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RERE: AXH AR TFREST T FEAEH SR TR IS ML WL LA AH ND.Cr Ml Zr &
B Zack % (2002) #2215 Nb-Cr [ 3 B M1 45 10 BR300 SE 4 TR 5 (B ) 26 TR0 4800 25 L6 O [) B4 3t BR A 2%
R B OO ARES AR AN MK MBS DS AH N A Cr 8B ABAR, 274 LA
BAFSLAAHND.Cr EBERB L/IESAAT XSO AMIEE P S LAAH Nb.Cr & BEAMF . SER B,
R EFLRE S B S LA LU Nb 4R E, R ENNE S VS R AR OB R A S RA B E S & O R
BESH Nb # Cr &8, K Nb M Cr MESHH720X 10 712X 107, B B EE LR L O G LT A1
A ARRES ANEMKET HEA SO0 EE Cr. A Zack % (200038 H S 4 A HFIEEH 185
HETARBEENSIAFRBRIREN T608~746 C . AXBEB AN LT A REN F629~680C. 4k EAS
AAMEBRBEN F629~704C . BRAEHETHEESNSARTEREE F600C, BNENSITANREE
H629C —Fh A REM B RER A EN RS R P BEREANE RAEEDBIL.EBLLCAFR I #HEL .4

AAF Zr S BEAFREMZ T fHINEHR
Kigia .

SUARMBEETERLT Y, YHEAEY S

ERBEN RS EEEEEREIAGT R,
A AR N XEM KR EIAT K, BN ES
aOVKRANES—EIEa67 BEARSOA
T4 ERRAEZRHKFEIR (Force, 199D . FEHK
Rl R TR EAMTFIIAEREGEEHFE L —E4
SUAAT X BRTHEBEELRMAEFHARR
HERHE A GFEREE,2004) 3 SERIIE 4 o R R A2
HREAARHEMAT YN EEER.GES
QOODOHET FABEFELTE T L. £k
AL (2005) 1T T A RS P &L AMEBETR I
HRUEFEERET B .4 A62 MNP ES"R
JLE Nb,.Ta M EEZ &R K ¥ ¥ (Rudnick et al.,
2000; Zack et al. ,2002) , R %4 4 3% B A A #ER
EROEEER(EZME, 2005 A XFHELD
A Nb.Cr S ERHAFNEESEWRE  FHE&EAA
Zr Hu R IR Bt (Zack et al. , 2000 HBE £ O EGEHIE
BIRE, FHRW T RERMEMHBRE&4A TSR
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FEAE R BOGE » BUE B A b B A B A AW AN A
FHRKANEE,

F FL 100 ~ 2000m W 14 2 7 4k B (8 & %,
2000), BTk MBEE 101 m. EH T ER S A A
WHEE T A AR .0 1L E g S P en
VEEELA RS . EHRBET MR IBEAK
BN EBTFRESWMER. &40 TIO, S8R
AL TF95. 73%~100. 18% , FHI{H98. 65% . &4 A
SHERS.HTEHARNESHBEERERNE. ¢4
AR NEA MY, KB TR ITLE R &
LB A ME SR RT —AEES R EBREFRIERAEE
AR BT Y .

2 FEMAE.SLARMARSH Y %
E LA B L3 TE AL B R A R

GCUAAESEMEEESTMEFEERXAEMA :OLA
N BRL B SR T A TFaMEEA ;O
RNAREHBR G AEARTAMEEGT PR
L, XMEXNELARERE WENEE;OR
W BRIE B i R R R R ERRE R TR
M EAAFEEEMERER. SAGHGEEEEA
REgT MBEAREH;ORBRERNESO A, 2 K
ROBHERIERRAEET AREAETE . HRF,
AN ARRERS, KE R G HREAE BT
FAAT LA UBEOHERNE, FOFME
@MIE R BE N L,

&A% CroNb F1 Zr M E T R R K H Zack
%5 (2002) Frig iy vk s B R 20k VL R S B R
X107"A, R EH 2 N5um ,Cr.Nb, Zr 43¢ & 14 43 31
A LIF \PETH.PETH, Cr., Nb. Zri} % A [8] (1&)

