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Abstract: This paper is the result of the geological survey engineering.
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[Objective] Aperiod of A—type granite is developed in Dandong, Liaoning Province, which has been widely concerned because of
its special genetic evolution, specific tectonic setting and important geodynamic significance.[Methods] In this paper, the SHRIMP
zircon U—Pb chronology and petrogeochemical characteristics of the Fenghuangshan pluton in Dandong, Liaoning Province, were
analyzed to explore the formation age, petrogenesis and geodynamic background of the pluton.[Results] The zircon U—Pb ages of
the biotite syenogranite in Fenghuangshan, Liaodong are (122.3+1.7) Ma, (125.0+£1.7) Ma and (122+2) Ma, representing that the
magma of the biotite syenogranite in Fenghuangshan crystallized and intruded in the Early Cretaceous. Geochemical analysis shows
that the SiO, content is 65.65%—73.62%, whereas that of K,O and Na,O is 3.52%—5.76% and 3.64%—4.26%, respectively. They
also contain 13.4%~15.49% of ALO;, with A/CNK ratio of 1.02—1.46, indicative of their peraluminous nature. The alkalinity rate
(4R) ranges from 2.71 to 5.13, and this range is within the 4R of aluminous A—type granites. Its FeO/MgO ranges from 4.69 to
18.05, which shows the A1 and A2 transition types of A—type granites. The Rb/Nb ranges from 6.02 to 8.64, which display a higher
level than that of the continental crust of 2.2—4.7. This implies that continental crust components, which lead to an increase in Rb
content, had a significant influence on its formation. The biotite syenogranites are relatively enriched in large ion lithophileelements
Rb, Th, Zr, Hf, and depleted in Sr, P, Ba, Ti, Nb. The total content of rare earth elements is high, the fractionation between light and
heavy rare earth elements is not obvious, and Eu has obvious negative anomalies. [Conclusions] In summary, Fenghuangshan pluton
might have been produced in stretching environment related to intracontinental shearing, which ought to be a response to the

tectonization of the East Asia continental margins caused by the subduction of plates starting from the Middle Jurassic.

Key words: syenogranite; zircon SHRIMP U—Pb; Early Cretaceous; geological survey engineering; Fenghuangshan pluton; East
Liaoning

