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Geochemical characteristics of metamorphic rocks in the HPM belt along the southern
margin of Sulu terrane and their geological implications
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Abstract: The HP metamorphic belt along the southern margin of Sulu terrane is made up of a middle temperature_high pressure
metamorphic slice and a low temperature high pressure metamorphic slice. The former slice consists of gravel bearing phengite
feldspar quartzite, mica feldspar quartz schist, marble_phosphate rock and phengite albite quartz schist in upward succession, w hereas
the latter consists of feldspar quartz schist and albite quartz schist. In schists, the end_member component of plagioclase is albite, the
feldspar phenocrysts have features of volcanic crystal fragments, and the zircon has magmatic rhythm erystallization zoning and high
Th/ U ratio (> 0.5). In addition, the schists exhibit high Si0O; and Na;0+ K,0, low CaO, enrichment of LREE with strong {rac
tionation, depletion of HREE with weak fractionation, 8Eu between 0. 13 and 0.47, and significant negative Nb, P and Ti anoma-
lies. The schists are plotted in the alkaline field in a Si0; versus A* R discrimination diagram, in the A_type field in a ( K20+ Nay0)/
Ca0 versus Zr+ Nb+ Ce+ Y discrimination diagram. The schists in the medium temperature_high pressure metamorphic slice and in
the low temperature_high pressure metamorphic slice are plotted in the peraluminous field and the metaluminous field respectively in a
A/CNK versus A/ NK discrimination diagram. It is thus considered that the protoliths of the three sorts of schists are acid volcanic
rocks. and that the rock tvpe and genetic tvpe of the voleanic rocks are peraluminous to metaluminous alkaline rhyolite and A tvpe iz
neous rocks, respectively. According to the major and trace element discrimination diagrams, the volcanic rocks were formed in an ex-
tensional plate environment and might have been an accessory product during the breakup of Rodinia continent and the formation of
Yangtze intracontinental rift in Neoproterozoic.
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h pressure metamorphic belt in southern Sulu terrane

( modified after Xu et al., 2003, 2005)
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I —Qiushan orthogneiss: 2 —middle temperature_high pressure metam

M esozoic granites; 5 —Cretaceous_Tertiary sedimentary rocks; 6 —duct

orphic rocks: 3 —low temperature_high pressure metamorphic rocks; 4 —

ile thrust; 7 —large strike_slip fault zone; 8 —uncomformity; 9 —location of

profile for Fig. 2; | —shear tectonic imbricate low temperature_high pressure slices in southern Sulu; Il —shear tectonic imbricate middle tempera-

ture_high pressure slices in southern Sulu;  [lI—shear tectonic imbricate slices of ultrahigh pressure metamorphic supercrust in northern Sulu; [V —

shear tectonic imbricate slices of ultrahigh pressure granitic metamorphic rock in northern Sulu; UHP —ultrahigh pressure metamorphic slice;

MHP —middle temperature_high pressure metamorphic slice; LHP —low temperature_high pressure metamorphic slice
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Fig.3 Shapes of major minerals in schists of high pressure slice

2.2 RIBEEERER

R RS N 2l KA f kA s
Ferb b 5P Bk 28 S B KT B i T A K
PO A1 R a0z 2 i WAR 2 2 3% JEA 2
FE SRR W G SR B RLIEY 2 em x 10 em (3 (54K 98 R
[ B 008 S0 (5 308 Ay B A 5 FAT B, LAl 5 A i - 8,
T Ay L R i Wk 2 R IR AR S P 3e) .
() AT 2 LA BeR M e, A8 BER A8 4% i I o T A
W R B SR B e, IR
N TE 2 B, B AT BRI AT, AT
A1 ERTT AT W AT EIE AT RVE I AT JBH R A S8 B AT
AT, AR R AR AR A A L A KA R R A
FLREBH JE A S, 0 R HEE R AR AR, AT
UL T RFHEC P Bey), KDE AR 2 T 2 R R IR Bk,
FLRRREEE by, BB BRR JAYCR 0O A 15 TR A7 A . Y
WA B M L 5 KA B A A A -8 30 )
AL TR 1 ik, JUIRUA B9 I 08 F BE s S, B Kk AT I
AT Gk AN S B, 1995 R 1 4, 2003)

3 AR A A R S o

T AT AR e AR A A T S M ER AL A P T, A
SCOY SNRTAS L PR AR B O B AT R L JEh, K
AT S A, AW RARN G 44, KA MK
AR S A AR GRS G AR o E A
A v R TR 2 R e 58 B, A S X B2k 9k

SO E (XRF) , 403 H A B 6 3080E, I 146 8 7t
W UEAT B AIE; S5t 762 Th Rb WNb JTa JFG 1+ 76 22 57 1 4%
BT A 5 (TJA_PQ_Excell) , f# 4 7C % Sr .Ba .V Sc Jil
AEESGIIE (IRIS) , Ze SR X 206 00 il ik 5 e, (038
Rigaku 2100, 744 kL& 1.
3.1 PEEETRER