F1 RETNRAEFREHASIWTER
Table 1 Electron microprobe analyses of ilmenite and sphene (%)

g Na,O MgO | AlLO; SiO, TiO, FeO V,0s Ca0 MnO BE | TYEH

Yujj2-4-8 — 1.358 0.016 0. 052 50.72 50. 36 0.208 - - 102.714 | k&5

Yujj8-2-2 0.019 0. 01 0. 61 30.17 38.19 0. 403 0.135 27.71 — 97. 247 WA
Yujj12-1-1im1 0. 007 0. 652 0.022 0.035 50.15 | 47.619 | 0.063 0.01 — 98.558 | fkEEH
Yujj12-1-Tim2 0. 024 0.297 0.016 | 0.043 48.07 | 50.607 | 0.072 0.01 — 99.139 | k&9
Yujjl2-1-Tlm3 0.073 0.273 0.038 0.101 40.19 | 57.694 | 0.078 0.077 — 98.524 | $k&kw
Yujj12-2-Tim1 — 0.563 0.018 0.016 49.31 | 48.657 | 0.076 0.01 - 98.650 | gkgkm-
Yujjl2-2-1im2 — 0.53 0.017 0. 025 50.15 48.143 0.077 0.011 — 98. 953 ek
Yujjl2-2-Tlm5 0. 031 0.56 0.013 0.012 50.54 | 47.839 | 0.078 0.01 — 99.083 | %k&kw
Yujjl2-2-Tim8 0.013 0. 686 0.014 0. 022 50. 6 47.534 | 0.073 0.013 - 98.955 | 4k&kw
Yujjl2-2-Tlm9 0.01 0.731 0.01 0. 024 50.86 | 47.461 | 0.082 0. 009 = 99.187 | %k&kwm"
Yujjl2-2-Sphl1 0. 028 0.019 0. 697 29. 36 37. 86 0.578 0. 067 27.48 — 96. 089 wBa
Yujjl4-1-Sph5 - - 0. 654 29.52 37.72 0. 589 0.092 27.58 — 96. 155 w|a
Yujjl4-1-1Imé — 0. 343 0.011 0. 028 47. 62 50. 86 0.092 0.018 — 98.972 | kW
Yujjl4-2-Tim1 0. 009 0. 315 0. 042 0. 142 47.54 50. 89 0. 093 0.052 — 99.083 | K&
Yujjl4-2-Sph2 - — 0.788 29.77 38.11 0.725 0. 081 27.92 — 97. 394 wE
Yuijl4-2-Sph3 - - 0.858 29.58 37.59 0.708 0.076 27. 66 - 96. 472 WA
Yujjl4-2-Tim5 0.016 0. 41 0.115 0. 361 46.1 51. 89 0.079 0. 031 - 99.002 | fk&kw
Yujjl4-3-Tim1 0.032 0.373 0.019 0. 062 48.57 49. 69 0.092 0.013 — 98.851 | #k&w
Yujjl4-3-Sph2 0. 02 — 0. 654 29. 43 38.18 0.55 0. 095 27.79 — 96. 719 WA
Yujjl5-1-Tlm4 0. 049 0. 69 0. 045 0. 207 50. 81 47. 05 0. 081 0.018 — 98. 950 | 4k&w-
Yujj18-2-1lm2 0.018 0.738 0. 01 0. 015 52.53 46. 54 0. 07 - —= 99.921 | K&
Yujj18-2-1lm4 0. 024 0. 744 0.024 | 0.057 51.12 46. 55 0.077 0.012 — 98.608 | &kgw
Yujj18-3-Ilm2 0. 021 0. 968 0. 02 0. 068 51. 47 45. 44 0.068 0.014 — 98.069 | 4$kekw
Yujjl8-3-Tlm4 0.02 0. 946 0.032 0. 085 51.93 45. 94 0.071 0.01 = 99.034 | fké&k®
Yujil8-3-Iim5 0.013 0. 854 0.017 0.018 51.12 46. 34 0. 068 = - 98.430 | k&
Yujj18-3-Timé 0. 007 0. 901 0.012 0. 047 51.58 41. 31 0. 062 0.017 3.46 97.396 | k&
Yujj18—4-Iim2 0.038 1.071 0.017 0.034 51.28 45.22 0. 061 0.01 2.98 | 100.711 | #k&kw
Yujj18-4-Tlm4 0.019 0. 848 0.014 0.019 51. 02 44. 68 0. 068 — 0. 89 97.558 | 4k&kw"
Yujjl8-4-Tim? 0.028 0. 906 0.01 0. 025 51. 36 44. 94 0. 068 0.011 2.97 | 100.318 | gkékw-
Yujil8-4-Tlm9 0. 009 0.871 0.014 0. 029 53. 39 41.37 0. 036 0.01 3.34 99.069 | k%9
Yujj18-4-Itm11 0. 049 0.712 0.151 0. 389 53.03 43.37 0. 039 0.017 0.979 | 98.736 | 4kikp-
Yujjl8-5-Tlm2 — 0. 833 0.014 0.032 53.17 41. 91 0. 035 0.016 3.19 99.200 | k&
Yujj18-5-Ilm4 0. 007 0. 709 0.016 0. 038 53.78 43. 69 0. 027 0.016 0.72 99.003 | ké&w"
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4y Bl F3150s. 240s F1300s, Cr,Nb, Zr i1 %k B 8] (%
) Bk 755.120s F1150s,Cr . Nb 1 Zr BT E
M B R AE 5 B A Cr05 . KNbBO, . ZrSiO, . Zr [Nb F
Cr B FIREF 4 A7 R0 A A% FRAE A0 3 219 X 107°, 21
X107 FA36 X 107 °, L FHRE X LR TR A MKEE
Z310% R T R I 43 0T BORE BE AR 2, M B R HE 4 AT
B — T i B A A, AR
BE SO BT B S EE M AT CREE T 40K I B4R
AH7 TiO, & B A 4L F98. 22% ~98. 91% ,Cr & & 7AF
£ F1683X107°~1758 X 107°,Nb & & 25 {1k F 336
X107*~391X10"%,Zr S B F281X107°~318
X107, TSR T EERELE N, B4
A HERR T 52 .

