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Table 1 Analytical results of the major, trace and rare earth elements of the peridotite from the PP6 drill hole

FE 5 G 5 6-10 | 10-29 | 15-44 | 19-51 | 23-60 | 27-70 | 32-79 | 32-83 | 35-89 | 39-92 | 42-96 |46-102 |47-104 | 48-108 | 50-113

SiO, 44.04 | 43.96 | 42.85 | 43.94 | 44.33 | 43.68 | 43.70 | 43.93 | 43.79 | 44.23 | 43.51 | 43.68 | 45.10 | 44.87 | 45.31
TiO; 0.03 0. 04 0.03 0.03 0.03 0.03 0. 04 0.03 0. 04 0.03 0. 04 0. 04 0.05 0.03 0.05
Al O3 0.56 0.75 0. 40 0.71 0.74 0. 66 0. 56 0.59 0. 64 0. 66 0.51 0.59 0. 65 0.55 0. 65
Cr, 03 0. 37 0.38 0.32 0.39 0. 39 0. 37 0. 38 0. 36 0. 41 0.41 0.39 0. 37 0.00 0.38 0.38
Fe; O 1. 96 2.39 2.76 2.44 2.96 1. 89 2.79 2.58 2.32 2.22 2.95 3.70 5.94 5.61 6.38
FeO 5.30 4.79 4.61 4.96 4.47 5. 34 4. 45 4. 65 4.93 4.98 4.62 3.73 1.96 2.05 2.37
MnO 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.10 0.08 0.08
MgO 47.22 | 47.04 | 48.65 | 46.97 | 46.50 | 47.53 | 47.57 | 47.34 | 47.27 | 46.99 | 47.46 | 47.23 | 46.12 | 46.22 | 44.49
CaO 0.30 0.43 0.23 0. 38 0.42 0.28 0.31 0. 31 0.42 0. 34 0.31 0.34 0.06 0.10 0.09
Na, O 0.08 0.09 0.01 0. 06 0.03 0.07 0. 05 0. 06 0. 05 0.01 0. 06 0.17 0.01 0.07 0.08
K, 0O 0.02 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.09
P, 0Os 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Mg*# 92.26 | 92.35 | 92.44 | 92.13 | 92.08 | 92.32 | 92.41 | 92.37 | 92.31 | 92.31 | 92.08 | 92.26 | 91.84 | 92.07 | 90.72
La 0.33 0.22 0.52 0. 34 0. 24 0.21 0.23 0. 20 0.25 0.22 0.22 0.43 0.31 0.22 0.17
Ce 0.90 0.52 0.91 0. 64 0.53 0. 47 0.49 0. 44 0.53 0.51 0.51 1.02 0.82 0.54 0. 39
Pr 0.08 0.05 0.07 0.07 0.05 0.05 0.05 0. 05 0. 05 0. 05 0.05 0.11 0.09 0. 06 0. 04
Nd 0.26 0.21 0. 26 0. 25 0.21 0.18 0.18 0. 20 0.21 0. 20 0.19 0.42 0.33 0.27 0.11
Sm 0.08 0.06 0.05 0.07 0.07 0. 05 0. 05 0.06 0. 06 0. 05 0. 06 0.10 0.11 0.05 0. 04
Eu 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.05 0.03 0.02 0. 05
Gd 0.05 0. 04 0. 05 0. 05 0. 04 0.03 0.03 0.03 0. 04 0.03 0. 04 0.08 0.06 0. 04 0.02
Tb 0.007 | 0.008 | 0.006 | 0.005 | 0.004 | 0.005 | 0.004 | 0.007 | 0.007 | 0.004 | 0.007 | 0.009 | 0.009 | 0.006 | 0.003
Dy 0. 04 0. 04 0.03 0. 04 0.03 0.02 0.03 0.03 0.05 0.03 0. 04 0.06 0.05 0.04 0.02