Highlights: The Fenghuangshan biotite syenogranite in Dandong, indicative of typical A— type granites, emplaced in Early
Cretaceous. The comprehensive analysis suggests that Fenghuangshan pluton might have been produced in stretching environment
related to intracontinental shearing, which ought to be a response to the tectonization of the East Asia continental margins caused by
the subduction of plates starting from the middle Jurassic period.
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Fig.1 Simplified geological map of eastern China, showing major tectonic units (a), geological map of the Fenghuangshan pluton in
the Liaodong Peninsula (b) and geological map of sampling location map(c)
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Fig. 2 Biotite syenogranite sampled from Fenghuangshan pluton in Dandong, Liaoning Province
rock specimen (a), photo under crossed polarized light (b), photo under single polaroid glass (c), Q—Quartz; Or—Orthoclase; Bt—Biotite ; PI—Plagioclase
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Table 1 SHRIMP U—Pb dating of the syenogranite sampled in the Fenghuangshan pluton
A
A UTPITth PO £ TPLHU 2% PO £ e 2:'; :jﬂﬁ; T
T12-2-1 768 901 1.21 0.061 2.1 0.191 2.9 0.020 2.2 1250 £28 -76  £220 107 4.5
T12-2-2 296 182 0.64  0.083 9.8 0.134 18 0.020 2.2 1283 3.1 -2730 +£3700 81 24
T12-2-3 209 150 0.74 0.111 14 0.020 24 1283 +4.0 106  +48
T12-2-4 246 176 0.74  0.107 19 0.148 39 0.019 24 118.7 +43 220 £1900 110 +49
T12-2-5 675 1125 1.72 0.103 4.9 0.182 7.8 0.019 2.1 116.6 £2.5 518 +£400 112.2 +6.3
T12-2-6 545 764 1.45 0.062 4.7 0.133 6.2 0.019 21 122.1 +25 164 £250 121.5 +4.5
T12-2-7 426 488 1.18 0.063 6.6 0.141 8.2 0.019 2.1 1227 £2.6 -209 +£440 1142 =+6.1
T12-2-8 292 199 0.70  0.070 7.1 0.114 12 0.019 2.2 1232 +2.8 -323 850 118 =+I8
T12-2-9 553 644 120  0.060 52 0.143 6.1 0.019 2.1 1215 £25 8 +370 115.7 +£6.1
T12-2-10 464 505 1.13 0.073 8.1 0.139 12 0.019 2.1 1229 £2.7 -359 +£850 112 +11
T12-2-11 241 145 0.62 0.076 8.2 0.130 14 0.020 2.2 126.1 £29 176 £520 128 <17
T12-2-12 451 460 1.06  0.062 3.6 0.140 49 0.020 2.1 1253 #2.6 -694 +£700 109.9 £9.3
T11-1-1 294 118 0.41 0.100 4.0 0.158 7.8 0.020 2.1 1292 £33 88 £600 104 +£32
T11-1-2 169 72 0.44  0.086 11 0.129 21 0.021 22 1332 £3.8 -1,100 £1400 96  £30
T11-1-3 373 176 0.49  0.082 9.6 0.140 16 0.020 2.3 127.0 £3.5 280 £450 127 =*17
T11-1-4 462 259 0.58  0.067 39 0.135 5.8 0.020 2.1 1255 3.0 -592 +510 101 =*12
T11-1-5 138 86 0.64  0.094 2.9 0.137 6.7  0.021 2.5 1326 +4.0 -850 <1300 106 £26
T11-1-6 307 158 0.53 0.075 5.5 0.138 8.8 0.020 2.1 1285 +3.1 -1,070 £1800 91  +34
T11-1-7 1279 661 0.53 0.054 1.4 0.133 2.5 0.019 2.0 1228 £2.7 -94 +160 111.9 +6.0
T11-1-8 635 507 0.82 0.064 4.6 0.140 6.2 0.020 2.0 1248 +3.0 251 +£310 123.7 +£8.8
T11-1-9 377 242 0.66  0.069 35 0.157 48 0.020 2.1 127.6 £3.0 -80 +£320 107.7 +£9.3
T11-1-10 464 210 047 0.068 6.1 0.135 8.8 0.020 2.1 1262 +£3.0 -393 +660 103 +£21
T11-1-11 277 152 0.57  0.076 8.0  0.133 13 0.020 2.1 126.6 £33 -970 =£1500 95 29
T11-1-12 600 385 0.66 0.061 5.3 0.137 6.7 0.019 2.1 1233 +29 -494 +£530 102 =+£11
T10-1-1 9% 91 098 0.159 12 0.020 2.5 1259 4.7 67 44
T10-1-2 117 72 0.63  0.127 9.2 0.155 22 0.020 2.4 1234 +3.6 -1,140 £2500 79 +£35
T10-1-3 561 330 0.61 0.066 4.8 0.125 7.0 0.019 1.9 1195 £23 457 180 131.6 +6.7
T10-1-4 133 84 0.66 0.119 11 0.162 24 0.020 2.4 1248 +3.7 -4 £1600 103 +45
T10-1-5 113 85 0.78 0.131 12 0.126 38 0.019 23 1234 +4.0 768 +900 144 +33
T10-1-6 147 94 0.66  0.099 10 0.112 27 0.020 2.2 127.7 £33 -1,520 £2600 103 +£29
T10-1-7 170 136 0.82  0.089 2.9 0.104 7.7 0.019 29 1219 £3.6 -820 £1200 112 +I18
T10-1-8 157 108 0.71 0.095 5.6  0.130 12 0.019 2.1 1213 2.7 79 £660 117 +19
T10-1-9 499 271 0.56  0.070 42 0.139 5.8  0.019 1.9 1184 +£23 329 +£200 116.8 +8.8
T10-1-10 82 56 0.71  0.144 10.0  0.109 40 0.019 3.1 124.0 +4.6 -560 =+£2200 113 +£39
T10-1-11 108 81 0.77  0.131 73  0.134 22 0.020 2.4 1245 +£34 538 +750 133 26
T10-1-12 160 133 0.86 0.119 9.9 0.124 28 0.019 2.2 1229 £33 440 +730 131 =19
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Fig. 4 K,O-SiO; diagram, (a, after Rollinson, 1993), QAP diagram (b, after Le Maitre et al.,1989) and A/CNK—A/NK diagram
(c, after Maniar and Piccoli,1989) of granite sampled from Fenghuangshan pluton in Dandong, Liaoning Province
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10—Diorite, gabbro, and anorthosite