3 s

KRR STT EALSHBEESPSLAHME
JLE Nb.Cr 1 Zr & &, B3 2904 &, H
B275R228P1al. 1 B298R244P1lc AL & R 43 #r
Nb & & ,B526R388Ple Bt fh B — N A KR 44 Nb,
B208R185P1c ¥ &% A 8/ /& . B298R244P1c #E S A 1

A4 .B187R167P1h £ & F 2/ & .B243R208P1v ##
i B 34 B . B183R162P2#E fi B 44 & R 43 #F Cr,
B526R388Ple ¥ fuF 1M B K447 Zr. & 581 Ait
B, ARKABESE Nb.Cr i Zr SEAR2, &
AMEER Nb.Cr 1 Zr MB TR S ER KT EWIE
BBREIAR EAAMEE N FBZAT63X
1075~832X107%,F#H{H251 X107, Cr BT/ T
55X 1075~814 X 107%, F {276 X 10™°%; H H G HE
HNb S EAT168X107 ~790 X 107, 4 {F
420X 107%,Cr S Bk T48X107°~438X107°, ¥
PI{E166 X 10~ A ANAE Nb & F119X107°
~357X107°%, F3{H221 X 10 °,Cr & 874 F109
X107°~636X107°%, F-1{EH299 X 107 % 4k &k 0 1 45
ENb B F210X107°~538X107°%, F ¥1E
262X107°%,Cr S B LT48X 107 5~472X107°,3F
BE2MX10S ERASZHO-BRES N &8
A5 AL F336 X107 6~1125 X 107%, FH{H 720X 107°,
Cr g B T369X107°~1033X107%, F-1{H 712
X107 (F2),

