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Geochronology and geochemistry of granites in Linhai forest farm, northern
Xiaoxinganling Mountains: Tectonic implication
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Abstract: A series of highly fractionated I-type granites, mainly composed of marginal facies fine-grained monzogranite
and central facies fine-medium-grained monzogranite, is developed in Linhai forest farm area of the Xiaoxinganling-
Zhangguangcailing mountains. The granites are characterized by high Si and total alkali (Na,0+K,0), rich Al, and poor
Fe, Mg, Ca and Ti, belonging to quasi-aluminous, high-K calc-alkaline series, with enriched LILEs and LREEs,
depleted HFSEs, and moderately strong negative Eu anomaly. The LA-ICP-MS zircon U-Pb age results show that the
granites were formed at 191.6+2.9 Ma. According to the geochemical compositions, it is considered that the granites are
mainly derived from the partial melting of shallow continental crust materials in Early Mesozoic. The discovery of highly

fractionated I-type granites indicates that large-scale magmatic intrusion occurred in the Early Jurassic, which may be
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closely related to the regional extensional environment under the westward subduction of paleo-Pacific plate.

Key words: Early Jurassic; granite; geochronology; geochemistry; tectonic setting; Xiaoxinganling; Zhangguangcailing
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Fig. 1 Tectonic and geological map of the study area

a— AR AL X R A rs s I (B SC#k [4])  (tectonic sketch map of Northeast China, from Reference [4]); b—HF5% X X it i fai & ($& k[ 13 ])
(regional geological map of the study area, from Reference [13]); c—ffF5% X /5 & €l (geological map of the study area); e -3 WK% (Xiguitu-
Tayuan fault); @FAR L -Ti4% 417 (Hegenshan-Heihe suture zone); @R 1E-THL RIS K FH 45 G (Suolun-Xilamulun-Changchun suture zone ) ; @3
B - JHT 22 (Jiayin-Mudanjiang fault); @i -4 2 #7248 (Yitong-Yilan fault); @k —% 11 #7 % (Dunhua-Mishan fault) 5 1—#7 £ 142
(Cenozoic); 2—HAACHIZE (Mesozoic ) ; 3—i £ )2 (Paleozoic) ; 4—TRTFERLLHZ (Precambrian ) ; 5—# £ Y Z i 4A (Cenozoic basalt); 6—HAEA,
A # (Mesozoic granite); 7— i A RFE XIS (Paleozoic granite); 8—JT L% (Proterozoic granite); 9—25 MU R IR i FEHEFL (Quaternary low
floodplain accumulation); 10—2fPU £ —Z K HidEFL ( Quaternary first-order terrace deposit); 11—Fh LR ERA (sandy conglomerate of Sunwu fm.); 12—
B BRI RS0 SR KA (thyolite and thyolitic tuff of Fuminhe fm.); 13—k % 40 DRI & BRED A AR HDRLED S5 L AR RIS 5 28 1L R KA

(medium-coarse-grained pebbly sandstone, medium-coarse-grained sandstone, fine-medium-grained sandstone and andesitic tuff of Yongqing fm.); 14—H
WMHZRA . ZlE ., CEMEE . LBE RS (basalt, andesite, andesitic breccia and andesitic tuff of Ganhe fm.); 15—RARZH —KIE K H
(Early Jurassic monzogranite); 16— 112 ik(andesite dike); 17—3ZMEZE (surveyed fault); 18—EMETZY (inferred fault); 19—[FI{ Z A RAEN H

(isotope sampling location )
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Fig. 2 Field and microscopic photographs of Early Jurassic monzogranites in the study area

Pl—#H& A (plagioclase ) 5 Kfs—4H< 47 (potassium feldspar) ; Qtz—f1 #( quartz)


http://www.fineprint.cn

4 Hb

=

2025 4

g 1%~2%. RV Y G
21 2EEFERR REAZHBLITESN

Fist . ERICERESIN T AT A E R AR
P CaS: iy i s OISl AR =g = 110 [ I s e
77 B P B ARSI o SE R

A ERIOCE R X Ut
F& R 1 (XRE) , MRS AP 2 X 52k 98 66 1EY
(AX-10S Minerals), #ill{k#% = GBIT14506.28—
1993, kS BE— AL T 2%~5%. e Fki - IoC & 5
BT SR FH HL R A 55 2 T i ik (ICP-MS), MR 2%
FHL R 5 25 8 IR A Agilent 7500ce , Kl P55
I8 DZ/T0223—2001 45, S5 i E FRbrke GSR-1
(RERE ) FN2S FIRE SR W4 B30 T i, 20 B G 32 A
i — R 5%~10%.
22 A U-PbEE

