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Petrogenesis and geological significance of migmatitic gneiss in Mulantou area, Hainan Island

Abstract; In the coastal area of Pujian to Mulantou on Hainan Island, a set of medium to deep metamorphic rocks
(Mulantou complex ) has been discovered, composed of migmatite, dolomite, shale, and amphibolite, with
migmatite being the predominant lithology. This study selected well-developed and typical migmatitic gneisses as
the research focus and conducted systematic zircon U-Pb isotope dating and petrological and geochemical studies.
The results indicate that the protolith of the Mulantou migmatitic gneisses was intermediate basic volcanic rock
formed around 276 Ma. These rocks exhibit geochemical characteristics of island-arc calc-alkaline basalt,
suggesting a tectonic setting related to the subduction of the Paleo-Tethys Ocean. Early anatectic metamorphism
occurred around 261 Ma, indicating a tectonic environment related to the collision between the South China Block
and the Indochina Block. Later metamorphism took place around 248 Ma, signifying a tectonic environment
associated with extension following the collision between the South China Block and the Indochina Block.
Therefore, the Mulantou migmatitic gneisses preserve a comprehensive record of the tectonic evolution in Hainan
Island from the Early Permian to the Early Triassic. They represent the geological consequences of events such as
the closure of the Paleo-Tethys Ocean, the collision between the South China Block and the Indochina Block, and
the subsequent extension. The discovery of these rocks provides new insights into the eastern extension of the Song
Ma suture zone.
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Fig. 1  Simplified structural geological map of Hainan Island and its surroundings

(a) Tectonic sketch map around Hainan Island ( modified after Wang et al. , 2018; Liu et al. , 2021) ; (b) Simplified geological map
of Hainan Island ( modified after Hu et al. , 2019)

Paths @, @ and @ represent the predicted eastward extension of the Songma suture zone (Paths D and @) are cited from Metcalfe,
1996, and Path @ is cited from Li et al. , 2000) ; Paths @ represents the predicted eastward extension of the Zhaijiang suture zone,

cited from Faure, et al. , 2016; Path () represents the predicted eastward extension of the Dian-Qiong suture zone, cited from Cai and

