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Distributions and Geodynamic Implications of High Field Strength
Elements in Rutile from Ultrahigh Pressure Eclogites
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Abstract: Trace element compositions of rutiles in eclogites from the Chinese Continental Scientific Drilling (CCSD) main
hole were analyzed using LA-ICP-MS. The results indicate that Nb and Ta contents of rutiles are significantly controlled by
whole rock compositions, while Zr and Hf show no obvious dependence on the whole rock compositions. Coupled with en-
richments of Pb and Sr at the rim of the interstitial rutiles, Zr contents decrease from the core to the rim. Nb/Ta ratios of
rutiles are much higher than those of the parent eclogites. Moreover, Nb/Ta ratios of rutile show no correlation with Nb and
Ta concentrations and Nb/Ta ratios of the parent eclogites, while Nb/Ta ratios of eclogites correlate negatively with the
TiO, contents. These observations suggest that rutiles were metamorphic products of the Triassic ultrahigh pressure (UHP)
metamorphism, rather than formed by crystallization in equilibrium with melt. The partially decoupling between rutiles and
parent eclogites in terms of Nb/Ta ratios implies that although rutiles are the dominant carriers of Nb and Ta in eclogites,
they might not completely reflect the Nb/Ta ratios of the parent eclogites, especially for low-Ti eclogites (TiO,<C 0. 5%).

Nb/Ta ratios of rutiles are dominated by the combination of Nb, Ta and TiO, contents of the parent eclogites. The positive
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correlations between temperatures recorded by Zr contents and the size of rutile indicate that Zr in rutile was not immediately

closed after rutile formation. On the other hand, the enrichments of Pb and Sr at the rim of the interstitial rutiles suggest in-

fluence of subsequent fluids on the compositions of rutiles, which could have affected Zr of the rutiles as well. This study

provides the evidence for the Zr diffusion at a high temperature and fluid activity that could have contributed to the lower

temperatures (598—3827 ‘C) recorded by Zr-in-rutile for the eclogites from the Dabie-Sulu UHP terrane.

Key words; CCSD-MH; eclogite; rutile; trace element; Nb/Ta ratio.

( ) ( )
, Nb,Ta.Zr
(Zack et al. , 2002).
Nb  Ta(Dyy1.>>1), Nb Ta
(D1, > Dny,) (Green and Pearson, 1987;
Brenan et al. , 1994; Stalder et al. , 1998; Foley et
al. , 2000, 2002; Green, 2000; Horng and Hess.,
2000; Schmidt ez al. s 2004; Klemme ez al. , 2005;
Xiong et al. , 2005). ,
Nb, Ta Nb/Ta
N (Bro-
phy and Marsh, 1986; Tatsumi and Nakamura,
19863 Morris et al. , 1990; Ringwood, 1990; Ul-
mer and Trommsdorff, 1995; Stalder ez al. , 1998;

Hf

Rudnick et al., 2000; Audetat and Keppler,
2005). ) Nb Cr
(Zack et al.,
2002 , 2005; , 2005;
., 2006a; ., 2006), Zr

(Zack et al. , 2004; Watson et al. , 2006)

( , 2005; s
2006; Spear et al. , 2006; , 20063

, 2006b; Miller et al., 2007). Rudnick ez al.

(2000) Nb,Ta Nb/Ta
Nb/Ta . Xiao et
al. (2006) —
,Nb Ta
Nb/Ta
Nb/Ta
(  Nb,Ta) ,

Nb/Ta
(CCSD-MH)
17 km ,
. CCSD-MH
( , 2004; .
2004) ,
(2005)
. (2005) .
(2005) . (2006)
(2006) —
’ Zl‘

(608~787 C)

(Wang er al. , 1993; Zhang
etal., 1994, 1995; Zhang et al. , 1996; Banno et
al., 2000; Yao et al., 2000),

