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Fig. 1

Toctonic sketch of the Weihai area, north Sulu ultrahigh-pressure (UHP) metamorphic terrane,

showing the distribution of the UHP gneissic rocks, migmatites and eclogites
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1—Ultrahigh-pressure metamorphic rock;2—migmatite; 3—eclogite and amphibolite;4—sample location;

5—coesite as an inclusion preserved in zircon
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Fig. 2 Photograph of field occurrence of pegmatite and biotite-bearing orthogneiss in Weihai area, north Sulu

UHP metamorphic terrane
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Fig. 3 Cathodoluminescence (CL) images of zircons from pegmatite sample WH19 in Weihai area, north
Sulu UHP metamorphic terrane
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(o) 5 (o) PR WHL9-21 (9B & 6B R & U-Pb & 5245 51, BAT 38R GRUN 1955 2 285 i 3Rl IO A% (o) RINES R OG0 9K 205 il #1fy
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RNCEAZR B U-Pb g 4R 45 5 BUA 58 & OGR4k 2K PR 5 J 45 il A A% (To) VB R DGR Y 6 R 485 Bl A8 (o) A 4% 55 2 D6 2800 0 o
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(a)—Cathodoluminescence (CL) image and SHRIMP ages of zircon grain WH19-2 with high-luminescent magmatic core (c¢) and low-
luminescent magmatic rim (r); (b)—Cathodoluminescence (CL) image and SHRIMP ages of zircon grain WH19-10 with high-luminescent
magmatic core (¢) and low-luminescent magmatic rim (r); (c)—Cathodoluminescence (CL) image and SHRIMP ages of zircon grain WH19-
21 with high-luminescent magmatic core (¢) and low-luminescent magmatic rim (r); (d)—Cathodoluminescence (CL) image and SHRIMP
ages of zircon grain WH19-18 with high-luminescent inherited magmatic core (Ic), newly high-luminescent magmatic mantle (m) and newly
low-luminescent magmatic rim (r); (e)—Cathodoluminescence (CL) image and SHRIMP ages of zircon grain WH19-47 with high-
luminescent inherited magmatic core (Ic), newly high-luminescent magmatic mantle (m) and newly low-luminescent magmatic rim (r);
(f)—Cathodoluminescence (CL) image and SHRIMP ages of zircon grain WH19-36 with high-luminescent inherited magmatic core (Ic),

newly high-luminescent magmatic mantle (m) and narrowly low-luminescent magmatic rim (r)
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Table 1 Results of U-Th-Pb LA-ICP-MS analyses of zircons from pegmatite sample WH19 in Weihai area, north Sulu UHP terraine

