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Genesis of the gneissic biotite granite in Lanhe, northern Guangdong: Constraints from zircon U-Pb

geochronology, Hf isotopes, and geochemistry

Abstract:  [Objective] The Lanhe pluton in northern Guangdong is located at the southeastern margin of the
Zhuguangshan Complex and is primarily composed of gneissic biotite granite; its petrogenesis has not yet been determined.
[Methods] This study applied LA-ICP-MS zircon U-Pb geochronology, whole-rock geochemistry, and zircon Hf isotope
analyses to the Lanhe gneissic biotite granite. [Results] U-Pb dating indicates that the emplacement age of the Lanhe
gneissic biotite granite is 427 + 2 Ma, representing a product of the Caledonian magmatic activity. The geochemical
characteristics show that the granite has SiO, contents ranging from 71.53% to 75.41%, high total alkali contents (K,O +
Na,0 = 7.57%—8.23%), and high A/CNK values (1.00-1.06). It is enriched in Rb, Th, U, and K, but depleted in Ba, Y, Nb,
Ta, Sr, and Yb. The LREE/HREE ratios range from 9.49 to 28.15, with significant Eu negative anomalies (3Eu =
0.21-0.76). The zircon eu(¢) values of the samples are all negative (—11.8 to —5.2), with corresponding #py, values of

1806-2129 Ma. [Conclusion] Based on the geochemical and isotopic characteristics, the Lanhe gneissic biotite granite is
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identified as a highly fractionated I-type granite, primarily formed by partial melting of crustal metasedimentary rocks,
including metagraywacke and metapelite. It is likely a product of the multi-stage reworking of the Paleoproterozoic
basement during the Neoproterozoic to Early Paleozoic. The comprehensive study suggests that the Lanhe gneissic biotite
granite formed in a syn-collisional tectonic setting during the Early Paleozoic in South China. [Significance] Integrated
with the Zhuguang magmatic system and regional geological data, the Lanhe pluton likely represents a product of the
transition from compressional thickening to post-collisional extension during the Caledonian Orogeny in South China. This
transition may have been associated with intracontinental tectonic reorganization or external subduction—collision
processes.

Keywords: Lanhe pluton; zircon U-Pb Dating; geochemistry; granite; tectonic environment
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Fig. 1 Composite map showing geological structures and granite distribution in South China

(a) Tectonic framework of South China (modified after Hu et al., 2004); (b) Distribution of Caledonian granites in South China (modified after

Sun, 2006; Guo and Liu, 2021)
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Fig.2 Geological sketch map of the Zhuguangshan Complex in northern Guangdong (modified after Deng et al., 2011)
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Fig.3 Hand specimen and microscopic photographs of the Lanhe gneissic biotite granite

(a) Photo of gneissic biotite granite hand specimen; (b) Main mineral characteristics of gneissic biotite granite; (c) Chloritization of biotite in the

gneissic biotite granite; (d) Early quartz inclusions in gneissic biotite granite under the microscope
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Table I LA-ICP-MS zircon U-Pb isotopic data of the Lanhe pluton
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Fig. 4 CL images of zircon from the gneissic biotite granite of the Lanhe pluton

The white circles represent U-Pb age analysis points, and the gray circles represent Hf isotope analysis points
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(a) U-Pb concordia diagram of zircon of the Lanhe gneissic biotite granite; (b) Weighted mean zircon age of the Lanhe gneissic biotite granite

x2 WAEKEE (%) FMETXE (X109 AR
Table 2 Major (%) and trace element (x10™° ) contents of the granites of the Lanhe pluton
Ak BB