Zr

) Zr

U-Pb —
(220 ~ 245 Ma;
Hacker et al. , 1998; Ayers et al. , 2002; Wan et
al. , 2005; , 2005; Liu et al., 2006b;
Zhao et al. , 2007). N
Sm-Nd



4 : 489

(226.343.2 Ma; Lietal., 2000), al., 2003)
U-Pb (218+1.2 Ma; Liet (<220 Ma; Zhao et al. , 2006; Liu et al. , 2008).
1 CCSD-MH N

Table 1 Major and trace element contents of the CCSD-MH eclogites

SD001 SD004 SD006 SD009 SDo14 SD017 SD018 SDO19 SD022 SD033

SiO; 57. 47 51. 66 51.59 45. 08 46. 55 44. 33 38. 69 48. 47 49. 39 47.02
TiO, 1. 46 1.52 2.37 4.08 2.75 2.85 4.52 0. 39 1.07 0.73
Al O3 15. 06 13.05 14. 49 15. 21 15. 36 13. 96 11. 98 13.23 14. 68 17. 14
TFe; O3 11. 25 13. 05 14. 46 16. 54 16. 48 15. 34 24,47 10. 99 12. 33 11. 16
MnO 0. 34 0.19 0.28 0. 24 0.23 0.23 0. 26 0.16 0. 17 0.17
MgO 1. 96 5.76 4.12 7.37 5.29 7.15 7.30 12. 42 7.88 9. 50
CaO 5. 14 10. 10 7.74 9.03 9. 36 12. 05 11. 11 9. 85 10. 99 9. 67
Na; O 5.73 3. 95 3.12 2.21 3.63 2. 96 1.28 3.76 2.98 2.42
KO 0. 65 0. 04 0. 86 0. 05 0.03 0.01 0.01 0.03 0. 06 1. 32
P> 05 0. 46 0. 30 0.70 0.22 0. 26 0.63 0.02 0.02 0.09 0.17
LOI 0.41 0. 33 0.19 0. 04 0. 33 0. 33 0.79
Total 99.93 99. 95 99. 92 100. 00 99.93 99. 54 99. 64 99. 65 99. 97 100. 09
\% 31. 00 352. 00 235. 00 325. 00 429. 00 323.00 900. 00 111. 00 370. 00 267. 00
Cr 2.40 21. 30 4. 18 39. 30 22.50 203. 00 29. 40 550. 00 161. 00 376. 00
Co 119. 00 165. 00 102. 00 200. 00 141. 00 139. 00 155. 00 148. 00 193. 00 126. 00
Ni 0. 88 24.50 5. 61 15. 90 18. 20 44. 50 71. 10 372.00 68. 50 168. 00
Cu 3.93 89. 90 11. 50 8.02 33. 50 18. 90 89. 10 25. 80 68. 70 47.00
Zn 169. 00 101. 00 139. 00 88. 40 112. 00 90. 90 128. 00 47.00 80. 10 79. 20
Ga 23.10 19. 30 20. 80 17. 80 19. 20 17. 40 20. 00 14. 00 18. 20 16. 20
Rb 14. 80 0.93 18. 20 1.52 0. 60 0. 15 0. 14 0.61 1. 77 29. 40
Sr 200. 00 100. 00 194. 00 108. 00 162. 00 268. 00 116. 00 190. 00 86. 10 246. 00
Y 63. 40 38. 30 61. 00 14. 40 43. 20 24. 00 12. 40 41. 20 28.50 25. 20
Zr 295. 00 70.70 137.00 10. 10 73. 80 26.70 10. 00 90. 70 56. 50 39. 00
Nb 9.91 4. 91 6. 65 0. 87 6. 14 1. 85 0.43 3.11 2.40 1. 90
Cs 0.61 0.02 0. 55 0.02 0. 05 0.01 0.02 0.09 0. 15 1. 06
Ba 147. 00 108. 00 349. 00 9.70 18. 20 15. 90 31. 30 55. 00 76. 00 565. 00