Ho 0.009 | 0.007 | 0.006 | 0.008 | 0.005 | 0.005 | 0.005 | 0.005 | 0.008 | 0.006 | 0.007 | 0.01 0.01 | 0.009 | 0.003
Er 0.03 0.02 0.02 0.03 0.02 0.02 0.01 0.02 0.03 0.02 0. 04 0.05 0.03 0.03 0.01
Tm 0.004 | 0.003 | 0.002 | 0.004 | 0.003 | 0.003 | 0.002 | 0.003 | 0.003 | 0.002 | 0.005 | 0.007 | 0.005 | 0.004 | 0.002
Yb 0.04 0.03 0.02 0.03 0.02 0.02 0.02 0.01 0.03 0.02 0. 04 0.05 0.03 0.02 0.01
Lu 0.007 | 0.004 | 0.004 | 0.006 | 0.004 | 0.003 | 0.003 | 0.004 | 0.004 | 0.004 | 0.007 | 0.009 | 0.008 | 0.004 | 0.002
Y 0.063 | 0.049 | 0.040 | 0.058 | 0.037 | 0.040 | 0.033 | 0.040 | 0.053 | 0.040 | 0.065 | 0.091 | 0.065 | 0.044 | 0.021
Hf 0.742 | 0.636 | 0.530 | 0.671 | 0.353 | 0.530 | 0.353 | 0.283 | 0.318 | 0.671 | 0.495 | 1.802 | 0.742 | 0.283 | 0. 247
Zr 1.105 | 0.848 | 0.810 | 1.019 | 0.579 | 0.848 | 0.533 | 0.425 | 0.413 | 1.038 | 0.755 | 2.295 | 0.981 | 0.393 | 0. 361
Rb 0. 40 0.30 0.29 0.28 0.31 0. 26 0.24 0.28 0.29 0. 30 0.27 0. 80 0.29 0.25 2.58
Ba 4.03 4. 81 4.09 4. 20 5.00 4.79 4.92 4.59 5. 50 4.37 8.07 5.42 3.57 4. 66 45.7
Th 0.05 0.05 0.05 0. 05 0. 05 0. 05 0. 05 0.05 0.05 0. 05 0. 05 0.13 0.05 0.05 0.05
8] 0.05 0.05 0.05 0.05 0.05 0.05 0. 05 0. 05 0. 05 0.05 0. 06 0.05 0. 05 0. 05 0. 05
Nb 0.13 0.09 0.10 0.08 0.09 0. 10 0.08 0.10 0. 10 0.08 0. 05 0.33 0.10 0.08 0.08
Ta 0.05 0.05 0.05 0. 05 0. 05 0. 05 0. 05 0.05 0.05 0. 05 0.05 0.05 0.05 0.05 0.05
\% 39.5 35.1 28.6 36.0 36.3 35.7 32.4 31.3 38.6 38.0 35.1 29.1 38.2 33.4 33.2
Li 1.02 0.85 0.98 0. 87 0.71 0. 83 0.66 0.76 0.72 0. 84 0. 81 0.82 0. 26 0.50 1. 45
Be 0.05 0.05 0.05 0. 05 0. 05 0. 05 0. 05 0.05 0. 05 0.05 0. 05 0.05 0.05 0.05 0.05
Sc 5. 80 6. 81 4.61 6.10 6.41 5. 64 5.48 5.51 6.01 5. 89 5.32 5.74 6.15 5. 14 4. 47
Co 117 116 119 114 116 119 114 115 114 117 116 113 113 108 105
Cu 1.32 2.96 31.8 0.98 1.71 1.63 0.42 0.97 0.78 0.12 7.62 0.93 1.24 2.28 3.42
Zn 24.6 55.9 19.9 16. 3 27.5 17.2 17.0 18.2 18.8 19.5 27.8 20.1 23.9 22.4 26.3
Ga 0.76 0.83 0.67 0.74 0.78 0.70 0. 66 0.71 0.73 0.75 0.73 0.74 0.74 0.63 1.16
Sr 6. 85 9.73 6.47 5.52 6.96 5.25 6.10 5.76 8. 40 5.48 14.9 7.81 2.53 5.58 6.82
Pb 2.65 2.30 1. 83 1. 44 1. 86 1.55 1.48 1. 80 2.03 3.38 29.7 2.86 2.06 1.68 3.41
Cl 90.0 83.0 | 149.0 | 106.0 | 71.0 75.0 84.0 79.0 | 102.0 | 86.0 | 112.0 145 252 277 386
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K2 PPOSHILERHERBOBTFONER (%)