HEMS  212G03-1  21ZG03-2  21ZG03-3  21ZG03-4 21ZG03-5 FEddis 21ZG03-1 212G03-2  21ZG03-3 212G03-4  21ZG03-5
SiO, 73.81 71.53 75.41 72.43 7328  Pr 11.38 15.54 4.93 12.42 10.69
TiO, 0.28 0.40 0.20 0.32 028  Sr 86.49 78.10 75.91 55.22 117.78
ALO; 13.68 14.04 11.93 13.17 1339  Nd 44,08 58.15 18.15 45.65 37.68
TFe,0; 221 3.10 1.57 225 180  Zr 145.20 177.07 61.26 158.05 153.42
MnO 0.02 0.03 0.02 0.06 0.02 Hf 471 5.57 2.07 5.17 5.10
MgO 0.50 0.69 0.36 0.50 045  Sm 8.59 11.63 3.81 11.31 5.86
CaO 1.71 1.70 1.15 134 151  Eu 0.82 0.84 0.80 0.80 1.24
Na,0 2.73 2.74 2.25 2.65 232 Y 8.31 10.28 7.57 23.87 6.09
K,0 4.85 527 5.64 5.36 592 Yb 0.45 0.58 0.50 1.42 0.44
P,0s 0.04 0.04 0.04 0.05 0.05 Lu 0.07 0.08 0.07 0.23 0.07
LOI 0.59 0.57 1.02 139 0.55 Gd 6.44 8.73 3.29 10.99 3.64
SUM 100.41 100.10 99.58 99.52 99.53  Tb 0.66 0.87 0.37 1.40 0.37
Na,0+K,0 7.57 8.01 7.89 8.02 823 Dy 2.55 3.05 1.77 5.95 1.51
K,0/Na,0 1.78 1.93 251 2.02 255 Ho 033 0.43 0.28 0.87 0.23
A/NK 1.40 137 121 1.29 131  Er 0.65 0.83 0.66 1.95 0.54
A/CNK 1.06 1.05 1.00 1.04 1.03 Tm 0.07 0.09 0.08 0.23 0.07
CaO/Na,0 0.63 0.62 0.51 0.51 0.65 SREE 219.93 292.45 95.01 241.80 200.34
ALO,/TiO, 48.68 34.83 59.96 41.80 4747  LREE 208.71 277.79 87.99 218.76 193.47
Rb 186.46 238.32 205.64 208.07 22403  HREE 11.22 14.66 7.02 23.04 6.87
Ba 489.10 459.74 503.00 461.83 639.68  LREE/HREE 18.60 18.94 12.53 9.49 28.15
Th 37.22 51.46 13.93 33.28 63.43  Lay/Yby 70.10 72.23 25.82 22.44 69.84
U 2.92 4.16 2.02 4.01 3.58  8Eu 0.32 0.24 0.68 0.21 0.76
Nb 11.26 14.67 8.31 10.55 6.62 Tz 758.37 771.32 695.06 767.49 762.36
Ta 031 0.44 0.21 0.29 0.21

La 46.72 61.61 19.17 46.85 45.14

Ce 97.11 130.02 41.12 101.73 92.87
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T 7.57%~8.23% Z 18] . 1E % f1 TAS Elfig , £ i 1
AL B A X A (B 6a) o BE S AH R E B, K0/
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rh, R 38 T N B BCE R A DX (1] eb) o R
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Fig. 6 TAS, SiO,—K,0 and A/CNK-A/NK diagrams of the gneissic biotite granite from the Lanhe pluton

(a) TAS diagram (Middlemost, 1994); (b) SiO, vs. K,O diagram (Peccerillo and Taylor, 1976); (¢) A/CNK vs. A/NK diagram (Maniar and

Piccoli, 1989)
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TRHT e JBROIR F8 2= BEAE B 5 i i e R & 1 UL AR 2.
e J5 e Hb 88 s v £k Ak et o0 22 0k ) B o (& 7a) 3 9T
J IR 2B 2= B AE i< A AH X 4E Rby Th, U, A X5
#t Ba, Nb, Ta. Sr. Zr, Hf. B tIER A LA
i i + B B (YREE=95.01x10°~200.34x10"°), Eu it
S H B2 (0Eu=0.21~0.76) . 1 BRBL B A1 b o 1k #
AW 43 B v (L 7b) BT RROIR R = B AR A

47 {6 %), LREE/HREE & 9.49~28.15, V- # 4 17.54,
(La/Yb) {8 Ky 22.44~72.23, J W 4% 1 F5 1 43 18 W
i, R
33 $EA HfE L HZ4H1E