Zhang, 2009.
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Fig. 2 Simplified geological map of the Mulantou
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Fig. 3 Field photos and photomicrograph of migmatitic gneiss in the Mulantou
(a) Strongly deformed migmatitic gneiss; (b) Felsic dike intrude into migmatitic gneiss; (¢ and d) Field photos of leucosome
mesosome and melanosome; (e) Photomicrograph of mesosome; (f) Photomicrograph of melanosome
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X1 BAEBEBKESTA LA-ICP-MS U-Pb B &4 EE
Table 1 LA-ICP-MS U-Pb dating data of zircons from migmatitic gneiss
TEE /X107 i % Mol B % 420/ Ma i
%5 T4
Pb Th U 207Pb/206Pb 10. 207Pb/235U 10' 206Pb/238U 10' 207Pb/206Pb 10. 207Pb/235U 10. 206Pb/23SU 10. ]filéllf‘}nj)‘z %ﬂ
01 45.66 228.54 384.93 0.0532 0.0025 0.3243 0.0154 0.0440 0.0005 344.5 105.5 285.2 11.8 277.5 3.0 97% H
02 2540 97.81 343.67 0.0542 0.0028 0.3115 0.0158 0.0418 0.0005 388.9 121.3 275.3 12.3 263.9 3.2 95% i
03 100.61 549.87 479.66 0.0544  0.0021 0.3320 0.0130 0.0439 0.0004 387.1  87.0 291.1 9.9 277.0 2.5 95% #%
04 27.46 105.54 344.42 0.0568 0.0024 0.3244 0.0139 0.0413 0.0004 483.4  94.4 2853 10.7 260.8 2.7 91% i
05 49.22 231.91 467.50 0.0521  0.0022 0.3154 0.0134 0.0437 0.0004 300.1  98.1 278.4 10.3 275.8 2.6 99% #%
06 1.61 8.47 23.81 0.0644 0.0290 0.2947 0.1073 0.0413 0.0016  755.3 742.9 262.2 84.2 261.0 9.8 99% i
07 26.71 116.73 275.58 0.0540  0.0030 0.3230 0.0177 0.0435 0.0005 368.6 130.5 284.2 13.6 2743 2.9 96% #%
08 12.07 60.26 135.86 0.0565 0.0056 0.3092  0.0307 0.0411 0.0007 472.3 222.2 273.5 23.8 259.5 4.6 94% i
09 37.91 169.48 464.35 0.0520 0.0024 0.3093 0.0142 0.0432 0.0005 283.4 105.5 273.6 11.0 272.8 3.1 99% #%
10 24.08 88.30 261.48 0.0493  0.0037 0.3011 0.0223 0.0444 0.0006 161.2 166.6 267.2 17.4 280.3 3.4 95% #%
11 39.89 222.39 271.15 0.0519  0.0033 0.3101 0.0199 0.0431 0.0005 279.7 146.3 274.3 155 272.0 3.4 99% #%
121517 70.16 183.99 0.0563  0.0040  0.3073  0.0210  0.0406 0.0007 464.9 157.4 272.1 16.3 256.6 4.3 94% i
13 6.40 24.95 76.84 0.0570 0.0124 0.2944 0.0528  0.0409  0.0009  500.0 410.8 262.0 41.4 258.3 5.5 98% i
14 11.74 42.28 148.85 0.0505 0.0057 0.2967 0.0305 0.0418 0.0007 220.4 240.7 263.8 23.9 264.2 4.1 99% i
15 20.01 86.40 202.89 0.0553  0.0079 0.3009 0.0419 0.0417 0.0009 433.4 319.4 267.1 32.7 263.5 5.5 98% il
16 32.15 152.69 304.07 0.0562 0.0045 0.3238 0.0221 0.0418 0.0006 461.2 149.1 2848 17.0 263.8 3.7 92% i
17 30.48 136.25 332.86 0.0546  0.0030 0.3082 0.0164 0.0409 0.0005 394.5  91.7 272.8 12.7 258.2 2.8 94% i
18 6.01 27.16 44.78 0.0508 0.0140 0.2927 0.0725 0.0416 0.0011  231.6 533.3 260.7 56.9 263.0 6.9 99% i
19 2.19 13.64 21.36 0.0135 0.0730 0.2848 0.1272  0.0376  0.0015 / / 2545 100.5 238.0 9.0 9% K¥
20 9.34 47.64 69.77 0.0538 0.0085 0.2697 0.0428 0.0385 0.0008 364.9 322.2 242.4 342 243.3 52 99% KH
21 7.48 32,38 78.92 0.0582  0.0090 0.2912  0.0410 0.0387 0.0008  600.0 337.9 259.5 32.3 244.8 5.2 94% TH
22 7.21 3473 73.91 0.0526 0.0078 0.2570 0.0391  0.0386 0.0008  322.3 298.1 232.2 3.6 244.1 4.9 95% TH
23 8.06 36.21 88.16 0.0453 0.0058 0.2413 0.0300 0.0383  0.0007 / / 219.5 24.6 2422 43 90% ¥
24 7.02 33.42 85.86  0.0556 0.0084 0.2745 0.0401  0.0383 0.0008 438.9 343.3 246.3 32.0 242.0 5.0 98% KW
25 17.04 93.30 151.74 0.0574 0.0052 0.3110 0.0282  0.0397 0.0006 509.3 200.0 274.9 21.8 251.0 3.7 90% KM
26 5.94 40.31 45.78 0.0556 0.0155 0.2758 0.0691  0.0402 0.0012  435.2 523.7 247.3 55.0 254.4 1.5 91% K
27 435 23.90 41.22 0.0556 0.0134 0.2783  0.0642 0.0386 0.0011  438.9 462.9 249.3 51.0 244.4 6.9 98% TH%
28 19.02 92.68 183.93 0.0489 0.0062 0.2585 0.0297 0.0388 0.0006 142.7 274.0 233.5 23.9 2455 3.9 94% FH
29 14.42  75.77 139.44 0.0549  0.0047 0.3039  0.0264 0.0399 0.0006  409.3 189.8 269.5 20.5 252.2 4.0 9% EH
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Fig.5 Concordia diagrams of zircon U-Pb ages for migmatitic gneiss
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Table 2 Chemical composition of migmatitic gneiss

