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Abstract Two amphibole samples from the garnet-amphibolite and amphibolite were dated by the ** Ar/* Ar laser stepwise heating,.
The amphibole from the garnet-amphibolite 09NQ44 Amp yielded a monotonic declining staircase-shaped age spectrum( by excluding
non-radiogenic * Ar with ** Ar/* Ar ratio of 295. 5 of the modern atmosphere) marked by anomalously old apparent ages( to 6. 0Ga) at
low temperature steps. The data points shows two linear arrays on the inverse isochron diagram. The data of steps 2 ~4 define an
isochron with an age of 427. 6 + 10Ma and initial “° Ar/*® Ar ratio of 435.2 6. 1. Those of steps 5 ~ 18 construct another isochron with
an age of 425. 1 +2.6Ma and initial *Ar/* Ar ratio of 705.3 = 13. The amphibole from amphibolite( 09NQ43Amp) yielded similar
declining staircase-shaped age spectrum and isochron plot. Data points of steps 3 ~6 and 7 ~ 16 define two isochrons. The isochron of
steps 3 ~6 corresponds to an age of 418.9 +2.9Ma and initial “ Ar/ Ar ratio of 493.7 +2.8 while the other one of steps 7 ~ 16
yields concordant isochron age of 418. 1 +2. 1Ma but with higher initial ** Ar/ Ar ratio of 685. 8 +34. 3. These initial ** Ar/™ Ar ratios
are much higher than that of the modern atmosphere indicating the existence of excess *Ar in the amphibole samples. The obviously
different initial ratios of the two isochrons of each amphibole sample reveal two argon reservoirs trapped inside and concordant isochron
ages probably indicate rapid exhumation happened to the Xitieshan eclogites at 425Ma and 418Ma.

Key words “ Ar/¥ Ar method; Trapped argon; Amphibole; Laser stepwise heating; Isochron diagram
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Fig. 1 Geological sketch map of the northern Qaidam HP/UHP metamorphic belt( a) and samples localities and distribution of
eclogites in the Xitieshan terrane( b) ( modified after Zhang et al.  2005)
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Fig.2  Microtextures of amphibolite( 09NQ43) and garnet-amphibolite( 099NQ44) in the Xitieshan area north Qaidam orogenic belt
western China( BSE imagines)
( a) -strong chloritization biotite in amphibolite ~symplectite composed by amphibole + plagioclase; ( b) -dioblastic garnet in garnet-amphibolite with

amphibole and apatite inclusions and surrounded by plagioclase crack filled by amphibole and symplectite. Matrix is mainly amphibole
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Fig.3 Plots based on the * Ar/* Ar data of the amphibole 09NQ44 Amp from garnet-amphibolite by laser stepwise heating

