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Abstract: Monzogranites in Fengleishan are located in northern Beishan and situated between two ophiolitic mélange belts of
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Hongshishan— Baiheshan— Pengboshan and Jijitaizi— Xiaohuangshan, having a special tectonic affinity. Zircons from the
monzogranites yielded a weighted mean LA—ICP—MS U—Pb age of (320+1) Ma, representing the intrusion age. The samples are
characterized by high content of SiO, and ALO; with Rittmann indexes of 1.58—2.74 (<3.3) and alkaline ratios of 2.35—4.05,
belonging to calc—alkaline granitoids. Their A/NCK values range from 0.92 to 1.15 and display metaaluminous to peraalmuinous
affinities. They have relatively high content of total REE and are characterized by LREE—enriched patterns ((La/Yb)x=4.60—8.83)
and negative Eu anomalies (6Eu=0.56—0.88, 0.72 in average). They also show strong enrichment of incompatible elements (e.g., Th
and U) and large ion lithophile elements (e.g., Rb and K) but depletion of high field strength elements (e.g., Nb, Ta, Ti and P). Their
normalized patterns are similar to those of upper continental crust (UPC), indicating participation of materials from the UPC in their
magma source. High values of Th (8.58—21.62 pg/g) and low ratios of Nb/Ta (8.75—15.72) point to a crust— dominated magma
source. On the tectonic discriminant diagrams of Rb—(Nb+Y) and R,—R,, most of the samples are plotted in the pre—collisional
volcanic arc granite area. Based on associated lithological characteristics, it is proposed that monzogranites in the Fengleishan were
formed by pre—collisional volcanic arc magmatism, which was related to oceanic crust subduction in the Hongshishan—Baiheshan—
Pengboshan belt. Combined with regional geological background, it is inferred that the closure of the small ocean in the

Hongshishan—Baiheshan—Pengboshan belt should postdate the early period of late Carboniferous.
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Fig. 1 Geological sketch map of the Fengleishan area (a after Wang Guogqiang, 2015; b after Yang Hequn et al., 2010)
1—Mesozoic—Cenozoic; 2—Upper Carboniferous volcanic rock; 3—The second member of Liitiaoshan Formation; 4—The first member of Liitiaoshan
Formation; 5— Beishan Group complex; 6— Permian syenogranite; 7— Early Permian porphyritic monzogranite; 8— Early Permian tonalite; 9— Late
Carboniferous syenogranite; 10— Late Carboniferous monzogranite; 11— Late Carboniferous quartz diorite; 12— Early Carboniferous biotite
granodiorite; 13—Late Devonian tonalite; 14—Early Devonian monzogranite; 15—Early Silurian biotite quartz diorite; 16—Diorite porphyrite vein and
diorite vein; 17—Monzogranite vein and granite vein; 18—Fault; 19—Mylonitization zone; 20— Subduction zone; 21— Suture; 22— Beishan orogenic
belt location; 23—Opbhiolite; 24—Research area; 25—Sampling location
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Fig.2 Photographs of monzogranites in Fengleishan, Beishan (crossed nicols)
Kf-K—feldspar; Pl-Plagioklase; Q—Quartz; Bi—Biotite; Am—Amphibole
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Fig.3 CL images of representative zircons of monzogranites (TW6104) in Fengleishan, Beishan
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Fig.4 U—Pb isotopic concordia diagram for zircons of monzogranites in Fengleishan, Beishan
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Table 1 LA-ICP—MS zircon U—-Pb isotopic data of monzogranites in Fengleishan, Beishan
WA EE/10° WU [Ffrz LB KIMFEH/Ma

