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Comments on “The Closure Temperature of “Ar-"Ar Isotopic System of the Rock-Forming
Minerals for Granite <500 °C” . Based on Evidence of Comparison Between the Hornblend-Biotite

“Ar-"Ar Ages and the Zircon U-Pb Ages of Granite Plutons and the Query for the Dodson’s Formula

ZHANG Bang-tong, LING Hong-fei, WU Jun-qi
State Key Laboratory for Mineral Deposits Research, School of Earth Sciences,

Nanjing University, Nanjing 210093, China

Abstract: The frequency statistics analysis was conducted for 412 pairs of difference values At,,,, between the hornblend-
biotite “Ar-YAr ages (t, ) and zircon U-Pb ages (1, ) of granite plutons worldwide. The result indicated that the A, _, (&,

.,) displays a symmetrical normal distribution with a skewness coefficient of C,, =-0.267 and a kurtosis coefficient of
CM‘ =16.52 in the histogram, both positive and negative ¢,_, values were observed and their mode and mean are 0. 70 Ma
and 1. 15 Ma, respectively. Using the least square regression procedure, a best liner regression equation (¢,,=1.00453x
t,,—1.932) was fitted for zircon U-Pb ages (1,,) and hornblend-biotite “Ar-"Ar ages (t,,) of granite plutons with a corre-
lation coefficient as high as R=0.996 and a regression coefficient closed to 1. These statistical analysis characteristics in-
dicated that the hornblend-biotite *Ar-"Ar dating results are consistent with zircon U-Pb dating results for granites within
the permissible error, therefore the rule of hornblende “Ar-"Ar dating ages>biotite “Ar-"Ar dating ages is not statistically
correct. It implicated that the “Ar-"Ar closure temperature of hornblend-biotite is same as the U-Pbh closure temperature of
zircon. Based on these statistic analyses and the query for Dodson’s Formula, it is concluded that the closure temperature
of “Ar-"Ar isotope system estimated by the Dodson’s formula cannot represent the closure temperature of “Ar-"Ar isotope
system in the rock-forming minerals crystallized from the granite magma.

Key words: granite pluton; hornblend-biotite “Ar-"Ar age; zircon U-Pb age; closure temperature ; Dodson’s formula
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TEAE B B 25 B 8] 2 38 58 4R J7 i b, 1B 1 o i
BV (ANA BB A B K AS) A
PAr PRI YA AR B AT AE BE TR I [
EFIEZ — o XIEH AR A ST “Ar-"Ar 15
MR R AE T O3 T K-Ar 2l 70 5 32 2 5
IS KA Ar RN S BURE i K-Ar 4758 i 1%
Rk 5 Qid AL 73 B BOIFAE AR A AL AT L3R A5 A 6]
T EE A W15 1T EL T i A5 1) B8 4 3% 1T DLV A 45
EE P DN v 0 AR . DA il A SR (R T
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W&, AN [l B4 [l o2 28 MR &R (B ) — [R) 02 3R 1R & A
[F) 740 ) B A RH B A B PR BE o E I 5E 4E 10 2 7 74
AL S, Al RUAR I A8 5 5 AN [ A  [) o 3% 7 47 46
SRR LR F DA il RE TSR R N B A v A
MR, UL, E S R A A CAr (R R 1Y
BF Al BE R IEAE B AL R RS —

36 ) P9 A0 SCHR AR B, 76 B S B S 4 A
PAr [ Z A F 0 AR B Ay AR VSRR )T (K 1)
FAIN A PAr-"Ar T8 07 3 A R Y BB E S 500 +
50 C;H = B 400 £ 50 C, 22 = £ R 300 =
25 CHi@HR AN 17650 C 5 FIK AL N 150 C,
XRIAFAEAE R A NG “Ar-PAr BHRE>H &
CAr-"Ar B5F AR BE S T BE CAr-PAr B0 TR > A
KA PAr-"Ar BRSO AT CAr-TAr B R
AR . X — AL AR B C AE [ AP E s R AR
WS A3 20 IZ N, B 24 4 A8 B JA AR A2
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NSZI 5 AT AT TE T A B AE AR A AR 2
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(BRI TR AW A& OH o {H R A A AR
B i CAr-CAr 5 AR A R g R nT
WA AT AT CAr-CAr B R EE R i
500 °C, 1 HAHS A VB K A Y CAr-PAr 50 I
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B S B AT CAe-CAr BRI K
A0 CAr-Ar B PR PR A T ™ VR BE

FUAT [ AP TE A B e AR A2 B 58 R — R
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Table 1

Closure temperatures of granite rock-forming mineral and their references

7] “OAr-TAr 5P IR

ENiEBE: S

Dallmeyer and VanBreman, 1981 ; Harrison, 1981 ; Farrar et al.,1997 ;Moller et al.,2000 ; Chakugal et al.,2004; T

