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Zircon U-Pb Ages and Oxygen Isotope Compositions for Granite at Xinkailing
in the Beihuaiyang Zone and Their Significance
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Abstract: SHRIMP zircon U-Pb dating and oxygen isotope analysis were carried out for granites at Xinkailing in the

Beihuaiyang zone. In cathodoluminescence (CL) images. most zircons in one granite sample exhibit primary oscillatory zon-

ing, which is typical for magmatic zircon, but some grains have internal structure altered by hydrothermal fluid; whereas the

oscillatory zonations of most zircons in the other granite have been significantly disturbed, reflecting much stronger modifica-

tion by hydrothermal alteration. The zircon U-Pb dating for the oscillatory zoned and hydrothermally altered domains yields

two groups of weighted mean *°Pb/#*U ages at (8204-4)Ma and (780=+4)Ma, respectively, which are interpreted as tim-

ing of granite emplacement and hydrothermal alteration. According to the obtained ages, the formation and later supersolidus

hydrothermal alteration of the Xinkailing granite correspond to the two stages of bimodal magmatism with ages of ca. 830 to

795 Ma and ca. 780 to 745 Ma, respectively, for pre-rift and syn-rift during the breakup of the supercontinent Rodinia. They
have very low 8" O values, with 1. 90%, to 5. 78% for zircon, —2. 88% to —7. 67%, for quartz, and —4. 01%, to —11. 40%,
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for plagioclase. Zircon and other minerals display obvious O isotope disequilibrium, while the other minerals approached O
isotope re-equilibration at different temperatures during the hydrothermal alteration. Zircons with a more strongly altered in-
ternal structure have lower relative §'®O values. Therefore, the high-T hydrothermal alteration at Xinkailing may have oc-
curred under supersolidus conditions, which not only completely reset the O isotope composition of quartz, but also partly
modified the O isotope composition of zircon, The low §'® O values of zircon in some samples may be partly acquired from the low
5" O hydrothermal fluid. The anomalously low §" O values of —2. 88%, to —7. 67%, for quartz indicate that the hydrothermal fluid
may be derived from the meteoric water of a cold paleoclimate. Therefore, the formation of low 8" O granite during the mid-Neo-
proterozoic at Xinkailing is correlated with rifting magmatism and the snowball earth event.

Key words: Xinkailing; zircon; O isotope; U-Pb age; hydrothermal alteration; rift tectonics.
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Fig. 1 Sketch geological map of the Beihuaiyang zone
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Fig. 2 Geological map and sample locations of Xinkailing
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Fig. 3 Typical CL images of zircons with ?* Pb/** U ages for granite samples 03BHY15 and 03BHY16 at Xinkailing in the