U Th 0P/ | 209ph/ 207 ply/ 27ph/ i (M)
eSS s | X [IRE7/RaREN (X10-5) | (X10-%) Th/U 201 p}, 258U’ +26(%) 235y +26(%) 205 P, +26(%) 206 py / +2 207 pY, / N 207 p}y/
sy | 0 sy | 20 | 06 Pb 20
WHI9: kR V& S B
WH19-18-1c Ic Qtz, Ap 487 250 0.51 22104 0.1268 1.8 1.1390 2.2 0.0652 1.2 769 13 772 12 780 26
WH19-22-Ic Ie Kfs 350 136 0. 39 8841 0.1247 1.9 1.1191 2.7 0.0651 1.9 758 13 763 14 777 40
WH19-36-1Ic Ic Qtz, Ab 394 148 0. 37 11684 0.1125 1.9 0.9989 2.8 0.0644 2.1 687 12 703 15 754 44
WH19-47-1c Ie no 754 606 0. 80 6783 0. 1206 1.7 1. 0845 2.3 0.0652 1.5 734 12 746 12 782 32
WH19-56-1c Ic Qtz, Ab 299 165 0. 55 8693 0. 0980 2.7 0. 8622 3.5 0.0638 2.2 603 16 631 17 735 47
WH19-77-1c Ic Phe, Ap 359 0.6 0.002 4653 0.0361 2.2 0.2530 3.5 0. 0509 2.7 228 4.9 229 7.2 236 62
WHI9: B Az 55 345 s A % s
WH19-2-¢ c Qtz, Kfs, Ap 234 0.2 0.007 2470 0. 0349 2.4 0.2473 4.4 0.0514 3.7 221 5.3 224 9.0 260 85
WH19-10-¢ c Qtz, Kis 1924 6 0.003 20139 0.0343 2.1 0. 2380 2.7 0.0503 1.7 218 4.5 217 5.3 207 40
WHI19-18-m m QTz, Kfs, Ap 975 9 0. 009 1168 0.0343 2.5 0.2484 6.6 0.0525 6.1 218 5.4 225 | 13.5 | 307 140
WH19-21-¢ c Qtz, Kis 307 0.2 0.002 36666 0.0347 1.8 0.2434 2.4 0. 0508 1.6 220 3.9 221 4.8 234 37
WH19-22-m m Kfis 622 2 0.003 8252 0.0352 2.0 0.2470 2.8 0. 0508 2.0 223 4.3 224 5.7 234 47
WH19-36-m m Qtz, Kfs, Ap 1052 2 0. 001 15200 0.0353 1.9 0. 2489 3.0 0.0512 2.3 223 4.2 226 6.2 249 54
WHI19-47-m m Qtz, Kfs 359 1 0. 004 8480 0.0347 1.8 0. 2450 2.8 0.0513 2.1 220 3.9 223 5.6 252 48
WH19-56-m m Kfs, Ap 1591 1 0.001 13549 0.0347 1.7 0.2426 2.4 0. 0508 1.7 220 3.8 221 4.8 230 39
WH19-79-¢ c Qtz, Kfs, Ap 798 1 0.001 13831 0.0343 1.7 0. 2380 2.4 0.0503 1.6 218 3.7 217 4.6 208 37
WH19-83-m m Qtz 826 4 0. 004 2007 0.0351 1.6 0.2513 4.4 0.0519 4.1 222 3.5 228 9.0 282 94
WH19-86-m m Kfs, Ap 1188 5 0. 004 17538 0.0343 1.6 0.2389 2.4 0. 0505 1.8 218 3.3 218 4.7 216 42
WH19-98-m m Qtz, Kfs, Ap 1058 3 0.003 962 0.0342 1.7 0.2316 4.8 0.0492 4.5 217 3.6 211 9.1 155 104
WHL9: 7 A A 2 B A1 30 T
WH19-2-r r Kfs, Ap 2056 32 0.016 21587 0.0341 2.0 0.2386 2.6 0. 0507 1.7 216 4.2 217 5.2 228 40
WH19-10-r r Kfs 5257 60 0.011 30648 0.0340 2.0 0. 2359 2.3 0.0503 1.2 216 4.2 215 4.5 210 28
WH19-18-r r no 3878 94 0.024 1131 0.0334 2.5 0.2347 4.4 0.0510 3.5 212 5.3 214 8.5 241 82
WH19-21-r r no 4636 19 0. 004 8425 0.0336 2.1 0. 2349 2.6 0. 0507 1.4 213 4.5 214 5.0 227 33
WHI19-22-r r Qtz 3082 34 0.011 19379 0.0339 2.4 0.2369 2.8 0.0508 1.5 215 5.1 216 5.5 230 35
WH19-47-r r Kfs 8502 220 0.026 1103 0.0332 2.4 0.2295 4.2 0.0501 3.5 211 4.9 210 8.0 202 80
WH19-56-r r no 1870 12 0.006 17245 0.0343 2.0 0.2376 2.7 0.0503 1.8 217 4.2 216 5.2 210 42
WHI19-79-r r Ap 3360 22 0. 001 5431 0. 0341 1.6 0. 2360 3.1 0.0502 2.6 216 3.5 215 6.0 206 61
WH19-86-r r no 4030 33 0.008 10459 0.0340 1.9 0.2345 3.3 0.0501 2.7 215 3.9 214 6.3 199 63

TEno— AT PR Te— kR M AR AS S B O o BT AR A KA B A0 s oo A 6 2 i W s o — T AR e SR S A ST
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&R
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228+4.9 Ma, I & F B 2 8] B9 48 0% 25 15 3] 641
Ma ., 22 W 3 BU 4k 7R V2 30 5 S i 0 22 0 1 S [ R
M E 45 AE AN Pb B % . i BRI E A IX A U
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Fig. 4 The diagram of °Pb/* U-*7 Pb/* U
relationship recorded in the inherited magmatic zircon

core from pegmatite sample WH19 in Weihai area, north

Sulu UHP metamorphic terrane
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Fig. 5 The diagram of *°Pb/* U-*" Pb/* U
relationship recorded in the newly magmatic zircon from
pegmatite sample WH19 in Weihai area, north Sulu
UHP metamorphic terrane
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(a)—Newly magmatic zircon core (¢) and mantle (m) ;