Table 2 Representative microprobe analytical results of the peridotite from the PP6 drill hole

LR/ RO A7 R WA BREA

FES | 1028 | 2566 | 4296 | 44-99 | 50-112 | 41-94 | 41-94 | 4499 | 46-102 | 46-102 | 4-3° 1028 | 10-28
SO, | 40.712 | 41.091 | 41.107 | 39.897 | 40.602 | 57.953 | 57.534 | 57.481 | 58.031 | 57.731 | 56.31 | 56.704 | 55.908
TiO, | 0.012 0 0 0.003 | 0.008 | 0.005 | 0.027 | 0.015 0 0.003 0 0. 006
Al Oy 0 0 0.01 0 0.003 | 0.572 | 1.206 | 0.292 | 0.468 | 1.011 0.61 | 0.76
Cr;0; | 0.016 0 0.004 | 0.005 0 0.115 | 0.212 | 0.036 | 0.095 | 0.067 | 0.58 | 0.278 | 0.342
FeO | 7.607 | 7.635 | 8.097 | 11.671 | 7.818 | 5.688 | 5.799 | 7.828 | 5.409 | 5.621 | 1.45 L2 | 1.187
MnO | 0.084 | 0.097 | 0.096 | 0.091 | 0.102 | 0.129 | 0.125 | 0.072 | 0.124 | 0.117 0.025 | 0.074
MgO | 50.917 | 51.201 | 51.203 | 47.83 | 50.944 | 35,639 | 35.546 | 34.531 | 36,127 | 35.781 | 17.12 | 18.105 | 18.143
CaO | 0.013 | 0.002 0 0.011 | 0.003 | 0.111 | 0.152 | 0.068 | 0.123 | 0.091 | 24.12 | 23.087 | 22.547
Na;O | 0.008 0 0 0 0.002 | 0.017 0 0 0 0.022 0.242 | 0.332
K- 0 0 0 0 0 0 0 0.008 0 0 0.002 0.002 | 0.005

cl

B | 99.369 | 100.026 [ 100.517 | 99.508 | 99.482 | 100. 229 | 100. 609 | 100. 323 | 100. 377 | 100. 446 | 99.58 |100.253 | 99.304
R/ ey AINA Réwa

BE | 1237 | 12370 | 2566 | 41-94 | 4194 | 4296 | 4499 | 1028 | 12:37 | 12:37 | 2566 | 41-94 | 50-112
SiO; | 40.991 | 41.76 | 53.977 | 48.05 | 57.021 | 46.45 | 46.024 | 0.035 | 0.083 | 0.058 | 0.008 | 0.023 | 0.029
TiO, 0.067 | 0.197 | 0.035 | 0.238 | 0.497 | 0.009 | 0.017 | 0.000 | 0.000 | 0.078 | 0.047
ALO; | 22.818 | 22 5.893 | 12,302 | 2.929 | 12.66 | 13.954 | 19.899 | 12.643 | 63.030 | 46.331 | 24.896 | 26.347
Cr;0; | 0.962 | 1.64 | 0.687 | 1.151 | 0.477 | 1.352 | 1.124 | 49.584 | 55.573 | 5.711 | 23.138 | 44.144 | 43,129
FeO | 9.175 | 11.27 | 1.845 | 2.805 | 1.721 | 2.712 | 3.97 | 20.407 | 22.783 | 8.678 | 13.417 | 19.653 | 19.286
MnO | 0.688 | 0.54 | 0.049 | 0.026 | 0.011 | 0.046 | 0.059 | 0.379 | 0.424 | 0.078 | 0.148 | 0.292 | 0.329
MgO | 16.908 | 18.42 | 21.853 | 19.127 | 22.961 | 18,719 | 18.329 | 9.966 | 7.906 | 21.300 | 17.014 | 11.700 | 11.782
CaO | 7.117 | 4.78 | 11.897 | 11.703 | 11.998 | 11.565 | 11.546 | 0.000 | 0.000 | 0.007 | 0.000 | 0.000 | 0.023
Na, O 0.631 | 1.527 | 0.305 | 1.414 | 2.301 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
K0 0.204 | 0.552 | 0.031 | 0.823 | 0.408 | 0.000 | 0.000 | 0.000 | 0.004 | 0.000 | 0.000

cl 0.112 | 0.172 | 0.039 | 0.218 | 0.278
BRI | 98.659 | 100.41 | 97.215 | 97.612 | 97.528 | 96.197 | 98.49 |100.279 | 99.429 | 98,862 | 100.06 | 100.786 | 100,972

TE « > BRI » 76 1] 1 Y8 DR T 30 Jy 2 52 98 3 52 s FEA A JR 23 A o 75 o [l 3t B 2 e 4 77 B IEURIT 5 B HL TR SRR
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Fig. 9 Back scattering electric images of
early stage olivines
() —FHZEHE WK (b —&H AR %R A K
(a)—with magnesite inclusion, (b)—with euhedral

Cr-spinel inclusion

B 10 BRAR AN AT SG () FIE 51 (b) 1R 7
Fig. 10 The early stage Cr-spinel porphyroclasts

under reflective light(a) and plane light(b)

b 0 e il 3k v A AR W OO A BT R . X
L F] T 1 200K b A 55 R TR) K UKL 5% 4% R i A1 B A3
(AT L ERAD — B0, DL 8 N RFAE .