BB . SRR B OB R A SR A T
A FR R AROR S MR B} 272 B S e &= 58 . 8541 U-Pb
SEAFAE R A SR R TR A A T,
AL #5 Ay L SR 5 55 B TR BB A Agilent 7500ce
Kt E 1) COMPEX Pro 102 4 T-H0OG# i R 48, 34
R R BEE AR A 32 wm, SRR Ny 5 He, RER T
R 6 Jem?®. BLHEAL TR A Glitter 4.4 58 1. £5A
AEIR TS AN E LA BOIMASCE- Y948 19315 E ) Tsoplot 3.0 72
el

3 HHER
3.1 FETE

FERICESIERIE 1. Si0, TN 68.17%~
76.23% , ALO; N 12.41%~14.41% , 35 5% 86 55 4k
(TFe0=0.52% ~1.437% , Mg0=0.12%~0.17% , CaO=
0.47%~0.82%, Ti0,=0.081%~0.42% ), 4§ Na,0+K,0
M & 5N 9.24%~10.98% , K,0/Na0 {H K 1.65~2.14,
X E B A A R 2R BN 2.57~4.77, 3 MFE
i o<3.3, JBESHE RS, AE TAS i (& 3a)H 3 4
FESMIE ALK ATER, 1 NVEAA R T RKATEH 7
Si0,—~K,O il B 0 1 e (1] 3b) B2 s V&A=
PRESHIE B A R, BE a5 1 RS
FRAE s SR AN 5 A/ICNK AF 0.922~0.967 Z J8], J& 1fE
BRI 3e). Bz, A4 S0, i A, BA &k 3/
Ti.Ca.Fe Mg i, R BLIR (448 (< 54 AL

(M, O+RL 00 %

KO %%

(c)

Al 0
||- {5 |.'.L

™
A l:_\l-\

"

18}
[ 1.0 1.4 ]

ANCNK

K3 2B A o 1 i
Fig. 3 Discrimination diagrams
of granite compositions
a— Si0,-(Na,0+K,0) Pl % (45 SCHK[17]) (SiOr[Nay0+K,0] diagram,
after Reference [17]); b— Si0,-K,0 I (45 SCilik[18]) ( Si0-K.0
diagram, after Reference [18]); ¢— A/CNK-A/NK [ (4E3CiHk[19])
(A/CNK-A/NK diagram, after Reference [19])
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Table 1 Contents of major and trace elements in granite

s PM04-26 PM04-27 PMO04-28 PM04-29 S PM04-26 PM04-27 PM04-28 PM04-29
Sio, 76.230 73.970 68.170 74.670 zr 113 196 51.4 82.6
TiO, 0.081 0.087 0.420 0.110 Hf 441 5.89 172 2.83
Al,O, 12.560 13.830 14.410 12.410 Sm 2.1 6.21 1.12 3.44
Fe,0; 0.310 0.320 3.020 1.390 Y 18.8 335 3.56 14.2
FeO 0.520 0.630 1.430 0.550 Yb 2.87 4 0.483 1.72
MnO 0.074 0.061 0.084 0.051 Lu 0.419 0.56 0.059 0.254
MgO 0.170 0.130 0.140 0.120 La 145 38.5 171 30.2
Ca0 0.580 0.820 0.790 0.470 Ce 40.4 113 248 53.9
Na,0 3.490 3.710 4.060 3.090 Pr 3.03 8.52 2.41 6.08
K0 5.750 6.180 6.920 6.610 Nd 10.7 31.4 7.91 214
P,0s 0.020 0.021 0.041 0.025 Sm 2.1 6.21 1.12 3.44
Lol 0.170 0.170 0.360 0.450 Eu 0.174 0.99 0.159 0.743

) 99.955 99.929 99.845 99.946 Gd 1.85 5.34 0.859 2.71
Na,0+K,0 9.260 9.914 11.037 9.749 Tb 0.394 1.11 0.144 0.502
AJCNK 0.963 0.967 0.922 0.946 Dy 2.79 5.86 0.609 2.33
DI 96.130 95.530 92.090 95.990 Ho 0.591 1.18 0.111 0.45
AINK 1.048 1.080 1.016 1.013 Er 1.98 3.47 0.307 1.28
R1 2472.000 2150.000 1361.000 2289.000 ™ 0.404 0.58 0.047 0.233
R2 318.000 359.000 376.000 301.000 Yb 2.87 4 0.483 1.72
Rb 168 191 228 154 Lu 0.419 0.56 0.059 0.254
Ba 174 762 376 583 Y 18.8 335 3.56 14.2
Th 19 24.9 3.6 21 > REE 82.202 220.72 56.12 125.24
u 4.02 8.66 0.775 5.66 LREE 70.9 198.62 53.5 115.76
Ta 0.933 0.875 0.547 1.09 HREE 11.3 221 2.62 9.48
Nb 15 14 9.69 12.3 LREE/HREE 6.28 8.99 20.43 12.21
La 145 385 17.1 30.2 LaN/YbN 3.62 6.9 25.4 12.59
Ce 40.4 113 248 53.9 SEu 0.26 0.51 0.48 0.72
Sr 23.8 96.7 31.6 223 5Ce 1.42 1.46 0.83 0.92