TR AT A P L AR S R S A
P, I AR, Si0, F AT T1.15% ~ 78.02%
TFeO 4 0.78% ~ 4. 88% (14 2.78% ), ALOs 75 11. 01% ~
13. 65% X [0 Y35, A/ NK Bl A/ CNK L #5T 1.0, 76434
g v i b o A TRl R R AL 4 X, NaxO+ KO R % 7,
M 6.79% $1| 8.49% , 5 Si0O, it S IEAH LR, H Na,O 5
WENT K0 Fht . G AR AT FE M ) — AN T
& CaO 5 HEI BARAE, 0 0. 11% ~ 0. 17% , 1 Ti0, 75 ht it
EET 0. 1%, M 0. 11 5] 0.45% (% 1), A*R 4L T 3. 24~
7.41, 5 Si0y RIEMIKK R, £ AR ~ Si0, BfE b 467 19k
L A ARG R R kTR AE R 2 28 A D
] fE T 0 BT R VR SO il 2k . EREE Ak T
101.61 % 107 %~ 194,34 x 10™ ®, 5 Si0, & B HE A L 5L 55 41 H]
J¥ %, LREE/HREE 7 2. 22~ 8. 82 2 [ul, 8Eu 4 0. 13~
0. 41, fEF Lo & A 2 B (P 4a), BFAT FE S LA
S0 i A AR B L o6 G A3 il R R S, JF B Eu 1 3R
FUTH . BUORE, A A e HATER Lo #E L .
AT L A LG E AR T B A R AR L B By
FARE . MBCRE T 250k 09 Pl (Bl Sa) bn] LA HY Se JTi Se
B P( B 784 4F) #1%F MORB 5 #t, K& 13641 6% K .Rb .
Ba .ThHI A MORBHE %! % 42, Rb .Th .Ce ZrRIY N IE 5%,