BRI A AR W T A8 2K R LD B AE A TR (]
BCOA R TRE A B A A BMORE A PR B R R DL
1AL 2 W3 2.5 & MgO #il CaO, Cr, O, Fl
Na, O & B & T & A, Hd Cr, O 8
0.28%~0.58% AR HHLEH .
4.2 BEEZTRVHASE

WG AR A O R A R
0o FLARAS G E5 A . S T 10T 3 088 5 AR 0 ) T
72 J5t aok A% R OB R 7

HAOT AR A KN 5~20pm, TCAEW, L
ANTURL B A — 5 e 2 A A (IR
12), ZAMAAF NI 2, 801538 5 A o
JGE N 62mol% ~ 66mol%, H Cr, O, & & i
0.92%~1.64% L b, FIHARA—RITEATES
i1 (Brey and Kohler,1991) i+ 1 5 1 1 [ & J1H
3.0~4. 1GPa( L5 5 ¥ 70) KL XK Bt A1 2
IR TR AH A S BT L & TR e R AR R A
M.

AW R AR A A S RS A R A AL R

BlO1T BAROME £ 4 0 PR B A

Fig. 11 Back scattering electric image of clinopyroxene

B12 &4 A i w0 A
Fig. 12 Micrographs of garnet bearing peridotite
bR RE =PI AR R SR 1€ TR Sl N3 o a1
AR AT RORE A E  l TRR

The three bold arrows point to three groups of garnet. The

lower right back scattering electric image shows the garnet

from the center grain connected with olivine

A A R . IR R B S A R
W7 R A BE S 10 2% (&L 13) , 00RE 22 6] 52 22 £ IR FH 35
M = R AR R . R T RO A BB D A R AR
ZAE 0. 1~0. 3mm 247 T, HE A a5
TSRO A AR 0L AFURL B2 TE A0, A A S R A
L, 3 En S oc & &4 92, 758 Tl KO8 £ o BE T
4 AL O & it K RBEAK, 276 0. 4% ~0.5% .
G 0. 25 %, Hof s oy A8 A K. A Bean kL& Jy #E
AT AR I 37 WY RE R AR AE S0 [A] B BE AR A &
AR 240 P AR 43 A T RO A O 22 (]
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Fig. 13 Fine grain neoblasts of olivine, orthopyroxene,

Cr-spinel and retrograde amphibole around a

porphyroclastic orthopyroxene under plane light

R (R 13) B S5 40 BLR 2R ABL T BE A% S AL A
ERETTIOERT ORI SRV 37 Sk I (TR O RS o
76 IR EHR i JEE AR ) BRI 22 4 AN AT RE 7 LR ALY
AR AL RS HEQOX R S S 6T Y. 35k
MR AR FCA DR S BR T 0 A 5E 1 HE 81 Chn gk
AR BERBE T AT A IR A A Sl kB R
Clo) B A R JEOK ~ 1 oK, P47 T 0 ) € 1) 19 7
)4k TR A A E LR .

TEVE 22 5 A1 W R P i UL 21 SR I MO
0 FRTREUR T B A R 58 CRL A5 RLRL A
2 B S A D R AR AE I A TN AT X SE B
Z5JE MM E TR A K. PRI I I & A
LT AL 3 0RO BHORE A1 L AR T R A 2R i
A1 TR s 78 25 RAR 3 125 A1 b [ B R L 38 R
KL IR R D7 A1 MBS IR A1 R AR B . X SE B R AR
T R T 7 T X MIOAE S B 1 2 R I A PR
A 23548 1% 40 P A 2 i 1 P 3 e T A o
TERA .

4.3 HHEHE-—RARNEHETHES

LI W) KO 5 s By BOR IS B e A TR
R R R AR A AR AR I AL R A T SRR
BRAER . = THENA BN A BERRARR A H
f REAEY IE S . WS EAENA E N A B
RAAT H A S A 838 A RO A0 R0 A
X LEH WY 2H 5 AL T RRRL AR 19 21 A (H Bk A R
WA . X5 E A BB CaO M AL O A K