Beihuaiyang zone
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2
Table 1 O isotope composition and temperature of mineral couple for grantites at Xinkailing in the Beihuaiyang zone
3O/ %o ABO/%,  T/C 310/ %o ABO/%,  T/C
01 —5. 64 10 —14.98 - 8. 43 565
01 —7.08 — 1. 44 655 10 2. 40
01 —7.94 - 2.3 330 11 —4. 31
01 4. 04 11 —6. 05 - 1. 74 555
01 —2.88 11 —6.11 — 1. 80 440
01 —4. 94 — 2. 06 470 11 —11.02 — 6. 71 680
01 —5.24 - 2. 36 320 11 3. 64
01 —5.97 - 3.09 750 12 —9.94 - 1. 29 715
01 3.31 12 —14. 50 - 5. 85 755
03 —4.01 12 2.69
03 —4. 22 13 —12.78
03 —11.68 13 —12.04 - —0.74
03 3. 86 14 —6.88
04 —4. 48 14 —8. 60 - 1.72 560
04 —6.12 - 1. 64 585 14 —9.69 - 2.81 255
04 —6.91 - 2.43 310 14 —12.94 - 6. 06 735
04 —8.52 — 4. 04 560 14 4.17
04 —8.57 - 4. 09 375 15 —4. 85
04 —10. 00 - 5.52 785 15 —5. 56 - 0.71
04 3.56 15 —6. 87 — 2.02 385
05 —10. 34 15 —9.88 - 5. 03 455
05 —11. 20 15 5. 78
05 —15. 60 16 —4. 20
05 3.25 16 —5.88 — 1. 68 570
06 —9. 30 16 —6. 14 - 1. 94 405
06 —8.23 16 —8. 60 - 4. 40 515
06 —14. 89 16 —7.36 - 3.16 495
06 3.52 16 —9.79 — 5. 59 780
07 —12.43 16 1. 90
07 —9.39 - —3.04 435 17 —5.27
07 —10. 23 — —2.2 655 17 —5.82 - 0. 55
07 —15.33 — 2.90 780 17 —6. 86 — 1.59 500
07 3.43 17 —14.11 - 8. 84 540
08 —11. 40 17 3. 57
08 —11.57 18 —7.67
08 —18.03 18 —9. 60 — 1.93 500
08 3. 64 18 —9.98 - 2.31 330
09 —9.28 18 —11. 44 - 3.77
09 —9. 60 18 3.39
09 —17.35 19 —4.42
09 3.81 19 —6.09 - 1. 67 575
10 —6.55 19 —6.82 - 2.40 315
10 —6.57 — 0.02 19 —8.70 — 4.28 575
10 —7.83 — 1. 28 610 19 —9.05 — 4. 63 560
10 —11. 87 - 5.32 430 19 3.02
01—19 03BHY01—03BHY19.
N N N 4. 3000’\“8. 5%0 (Zheng et al. , 2004).
2. 80 03BHY15 "0 5. 78%,

1. 90000’\’5. 78000 D

5. 3%, 0. 3%, (Valley et al. » 1998).

"0
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Fig. 4 Concordia diagrams of zircon U-Pb ages for granite samples 03BHY15 and 03BHY16 at Xinkailing in the

Beihuaiyang zone
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Rodinia 2004; Kempe et al. , 2004; Hoskin et al. , 2005;
, Rayner et al. , 2005).
830~795 Ma 780~745 Ma (SIMS)
2 / U-Pb ,
s 03BHY15 03BHY16
(Lietal., 2003). )
830~795 Ma /
, 720~
780 Ma 750~780 Ma 03BHY15 3
- (1.1.4.1 6.1 (779%6)Ma
.03BHY16 6
600~ 800 Ma (Ames et al. , 1996; 208 Ph/#8 U
Rowley et al. , 1997; Hacker et al. , 1998, 2000; (781+5)Ma(MSWD=1. 17).
Ayers et al. , 2002; Grimmer et al. s 2003; Zheng 206 phL /28U
etal., 2003a, 2004), 700~800 Ma, MSWD(0. 42) ,
(750%20)Ma(Zheng et al. , 2003a); )
820 Ma , 750 Ma (Vavra et al. , 1996).
) 820 Ma ,
U-Pb )
830~795 Ma ,
750~780 Ma . (780£4)Ma.
, 830~795 Ma 40 Ma,
s 830~795 Ma .
750~780 Ma 780~ 1745 Ma
(Zheng et al. , 2004)
) (Taylor,
1977, 1986; Taylor and Sheppard, 1986),
830~795 Ma 780 Ma
4.2 s
. (Je- )
mielita et al. , 1990; Robb et al. , 1992) S"®O (Zheng et al. , 2004). ,
(Nevle et al. , 1994; Blatt-
ner et al. , 1997) , 03BHY16
, (2% Ph/25 U
(Jemielita et al. , (7224+100)Ma (732+11)Ma),
1990; Robb et al. , 1992), 780 Ma
(Nevle et al. , 1994; Brandriss et al. , ,
1995). ) 4.3
(Geisler et al. , 2003; ., (2, 4.,5,6) ,
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