(b)—Newly magmatic zircon rim (r)
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5 AR MR A KA s A X Ry P, Ca, Ti,
Sry Y, Nb, Th, U & & 145t {6l. °F 3 & & KK
J:P = 205.8X10°°, Ca = 1162X10°°, Ti =
4.8X107%, Sr = 1.26X10°°, Y = 1592X10"°,
Nb = 9.8X10 %, Th = 131X10°, U = 341X
10°°, AHNH) Th/U FEILMEA 0. 79 (5R 3),

Ak ARV IR A S A X R AR R s R AR
P, 100 H AR T R A XS AR A B 0 B A B

(3% 3). BIRFRIESE— B UE B2 2 1 B A X R
A SR IR R A

®2 LHEHBBREEEREXESHSE (WHIY) HRE
HRHEAEHEHE L TEMBETEM ST

Table 2

Mean LA-ICP-MS trace-element composition of

different zircon domains from pegmatite sample WHI19 in

Weihai area, north Sulu UHP terrane

pr—— Yk R I WA A | B A A S
5B A1 LR apuRl
S B (n) 5 8 5
P (X107%) 205. 8 79. 8 221.5
Ca 1162 1045 970
Ti 4.8 2.8 6.8
Sr 1.26 0.57 1.4
Y 1592 741 1739
Nb 9.8 16.0 43.8
La 0.22 0.01 7.8
Ce 18.4 0.33 27.8
Pr 0.21 0.01 5.4
Nd 2.8 0.11 34.9
Sm 5.7 0.11 18.7
Eu 0.48 0.05 2.7
Gd 31.0 1.56 25.4
Th 10.8 1.34 6.8
Dy 149 34.9 106
Ho 55. 8 20. 6 50. 3
Er 262 138 305
Tm 63.3 43.0 89.0
Yb 640 499 1003
Lu 95. 8 80. 8 154. 5
Hf 13867 17154 15779
Ta 9.7 13.5 29.5
Th 131 1.6 13.3
U 341 1309 2499
Th/U 0.79 0.002 0.005
Lu/Hf 0.00753 0.00478 0.00971
Eu/Eu’ 0.21 0.39 0.35
Ce/Ce” 32.2 11.6 0.91
(La/Yb)x 0.00032 0. 00002 0.00552
(La/Sm)~ 0.04724 0.05793 0. 24149
(Gd/Yb)x 0.03476 0.00245 0.02195

T n AR IHT IO 45 41 T IX R

5.2 MESREREAZE (c) MBS (m)
Sk A KA s AR (o) MR S
Wak e A (o Mg (m) # P, Ca, Ti,
Sr, Y, Th &k, M Nb, U & &5 0 8 fw = F 15
HEMIK AP = 79.8X10 %, Ca =1045X10 %,
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Chondrite normalized REE patterns of zircons

from pegmatite sample WH19 in Weihai area, north Sulu
UHP terrane
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(a)—Inherited magmatic zircon core (¢); (b)—Newly

magmatic zircon core (¢) and mantle (m); (¢)—Newly

magmatic zircon rim (r)
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Table 3 LA-MC-ICP-MS Lu-Hf isotope data of zircons from pegmatite sample WH19 in Weihai area, north Sulu UHP terrane

3BT 176 Y /177 Hf +26 176 Lu/177T HY +26 178 HI{/177 H | 180 HE/V7 Hf Vi 176 H{ /177 Hf +2¢ 176 /177 Hi (), eHI(D) +26 Tomz (Ga)
Yk AR M IR A R A (To)
WHI19-18-Ic 0. 0327 37 0. 00089 8 1.46707 1.88644 14 0. 282131 35 0.282117 —6.0 1.0 1.89
WH19-22-Ic 0.0371 34 0. 00106 7 1.46725 1.88671 17 0.282178 32 0.282162 —4.4 0.9 1. 80
WH19-36-Ic 0.0085 7 0. 00031 2 1.46709 1. 88643 14 0.282352 25 0.282348 2.1 0.6 1. 44
WHI19-47-Ic 0. 0332 28 0. 00097 7 1.46710 1.88647 18 0. 282189 28 0. 282175 —4.0 0.7 1.78
WH19-56-Ic 0. 0483 39 0.00117 7 1.46713 1. 88646 13 0. 282190 35 0.282172 —4.1 1.0 1.78
WH19-77-Ic 0. 0357 38 0.00106 12 1.46722 1.88664 14 0. 282304 34 0. 282289 0.1 0.9 1.56
WH19-99-Ic 0. 0332 28 0. 00089 6 1.46713 1.88643 12 0. 282280 31 0.282267 —0.7 0.8 1. 60
WHI19-101-Ic 0.1478 51 0. 00360 8 1. 46720 1. 88656 15 0.282271 38 0.282217 —2.5 1.1 1.70
WH19-120-Ic 0. 0167 15 0. 00063 4 1.46717 1.88658 25 0. 282365 24 0. 282356 2.4 0.6 1.43
WH19-128-1c 0.0318 28 0.00087 5 1.46706 1. 88639 34 0.282064 28 0. 282051 —8.3 0.7 2.02
T I R AR (o SRS (m)