TR TR IR A%, MEEITR N 10
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Fig. 4 Primitive mantle-normalized trace element spidergrams and chondrite-normalized REE patterns of granite
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Fig. 5 Zircon U-Pb isotope age concordia diagram and CL image of sample PM04-28
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Table 2 Isotopic analysis results of granite
Rl 2R HeAE B AR Ma
R fi i
27Ph/*Ph lo 2Ph/AU lo 25ph/2EY lo 2%ph/=2Th lo 27ph/=Y lo 25ph/=EY lo

1 0.0526 0.002 0.22 0.01 0.0303 0.0004 0.0159 0.0007 202 9 193 3
2 0.0551 0.003 0.2244 0.0149 0.0295 0.0007 0.0142 0.0015 205 14 187 5
3 0.0494 0.0034 0.2056 0.0166 0.0302 0.0008 0.0138 0.0021 190 15 192 5
4 0.0508 0.0036 0.219 0.0162 0.0313 0.0002 0.0163 0.0014 201 15 199 1
5 0.0579 0.0032 0.2056 0.0138 0.0258 0.0007 0.0112 0.0007 190 13 164 4
6 0.0447 0.0025 0.1949 0.012 0.0316 0.0003 0.0144 0.0007 181 11 201 2
7 0.0563 0.0032 0.1972 0.0126 0.0254 0.0003 0.0086 0.0004 183 12 162 2
8 0.0504 0.005 0.2089 0.0225 0.0301 0.0004 0.0135 0.0013 193 21 191 3
9 0.05 0.0027 0.2109 0.0141 0.0306 0.0011 0.0137 0.0013 194 13 194 7
10 0.0479 0.0022 0.195 0.0109 0.0295 0.0009 0.0128 0.0009 181 10 187 5
11 0.0527 0.0026 0.2122 0.0111 0.0292 0.0001 0.0103 0.0004 195 10 186 1
12 0.0509 0.0025 0.207 0.0109 0.0295 0.0002 0.0103 0.0002 191 10 187 1
13 0.0545 0.001 0.223 0.005 0.0297 0.0004 0.0104 0.0004 204 5 189 3
14 0.0516 0.0041 0.212 0.0186 0.0298 0.0005 0.0121 0.0011 195 17 189 3
15 0.0655 0.0032 0.1795 0.0103 0.0199 0.0004 0.0089 0.0004 168 10 127 2
16 0.0495 0.0021 0.1976 0.0102 0.0289 0.0007 0.0128 0.0007 183 9 184 5
17 0.0515 0.0016 0.2131 0.0077 0.03 0.0003 0.0119 0.0003 196 7 191 2
18 0.0507 0.0018 0.2219 0.01 0.0317 0.0007 0.0123 0.0003 203 9 201 5
19 0.0522 0.0022 0.2273 0.0108 0.0316 0.0003 0.012 0.0003 208 10 200 2
20 0.0555 0.003 0.2303 0.0129 0.0301 0.0001 0.0127 0.0003 211 12 191 1

ARIE N 17923 Ma, HRLINFIZZIE A RN A 4RRE IR,

Jr0ilJ2 181x1 Ma 1 180+1 Ma™ s #RJLINAH KA 42 ERME

TE U 179~184 Ma 2!, i A a4 B TE U TRAERK ARG Y WG, 7R R TR
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HA X & B Si0, (68.17% ~76.23% ). Na,0 +K,0
(9.24%~10.98% ), & Al,05(12.41%~14.41% ) ,%% TFeO
(0.52% ~1.437% ) Mg0 (0.12%~0.17% ) .CaO (0.47% ~
0.82% ), & 50 5T  m BRAESRE A A, B T ARLIE
MLTEE A U ZERR MA IN A Ca-Fe-Mg F [ fi#
b B AEAFRRR A X (E 6). #H IR, 1 #TE
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Fig. 6 The Ca-Fe-Mg diagram of granite genetic types
(After Reference [24])
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