FNARER K, 0. 5~1mm, 2§ —F AF
RN IR SR Y SUP AR O o 8- R A B i
54 (B 14) Ab2FH I FR 2. EH R BT,
TR AE A A IN A (Si=6.1~6.5), 1% K iE
AT AN (SI=7.3~7.7), N4 N # K
BRI (RIS 2 B i R R B R D
RN A8 J7 WAy 3k RE 1 20 it Ay 97 e S A g — 28
FANAARGE S Cr, 0, (4 1%0) () 1] L2 41
p R € R SR RN I R I A B A AT P SR SN % N S
Ak DN AR AR AR 1 7 1 3% TN Ao AR TR 3R A8 Jo
S AR = s AE T AT kR T 58 A M A1 I RRAE (Y
VBRI AR b A L AR RO A ) . AR
H MgO-FeO 1 CaO-Al, O (1) %43 40 5 7t Bl ( Zhang
et al, 2005) FIK & W FAITHF DL G . I @ T 4 e >k U
AN A . DA Eax Se B g R WYL A1 DN A 1 A i S
R AR 38 KA T g

B FEINA FEZ R4 A0 T HE N A8 0 0 3
(F 1O T W EE s TENA, ZHRENX
VP EE Ak EAIE VNN o S b e g =
Cr,0;(£51%) AL O, Na, 0. K, O, TiO, % Cl, i i
BIEMF AR (3R 2) . BB I A1 R HE TN A ilE— 25 08
FEIR AR 7= 4

B 14 AN A TEIESS 6T B B AEs A IR
Fig. 14 Micrographs of amphiboles under polar light
Ca)—ffy IR A7 BRA RIS A7 R A7 B0k 5
(b)—FA IR A7 F s 2R A R VA B

(a)—with ring and with olivine and Cr-spinel inclusions;

(b)—with Cr-spinel exsolution rods
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eSS AR R T Cr 2Rk 40, i8R BUA B4
I (B 12K 15,36 2 85 AL A3 WAL O, i
ik 63% . F AL RN Cr, O, Fifa 2R A,
XF 2 AN HE R B 5T 2 W R s 48 A AR R RS R
A0 5T S TE B — A KRBURL (B 15) . B8 48 1 3
GYEH A ANRL I ONS A FT R T RE LA I
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Fig. 15 Back scattering electric image of Al-rich
(dark) and Cr-rich spinels (light)
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Fig. 16 Intergranular brown dolomites between

olivines under plane light
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Fig. 17 Pentlandite between olivines

under reflective light
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Fig. 18 Micrograph of the strip veins composed

of meta- peridotite, pyroxenite and amphibolite
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Study of the Macaokuang Peridotite Body from the PP6 Drill Hole
of the Chinese Continental Scientific Drilling (CCSD) Project
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Abstract

CCSD PP6 drilling hole penetrated in the Macaokuang peridotite body, Rongcheng of Shandong
province, which rests in the Sulu ultrahigh-pressure metamorphic belt (UHPM). Peridotite occurring in
the Protozoic granodiorite gneiss is exposed with an area of by 300m by 130m on the surface. The rock
near the surface is strongly weathered but drilling core is very fresh and of well-developed cleavages. A
196m-deep hole reveals the peridotite of 110m in thickness, beneath which is granodiorite gneiss. Main
peridotite body occurs as massive structure, but streaky structure in the margin. Peridotite near the gneiss
is strongly serpentinized. Except that protolith of a 10cm-wide-vein was the product of magmatic
differentiation, analyses of major, trace element and rare earth elements indicate that the protolith is
extremely depleted mantle harzburgite. The rock consists mainly of olivine (85% ~95%), orthopyroxene
(3% ~5%), amphibole (3% ~5%), spinel (~0. 5%) and pentlandite (<{0. 1%), occasionally with
garnet, clinopyroxene and dolomitite. Based on the mineral textures and compositions, three-stage mineral
assemblages were recognized. Mineral assemblage of early residual mantle, consisting of fosterite, high-Al
enstatite, Cr spinel and diopside, is of porphyroclastic texture and has no inclusions, implying a high- and
low-temperature assemblage. Comprising forsterite, pyrope (Pyr =62 ~ 66), low-Al enstatite and Cr
spinel, mineral assemblage of the ultrahigh pressure metamorphic stage is of fine-grained granular blastic
texture and contains no inclusions, with the temperature and pressures of 840~940C and 3. 0~4. 1GPa
respectively. Mineral assemblage of granulite-facies and amphibolite-facies metamorphic stage comprises
pargasitic hornblende, Mg-Al spinel, Cr spinel, dolomitite, tremolite and serpentine, with temperature
and pressures of 650 ~780°C and <1. 8 GPa respectively. The Macaokuang peridotite, as the mantle
wedge, experienced the ultrahigh pressure metamorphism during Indosinian Period, and was superimposed

with granulite- and amphibolite-facies metamorphism during exhumation process.
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