a) : The age spectra. Line Q) line (2) and line ) are obtained by excluding non—radiogenic “* Ar with 295.5 435. 2and 705.3 respectively. Line
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Table 1 Amphibole * Ar/* Ar dating results
(W) O Ay, 3 Arg, 3 Arg, 3 Arg 4007 Age(Ma+2g)  “Ar" (%) PArg(%) K/Ca +2¢
09NQ43 Amp J =0.004977
0.13 0.081 0.010 0.016 0.006  44.060  5142.6+78.7 45.7 0.02 0. 266 +7. 566
0.20 0. 163 0. 263 0.034 0.098  98.588  2297.1+13.8 51.1 0.25 0.159 +0. 149
0.24 0. 067 1. 387 0.016 0.219 44.233 803.9 +6.3 55.7 0.56 0.068 £0.013
0.30 0. 058 1. 633 0.017 0. 402 48.924 601.7 £11.8 65.2 1.03 0.106 £0.019
0.35 0. 061 3.059 0. 024 0.807  72.107 522.1£1.9 75.3 2.07 0.113 £0.023
0.39 0. 048 6. 650 0. 029 1. 387 95.311 464.5 4.0 85.6 3.56 0.089 £0.016
0.42 0. 042 14. 207 0. 040 2. 085 134. 179 465.6 +3.4 91.5 5.34 0.063 £0.017
0. 45 0. 040 15.577 0. 056 3.187 190. 179 447.4 +1. 4 94. 4 8.18 0.088 £0.017
0.48 0. 035 17.857  0.056 3.174  187.483  446.5+2.1 95.1 8.14 0.076 +0.014
0.52 0.028 15. 488 0. 056 3.244 186. 900 441.0+1.4 96.2 8.32 0.09 +0.016
0.56 0.018 12. 529 0. 044 2.538 141. 835 432.1+1.4 97.0 6.51 0.087 £0.016
0.60 0.028 16.705  0.049 2.811  163.610  443.1+1.6 95.7 7.21 0.072 +0.016
0.65 0. 021 15.752  0.051 2.934  165.036  434.9:1.4 97.0 7.53 0.08 +0.015
0.70 0.023 15. 466 0. 054 3.133 176. 662 435.3 1.5 96.9 8.04 0. 087 £0. 022
0.75 0.015 12. 394 0. 050 2.988 163. 036 426.3 +1.8 97.9 7.67 0.103 £0. 028
0.85 0.018 16.287  0.048 2.797  155.201 431.4+1.7 97.5 7.17 0.074 +0.014
1.00 0.013 10. 050 0. 037 2.201 112. 909 401.7 1.8 97. 4 5.65 0.094 £0.018
1.30 0.016 13. 421 0. 050 3. 095 157. 467 400.0 1.8 97.7 7.94 0.099 £0.017
1. 60 0. 005 7. 668 0. 028 1. 879 86. 602 369.5+1.0 98. 8 4.82 0.105 £0.018
09NQ44 Amp J = 0. 00494991
0.13 0. 100 0. 566 0.019 0. 002 36. 303 5974.3 +464.2 19.0 0.01 0.001 £0. 001
0.20 0. 151 0. 661 0. 036 0. 065 69. 154 1915.4 +40.4 35.5 0.39 0. 042 £0. 047
0.24 0.070 0. 672 0. 021 0. 128 37.121 897.4 £20.2 44.7 0.78 0.082 £0.093
0.30 0. 067 3. 669 0.023 0.456  53.087  564.8+12.3 63.4 2.78 0.053 +0.011
0.35 0.034 6. 883 0. 021 0. 825 66. 852 535.0+£2.4 85.6 5.02 0.051 £0. 009
0.39 0. 031 10. 231 0. 022 1. 097 77. 629 493.7 +4.9 89.3 6. 68 0. 046 £0. 008
0.42 0. 025 10.143  0.020 1.062  72.743 487.1£6.0 90. 8 6.46 0. 045 +0. 008
0.45 0. 024 13. 612 0.022 1.272 82.730 474.4 2.1 92.7 7.73 0.04 +0. 007
0.48 0.021 12. 641 0. 021 1. 260 79. 662 466.2 +4.2 93.6 7. 66 0. 043 £0. 007
0.52 0. 023 13. 125 0. 022 1. 303 84. 025 472.8 +1.8 93.2 7.92 0. 042 +£0. 007
0.56 0.017 11.360  0.019 1.173  72.454 459.8 £2.0 94.3 7.14 0. 044 0. 008
0. 60 0.014 10. 134 0.016 1. 003 61.222 454.9 2.2 94.3 6. 10 0.042 +£0. 007
0. 65 0.018 11.517 0.019 1. 166 72. 285 460.1 +2.5 94.0 7.09 0. 043 £0. 007
0.70 0.011 8. 841 0.016 0. 964 57. 649 451.1 +2.4 95.3 5.86 0. 047 £0. 008
0.75 0. 006 6.511 0.012 0.721 41.187 440.1 +4.4 97.1 4.39 0. 047 +0. 009
0.85 0.013 8. 685 0.015 0. 872 53.778 457.9 +4.6 94.0 5.30 0. 043 £0. 007
1.00 0. 009 8. 681 0.013 0. 830 48. 644 444.9 +4.3 95.7 5.05 0. 041 £0. 007
1.30 0.014 13.398  0.023 1.409  81.888 443.2£3.2 96.2 8.58 0. 045 0. 008
1.60 0. 008 6.256 0.012 0.830  40.852 378.3+1.5 95.3 5.06 0.057 +0.010
(v)
5143Ma
370Ma( 1) . 3~6 7~
16 4
418.9 +2.9Ma( MSWD =0.9 * Ar T%) 418.1 Heizler and Harrison( 1988)
2.7Ma( MSWD =2.0 *Ar 74%) 0
N N Ar/”" Ar
493.7 2.8  685.8 £34.3(  4h)
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Fig.4 Plots based on the * Ar/* Ar data of the amphibole 09NQ43 Amp from amphibolite by laser stepwise heating

(a): The age spectra. Line @ line @ and line 3 are obtained by excluding non-radiogenic “* Ar with 295.5 493. 7and 685. 8 respectively. Line @
2e sp y 2 2 p )

shows the excess “* Ar distributions. ( b) : The inverse isochron plot two linear arrays are evident and defined by heating steps 3-6 and 746  respectively

( 32 @DO. 4a @),
05
( 3. @ @, 42 @ O
425Ma
418Ma o
09NQ44 Amp
AR Arg) ( 1 )
O Ar(*Ary)
A, YA ( “ Ar, O Ar, +
“Ar,) 98. 7% 3.0%( 3a @ ) o
09NQ43 Amp 3
“ Ar, 98. 4% 2.3%( 4a
@ ) o O Ar
O Ar/¥ Ar
o O Ar/* Ar
OAr/P Ar
( 3b. 4b) ?