Po Th U *Pb/U le  *"Pb/*U le *"Pb/**Pb lo Po/U 1o *PbFPU 1o *'Pb/Pb  lo

1 22 432 353 122 0.0506 0.0003 03690 0.0051 0.0529  0.0008 318 2 319 4 324 33
2 7 78 120 0.65 0.0508 0.0004 03698 0.0114 0.0528  0.0015 319 3 320 10 322 66
3 9 113 176 0.64 0.0507 0.0004 0.3680 0.0092 0.0527 0.0013 319 2 318 8 314 55
4 11 128 203 0.63 0.0506 0.0004 0.3659 0.0069 0.0524 0.0010 318 3 317 6 304 41
5 6 87 107 0.81 0.0509 0.0004 0.3705 0.0129 0.0528 0.0019 320 2 320 11 318 80
6 13 159 238 0.67 0.0509 0.0004 0.3697 0.0074 0.0527 0.0010 320 3 319 6 317 44
7 13 165 249 0.66 0.0509 0.0004 0.3698 0.0062 0.0527 0.0009 320 2 320 5 315 37
8 25 301 458 0.66 0.0509 0.0004 0.3698 0.0043 0.0527 0.0006 320 2 319 4 315 26
9 10 150 168 0.89 0.0508 0.0004 0.3693 0.0083 0.0528 0.0011 319 2 319 7 318 49
10 13 153 238 0.64 0.0507 0.0004 0.3690 0.0061 0.0527 0.0008 319 3 319 5 318 36
11 15 225 272 0.83 0.0510 0.0004 0.3723 0.0056 0.0529  0.0009 321 3 321 5 325 38
12 13 214 224 095 0.0508 0.0004 0.3697 0.0072 0.0528 0.0010 319 2 319 6 321 44
1317 221 288 0.77 0.0506 0.0004 0.3686 0.0075 0.0529  0.0009 318 3 319 7 323 37
14 20 302 350 0.86 0.0508 0.0004 0.3677 0.0046 0.0525 0.0007 319 3 318 4 307 29
15 14 163 243 0.67 0.0506 0.0004 0.3704 0.0051 0.0531 0.0007 318 3 320 4 335 31
16 14 136 263 0.52 0.0510 0.0004 0.3672 0.0062 0.0523  0.0009 320 3 318 5 297 38
17 18 260 315 0.82 0.0509 0.0004 0.3721 0.0064 0.0530 0.0008 320 3 321 6 328 35
18 15 164 264 0.62 0.0510 0.0004 0.3725 0.0102 0.0530 0.0012 321 3 322 9 329 53
19 14 204 233 0.87 0.0509 0.0004 0.3709 0.0064 0.0528  0.0009 320 2 320 6 322 40
20 21 308 363 0.85 0.0510 0.0004 0.3728 0.0050 0.0530 0.0006 321 2 322 4 328 26
21 14 165 262 0.63 0.0509 0.0004 0.3715 0.0066 0.0530 0.0009 320 3 321 6 328 37
22 16 207 287 0.72 0.0510 0.0003 0.3716 0.0058 0.0528 0.0008 321 2 321 5 322 35
23 22 267 404 0.66 0.0508 0.0004 03711 0.0047 0.0530 0.0006 319 3 320 4 330 27
24 18 257 306 0.84 0.0510 0.0004 0.3719 0.0057 0.0529 0.0007 321 2 321 5 325 31
25 22 308 377 0.82 0.0509 0.0004 03700 0.0045 0.0527 0.0006 320 2 320 4 317 26
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B U=Pb AR IA P/ U—"Pb/ U i F & (K 4)
AT B 4 A3 A AR FIZE B 2Pb/2 U AT 4F
W h (320+1)Ma (MSWD=0.13) , J& T I 47 7% 1 5
AR T R R AL AR

6 HbIBRILAFRFIE
6.1 FETE

AT SI0, F N 65.90%~75.98% , & TR
ARMASE. ALO R, N 12.50%~14.85%,
HA B ANEIE(E2) . To. B, N
0.21% ~0.61% ., Na,O+K,O & & & , N 6.75% ~
9.05% , K.O/Na,O {H 4 0.65%~1.58 , I 1 5 47 47
KA B A SN, AaRESEH ()N
1.58~2.74( <3.3) Bl K (4R) 4 2.35~4.05, J& T45

