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Abstract: The purpose of this paper is to quantify the thermal and exhumation histories of magmatic ore deposits by combi-
ning U-Th-He thermochronometrical data with computer modelling techniques. The numerical modelling of magmatic cooling
has been first attempted and then integrated with the exhumation cooling to produce a digitized cooling curve which is further
constrained by U-Th-He thermochronometer. The modelling results indicate that the magmatic cooling of igneous bodies is
complicated. The cooling history of an igneous body can be divided into two distinct stages. In the first stage, the igneous
body cools rapidly while the ambient country rock is heated simultaneously. In the second stage, the temperature of the igne-
ous body is slightly higher than or close to that of the country rock, but the geothermal gradient in the vicinity is still higher
than the initial thermal conditions, and thus both the igneous and country rocks cool slowly until both reach a final thermal
equilibration under the normal thermal conditions. The cooling of the igneous body is affected by many factors, among which
the size and the emplacement depth are the principal factors controlling the cooling rates and the durations of the two cooling
stages. The complete thermal history requires an understanding of the exhumation history and this is achieved by the com-
bined modelling of thermal and exhumation cooling resulting in a temperature-age curve constrained by the apatite U-Th-He,
zircon U-Th-He, and zircon U-Pb age data. The validity of this curve was successfully tested against data obtained from por-
phyry copper deposits in Iran. The digitized temperature-age curve defines the time and depth of emplacement, crystallization
age of economic minerals, cooling rate, cooled and exposure ages, and exhumation/erosion rates for the porphyry copper de-
posit. Therefore, the combination of highly precise age dating and computer modelling techniques can not only quantify the
thermal and exhumation histories of ore systems, but also provide an insight into the genesis of the ore deposits.
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Table 1 Main parameters and their initial values used in the

modelling

T 10 C
dT/d= 30 C/km
Twm 1000 C
K 1.0X107% m?/s
v 0.0 mm/a
L 419])/g
Q 65 mW/mC




[o2]

557

) . ,
0. 5X10°%~1.5X10°% m?/s (Delaney,
1998), 1. 0X 1075 m?/s.
25 C/km ’
5~10 C/kms,
) ~ ) 30’\’
50 C/km, ’
30 C/km.
, (10 ©)
1.2
Fourier
(Philpotts, 1990) ;
dT/dt = k(P T/92> +*T/Iy* +*T/3) . (1)
dT/do) (k)
(dT/dx)
, Carslaw
and Jaeger(1959) (D
T—T. 1 r+x 1
T —T. = ( 5 erf — —|— 2 —
1 ﬂ h—y
(=erf + erf ). (2)
2 2V k 2V Kkt
serf(x)

(error function) ,
[te# 2dps T
;T

Ve

) (2)
1.3

2 km,

cerf(2)=2/Vn X

s T

5T

2 km

i2h
3y

2 SC
Table 2 Sar Cheshmeh porphyry radiometric age data
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Fig. 1 Vertical variations of isotherms with time during

the conductive cooling of the cylindrical igneous

body
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Fig. 2 Changes in temperatures with time at the core of

the cylindrical igneous body
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Fig. 3 Algorithm for calculating the exhumation and

erosion rates of an intrusive igneous body
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Fig. 6 The distributions of the isotherm zones between 300 ‘C and 500 ‘C and the copper shell deduced from the mod-

elling of the cooling of SC porphyry stock
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