( Hanes et al.

1985; Heizler and
Harrison 1988)

40 Ar
OAr/*® Ar

09NQ43 Amp

40
Ar

40
Ar

0 AL/ Ay
O Ar/* Ar
O Ar/* Ar
: 09NQ44 Amp 1
3
K/Ca
( \ )
.
425Ma
418Ma



WEEF: BREPHRLBEERTRARA ARG A/ Ar FRFRE

(1) O Ar/¥ Ar

OAr/¥ Ar .
(3) 425Ma
418Ma

v A/ Ar

425Ma  418Ma

( 1SK /3523 /PhD)
( 06CDP002) :

Roel van Elsas Onno Postma

Arie Bikker ~ Wim van der Plas

References

Chen DG Deloule E  Cheng H et al. 2004. Multidsotopic system
geochronology of low temperature eclogite from Huangzhen southern

47(110) : 931 -942

Chen DL. 2007. Petrology geochemistry and geochronology of the North
Qaidam ultra-high pressure terrane  NW China. Ph. D.
Dissertation. Xi” an: Northwest University 128 —130( in Chinese)

Giorgis D Cosca M and Li SG. 2000. Distribution and significance of
extraneous argon in UHP eclogite( Sulu terrain  China) : Insight from
in situ **Ar/* Ar UVaser ablation analysis. Earth and Planetary
Science Letters 181(4) : 605 —615

Hacker BR and Wang QC. 1995. Ar/Ar geochronology of ultrahigh—

14(4): 9%

Dabie Terrain. Science in China( Series D)

pressure metamorphism in central China. Tectonics
- 1006

Hacker BR  Ratschbacher L Webb L et al. 2000. Exhumation of
ultrahigh—pressure continental crust in east central China: Late
TriassicEarly Jurassic tectonic unroofing. J. Geophys. Res. 105
(B6) : 13339 - 13364

Hacker BR  Calvert A Zhang RY et al. 2003. Ultrarapid exhumation of
ultrahigh—-pressure diamond-bearing metasedimentary rocks of the
Kokchetav Massif Kazakhstan? Lithos 70(3 -4): 61 =75

Hanes JA  York D and Hall CM. 1985. An “*Ar/* Ar geochronological
and electron microprobe investigation of an Archean pyroxenite and
its bearing on ancient atmospheric compositions. Canadian Journal of
Earth Sciences 22(7): 947 -958

Heizler MT and Harrison TM. 1988. Multiple trapped argon isotope

3037

components revealed by ** Ar/* Ar isochron analysis. Geochimica et
Cosmochimica Acta 52(5): 1295 - 1303

Koppers AAP. 2002. ArArCALC-software for *° Ar/* Ar age calculations.
Computers & Geosciences 28(5) : 605 -619

Kuiper YD. 2002. The interpretation of inverse isochron diagrams in
0 Ar/* Ar geochronology. Earth and Planetary Science Letters 203
(1): 499 -506

Li SG Wang SS Chen YZ et al. 1994. Excess argon in phengite from
eclogite: Evidence from dating of eclogite minerals by Sm-Nd Rb-Sr
and **Ar/* Ar methods. Chemical Geology 112(3 —4): 343 -350

Merrihue C and Tumer G. 1966. Potassium-argon dating by activation
with fast neutrons. J. Geophys. Res. 71(11): 2852 -2857

Meng FC Zhang JX Yang JS et al. 2003. Geochemical characteristics of

North Qaidam of northwestern China.