HE EOK (KR3EFRK) o (B MNEHC RS WE ek CGRHCAMINA)
B PMDO04 PMDO04- PMDO04- PMDO4- PMDO04- PMDO04- PMDO4- PMDO4- PMDO04- PMDO4- PMDO04-

-5-6 5-9 5-1 5-3 5-4 5-7 11-1 5-2 5-5 5-8 5-10
Si0, 59.72 60.51 50. 63 55.93 53.58 50.93 56.94 48. 86 43.48 43.51 46.73
TiO, 1.36 0.31 1.31 0.96 1.21 1.14 0.95 1.59 2.08 1. 60 1.81
Al, 04 17.39 18.72 13.42 17.25 16. 4 18.58 18.18 14.1 16. 06 17. 4 17.43
Fe, 0, 1.86 0. 64 1.10 1.09 1.80 1.54 1.08 1.45 3.09 2.12 2.25
FeO 3.70 2.70 7.70 7.30 6. 40 7.37 5.43 8.15 10. 00 9.77 8.53
TFeO 5.37 3.28 8.69 8.28 8.02 8.76 6. 40 9.45 12.78 11. 68 10. 55
MnO 0.13 0.09 0.19 0.19 0.20 0.18 0.15 0.21 0.24 0.21 0.21
MgO 2.23 1.78 7.84 3.50 4.69 4.29 2. 64 7.93 7.35 7.85 5.77
CaO 5.67 6.53 11.94 7.42 8.36 8.16 6.45 11. 62 11.77 11.53 10. 29
Na, O 3.97 4.45 2.22 3.43 3.23 3.79 4.35 2.03 1.67 1.68 2. 64
K,0 1.49 1.92 0. 65 1.17 1.31 1.53 1.65 0.97 1.05 1.19 1.36
P,0; 0.36 0.27 0.63 0.19 0.43 0. 47 0.34 0.58 0.48 0.35 0.78
CO, 0.08 0.67 0.27 0. 06 0.08 0.12 0.16 0.31 0.08 0.08 0.08
H,0" 1. 81 1. 19 1.85 1.31 2.09 1.63 1.42 1.94 2.44 2.52 1.86
LOI 1.12 1.78 1.35 0. 69 1.26 0.82 0.78 1.70 1.35 1.52 0.95
La 23.82 29. 54 26.35 18.26 28.97 38.38 33.89 32.61 15.97 13.12 38.16
Ce 43.44 48.01 51.99 35.66 60. 23 81. 47 67. 44 76. 62 41.48 33.47 81.39
Pr 5.62 5.35 6. 81 4.69 8.03 10.75 8.45 10. 52 6.79 5.71 11.24
Nd 21.35 18. 86 27.26 19.00 31.45 40. 60 32.05 42.28 31.52 25.65 43.75
Sm 4.06 3.07 5.92 4.48 6.21 7.71 5.98 8.97 7.84 6.36 8.58
Eu 1.58 1.39 1.51 1.34 1.85 2.18 1.78 2.24 2.27 1.92 2.26
Gd 3.36 2.43 5.01 4.42 5.15 6. 84 5.12 7.42 7.87 6.28 7.07
Th 0.50 0.31 0.76 0.75 0. 82 1.13 0.78 1.13 1.28 1.05 1.10
Dy 2.75 1. 66 3.88 4.55 4.54 6.70 4.38 5.84 7.54 5.95 5.99
Ho 0.53 0.30 0.76 0.96 0. 89 1.43 0.83 1.16 1.54 1.17 1.14
Er 1. 44 0.79 2.02 2.84 2.36 4.13 2.29 3.24 4.17 3.25 3.09
Tm 0.22 0.14 0.31 0. 47 0.36 0.65 0.35 0.50 0.61 0.48 0.45
Yb 1.32 0.77 1.89 3.00 2.23 4.4 2.16 2.88 3.69 2.90 2.72
Lu 0.19 0.11 0.26 0.45 0. 31 0.68 0.30 0.41 0.52 0.42 0.37
v 103. 80 51.35 170. 02 234.01 164. 30 167.70 114.30 227.70 308. 90 259. 60 215. 60
Co 8.26 6.61 30. 44 19. 48 18. 85 20. 38 13.36 27.16 42.49 39.07 28.97
Ni 2.45 4.22 45.05 1.27 15.90 10. 15 1. 60 61.81 41.92 32.21 28.05
Ga 20. 85 21.97 15.23 19.73 20.70 20.29 20. 80 18. 35 20. 62 18.13 20. 10
Rb 85.73 70. 83 26.43 39.83 85.22 54.30 46.98 53.60 36. 50 58.36 55. 66
Sr 673. 47 461.41 749. 30 412.02 544.87 831.62 707. 88 755.55 364.93 399.98 719. 08
Y 13. 86 7.90 18.99 24.76 22.30 35.85 21. 15 29.3 36.33 28.08 29. 46
Zr 522.7 148. 30 71.10 101. 20 112. 50 332.90 226.8 87.00 79.90 65. 60 142. 30
Nb 12. 11 3.47 6. 80 8.26 12.20 10. 52 10. 21 11.62 11.26 7.54 12.70
Cs 4.63 1.87 1.03 4.80 5.62 4.60 2.72 4.50 1.88 4.28 4.51
Ba 649.2 537.00 229. 64 420.71 402. 50 729. 80 769. 50 254.74 135. 60 131.30 472.90
Hf 20. 99 7.26 3.38 7.93 8.77 18.61 14.79 5.41 4.55 3.47 9.16
Ta 0.63 0.20 0. 44 0.83 0.95 0. 64 0.42 0. 68 1.00 1.12 0. 62
Pb 13. 69 12.74 7.11 7.91 11.21 8.54 10. 67 6. 46 4.99 4.53 7.41
Th 0. 46 0.36 0.90 0.53 0. 86 0. 88 0.55 0.91 0.40 0. 37 0. 54
U 0.17 0.26 0.28 0.11 0.33 0.10 0.09 0.21 0.26 0.13 0.14

