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Abstract: This paper is the result of geological survey engineering.

|Objective] The Paleo—Proterozoic Pandaoling pluton is a granitic body in the Liaoji active belt, Eastern Block of the North China
Craton, which is mainly composed by biotite monzogranite. It has been seldom researched so far, which restricts the recognition of
evolution of tectonic setting in North China. [Methods] Based on the field geological characteristics of the Pandaoling pluton, it has
been studied in terms of petrography and geochemistry in this paper. [Results] The rocks contain high silicon (74.04%—75.84%),
high potassium (3.81% in average) and are rich in alkali (Na,O+K,0=7.29%—7.87%), and the average value of K;O/Na,O and A/
CNK are 1.09 and 1.187—1.394, respectively. The rocks belong to high—K, calc—alkaline series peraluminous [—type granite. The
granites have low ZREE contents (with average of 89.78 x107°) and obvious negative Eu anomalies (0.19—0.93). They has variable
(La/Yb)y ratios of 2.95 to 50.38, and display enriched LREE patterns, with relatively enrichment of LILEs (Rb, K, U) and HFSEs
(Hf), and low contents of Ba, Zr, Nb, Ta, P and Ti. Zircon saturation temperatures (745—774°C) of granite melt are significantly
lower than the A—type granites (868°C—928°C). These characteristics suggest that the Pandaoling monzogranite is characteristic of
high fractionated I—type granite. [Conclusions] The petrological and geochemical features of the Pandaoling pluton indicate that
they were originated from partial melting of the deep crust due to mantle magma intraplating. Based on tectonic history and the
diagram of structure environment, the Pandaoling pluton was possibly formed in the continental borderland collision tectonic setting

of Liaoji Paleoproterozoic active blet.

Key words: Paleoproterozoic; Liaoji active belt; - type granite; geochemistry; tectonic setting; geological survey engineering;
eastern part of Liaoning province

Highlights: The Pandaoling pluton was formed in the Paleoproterozoic. The rocks belong to the high potassium calcium alkaline
series with I—type granite geochemical characteristics. It was formed in the continental borderland collision tectonic setting of Liaoji
Paleoproterozoic active blet.
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Fig.1 Different scale geological map in Xiuyan and adjacent area
a—Tectonic subdivision of the North China Craton (after Yang Mingchun et al., 2015); b—Tectonic location diagram (after Lu Xiaoping, 2004);
c—Simplified geological maps of Xiuyan area; 1—Gaojiayu Formation of Paleoproterozoic; 2—Lieryu Formation of Paleoproterozoic; 3—Early
Cretaceous monzogranite; 4—Late Jurassic monzogranite; 5—Late Triassic monzogranite; 6—Late Triassic granodiorite; 7—Paleoproterozoic
monzogranite; 8—Quaternary; 9—Pandaoling Pluton; 10—Mountain; 11—-City or town; 12—Sample location
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Table 1 Major (%) and trace elements (10~°) data of the Pandaoling monzogranites

AR KIENE

>
P XP14S151 XP16S3 XP16S10 XP16S12 XP17S3 XP1783-1 XP17S3-2

SiO, 74.74 75.04 74.52 74.48 74.36 75.84 75.66
Fe.0s 0.33 0.23 0.69 0.34 0.30 0.13 0.30
FeO 0.36 0.40 0.36 0.68 0.50 0.32 0.50
ALO; 14.39 14.22 14.50 14.22 14.70 14.07 13.70
TiO, 0.08 0.15 0.13 0.15 0.18 0.10 0.15
MnO 0.03 0.02 0.05 0.02 0.03 0.02 0.02
CaO 0.78 0.60 1.02 1.19 0.56 0.51 0.77
MgO 1.04 0.37 0.64 0.73 0.49 0.40 0.61
K.0 3.58 3.94 3.58 3.58 4.12 3.82 3.82
Na,O 3.73 3.93 3.61 3.61 3.67 3.87 3.86
P,Os 0.02 0.01 0.02 0.07 0.05 0.01 0.02
LOI 0.96 0.48 0.55 0.57 1.16 0.53 0.40
Total 99.43 99.39 99.67 99.64 99.34 99.42 99.59
K,O+Na,O 7.31 7.87 7.19 7.19 7.37 7.69 7.68
FeOt 0.66 0.60 0.97 0.98 0.77 0.44 0.77
(Na,0+K,0)/CaO 9.37 13.12 7.05 6.04 13.16 15.08 9.97
FeOt/MgO 0.63 1.64 1.53 1.35 1.57 1.09 1.26