480 #OAF WY R E 24 %
®1 HEMAEDBSETRTEALERS
Table 1 Chemical compositions of schists in the high_pressure metamorphic belt
for. epilh e AR U B B o e H A U B B IR o M A2 o
LR FARH IS S Y o HaMa s () AT
FE5 728 731 732 733 784 734 7235 Z37 738 7245 7108 7122 7129 /132 Z_133
w yl G
Si0; TL15 78.02 74.10 72.21 76.38 73.87 74.92 75.54 75.08 74.78 77.96 76.76 74.98 79.37 78.90
Ti0» 0.45 0.11 0.43 0.38 0.27 017 014 015 018 021 016 030 034 0.25 0.18
AlLOs 1274 11,01 13.65 12,51 11.20 13.14 12.68 12.65 13.11 13.32 10.84 10.78 12.27 9.79 11.28
Fes03 4.00 0.44 1.17 3.67 1.59 1.58 1.12 1.34 1.62 0.35 170 1.8 1.25 0.25 0.76
FeO 0.88 0.34 0.74 0.43 0.63 0.45 0.61 0.36 036 1.28 0.48 0.59 0.63 0.47 0.32
MnO 0.12  0.02 0.04 0.40 002 004 005 004 006 004 007 003 008 003 0.05
MgO 1.78  0.40 0.90 1.40 0.78 0.48 0.47 0.42 0.54 0.66 0.46 0.33 0.79 0.4 0.57
CaO 0.12 0.13 0.17 0O.11 012 0.54 0.8 0.32 0.18 035 0.24 032 0.24 0.06 0.10
Na,O 0.75  2.01 1.93  2.04 1.73 3.25 4,02 3.43 270 290 2.98 3.40 354 0.56 3.48
K.0 6.04 6.48 6.35 5.31 565 511 3.52 520 532 447 511 494 508 827 4.04
P20s 0.09 0.02 0.09 003 007 003 003 003 002 011 00 002 004 002 0.01
H,0" 1.88 0.36 0.82 1.72 0.94 0.52 1.12 0.54 0.82 1.12 0.20 0.06 0.54 0.14 0.48
CO, 0.05 0.04 0.16 007 005 0.39 0.07 007 007 005 007 009 004 0.07 0.04
T otal 100. 05 99.38 100.55 100.28 99.43 99.57 99.63 100.09 100.06 99.64 100.28 99.46 99.82 99.72 100. 21
A*R 3.24  7.41 3.99 3.79 475 4.14 3.50 4.98 404 3.34 6.41 7.04 543 18.31 3.24
TFeO 4.88 0.78 1.91 4.10 2.22  2.03 1.73 1.70 1.98 1.63 2,18 2.43 1.88 0.72 1. 08
TFeO+ MgO 6.66 1.18 2.81 5,50 3.00 2.51 2,20 212 252 2290 2.64 276 2.67 116 1. 65
TFeO/MgO 2274 1.95 2,12 2,93 2,85 4.2% 363 405 307 247 474 T7.36 238 164 1. 89
(NapO+ K20)/CaO 56.58 65.31 48.71 66.82 61.50 15.48 8.57 26.97 44.56 21.06 33.71 26.06 35.92 147.17 75.20
A/NK 1.64 1.07 1.36 1.37 1.25 1.05 1.2] .22 112 128 .04 0.99 1.08 0.99 1.12
A/ CNK 1.59  1.04 1.32 .34 1.22 1.04 1.11 1.LO5  1.07 1.25 1.00  0.94 1.04 0.98 1.10
wpl 107 °
La 30.7 18.9 43.3 355 21 52.7 641 541 55.2 49.9 49.8 52 63.1 20.2 19.5
Ce 56.1 30,6 82.3 65.4 39.4 118 124 102 110 97 119 126 127 46.4  50.3
Pr 6.62 3.56  9.19 7.7 4.7 1.5 13.5 1.5 1.6 10.5 10.4 17.1 14 5.38 5.84
Nd 25.2 13,3 32,8 29.1 17.5  39.9 48.1 40.3 41.3 36.6 32.9 69.8 53 18.8 21.5
Sm 5.22 3.26 6.25 5.78 3.5 8§22 9.33 802 808 7.21 7.13 16.6 977 3.69 6.05
Eu 0.7 0.17 0.81 0.68 0.31 0.5 0.57 051 051 05 064 238 1.32 0.37 0.59
Gd 5.09 471 559 534 3.63 7.99 9.03 7.85 8 7.26 7.89 13.9 9.4 3.3 6.78
Th 0.92 1.23  0.91 0.94 0.8l 1.51 1. 65 .42 1.46 1.29 1.56 2.27 1.55 0.63 1. 41
Dy 5.2 9.1 4.94 5,63 5.63 9.35 9.98 8.6 8. 84 7.9 10.4 12,1 8.91 4.32 10.2
Ho 1.09 2.01 1 .26 1.25 .96 2.12 1.82 1.92 1.67 2.43 2.29 1.84 1.1 2.3
Er 3.45 6.6 3.28 4.14 4,25 6.51 6.95 593 6.12 567 822 7.001 572 439 7.56
Tm 0.51 .01 0.46 0.59 0.66 0.98 1.07 0.9 0.95 0.88 1.4 1.03 0.8 0.77 1. 14
Ybh 3.34 6.29 3.06 3.8 4.5 6.71 7.11 6.1 6.52 592 9.79 6.8 551 581 7.91
Lu 0.5 0.87 0.45 0.57 0.64 0.97 1.03  0.87 0.92 0.88 1.6 1.07 0.8 0.94 1.19
2REE 144. 64 101. 61 194. 34 166.43 107.78 266. 86 298.54 249.92 261.42 233.23 263. 16 330.43 302.72 116.1 142.27
LREE/HREE 6.08 2.22 8.82 6.45 4.16 2.77 3.18 3.34 391 6.36 510 613 7.74 456 2.72
SEu 0.41 0.13 0.41 037 026 0.21 0.19 0.19 0.19 023 0.26 0.47 0.42 0.32 0.41
Sr 9.35 41.20 23.90 38.90 19.50 48.40 46.30 41.80 50.90 45.90 20.60 13.50 19.90 22.00 12.80
Rh 205.00 163.00 179.00 194.00 174.00 216.00 139.00 209.00 213.00 180.00 148.00 105.00 121.00 139.00 97.10
Ba 408. 00 364. 00 349.00 605.00 331.00 435.00 363.00 409.00 415.00 405.00 427.00 336.00 403.00 474.00 320.00
Th 6.96 9.62 8§88 7.55 6.17 20.60 20.80 21.20 22.60 18.30 19.00 9.18 6.44 9.00 12.70
Nb 18.500 21.10 8.93 19.60 16.80 28.20 24.00 24.90 25.40 22,70 42.90 23.00 17.90 28.30 29.40
Zr 222,00 177.00 282.00 242.00 292.00 200.00 184.00 175.00 188.00 188.00 599.00 647.00 395.00 632.00 494. 00
Y 3300 71.00 31.60 45.30 38.50 59.00 66.70 58.10 57.30 52.50 78.90 68.90 55.30 36.70 69.60
Se 7.15 1.85 6.91 6.88 4.23 549 4.29 4.46 4.94 3,32 566 592 526 498 4.89
Ta 1.27 2,10 0.53  1.29 1.27 2,25 200 200 207 207 1.93 1.34 101 .23 1.71
v 65.40 6.77 50.10 48.90 30.20 7.61 6.94 6.59 10.70 15.60 811 7.73 977 6.51 6.41
Hf 7.87 9.23 891 8.8 11.40 8.8 833 7.04 7.35 7.66 20.80 16.50 10.60 10.90 12.80
Yh+ Ta 4.61 839 359 509 577 896 9.1 810 859 7.99 11.72 822 6.52 7.04 9.62
Y+ Nb 51.50 92.10 40.53 64.90 55.30 87.20 90.70 83.00 82.70 75.20 121.80 91.90 73.20 65.00 99.00
Zr+ Nb+ Ce+ Y 329.6 299.7 404.8 372.3 386.7 405.2 398.7 360.0 380.7 360.2 839.8 864.9 595.2 743.4 643.3
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