WH19-2-¢ 0.0119 12 0.00033 2 1.46718 1. 88652 18 0.282192 22 0.282191 —16.1 0.4 1.97
WH19-10-¢ 0. 0261 21 0. 00075 5 1.46715 1. 88646 18 0.282178 25 0. 282175 —16.7 0.5 2.00
WH19-18-m 0.0316 26 0. 00091 6 1.46714 1. 88655 16 0. 282230 27 0. 282226 —14.9 0.6 1.91
WH19-21-¢ 0. 0320 35 0. 00087 7 1.46712 1.88642 21 0. 282198 32 0. 282194 —16.0 0.7 1.97
WHI19-22-m 0.0161 24 0. 00046 6 1.46711 1. 88657 21 0.282220 24 0.282218 —15.2 0.4 1.92
WH19-36-m 0.0107 9 0.00031 2 1.46707 1. 88639 21 0.282181 24 0.282179 —16.6 0.4 1.99
WHI19-47-m 0. 0202 17 0. 00064 4 1.46723 1. 88658 20 0. 282180 24 0.282178 —16.6 0.5 2.00
WH19-56-m 0. 0200 18 0. 00054 4 1.46717 1. 88664 18 0. 282209 26 0. 282207 —15.6 0.5 1.94
WH19-79-¢ 0. 0336 33 0. 00096 9 1.46711 1.88643 15 0. 282229 30 0.282225 —14.9 0.7 1.91
WH19-83-m 0. 0307 26 0. 00087 5 1. 46720 1. 88661 21 0.282184 27 0. 282180 —16.5 0.6 1.99
WH19-86-m 0.0233 19 0. 00074 5 1.46716 1. 88655 21 0. 282180 28 0.282177 —16.6 0.6 2.00
WH19-98-m 0.0163 13 0. 00049 3 1.46719 1.88653 15 0.282189 26 0.282187 —16.3 0.5 1.98
WH19-99-m 0. 0332 27 0. 00094 6 1.46714 1.88651 16 0.282216 28 0.282212 —15.4 0.6 1.93

WH19-101-m 0. 0197 20 0. 00059 4 1.46718 1.88654 14 0. 282190 24 0.282187 —16.3 0.5 1.98
WH19-120-m 0. 0343 29 0. 00099 6 1.46724 1.88657 19 0. 282206 29 0. 282202 —15.7 0.6 1.95
WH19-128-m 0.0326 30 0.00093 6 1.46725 1. 88671 19 0.282211 28 0.282207 —15.6 0.6 1. 94
WH19-130-¢ 0.0166 14 0. 00054 3 1.46713 1. 88652 20 0.282189 28 0.282186 —16.3 0.6 1.98




gR3
it 16 Yh /17T HE 120 V6 Lu/Y T HE 420 VS HE/VTHE | 180 HE/17T HE Vs V6 HE/1TTHE + 26 6 HE/YTHAe, eHI(D) +26 Tomz (Ga)
T A R IR B A AR ()