Rb 140.00 95.23 96.62 168.40 184.00 107.20 275.90

Sr 253.70 372.90 296.30 298.70 226.40 382.00 81.80

Ba 567.32 601.34 578.39 581.03 604.67 593.49 591.37
Ga 18.35 16.66 18.37 19.29 18.73 19.05 24.95
Nb 7.58 11.22 8.79 12.37 9.04 9.19 10.03
Ta 0.53 0.89 0.71 1.67 0.92 0.70 0.99
Hf 3.30 1.67 0.94 4.18 2.42 3.79 1.64
Th 7.14 3.83 7.20 7.81 6.26 6.18 3.76
\Y% 4.07 3.13 3.97 4.89 2.27 5.43 2.27

Cr 2.27 3.64 7.54 3.04 4.17 3.21 4.16
Co 0.19 0.91 0.90 0.73 0.19 0.76 0.26
Ni 1.62 3.12 3.23 2.54 2.19 2.53 2.24

B 6.48 2.74 3.58 4.52 1.67 291 433

Li 3.25 1.70 8.10 6.99 9.34 4.25 26.40

U 1.17 0.47 0.51 1.19 1.45 1.16 1.62

Ti 813.80 488.60 812.80 980.00 506.60 941.00 243.20
Cu 3.45 3.67 437 391 3.90 422 12.74
Zn 20.80 27.80 46.10 33.60 50.60 15.10 26.10
Ge 1.02 0.91 0.92 1.27 1.19 1.18 1.84
Zr 89.29 46.13 25.85 119.70 54.32 108.00 19.40

Pb 25.27 22.96 24.26 23.95 2537 20.10 12.94
La 28.04 14.00 30.15 30.78 16.93 23.32 5.38
Ce 54.48 26.93 55.71 59.30 33.86 40.14 11.98

Pr 5.42 2.82 5.78 5.50 3.65 4.50 1.34
Nd 18.75 9.81 20.72 18.77 13.01 15.88 4.71
Sm 3.09 1.75 3.05 2.61 2.66 2.46 1.49
Eu 0.49 0.50 0.44 0.51 0.37 0.49 0.09
Gd 2.43 1.83 2.13 1.91 2.39 1.84 1.56
Tb 0.34 0.32 0.24 0.24 0.41 0.25 0.32
Dy 1.92 2.33 1.20 1.30 2.45 1.27 1.94
Ho 0.34 0.51 0.19 0.22 0.46 0.22 0.33
Er 0.95 1.53 0.51 0.64 1.30 0.59 0.95
Tm 0.14 0.17 0.09 0.10 0.11 0.12 0.13
Yb 0.71 1.18 0.36 0.57 1.16 0.51 1.08
Lu 0.10 0.17 0.06 0.09 0.16 0.08 0.15

Y 9.47 15.17 5.35 6.59 14.26 6.13 10.85
YREE 117.41 64.10 121.33 122.85 79.20 91.92 31.67

LREE 110.27 55.82 115.85 117.48 70.48 86.78 24.98
HREE 6.94 8.04 4.78 5.07 8.44 4.88 6.48
LREE/HREE 15.45 6.74 23.41 22.30 8.08 17.19 3.73
oEu 0.58 0.93 0.77 0.87 0.48 0.85 0.19
Sm/Nd 0.17 0.18 0.15 0.14 0.20 0.16 0.32
(La/Yb)x 23.31 7.06 50.38 31.96 8.69 27.08 2.95
(La/Sm)x 5.66 4.99 6.17 7.37 3.99 5.92 2.26
(Gd/Yb)x 2.09 0.95 3.68 2.05 1.27 2.21 0.88
R, 2820 2686 2836 2833 2790 2793 2764

R, 421 365 429 446 386 353 383
T,/°C 751.2 744 766.8 755.4 774 747 759

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(4)