B AE 1 525, 7E Si0,— (Na,O+K,0) &l it (&l )
FE S TE A WAL E R G IX, 75 AFM & figt (1] 5a) H
i 1 BUAS — Bl R A A A R A 7E Si0.—K.0
P fige v (PRI ) TS A A ot v A v B A8 i P 3 91 X
1. A/NCK=0.92~1.15( > 1), A/NK=1.13~1.49( >
1), R AR SR BT 3 45 BT A 2R I RRAE , 76 A/INCK—~
A/NK [ (& 5b) HE i A 4 A o 0 3 Aot 48 5
X I3 SAEE(DI) 9 76.44~94.69 , [F 454550 (SI) Hy
2.18~13.02, [ WA I o S5 P B i s R e Fe 2 (FL)
4 70.25~95.44 , BEER AR B (MF) 4 70.89~85.90, #8571~
TR B A R BE . PR A AR, A
AR AL R AR —
6.2 HBITEEHETE

FR g R (R 2) hal LLE H K AE
it S (SREE) 8 (G328 126.35%10°°) , 48
ALY 45 K (86.29%107°~158.50x10°°) , #4 /i +

http://geochina.cgs.gov.cn H1EHTT, 2020, 47(4)



5474 5 4 FRHETTAE AU s LA KR LXK AE 4 # LA-ICP-MS 8547 U-Ph AF#% MM 1575 5 1211
R2LWRE L - RIEREEETE(%)FAMETTEA0)AK
Table 2 Major (%) and trace elements (10°) content of monzogranites in Fengleishan, Beishan
5 6051 6055 6104 6109 6110 6135 6139 6140 6129
SiO, 72.93 75.87 71.90 71.78 71.46 65.90 71.63 75.98 73.56
ALO; 14.18 12.50 14.02 13.19 14.15 14.85 13.83 12.99 13.10
TiO, 0.24 0.27 0.34 0.38 0.37 0.61 0.45 0.21 0.31
Fe,Os 0.82 1.07 1.22 1.55 1.44 2.45 2.08 0.60 1.53
FeO 0.60 0.50 0.98 0.98 1.07 1.67 0.68 0.46 0.60
CaO 0.87 0.56 2.12 2.86 2.24 2.99 2.35 0.39 1.87
MgO 0.23 0.40 0.83 0.99 0.90 1.69 0.87 0.34 0.50
K.O 4.12 4.82 3.47 343 2.64 3.23 3.36 4.85 4.39
Na,O 4.93 3.05 3.71 3.32 4.09 3.95 3.48 3.23 3.10
MnO 0.010 0.017 0.101 0.068 0.095 0.094 0.051 0.012 0.036
P,Os 0.044 0.044 0.101 0.068 0.124 0.145 0.113 0.048 0.076
H,O" 0.49 0.75 0.74 0.89 1.00 1.50 0.73 0.57 0.63
ISPS = 0.80 0.78 1.07 1.26 1.29 2.29 0.99 0.78 0.81
pegill 99.77 99.88 99.87 99.87 99.87 99.86 99.88 99.88 99.87
Na,O+K,O 9.05 7.88 7.18 6.75 6.73 7.17 6.84 8.08 7.48
K.O/Na,O 0.84 1.58 0.94 1.03 0.65 0.82 0.97 1.50 1.42
A/CNK 1.00 1.11 1.02 0.92 1.04 0.96 1.01 1.15 0.99
o 2.74 1.89 1.79 1.58 1.59 2.25 1.64 1.98 1.83
AR 4.01 4.04 2.61 2.45 2.39 2.35 2.47 4.05 3.00
DI 93.39 93.16 84.28 82.02 83.00 76.44 82.77 94.25 87.16
S1 2.18 4.01 8.14 9.63 8.92 13.02 8.29 3.58 4.93
FL 91.21 93.36 77.24 70.25 75.00 70.61 74.48 95.44 79.99
MF 85.90 79.92 72.61 71.93 73.50 70.89 76.06 75.8 81.03
Cs 0.41 9.80 2.15 1.46 1.39 1.86 5.37 6.17 1.90
Rb 314 181.9 116.4 152.9 72.4 99.8 121.9 190.1 140.2
