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Geochemical characteristics and zircon U—Pb age of the Paleoproterozic S—type
granite in Wulashan region and its geological significance
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Abstract: Wulashan area, located in the north part of the North China craton, has well—developed Paleoproterozoic granites, with
the Nuoeryin S—type granites as the typical one. The investigation of Nuoeryin granites shows that the granites have high SiO, (w
(Si0,)=70.03%~75.43%), high ALO; (W(AL,05)=13.04%~14.87%), and high K,O values (w(K,0)=5.36%~6.58%), low Mg" ‘< 10)
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and high A/CNK values, indicating that they belong to peraluminous S—type granites. They are enriched in LREE with significant
differentiation between LREE and HREE (Lax/Ybx=22.3—300.5), and REE patterns of the samples are of right—oblique type, with
strong negative Eu anomalies (8§Eu=0.16—0.55). The primitive mantle—normalized trace element diagrams show enrichment of K,
Rb, Th, Pb and depletion of Sr, Ba, Nb, Ta, P, Ti. The Nuoeryin granites have similar geochemical characteristics to the
Paleoproterozic knondalites in Wulashan area and, and the reason is probably that Nuoeryin granites were generated by the
knondalites anatexis while the Yinshan blocks and Ordos blocks experienced collision in Paleoproterzoic. The LA—ICP—MS zircon
U—PDb ages of Nuoeryin granites are 1891+14 Ma and 1863+17 Ma, which represent the crystallization age of the Nuoeryin S—type

granites, and the age is also contemporaneous with magmatic—metamorphic events in Khondalite belt.

Key words: Wulashan; khondalite belt; Nuoerying S—type granite; Paleoproterozoic; geochemistry

About the first author: CHEN Peijia, male, born in 1993, master candidate, engages in the study of petrology; E— mail:
a5733327@live.com.

About the corresponding author: DAI Chaocheng, male, born in 1980, lecturer, doctor, engages in the study of stratigraphy; E—
mail: daichaocheng@qq.com.

Fund support: Supported by East China University of Technology Postgraduate Innovation Fund (No. YC2017-S277), National
Youth Science Foundation Project (No. 41402085) and the Ministry of Land and Resources, Geological and Mineral Survey Project

for Southern Section of Da Hinggan Mountains Metallogenic Belt (No. 1212011120718)

1 5 5

fedbreprim A A PR RN e —
% 38.5{CAF By AL T 52 (Song et al.,1996) , f- A7
K e B AT FE R 28 7 A AL IC 5 o Zhao et
al.(2002,2005) A Ry AR b v Fii JE K H PG BBt |
ZR AR Rk He A R e = A 32 R s BT A, ELPE
HBBl 43 A AR L Bl B A e B SR IR 22 Wbt e, 7E
e (2 1.95 Ga)lif i i FE I AL 2% 7t o i
AR VR 2 B R AR Bl B AL S A FL 2% s 1
AHZ A RHIE MRS AR AR B AL AR AR AR
TEHEAT T K IR TAE, JFBUS T K8 s it
J& (Condie et al., 1992; X!l & 111 4§, 1992; 4= V1.1 %,
1999; #7 ¥ T+ %%, 2000,2003; Zhai et al. 2000,2003;
Wan et al. 2005,2006,2013; X1 T 15 %5,2007; 5% B i
4 2008; H# #F H 25, 2009; & [F # , 2009; X L5
2010; WA [E ,2011; Zhao et al.2010, Yin et al.2011;
Dong et al., 2014; HEaHESE, 2015) . WFFRRI, A
PUm oA AL 2E A i S T — R I — S 1L
— T B2 22 1 — 250, T2 SRR
FLZEAA ZR CTTG R kA R [a] M 5 9 A8 B 7 2 5
I B TR AL 2L R (K I Sl T3l
B2 UDE R ICE AR (2.0~1.9 Ga) #R& T T — Wik
SRR (ITD) R 4 P— T 38 AL B8 (4 Bk 5 A 1Y)
AR AR T4 T M DX DU 28 175 T WA A ) PR 25 A

A5 VR (B oo 45, 2002; 2543, 2013; X1 2 E ,
2013), BN TAE R BEPEI LA RN A A
2 CE R BRI AR S R T LY
WESE, WAL 3 A7 H 48 B A IR B o 55, L 4%
AR A B 25 A A A B L i e 5 582K 22
Rl DRt B, FL2% A R BB O L S AU 4K
b (BPIT 4R, 2006, 25 IEHESE, 2013; X4 RH4E,
2016) , 465 A A VE e iy EEIN A A 22— 4
AT A F R BRI 50T, BE N FRAT T B AR L 2%
T Z R i TR A RT AR S AR R