WH19-2-r 0.0281 23 0.00084 5 1. 46724 1. 88665 18 0.282141 29 0.282138 —18.1 0.6 2.07
WH19-10-r 0.0333 31 0.00100 7 1. 46729 1. 88683 18 0.282117 42 0.282113 —19.0 1.1 2.12
WH19-18-r 0. 0508 42 0.00137 9 1. 46728 1. 88682 20 0.282122 35 0.282117 —18.8 0.8 2. 11
WH19-21-r 0.0448 36 0.00121 7 1. 46715 1. 88660 21 0. 282107 35 0.282102 —19.4 0.8 2.14
WH19-22-r 0.0195 23 0.00059 5 1. 46714 1. 88659 18 0.282161 28 0. 282159 —17.4 0.6 2.03
WH19-47-r 0.0582 48 0.00156 9 1. 46718 1. 88667 20 0. 282130 40 0.282124 —18.6 1.0 2.10
WH19-56-r 0.0945 20 0.00222 7 1. 46708 1. 88638 23 0.282139 57 0.282130 —18.4 1.6 2.09
WH19-79-r 0.0270 22 0.00083 5 1. 46725 1. 88668 17 0. 282160 28 0. 282157 —17.4 0.6 2.04
WH19-86-r 0.0206 17 0. 00060 4 1. 46725 1. 88670 18 0.282163 26 0.282161 —17.3 0.5 2.03
WH19-99-r 0.0373 32 0.00096 6 1.46713 1. 88644 21 0.282117 31 0.282113 —19.0 0.7 2.12
WH19-101-r 0.0270 22 0.00084 5 1. 46720 1. 88663 14 0.282124 26 0.282121 —18.7 0.5 2.11
WH19-120-r 0.0911 44 0.00288 8 1. 46721 1. 88658 20 0. 282079 52 0.282067 —20.6 1.4 2.21
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Fig. 7 Relationship between '"*Lu/'" Hf and ' Hf/
"THf(t) ratios for the different zircon domains from
pegmatite sample WH19 in Weihai area, north Sulu
UHP terrane
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Genetic Relationship Between Pegmatite Formation and Anatexis
of Ultrahigh-Pressure (UHP) Metamorphic Rocks in the Weihai Area,

North Sulu UHP Terrane

LIU Fulai, WANG Fang, LIU Pinghua
Institute o f Geology ., Chinese Academy of Geological Sciences, Beijing, 100037

Abstract

Migmatites, such as pegmatite and granitic leucosome are widely distributed within biotite-bearing
orthogneiss in the Weihai area, north Sulu ultrahigh-pressure (UHP) metamorphic terrane, eastern
China. A combined study of mineral inclusions, cathodoluminescence (CL) images, U-Pb SHRIMP dates,
and in-situ trace element and Lu-Hf isotope data for zircons provided insight into the nature and timing of
partial melting in these rocks. Most magmatic zircons in the studied pegmatite sample WH19 have distinct
overgrowths around inherited magmatic cores (type I) or occur as new, simple crystals without inherited
magmatic cores (type II). Inherited magmatic core with Qtz + Kfs + Pl + Ap inclusions, record “*Pb/
2817 ages ranging from 769 to 228 Ma, which show a upper intercept at 788420 Ma and a lower intercept
at 228+20 Ma, representing a Neoproterozoic protolith age and a UHP metamorphic age of biotite-bearing
orthogneiss as a host rock, respectively. In contrast, newly formed magmatic zircon core and mantle with
Qtz + Kfs + Ap inclusions that record partial melting time of 219. 5 = 1. 4 Ma shortly after UHP
metamorphic age, whereas the magmatic rims record a younger (214. 6 £1. 7 Ma) Late Triassic regional
amphibolite-facies overprint. These data indicate that the partial melting in the north Sulu UHP terrane
took place in the UHP biotite-bearing orthogneiss, but that occurred during post-UHP, retrograde
granulite-facies metamorphism. Furthermore, crystallization of the magmatic zircon associated with the
partial melting was complete by the time of the regional amphibolite-facies retrograde stage. Inherited
magmatic zircon cores from pegmatite sample WH19 give disperse "Lu/"" Hf (0. 00031 ~0. 00360) and
VSHE/YTHE(t) (0. 282051~0. 282348) with eHf(¢) ratios of —8. 3~2. 1 and Hf model ages (Tpy,) of 1. 43
~2.02 Ga, indicating the protolith of the biotite-bearing orthogneiss as the host rock was generated by
reworking of Paleoproterozoic crust. In contrast, the newly formed magmatic zircon cores and mantles
have Hf isotope (" Lu/"" Hf = 0. 00031 ~0. 00099; "*Hf/'"" Hf = 0. 282175~ 0. 282225; eHf(t) =
—16.7~—14.9; Ty, = 1.91~2.0 Ga) distinct from those of the inherited magmatic zircon cores. These
relationship support our conclusion that the early magmatic zircon (cores and mantles) crystallized by
dissolution-reprecipitation of pre-existing inherited magmatic zircon in an open system during granulite-
facies retrograde stage. Compared with the newly magmatic zircon core and mantle, the magmatic zircon
rims have older model ages (T, = 2. 03~2. 21 Ga), and lower " H{f/'"" Hf (0. 282110~0. 282168) and
eHf(z) (—20.6~ —17.3), and disperse " Lu/"" Hf (0. 00059 ~ 0. 00288), indicating that these late
magmatic zircon (rims) also crystallized in an open system during the late regional amphibolite-facies

retrograde stage.

Key words: north Sulu UHP terrane; anatexis; pegmatite; Hf isotope; U-Pb dating; zircon