T AT 7 R R AR S = BEAE B9 A 16 JLES 41 HE [R)
L 4y 45 1 s (BE WL OSID % [/ %), 85 f1
OHE/THE ) 4R {H M 0.282181~0.282369, XTI Y end(f)
HR-11.8~-52(F 8a), FELE P 7E~5.2~-9.0 Z[H]
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(a) Primitive mantle-normalized trace element spider diagram; (b) Chondrite-normalized rare earth element diagram

(E 8b), — B B HEEL = AR i (pve) H 1806~2129 AR B 3% BB 2 & 1A a3 4 7 B4R (Griffin et al.,
Ma, I & KT A RS, AR (427 Ma) o HE #8204 i 2002) .
S B 2 B A VR DX ) DA T A5 e ey S s T

20 _ %0 :
fj‘fﬁjﬂ[pa )
10 J 20l
0 2 \ . 60 | L
BRI A
-10 | 50
=< o .
EF 0l © }é 40
30t
-30 | o
20t
T SR ST L fAe
° ® T A 10} -(Iﬁ ﬁfi "
—0r o FIUS I A1 nﬂ:um LA 2
: ' ' ; ' 0la o .. e
0 500 1000 1500 2000 2500 3000 “50 40 30 20 —10 0 10 20 30 40 50
AFEH/Ma eui?)

a—HE AT endt)4F W 5 A T b—eno) 5053 A 07 TR
K8 4B e EE M (LM HFEMESRET A TWW, 2015 ffx &, 2017)

Fig. 8 &u(f) vs. U-Pb age plot for zircon from the granitic rock and &y(f) histogram (Other Hf isotope data are quoted from Wang, 2015 and Xu,
2017)

(a) Zircon &y((f) vs. age evolution map; (b) eud?) frequency distribution histogram
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BE E AF BCYE (3K 9% 2%, 20115 E fN B, 2015; Xu and
Xu, 2015; Zhang et al., 2018) , {H 2 H: v 5 14 Hi [X. 11 1
WA R B R — B A R A s R . op R
2 B 5% PH Hb 3K T 2% B 58 T 5] 457 28 AF % 52 56 % AL
b b R 24 0F 5% BT [R) 407 38 A7 0% 2 56 25 (1972) 1G4
W Fr BROIR BB = BE A K s R = BT T R K-
Ar 358 A, 0025 A TR R R e S
HX UL 25 (1975) ) FH B0 S8R 85 1 U-Pb 22 4 25 T 45 1
] 5 1A A AR 8 R 372 Ma; X1 s (1987) 25 4 is ]
BRGUR B A7 U-Pb A2 4F 75 . K-Ar il Rb-Sr 32 H1) 22 1 7
ARG U A i B R B R L (=424 Ma) . 1]
VLE I b A A% G0 DU AT J7 325 00 A5 106 T0T 2 A T 1
AP A A3 B, M DA AR B A S R 1 T AR

VT 4E 3K, BE % % 41 SHRIMP U-Pb, TIMS. #%
] b 45 89 BT % LA-ICP-MS 45 07 v 1 % i, 16 5 4
B AR O S R R T E ORI K
JIEIN AR B A B R A RS A . FEE K IE SR, U R
Th JC 2 B A ALY Bk b2 M T, e 8 DL TRl 42
G 7 S HE B A7 f % (Jensen, 1973; Nardi et
al, 2013) . —MIEOLT, #iA TP U M Thoo £ BAT
AH OGBS A A BE 43 72 B0, TR AE B — 25 IR fE 2 R
H, 85 A9 Th/U B AA 25 PR A O RS o b JOKT 10 T
o RRAR PR = BEAE A R T EDRS T2 LA-ICP-MS 85 A1
U-Pb i, 4F W% 8 A 5, Th/U BEAE 352300, 45 3 ]
AR AR N 42742 Ma(MSWD=1.17, n=27), ik
W ER 2 1 HIE e AR, Sy mE i AR A SRS s
7)o
42 BEMHSERKE

