (where v = number of grains - 1) (Galbraith, 1981). Ages are
pooled age for samples that pass the x? test and mean age for samples that fail the 2 test at 5% (Green,
1981). N: number of grains dated, T: age, n: number of tracks used for length measurement, L: mean
track length with standard deviation of length distribution.
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Fig. 6 Thermal annealing property of fission—
track length in zircon shown in the Arrhenius plot
(modified from Tagami et al., 1998).

Filled ellipsoid denotes temperature range of
HB4400 zircons assuming annealing period from 1
to 100 m.y. Open circles are previous borehole
data whose references are shown in Tagami et al.
(1998) and Hasebe et al. (2003).
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