R2 AHBMEHRIABBAPESIRHND.Cr M Zr B (X109
Table 2 Nb, Cr and Zr contents (X 107%) of rutiles in eclogite from the main drill

hole of Chinese Continental Scientific Drilling Project

Nb Cr Zr
it BAE | RAME | PHME ) BKXE | BME | EHE | BRKkE | BNME | FHE
SUAWES 832 63 251 814 55 276 370 67 144
FERE 790 168 420 438 48 166 222 67 123
RBINE 357 119 221 636 109 299 148 67 110
KRG HES 538 210 262 472 48 204 267 74 123
BRAZHEATSEES 1125 336 720 1033 369 712 118 74 98

4 MEEREEE
BMESTEA4ACENMETLTESR Fe.Cr,
Nb.Zr % Nb 2 EE R ® PR ITER » Zack & (2002)
MREH . MEEFILFI00%H Nb EFFE£aOA
PSR T G WBRKT YRGEA. AR T AR
&aa RERELES G RENMNESEETEOA
FEHEODAEH C §ES542% Co/TIO A AFE
BN —8, e aa P Cr FEELS 2 AN
[B] (Zack et al, 2002), FiRINIHFEH SO A+ Nb,
Cr SRBAIUR M e AP X A TR, H it &
ZLAEF Cr Nb M Zr S ERBRIE RSB ES WA,
Zack % (2002) W7 F B4 ,Cr 71 Nb S BRI ARKX

PREENEE RERFCE OB RERERZREE
(B JAELR LUE H, B S iR SRR s T
BB RS BRA O B A X3 BRI O, 25
HeBBEsFEaa M REARRESX, 2
2 BEERK BAIAEE ARWRESRE
HEBARFMNbFACe 8.0 O ARES. A
WA ANEMKERT BIFEETEO 08 Nb
fCr SBAEME, AT EREEATEOLAN
Nb.Cr ZBERB ENEEOA AT KEOABE
HFELAK Nb.Cr FEEAMFAENMEETA
BNEE &4 a Nb & ERRK. B4k, XM E
LM A P &40 A LUK Nb B E OB E (T #9 R
EABEEREA.CEROZHA-ERESTE
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3 ARMFEEFETIAEEEPESAANH NL.Cr.Zr FE(XI0ORITHEE
Table 3 Nb, Cr and Zr contents (X 10" %) of rutiles in eclogites and calculated temperature ( C)
from the main drill hole of Chinese Continental Scientific Drilling Project
o FRHMUE i Nb Cr Zr ol
(m) BAME | B/AME | FHE | RAE | B/E | FYE | BAE | B/AME | FHE

B36R32P4f 164. 1 SOAEEE 224 84 156 438 239 349 126 67 93 |586|608
B56R54P2bA | 200.0 ARSI AEES 252 126 189 192 68 197 155 67 114 |613(635
B8OR76P1b | 236. 88 AEEES 301 168 209 192 55 100 148 96 115 |614(629
B87R82P2a 248. 2 BEALRSOTAEES 776 329 412 458 62 142 207 89 134 [635|672
B136R118P3e | 327.1 RBREZHHAZBLLOAWES| 217 189 210 342 137 226 141 81 111 609|622
B183R162P2 | 407.7 AEMES 790 350 634 151 48 74 222 74 140 [641]680
B187R167P1h | 413. 60 HRESAAEES 832 657 754 137 55 87 148 89 116 |615{629
B208R185P1c | 448.85 HEESOREES 154 77 120 151 55 85 229 67 114 [613]684
B243R208P1v | 501.7 |FHBESLA ARG HIES| 538 252 297 164 48 83 267 104 151 |651|704
B275R228P1al | 553. 33 FE SO AEES 452 68 142 370 215 294 |741|746
B298R244P1c | 591.90 Foid R PANA b 1362 62 265 126 59 97 [591|608
B368R291P1j | 709.9 BRAEEZEASSEES 1125 | 336 720 | 1033 | 369 712 118 74 98 |593(600
B384R302P1bL | 732.7 |BEEZHRAOASHELOTAEEE| 112 63 93 814 458 578 155 89 109 {607(635
B526R388P1le | 960. 35 FEANE 203 119 152 198 109 163 148 81 115 [614629
B598R428P1f |1082. 53 AEEEE 440 308 377 438 219 318 155 67 112 [611]635
B975R632P5a | 1870.8 | ZH A=K BIES 287 210 244 472 233 378 148 67 110 |608/629
B1003R638P57d| 1916. 70 FEMNE 357 203 252 636 260 373 148 67 107 |604|629
B1047R648P4e | 1987.90 | $-PHBRE A OB S 343 161 200 794 424 642 133 81 107 604615