fINA 5.00+50°C 58 4E 2005 ; Dahl and Foland,2008 ; Wells and Hoisch,2008; Wang and Li, 2008 ; [%: ‘& fE Fll F+ 4, 2009 ; Betsi et
al.,2012; BEWI%E,2012; Davis et al.,2012; Deng et al.,2012; $h4x X% ,2012
. . Dallmeyer and VanBreman, 1981 ; Dunlap, 1997 ; Farrar et al., 1997; Moller et al.,2000; Chakugal et al.,2004;
H =B 400+£50°C ) . = . . e a
Wang and Li, 2008 ; [ & £ Fl1 7+ 42,2009 ; Meinhold , 2010 ; X 7 k45,2013
Dallmeyer and VanBreman, 1981 ; Harrison et al.,1985; Farrar et al.,1997; Moller et al.,2000; &4k ¥k % ,2006;
Bt 3.00£25%C Alleger,2008 ; Emmel et al.,2008 ; Wells and Hoisch,2008 ; Wang and Li,2008 ; i & € #l 7 4¢ , 2009 ; Meinhold ,
2010;Mao et al.,2010;Betsi et al.,2012; %R 4E 2012 ; Davis et al.,2012;Deng et al.,2012;fph 43 X5 ,2012
WK 150+25%C Harrison and McDougall, 1282 ;/\Mr:D()ugaH and Harrison, 1999 ; Moller es al.,2000; Alleger, 2008 ; Wang and Li,
2008 ; Mao et al.,2010 ;% 75 #ZE ,2013
A 176+54C Berger and York, 1981 ; Alleger, 2008 ; T 7k % % , 2012
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Fig.1 Histogram and PDF ( probability density

function) curve for 412 age differences (At,, ,,)
between the zircon U-Pb ages and the hornblend-biotite

“Ar-PAr ages for granite plutons
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R2 ARAPMERE A, B S EHTESE
Table 2 Characteristic parameters of the frequency analysis
of 412 age differences ( A¢,, ,,) for granite plutons
PEAR BUME BoOR(E B 8 bR WMER BER
N (Ma) (Ma) (Ma) (Ma) o H(Cy HCyy
412 -74.70 77 1.155 0.70 10.04 -0.276 16.52

=74.7 Ma, At,, , BEAFTER W85 A7 U-PhAEIE K T )
A -8 21 “Ar-PAr 4E 3 19 1IE {5 ( +0.05 ~ +77.0
Ma) , i fFAE R W45 AT U-Ph AR /NTFMAINA-R =
CAr-PAr AEB I AE (0.1~ -74.7 Ma), 7E A
PLR AR o o 6] — A R A TN B8 = B
“Ar-PAr RIS RTES A U-Pb AR IR OS5 R BN A
R HAAAE o H Avy, A REAEC R 173 A4,
A SFEARE 42% , 1 H Ay, 1R X AR 8 2218
(Aty ./ t,,)<10% PRI FH * 3ok 380 S (9 A7 78 7 K il B
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(2) DA 43 B v omT DAAS 20 408 FA S 2 5
gt S (£ 2) o WEIEAR-2 52 5] W
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N2 BRI BUE " s, AT AR I G AR A 1 4R v
B R 2 m] W, 412 A FEAS SR B A5 21 1) AR
¥ 0.7 Ma,¥{H N 1. 155 Ma, P& 2 EE /),
{2 0. 455 Ma,

(3) 412 D AE R & Aty AH BT A B 7 Bl
BN AN ol 161 = T 1 719 D 2 R 230 o
AR BR AR B Y i B 2 B (Cg ) 29— 0. 276, % T # 1E
EZS AT 2RI FAE Cy = +/-0.4383) , XK
A6 E I Ary,  AERNIER 40, BWRE Aty 728
LB BRI 2R 3L, AAETEAE K & 55 1 U-Pb 4R i%
RFANA-B B “Ar-"Ar 4F 1 1 IR 2% .
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Fig.2  Correlation diagram between 412 couples
of zircon U-Pb ages and hornblend-biotite

YAr-*Ar ages for granite plutons
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x3 A2HERNEGER UPPEREARNG-Z25H
“Ar-PAr ERARNEMEEAS Y
Table 3 Linear regression parameters fitted to 412
couples of zircon U-Pb ages and hornblend-biotite

“Ar-“Ar ages for granite plutons

HERH 95% BRI (f1%)

WA X4 FAES e X
" R F R I
T 5 A U-PhAE
W RN B w0 1.00453 -1.932 0.996 0.995 1.014

E!:mf\ A rAE
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AEWY (1) XN -SRBE Ar-PAr SRR () BOZR
PR 1 E 7 2

t,, = 1.00453 x 1, - 1.932 (1)
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5i5A U-Pb 2 A~

B)WE ) WHRXRBERE (R=
0.996) , KW EANTHARLF B AHEAE

() IH R T K5 R, 95% 11 & 15 X [7] Ky
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FRAESRIKOE R BT A B
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Table 4 CR,, , ,At,, At At,, Aty for granite

plutons with different outcrop areas

?u_?ﬁi & ﬁg [ﬁ]f,"{ A[ml At[, AtF,(jTD CRECTI)
(km?) (C/Ma)
5000 39.2Ma 25.3Ma 64.5Ma 5.4
1000 7.83Ma 5.06Ma 12.9Ma 27.1
500 3.92Ma 2.53Ma 6.45Ma 54.3
100 0.783Ma 0.505Ma 1.28Ma 271.3
10 79200a 51119a 130319a 2713
1 7830a 5054a 12884a 27132

T CRyerp AR HUE AR 5 A 4K b4 46 5 o 00 06 T L e 22 445
i B2 BT B9 I 0] 5 Ay SRy bh T A6 e R BAORE T SE K R 45 AR I
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Fig.3 D-CR.;, diagram for granite plutons

with different outcrop areas
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Fig.4 An Arrheninus plots for hornblende, biotite and
K-feldspar from the Bark Lake diorite ( Berger et al.,1981)
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Fig.5 An Arrheninus plots for bytownite from an Alpine
granitoid ( Cassata and Renne, 2013)
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