V. EHCE A N%, ORI % AR b ICZ X107

10° ~ 113 x 10°°, LREE/HREE = 9.67 ~ 16.32, (B AMNFHK R RS ) AR alk (K3mhk) &£

(La/Yb)=12.9~27.6, 8Eu=1.27~1.50, ¥ Eu W, BEEREFFAILE K, Rb, Ba, BE
SR (B 7a) . TECE TC 3 B A i AR i 1k ik ) Lot R HE LA, HAh &%t E Th, U,

K (K 7b), BEEAE (RIKMING)., Tk Nb, Ta, Zr ¥5RZI54H,



728 Wi FFR https ; //journal. geomech. ac. c¢n 2023
9.0 m 35 12.0 25
80} = o Ktk | m
ol B4 atpfagkl 30 100 @ 20) @
60} mEEE 2s sof Pm “
<50l “ Sq0f ® " o g A s1sp ® DA -
: A - A S L =
En A o S 6.0 A
3 40f M s mA 2 A Siof AT
30t A Lol A A 40t ®
. °
20 ° 05 o 201 03 °
0.0 . : 0.0 - : 0.0 - - 0.0 ’ '
50 60 70 40 50 60 70 40 50 60 70 40 50 60 70
Si0,/% Si0,/% Si0,/% Si0,/%
14.0 50 25 200
45 A ©® A )
20 E mA 40} ° 20t - 180 A
A O A ®
100+ m . 351 AA A o A
© 301 2 1Ls) A o <160 @
3 80f AA S5t m 5 ] A S
= A < = A N B A e =
5 A @ Z 20} O M0t = T 140} N
601 | @
® 15 N
do0l 10t 05 12.0
05}
20 - - 00 : : 0.0 : : 10.0 ' '
40 50 60 70 40 50 60 70 40 50 60 70 40 50 60 70
Si0,/% Si0,/% Si0,/% Si0,/%
B 6 R4k Me Hark FH#
Fig. 6 Harker diagrams for migmatitic gneiss
1000 1000
. % b ; .
a —— R AR K) —— R AKKIERE K
—o— PERAEREANR TR —e— P (R R A AR E)
—a— O AEEHMINE) —e— IR )
100 100
i =
B =
& &
= &
2 g
3 E
o 0
1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