XFrAede s hnEdb g b B SRl hER
T H0 1L VYRR & ) —a 1 S BUAE i, LT
DA 2EF AT RGOS, B AR SCRE A /K B
1o b DX A AE B AR ST R 5 W A 2
BRA: S U-Ph AR T LR AT, 0 e
T8 B R 8 BB AR B e SR i A 3 S, R 0T
FL2EA R IEA M, AR X e A 1 — A 3K
AR ARYE

2 X I JrE

5T X 2 v T A db s i i db 2 B L
25 v, FLAGAN Sk B L B e 0 Sk S R 2 B
Pe(Bl1a) o Sl B € 20 A8 o B i 32 22l
KT hr LA AR BT 7E o B K AAE TR A
1 (TTG k) St oot AL 4% a R Ak, b iz

http://geochina.cgs.gov.cn H'EHL T, 2017, 44(5)



A4 SH MGESE SRl X e S BIAE

e A HERAL S B A U-Ph AR SO BT 961

(b)

0 100 km
L1

ol i 3

(=2
|- 38°N

%z%m

RS

B L i e
[i] 1 ]

& Al Kl L / il

R 2 07 b e A PN o]
=

- 8 B T R
5 REVE B

IR 22 TTG/IN K i
111°E R W

(©) I 109°E

40.5°N &

109°EI

]09_5°E|

40.5°N |

109 5°E|

O @

B B B E

H = B O @

BT S Lt X PEAEE eh i 9 70 A AL 155 ] (a.b, 418 Zhao et al. 2005 ) F1E5 457 L PGS by J5 57 1] SR AEA
(c, JEXI 45, 2016)
15 2R 52— R A S H LA s 3— it et UL 2555 3R s 4—rPoHDR A R A s S—rP Ak R AE B #5 6— TP AR A i 25 5 7— ok
FiIE KAE R 83—t AEARAE R 5 9— P AEARAE B 5 5 10— HTJR 5 1I—RAR
Fig. 1 Distribution of Wulashan in North China Craton (a.b, modified after Zhao et al., 2005) and geological sketch map of the west
of Wulashan area and sampling locations (¢, modified after Liu et al. , 2016)
1— Quaternary; 2— Neoarchean Wulashan rock group; 3— Paleoproterozoic khondalites; 4—Middle—fine grained syenite granite; 5— Middle—coarse

grained syenite granite; 6— Middle—fine grained monzonitic granite; 7— Middle coarse grained monzonitic granite; 8—Paleozoic granite;
9—Mesozoic granite; 10—Fault; 11—Sampling location
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Fig. 2 Geological features in the field (a—c) and photographs of mineral features (d—f) from Nuoeryin granite
a—The residual body in granite; b—The obvious intrusive boundary between Pt;&y*and Pt,&y*;c— Pt &y” that invaded into the Wulashan rock group;