435 — 442 ( in Chinese and with

eclogites in Xitieshan area
Acta Petrologica Sinica 19(3):
English abstract)

Onstott TC  Sisson VB and Turner DL. 1989. Initial argon in amphiboles
from the Chugach Mountains southern Alaska. J. Geophys. Res.
94( B4) : 4361 -4372

Qiu HN and Wijbrans JR. 2006. Paleozoic ages and excess *’Ar in
garnets from the Bixiling eclogite in Dabieshan China: New insights
from “°Ar/* Ar dating by stepwise crushing. Geochimica et
Cosmochimica Acta 70(9) : 2354 —2370

Qiu HN and Wijbrans JR. 2008. The Paleozoic metamorphic history of
the Central Orogenic Belt of China from “ Ar/* Ar geochronology of
eclogite garnet fluid inclusions. Earth and Planetary Science Letters
268(3 -4): 501 -514

Roddick JC Cliff RA and Rex DC. 1980. The evolution of excess argon
in alpine biotites: A “* Ar2° Ar analysis. Earth and Planetary Science
Letters 48( 1) : 185 —208

Scaillet S Feraud G Ballevre M ez al. 1992. Mg/Fe and (Mg Fe) Si-
Al, compositional control on argon behaviour in high-pressure white
micas: A **Ar/* Ar continuous laser-probe study from the Dora—
Maira nappe of the internal western Alps Italy. Geochimica et
Cosmochimica Acta 56(7) : 2851 -2872

Sherlock S and Kelley S. 2002. Excess argon evolution in HP-LT rocks:
A UVLAMP study of phengite and K4ree minerals NW Turkey.
Chemical Geology 182(2 -4): 619 —636

Song SG  Yang JS Liou JG et al. 2003. Petrology geochemistry and
isotopic ages of eclogites from the Dulan UHPM Terrane the North
Qaidam NW China. Lithos 70(3 -4): 195 -211

Song SG  Zhang C Li XH et al. 2011. HP/UHP metamorphic time of
eclogite in the Xitieshan terrane North Qaidam UHPM betl NW
China. Acta Petrologica Sinica 27(4): 1191 - 1197 ( in Chinese
and with English abstract)

Wijbrans JR  Pringle MS  Koppers AAP et al. 1995.
geochronology of small samples using the Vulkaan argon laserprobe.

Argon

Amsterdam: Proceedings Koninklijke Nederlandse Akademie van
Wetenschappen 98(2): 185 -218

Xu ZQ Yang JS Wu CL et al. 2006. Timing and mechanism of
formation and exhumation of the northern Qaidam ultrahigh—pressure
metamorphic belt. Journal of Asian Earth Sciences 28(2 -3): 160
-173

Yang JS Xu ZQ Song SG et al. 2001. Discovery of coesite in the North
Qaidam Early Palaeozoic ultrahigh pressure( UHP) metamorphic belt
NW China. Comptes Rendus de 1’ Academie des Sciences-Series
ITA—Earth and Planetary Science 333( 11): 719 -724

Yang JS Wu CL Zhang JX et al. 2006. Protolith of eclogites in the
north Qaidam and Altun UHP terrane  NW China: Earlier oceanic
crust? Journal of Asian Earth Sciences 28(2 -3): 185 -204

Zhang C Zhang LF van Roermund H et al. 2011. Petrology and
SHRIMP U-Pb dating of Xitieshan eclogite North Qaidam UHP
metamorphic belt NW China. Journal of Asian Earth Sciences 42
(4): 752 -767

Zhang C  van Roermund H Zhang LF et al. 2012. A polyphase
metamorphic evolution for the Xitieshan paragneiss of the north
Qaidam UHP metamorphic belt  western China: In-situ EMP
monazite—and U-Pb zircon SHRIMP dating. Lithos 136 —139: 27



3038

—-45

Zhang JX Yang JS Mattinson CG et al. 2005. Two contrasting eclogite
cooling histories North Qaidam HP/UHP terrane western China:
Petrological and isotopic constraints. Lithos 84(1-2): 51 =76

Zhang JX Yang JS Meng FC et al. 2006. U-Pb isotopic studies of
eclogites and their host gneisses in the Xitieshan area of the North
Qaidam mountains  western China: New evidence for an early
Paleozoic HP-UHP metamorphic belt. Journal of Asian FEarth
Sciences 28(2 -3): 143 - 150

Zhang JX  Mattinson CG  Meng FC e al. 2008. Polyphase
tectonothermal history recorded in granulitized gneisses from the north
Qaidam HP/UHP metamorphic terrane western China: Evidence
from zircon U-Pb geochronology. Geological Society of America
Bulletin  120(5 -6) : 732 -749

Zhang JX Mattinson CG  Meng FC et al. 2009. U-Pb geochronology of

Acta Petrologica Sinica % &54% 2013 29(9)

paragneisses and metabasite in the Xitieshan area mnorth Qaidam
Mountains western China: Constraints on the exhumation of HP/
UHP metamorphic rocks. Journal of Asian Earth Sciences 35(3 -
4) 1 245 -258

. 2007. .
128 - 130
. 2003.
19(3) 1 435 —442
. 2011.
27(4): 1191 - 1197