RbBaTh U K TaNbLaCe St Nd P Zr Hf Sm Ti Y YbLu

a— i L TG FR BRI A7 A5 AL BE BRI 5 b— i 0 38 J5UIR 3 08 s e £ ik 0 [

K 7

and McDougall, 1989)

BERKRERHETRBRA R B AR ELT > E X B A E TR E L8R R R P (R fefis A sun

Fig. 7 Chondrite-normalized partition pattern diagram for rare earth elements and primitive mantle-normalized spider diagram for trace

elements of the migmatitic gneiss

(a) Chondrite-normalized partition pattern diagram for rare earth elements; (b) Primitive mantle-normalized spider diagram for

trace elements
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FELH AE 3 1Y U-Pb 4F % ) 4 3% % a5 72 o 4 T 4F
1% R TAEXR & F RS 64k (PMDO04-5-3)

AT T 854 U-Pb [RI0 R 4301, MBS A 4544 B aT LA
SNBSS, IR A, T A
AT A AR AT AP/ U AR IS 4 A T BBl 280 ~
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BARZEIRAG RS A 8 M AaE s, 11 b
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6.3 KRHIEENX #io Zhang et al. (2021) Xf HyT 48 A&7 L — 4 8
VRS B M BT A S b MR AR RBOA R T BRI AR TR R AT K b 2 F0AR AR 2 A O
RrREE B b 3 B Tk B B (8 R A M TT O A B HA IR AH A N AT AR I 370 Ma A 47, IR
2017), WD ipsEA ok, WS LR EAES% A N-MORB (Wb ER L % FR1E, TAH D VT4 & 4 7F
Fair AT A F I, D R B AR R AR Z MR a3 iE) b T AP P R A VT - R A A
Wl E R T =R/, WE— 448 & 1E 5 MAER R SRR R - B G, DL 4E I B
S W ATESRIR (B 1), ZkESE (2000) 55 AR R 4 BT R A i D R AR — 3, U BH T V4%
TE BT - BU B M R R - R R X R ey A ATREAR IR (K 10),
AR AR N A AR AR e A, AN AT B S AR R R ED 3¢ SCEMF IR WK, W SR 2SR A AR
Hh B2 E) AR AR PR T VR AR A, HECE P RUAERY  ARE TR LA, BT 275.7+2.2 Ma,
333 Ma Z47; He et al. (2018) XMIEMBAE  HUBERIL 25 5000 5E — 2 W5 R H AT AETE W T 5 06F ob
Mo X AR FEVE AT AR R SY, SRR EMX A H XM KA & 5 8, SR ST
FMESS 330 Ma 24 MR ARG, JF A B 48 A r (A7 A 40 TR) I AR 2L 5 9 b BR A = 4 AF A9
AP AR AT R 4 VO VT 322 Ll A 5 VT 4% A Y PR HebE KA (276 Ma, 271 Ma, Liu et al. , 2012;
X, H5E524 (2019) Z7EWFF BMMEL M 270 Ma, Zhang et al. , 2021), JEiA b 7] BE 2 o 4
WS, AR AR}y 364 Ma 247 (Xia et al. PRI A SRR 22— O T VTP ) R PG R b 1) ED S b
2022), WINNELR o BRI sk 4y Zhang et al. WZTHEY., UERPELAREL IRENIEE
(2014) X BIT A P g G s BT H A M SIMS B AR AU A A6 T2 Rt A0 A AG 3 3R 388 0l 15 ST 48
B U-Ph AR BEIY, AR SIS A IRER T RS WM -5 A, 0T 6835 2 A5 o AR 4 3
FREEIT T VST, B BUAFEIR D 340 Ma 2 VIR eP ]S & AL 2 AE LG - W, i — 0 Sk
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