Ba 1506.0 536.3 650.9 701.6 625.6 629.0 680.8 721.3 638.1
Th 10.54 18.05 12.98 22.13 8.85 8.58 10.4 21.11 21.62
U 1.52 1.04 1.14 3.31 1.47 1.98 1.70 1.49 2.29
K 34210 40033 28829 28445 21895 26781 27912 40274 36405
Nb 14.15 11.41 9.77 11.76 8.90 8.35 9.04 11.37 14.78
Ta 0.90 1.08 0.89 1.32 0.65 0.58 0.77 1.30 1.63
Sr 117.3 86.6 232.1 302.6 281.5 253.1 221.8 120.0 135.5
P 192 192 441 298 543 634 494 208 333
Zr 311.3 147.2 158.6 136.0 156.8 194.3 180.2 132.0 175.1
Hf 10.15 5.75 591 5.00 6.06 7.22 6.66 4.24 5.44
Ti 1426 1596 2016 2249 2218 3636 2717 1247 1885
Y 21.90 12.29 24.04 32.13 17.67 25.83 20.97 17.40 3243
La 34.44 20.63 26.77 29.56 26.06 22.82 22.13 28.41 23.55
Ce 65.02 34.22 51.71 57.19 51.31 47.51 47.43 46.69 68.77
Pr 7.97 4.41 6.40 7.08 5.77 5.76 5.38 5.57 5.56
Nd 28.75 15.23 24.39 25.98 20.82 22.84 20.26 18.85 21.3
Sm 5.15 2.52 4.60 5.18 3.81 4.73 391 3.33 4.63
Eu 0.99 0.50 1.13 1.03 1.04 1.26 1.04 0.57 0.94
Gd 4.53 2.21 4.06 5.09 3.40 4.39 3.67 2.93 4.56
Tb 0.72 0.34 0.67 0.85 0.50 0.72 0.56 0.44 0.75
Dy 3.93 1.99 3.87 5.03 2.81 4.29 3.37 2.63 5.15
Ho 0.79 0.42 0.79 1.03 0.58 0.87 0.70 0.53 1.06
Er 2.37 1.35 2.52 3.15 1.77 2.66 2.13 1.83 3.16
Tm 0.41 0.24 0.45 0.58 0.32 0.45 0.37 0.34 0.57
Yb 2.89 1.89 2.89 3.82 2.12 2.91 2.53 2.46 3.67
Lu 0.54 0.33 0.46 0.62 0.34 0.44 0.35 0.43 0.67
YXREE 158.50 86.29 130.70 146.20 120.70 121.70 113.80 115.00 144.30
LREE 146.90 79.73 119.10 131.10 112.20 109.30 103.80 106.40 129.30
HREE 11.65 6.56 11.64 15.07 8.45 12.35 10.01 8.67 15.03
LREE/HREE 12.60 12.15 10.23 8.70 13.29 8.85 10.37 12.27 8.61
JEu 0.63 0.65 0.80 0.61 0.88 0.85 0.84 0.56 0.63
(La/Yb)x 8.55 7.85 6.65 5.55 8.83 5.62 6.26 8.28 4.60
(La/Sm)x 4.32 5.29 3.76 3.69 4.41 3.12 3.65 5.51 3.28
(Gd/YDb)x 1.30 0.97 1.16 1.10 1.33 1.25 1.20 0.99 1.03
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Fig.6 Chondrite—normalized REE patterns (a) and primitive mantle normalized trace elements spider diagram (b) of monzogranites
in Fengleishan, Beishan (after Sun and McDonough, 1989)
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Fig. 8 Tectonic setting discrimination diagrams of monzogranites in Fengleishan, Beishan (after Pearce et al., 1984; Batchelor and

Bowden, 1985)
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