d— The muscovite—bearing monzogranite,cross—polarized light; e—Euhedral muscovite included in automorphic biotite,cross—polarized light;
f—Garnet—bearing monzogranite, and the K—feldspar with strong clay alteration, plane—polarized light. Rock code in Fig. 2 as for Fig. 1, Mineral
code in Fig. 2: Mc— Microcline, Ms—Muscovite; Bt—Biotite;Grt—Garnet; Kfs— K—feldspar; P1— Plagioclase; Q—Quartz
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Table 1 Content of major elements (%) and trace elements (10°) for granites in Wulashan
Bt P1160 P1168 P1172 TWS13-2 PMI1315B1 PMI323B1 PMI1341Bl1 PM1348B1 PMI1363B1 TWBI2GS
M ks PARLIE KA LRI KA B
Si0, 70.59 71.39 73.46 7543 74.68 74.77 7442 70.54 75.14 70.03
TiO, 0.27 0.20 0.11 0.06 0.07 0.09 0.09 042 0.10 048
AlLOs 14.37 14.26 13.61 13.50 13.22 13.36 14.12 14.33 13.04 14.87
Fe,O5 295 2.69 2.32 1.06 1.12 1.52 1.19 343 1.71 3.08
MnO 0.03 0.04 0.04 0.01 0.01 0.02 0.02 0.04 0.03 0.02
MgO 0.56 0.35 0.25 0.12 0.19 0.12 0.08 0.25 0.17 0.65
CaO 0.98 1.10 0.80 0.24 0.22 0.45 0.62 0.99 0.54 0.62
Na,O 3.16 331 3.11 2.39 2.44 2.67 322 2.58 325 3.60
K,O 6.01 593 5.77 6.58 7.75 6.30 517 5.36 5.75 5.86
P,0s 0.08 0.08 0.05 0.04 0.05 0.07 0.03 0.11 0.03 0.11
LOI 0.94 0.63 0.47 0.57 0.15 0.61 1.02 1.92 0.14 0.66
Total 99.94 99.98 99.99 100.00 99.90 99.99 99.98 99.98 99.90 99.98
Li 7.62 7.55 5.96 240 1.51 2.71 4.66 4.10 394 832
Be 1.98 2.38 2.13 1.31 0.89 1.04 1.74 2.63 2.75 1.52
Sc 2.46 3.07 241 1.81 1.42 2.05 243 572 2.16 2.03
A\ 20.50 15.60 12.80 3.84 0.79 1.76 1.28 27.60 3.67 28.60
Cr 8.49 6.57 7.65 1.65 0.80 1.83 1.57 5.90 338 5.10
Co 2.70 2.13 1.51 0.88 0.62 0.90 0.75 2.96 0.92 3.68
Ni 2.50 2.05 221 1.53 0.57 1.08 1.13 2.20 145 2.94
Cu 6.99 12.80 7.00 4.37 222 3.81 3.80 8.01 3.89 853
Zn 45 65 27 19 16 24 26 56 18 40
Ga 20 22 20 20 17 20 21 25 21 25
Rb 230 245 236 266 270 233 250 223 289 193
Sr 292 212 192 121 97 114 111 162 121 259
Y 13.20 9.47 838 9.98 6.06 10.70 6.52 29.40 17.00 832
Nb 13 16 10 9 7 13 15 25 25 26
Cs 0.55 0.73 0.96 0.52 0.38 0.41 0.62 0.97 1.19 0.39
Ba 915 811 664 361 299 229 158 916 517 1779
Ta 0.58 0.28 0.62 0.28 0.25 0.43 0.42 1.04 1.75 1.93
Pb 29.20 53.10 44.90 29.80 38.90 33.10 36.80 23.30 42.00 20.50
Th 49 87 43 68 39 51 27 49 56 51
U 225 5.58 1.90 1.55 0.44 0.96 1.51 3.02 6.39 147
Zr 362 364 186 135 62 122 117 616 232 431
Hf 8.03 9.64 6.27 3.88 1.99 3.57 4.00 13.00 7.44 9.16
La 105 118 53 178 71 84 43 168 64 225
Ce 190 208 95 372 157 172 92 322 125 382
Pr 19 22 10 43 18 20 11 37 14 37
Nd 66 64 36 130 57 65 34 122 44 111
Sm 7.69 8.01 5.38 20.30 947 10.60 6.59 16.90 797 12.20
Eu 1.17 1.13 0.85 0.91 0.77 0.86 0.54 1.18 0.58 1.89
Gd 5.74 5.59 3.71 13.80 6.53 7.87 4.57 13.20 6.21 8.90
Tb 0.68 0.56 0.48 1.54 0.78 1.00 0.61 1.84 0.94 0.77
Dy 2.83 244 1.98 334 1.93 2.85 1.86 6.56 3.81 278
Ho 0.46 0.34 0.31 0.41 0.24 0.39 0.25 1.07 0.64 0.31
Er 1.34 0.93 0.86 1.65 0.82 1.28 0.74 3.51 2.03 0.85
Tm 0.19 0.12 0.10 0.11 0.06 0.12 0.07 0.44 0.30 0.09
Yb 1.19 0.82 0.76 0.74 042 0.74 0.47 2.70 1.95 0.51
Lu 0.19 0.13 0.12 0.10 0.06 0.10 0.07 0.39 0.29 0.06
0/'C 862 862 799 771 710 762 759 917 819 877
6 Eu 0.54 0.52 0.58 0.17 0.30 0.29 0.30 0.24 0.25 0.55
Rb/Sr 0.79 1.16 1.23 2.20 2.79 2.04 2.25 1.38 2.39 0.75
Rb/Ba 0.25 0.30 0.36 0.74 0.90 1.02 1.58 0.24 0.56 0.11

1 OB AR (I Watson, 1983).
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Fig.6 Source discrimination diagrams for Nuoeryin granite in Wulashan
a—Diagram of C/MF—A/FM (modified after Alter et al., 2000); b—Diagram of Rb/Sr—Rb/Ba (modified after Xiao et al., 2002), symbols in Fig. 6 as
for Fig. 3
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Fig.7 Tectonic discrimination diagrams of Nuoeryin granite in Wulashan , symbols in Fig. 7 as for Fig 3
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