H5504 4] O AR5 A5 1L AR5 ]l DXy e oty (AL TE A A PR H BR A A R E R AR T SR ) 1223
7 3.0
15[ @ ®oXP14S151 ® ©
mXP16S3
AXP16S10 6
15 * XP16S12 25 HEH5 R JOR:2N5
+XP1783
OXP17531 2
s 12 OXP17832
; 2.0
Q 2 : o
zo 9 z
5 3 . 1:5
o : oA
=3y we
2
4 1.0
3 oo 1 JuR i
Bl fIC#0 (hL BE) 7 51
0 & - . . - - 0 : - - - : - 0.5
30 40 50 60 70 80 90 40 45 50 55 60 65 70 75 80 0.5 1.0 1.5 2.0
Si02/% Si02/% A/CNK
[1 3 IS AR A A A 5 E i

a—TAS [Ef# (4§ Irvine and Baragar, 1971) ;b—Si0,—K,O [&lfi# (#& Rickwood, 1989) ; c—A/CNK—A/NK [Kfi# (#& Maniar and Piccoli, 1989)
Fig.3 Discrimination diagrams of the Pandaoling monzogranites
a—TAS diagram (after Irvine and Baragar, 1971); b—Si0,—K,O diagram (after Rickwood, 1989); c—A/CNK—A/NK diagram (after Maniar and
Piccoli, 1989)

S5a) , ULIATE AR A m Ve F b, UR IXRT A ARHS A 5k
B alCA AR ) Das B A B R R A T RHC A Y
IYEEE

PR T R R b e bR LR IR I B L T R
at A TC R A L AL (B Sb) L 25 A A e
Rb.Th.K %5 K # T 3% £1 76 &% (LILEs) , # % 75 it
Nb.Ta.P.Ti % & T EK (HFSEs) , HA 25 fif
T AL <A BARFAE . St i/ T 81.8x107°~372.9%
107, FH4{E 273.11x 10 °(/NF 400x10°°) , Sr 55 5 #5,

Yb & AT 0.35%10°~1.17x10°, -4 E A Sr, %

4t H

TSRS SRR o

O HH
6 i it
6.1 EEHERR

B~ RKAER A R TR Bon S e, =,
R BRI AN B R A TR B ELA (R IEE IR SE
FRIE . fl e R BB AR 5 5 Nb  Ta P Ti % i
Yot E AN B 4E Rb . Ba . Th K 25 KBS 124170
£ W Lo R EA P EN T Eu 58 X SRR
THRAD T mBRERNS S, D LA E T

- M Ay =X A — Ly iy 2 >
Yb BRHE (SRS ,2006) o Cr Ni & EEAIXS AR, S KRS BA A SR A ik B0, 200k
Ly > -+ 4 > A — [EEE) - Lyl P 2 +-/ —
A ERA SRR IE S BB e R AE R E A T BRI, SCEAT SBUE A i R SR A RAE, R
020 0.08 1.2 1.4
* ° 1.0 L4 12 b °
0.15 . . . 0.06 Lo b °
° \ ” 0.8 .
L L BN R o8
go.lo . gom 3, 06 ‘e \o T: o8 e ®
= . g = S 06 | . .
04 & ° .
0.05 0.02 * “tr
° ° ° . 02 02 b
0.00 + : L 0.00 . . N 0.0 0.0
74.0 74.5 75.0 75.5 76.0 74.0 74.5 75.0 75.5 76.0 74.0 74.5 75.0 75.5 76.0 74.0 74.5 75.0 75.5 76.0
Si02/% Si02/% Si0:2/% Si0:2/%
14.8 1.2 4.0 4.0
]
14.6 Lo | ¢ 3ok e 3o} i
. 3 - 3
« 14.4 U s 0.8 ° R ° < gk <8t oo
S 142 L] ° 8 o6 ° 5; P 3
= o | £ o | Z37F Y37t .
14.0 0.4 F o
13.8 02 | 361 - 36 e
.
13.6 . . L 0.0 . - . 3.5 . . . 5 . . .
74.0 74.5 75.0 75.5 76.0 74.0 74.5 75.0 75.5 76.0 74.0 74.5 75.0 75.5 76.0 74.0 74.5 75.0 75.5 76.0
Si02/% Si02/% Si02/% Si02/%

P 4 FhiEle — K AL R A BRI ST IR

Fig.4 Harker plots of selected major elements of the Pandaoling monzogranites
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