XiF A 1 25 14T 43 28 AT R R ) S A A R TR R A
B, — sy 1AL S AL, M AL A B, Horp 17
S #4 AT AR 5 # Y8 A 7 17 X 43 (Chappell and White,
1974; Loiselle and Wones, 1979) ., A B AE & & hH W
R T, — AR DA SRR A, DR
Zr+Nb+Ce+Y {H KX F 350x10°°( Whalen et al., 1987), T
TR VAT JRRCIR B 2 BE AR 59 5 R A & i, R LA
PEWE A 5 ¥, H ZrtNb+Cet+Y i (118x1075~332x
107K T A BUAE B 5 WA N H . b4k, AR 4% Watson
and Harrison( 1983) £5 1 A1 & 11, 3154 H 1 30 4 Jpk
AR = BEAE A 1 R B 695~771°C, “F¥ N
751°C. A LT B fROIR B = BEAE A R JE T A
P60 o TR IR B 5 B AR XA 1 endt) TH IR
TUA, I A D EGREE A, WA REE T M %Y
15 Ao BT AR H A S Si0,(71.53%~75.41%) |

& K,0(4.85%~5.92%) , %% CaO(1.15%~1.71%) . MgO
(0.36%~0.69%) . % TFe,0; (1.80%~3.10%) . TiO,
(0.20%~0.40%) . P,05(0.04%~0.05%) ) %5 5., 3¢ W
AR T S BREN S S AEN . 1 A BRI
0 L (] 9a—9¢), FEATE A 15 A B AL
X, H 5 S A TS (2007) 48 H Y 4 S 1S
e A A — B, BN USRI, W R ROk
BRI ATEARBYERT Y (RA S,
B ARG T A S DA R A 5 ke 8, B
Gy EE N R bk HR R AT 20 A/CNK {H 4b
T 1.00~1.06 Z 1], {6 A =, H Rb Fl Th 7 & 2 9
W 5 A9 IE AR DG O6 &R (81 9d), X Se R R & I S Al
XA . 2R BTIR, WA F RRCR R = BEAE R
Gy 5 ITRIAE A

45 45 MR b 2 S R A7 R RAE TR AR 2R =
BEAE 1 5 F2 2R U5 T M 52 DURR A (38 43 44 il Ik 48
mF: O R RRR B = B R A s E BoR
Si0, iR (71.53%~75.41%) , PRk T LA 31 @7
Sy RO R MR B FoR A T R ] LUR B A KA
Py Ik R o TR R A XA ) Rb/St(1.90~3.77, °F
124 2.72) F Rb/Nd H(H (16.24~33.82, F- 14 22.22)
By 3 i T e R A (43 51 S 0.31 1 6.8 i L A
1999) F1 4> Bk | 3b 52 19 ~F ¥ {8 (43 51 2 0.32 Fl 4.5;
Taylor and McLennan, 1985), 2 BH{ 3] A FROK 2B = &
16 A B e B B ) 5 TR DR A R AE 5 B M e DT
FRUE R IR A6 4 4 R & R Th A Bom )
ALO4/TiO, Lt i (Sylvester, 1998; Plank and Langmuir,
1998) , 1 T F JFRIR 2B 2= BEAE i HA B8 M 19 Th %
& M ALOYTIO, e {8 (13.9~63.4; 34.8~48.7), 7 W
YR XA 2R B s @R 7 RIR B = B AE
5 T 0 Ml D L AR B AE B BT A A 5 R L HE [
£ 2 4 % (18] 8a), end?) 1H N —11.8~-5.2, —. B Bt Hf
R AE WS (o) 4 2129~1806 Ma, 6 B — 2 4 T IX.
FEABL, ¥ 32 B phy b 5 U RS B 4 0 Rl B (Xu and
Xu, 2015; EHNAN, 2015) . GTE CaO/MgO+TFeO-Al0s/
(MgO+TFeO) il Rb/Sr-Rb/Ba & fift H (& 10), i 3] F
JRAR FE = BEAE 5 5 2 B4 A AR D JE A R X X B
i P AU BT A DX B P, 3R TR T R RRCIR PR = BE A
b 2 A IR T DLAR SR A RAR TR R T TR XY
4 45 il
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Fig. 11 Tectonic discrimination diagrams for the gneissic biotite granites from the Lanhe pluton

(a) Yb vs. Ta diagram (Pearce et al., 1984); (b) R1 vs. R2 diagram (Batchelor and Bowden, 1985); (c) Rb/30 vs. Tax3-Hf diagram (Harris, 1986);
(d) Yb vs. Sr diagram (Zhang et al., 2008).
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