&0 (C)=134. 7XIn(Zr FH9) —25;1,( C)=127. 8 XIn(Zr B H)—10,

AARBEFMNbAMCr 58, A NbMCr EHEH
RT20X 107 M712X 107, S HHEBEES T4
AAOeadaREs. ARES . AINEMERET
BT L&A ESE Cr. 8 1% (2005 A4
RNEQOKR . EHHAZEBMEATLLALKEK
BMFAERABEETSAARC.EEUBE
B Cr A,

5 Zr ZBRELAY Ir T4

EEERGT . EO06%F Zr SBZ21ETY
ARMEAZ N, I B EZREEWES W AZE
2 W (Zack et al. ,2004) BB L, F R, Zack %
(2004) 48 4 7 & 41 A M BUIR BE 3, b 7758 5 X AR TRl
BETHAPEAA-AE-SAMNHE T ER
BEEE430~1100C) , 2R ETREN &OA
B Zr S ERNEWE. RGN T SO 648 FREHT.
t(C)=134.7X1In(Zr)—25 (L
H T B AR AR B AR X &4 A B B , Zack %
OV EE TERATERTAREEATEOA
BEENER Zr FEMREIHIEAR:
t(CH)=127.8XIn(Zr)—10 (2)
FEARRBFR F, AT EFLA R 2 B0 4
EOAM e EFERBTT AWM. AWMERIEK2. 4.7
B8O E T . SO AMEENESOA ZIr &

BT 67X107°~370X 107, #{H144 X 1075/
HERMAENSLN Zr SEET67X107°~222X
107, {H123X 10" N AN E&a R Zr 8R4k
F67X107°~148X 1075, ¥{EH110X 10" 4k 8k 0 1%
BaEMWELA Zr FETHAT74X107°~267 X
107, HEI23XI0 S ZHESBEEANESLA
Zr BT 74 X107 5~118X107°, ¥ {H98 X 10°
(RO MBZBEMERRFI . S OLABESE Zr
TEFHEN TI3X10°~294 X107, RA LK
WOHE RSO ANIERIRE AN F586~741 C(H
2a)  Zr EEEREEZLF 126 X107°~370X 107",
FAAROWHEREAENE RIBRE AN FT608~
746 C (F2b) s GHAEIES Zr S B FHMEA Fl12X
1078 ~140X107°, R AAX (DITHEH &L AWE
BRBENTF611~641 C(H22),Zr SEBREHEHEZ L
F148X107°~222 X107, RAAR (D E T &4
AHEBIREN T629~680 C(K2b); ANSE Zr &
BEHMEA F107X10 °~115X 107, R AL R (D)
HEHSLARNERIREN F604~614 C (E2a),
Zr SEBEBMENI4SXI0CL, RALAROOHE LS
AW BLIE E 629 C(E2b) s sk 8B MM & Zr
EEFHEANT110X107 ~151 X 1075, R EAAR
WOIHEHEaTAWIERIEBEAMN T608~651CH
2a),Zr HEREEZ LT 148X 107~267X107°,
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Fig. 1 Nb-Cr diagram of rutile in eclogite (source rock
areas for rutile are quoted from Zack et al. , 2002)
1— A ABES 2 — A RBMEE  S—AINE 4— kT
s s —ZEOTBRES
1—Rutile eclogite; 2—quartz eclogite; 3—hornblendite;

4—ilmenite eclogite; 5—phengite eclogite

FRANRN BRSO AN REBE AN T629~
704C(E2b); ZHA-EEES Zr BT ¥{HEIS
X0 RAARXDOHBEHREOANERBRER
593C (E2a),Zr B BEME F1ISX107%, R AL
XKOHELSLAMNIERIRE H600C (R3IME
2b),