La 18. 10 29. 30 24. 90 2.17 12. 30 4. 87 0.78 3.01 2. 89 17. 50
Ce 48. 70 82.10 68. 50 5.52 29. 60 13. 30 2.23 10. 60 8.63 39. 40
Pr 6. 29 10. 30 8.91 0.76 3.49 2.00 0. 35 1.53 1.29 4.31
Nd 31.10 44. 80 42. 80 4. 10 16. 60 10. 70 2.28 7.77 7.20 18. 30
Sm 7.74 8. 49 10. 20 1. 27 4. 29 3.09 1.16 2.43 2.91 3.42
Eu 3.25 2.40 3.79 0. 67 1.53 1.31 0.71 0. 67 0. 97 1.03
Gd 7.77 6. 25 9.53 1. 84 5. 40 3. 54 1. 61 3. 05 3.82 3. 14
Tb 1. 44 1.00 1.61 0. 38 0. 98 0.62 0.31 0.67 0. 69 0.52
Dy 10. 40 6. 75 10. 70 2.71 7.03 4. 33 2.15 5.37 4.73 3.95
Ho 2.29 1. 42 2.14 0.51 1. 45 0. 89 0.43 1.31 1. 00 0. 89
Er 5.78 3.40 5. 06 1.13 3.39 1. 98 1.03 3.42 2.38 2.33
Tm 0. 90 0. 55 0. 74 0.16 0.53 0.29 0. 16 0. 58 0. 38 0.38
Yb 6. 27 3.62 4. 83 1.09 3. 50 1.79 1. 00 4. 40 2. 66 2. 86
Lu 0.91 0. 50 0. 67 0.12 0. 46 0.24 0.12 0. 58 0. 36 0. 40
Hf 5. 74 1. 54 2.54 0. 33 1.72 0. 63 0.37 2.25 1. 46 0.92
Ta 0. 59 0. 35 0. 45 0. 24 0. 35 0.21 0.13 0. 32 0. 31 0.18
Pb 2.59 1. 94 3.50 0.79 2.46 1. 43 2.25 6.72 3.71 2.15
Th 1.07 1. 80 2.53 0.13 1. 43 0. 25 0. 14 0.21 0.22 2.05
U 0.37 0. 47 0.51 0. 06 0.61 0.06 0. 05 0.12 0.23 0.19
Nb/Ta 16. 70 13. 90 14.70 3.70 17. 60 8.71 3. 36 9. 86 7.70 10. 50
Zr/Hf 51. 30 45. 90 53. 90 31. 20 42. 90 42.10 26. 80 40. 40 38.70 42. 50

%, pe/g.
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3 Zr
Table 3 Temperatures calculated by the Zr in rutile thermometer
CCSD-MH )
- m Zack et al. (2004) Watson et al. (2006)
SD001 109. 77 1 615 581
12 607 674 645 567 603 587
SD004 189. 63
15 604 665 639 565 597 583
SD006 237.00 2 613 615 614 580 581 581
13 620 666 634 574 598 581
SD009 317.70 1 611 578
17 622 679 654 575 605 592
SDO014 419. 10 2 619 633 626 583 591 587
12 624 659 643 575 594 585
SD017 546. 38 3 618 778 672 582 682 616
16 613 820 655 570 691 593
SD018 568. 10 1 728 648
12 751 783 771 647 667 659
SD019 610. 00 3 812 827 818 706 717 710
10 726 822 783 632 692 672
SD022 787. 20 2 603 606 604 574 576 575
11 624 656 638 576 586 583
1 065. 70 3 613 623 617 579 585 582
SD033
11 611 647 629 569 588 578
CCSD-MH ( 21.8)
Nb/Ta ,Nb/Ta
(17.61~3. 36) (17.542.0) C 9.
(Sun and McDonough, 1989) Nb/Ta .
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