HitEEEERTETEAN P-T- Hiik—H
REEHRMEE. BRTRAREE AN X E
BEERTAETT&FT-ANEHEER. B EE

HAERULABNEMMEGE R EHEBZFREAR L
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Fig. 2 Formation temperature ('C) of eclogites in the
main hole of the Chinese Continental Scientific
Drilling Project
(D—RF|EARX DI E B BESTRBE: (D) —RI\EAK @
HELWEESEREE: 1 — SO aREE 2—ARBES;
3N 4R RIES S EHASSEES
(a)—The formation temperature of eclogites calculated from
equation 1; (b)—the formation temperature of eclogites calculated
from equation 2; 1—rutile eclogite; 2—quartz eclogite; 3—

hornblendite; 4—ilmenite eclogite; 5—phengite eclogite

(IR BA %, 2005) 1 HE 4 e 1A AR 5 IR B 2 700~
'890°C , i1 Zhang %5 (1995) $E18 7= V9 48 I & 1 14 25
75 i R B 2R 700~ 890°C , ZK 703 FL 48] HE 4 068 1A YR
8720~ 880'C (Zhang et al. ,2000), F E X i #Bl 2
B ER TR FL PP1#I PP2rh 45 A WS B IR B 4> B B
814~852'C M 754~ 805°C (Liu et al. ,2001,2002),
MAEOE Zr BEW  HRBAKXDORITE, REF—
ANEES A LG ME & (B275R228P1al) T AR 1B B 7
ERENTREEN, FBRARX@OFKITE. -1
& 4T A NE B R & (B275R228P1al) #l — AN gk ™
FENE 5 B (B243R208P1V) T /R IR & 76 U6 B 1R &
BT RIS B A, HoAb R SR AR (DOFMAR (2%
HWE,FIRE g8 IR E & T RIK30~120C, H L
EHREN FREEL A REMNERE BES
FERSRE P ANEMBZRIERAAE, RAEE
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Trace Element Geochemistry of Rutiles in the Eclogites From the Chinese
Continental Scientific Drilling Project Main Hole

YU Jinjie"”, XU Jue”, CHEN Zhenyu?, WANG Denhong", CHEN Yuchuan?,
WANG Pingan®, LI Xiaofeng"
1) Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing, 100037
2) Chinese Academy of Geological Sciences, Beijings 100037
3) Institute of Geomechanics, Chinese Academy of Geological Sciences, Beijing, 100081

Abstract

Many kinds of eclogites (e. g. , rutile eclogite, quartz eclogite, ilmenite eclogite, phengite eclogite and
hornblendite) can be recognized in the main drillhole of Chinese Continental Scientific Drilling Project. Trace
elements such as Nb, Cr and Zr in rutile are measured by electron microprobe with specific operating
conditions. Provenance of all kinds of eclogites came from mafic rocks according to their Nb and Cr contents.
All kinds of eclogites are characterized by low Nb concentrations. The Nb and Cr content of rutile is about
identical from rutile eclogite, quartz eclogite, ilmenite eclogite, and hornblendite. Kyanite phengite eclogite has
the highest Nb and Cr contents and its average Nb and Cr concentration is 720 X 107° and 712 X 107°,
respectively. Compared to other eclogite, Kyanite phengite eclogite is more enriched in Cr. Based on a new Zr-
in-rutile geothermometer by Zack et al. (2004), Rutile formation temperature of rutile eclogite varies from 608
to 746°C. Rutile formation temperature of quartz eclogite is between 629 and 680°C. Rutile formation
temperature of ilmenite eclogite varies from 629 to 704°C. Rutile formation temperature of kyanite phengite
eclogite is about 600°C and Rutile formation temperature of hornblendite is about 629°C. When eclogite suffered
amphibolite-facies retrograde metamorphism, Strong fluid activity resulted in Zr diffussional loss. So Zr content

of rutiles became lower because of Zr diffusional resetting during amphibolite-facies retrograde metamorphism.

Key words: rutile; trace elements; eclogite; provenance; reequilibrium; the Chinese Continental Scientific
Drilling Project (CCSD) main hole
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