A A R, (La/Yb)s 47 5.83 ~ 16.29, — EUPEA AT, J5 3 b 2 s £ 19 BRI 5T 2% Wk IR 11 (&1 5b)
A AT 25 5, D LU R L a4 iR, R, RUBULIR B R IER AL S A B ERE R A
s 741 40855 . 7F Eu b BB B KA, Bon - JCER Rb M Th, Zr FMTHE TR W B W 1E 5%, Sr P
Eufi 58, SO T RHS A 45 o B FR R A Ba Ti Nb i/ G 575 FRAE , 5 R 1) A BUAE 5 5 1
. _ o — e Ao EILRATEOE A T . RUELL IE K AL < 75 1Y

ijlz Zﬂl\i ’ffle ii;i%iﬁfﬁifﬁjiiﬁgﬂ Rb/Nb H {9 6.02 ~ 8.64, T 5 125 T Ak Hb 5% 9 Rb/
pluton in Liaodong area Nb OB 2.2 ~ 4.7, Uk BH i 76 90 S0 X 25 AR i 5 i 38

FEMh S S1011 SI012 S1013 S1014 SI11 SI12 sii3 siig A, ANITTFE R B & S T (Sylvester, 1989). Rb
Si0, 7238 7342 7277 7224 7181 6641 6565 73.62  ERF{H R 109.77x107°~194.11x10°°, B AKX T & 43
TIO, 016 014 017 018 024 064 064 015 Bl R 4E 2 Rb F R (270%10°; Pearce et al.
ALO: 417 1368 139 1381 1406 1549 1522 1340 e amme 20000 g U B o B T K 7E B

Fe,O; 220 195 232 246 3.05 468 631 240
e LU Ly 3 S =Gl A (AN =
MnO  0.06 0.06 0.08 0.09 008 0.09 0.03 0.07 EEyﬁIE?E/ﬁ?ﬂﬂmE’]%ﬁﬁ%mﬁo

MgO 0.15 028 021 033 037 099 183 022 5 _LTJ‘ i/\
CaO 028 032 034 042 028 099 033 0.30 =
Na,O 384 408 401 426 364 423 3.64 405 51 ﬁi%ﬁf‘ﬂﬁ

b0, 0 00 0% o oo o1 on oo AT TREBRCRELEDL A MR F LN
FeO 066 086 079 127 140 225 201 140 BTN REULSEAEON R, oAk R M I
LOI 075 083 077 066 107 125 249 o041  AAERSE CRKERSG BaBERERS, fEED
A/CNK 1.09 108 1.09 102 117 1.11 146 1.05 HINIER S 72T 10 A BUAE 56 A v w2k 54k i
43 313 267 282 302 268 350 226 279 fufk(peRAGHEIE, 2009). FEARAUES A U—Pb 4R
Q 2681 2018 2814 2510 2884 1886 254 BN pwieeskim b pyP A A AIE BT (13021 )Ma
An 120 142 146 182 123 366 083 139 ;
Ab 3265 3464 3402 3591 3084 3557 3080 3308  (TIMSIE)(Wu et al., 2005), T Ll AP ML T (126+

Or 3415 2930 3059 3113 3035 2822 2083 3043  2)Ma(LA-ICP-MSi%) (Wu et al.,2005),
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RITFNELEZBEKEREMETRERE00)
Table 3 Trace and rare—earth elements(10 °) data for the
Fenghuangshan pluton

FEfiS  S1011 S1012 S1013 S1014 S1111 S1112 S1113 S1114

Cr 636 6.19 1833 1443 8.67 11.51 4622 7.63
Ni .51 271 330 380 3.00 296 14.08 2.02
Rb 194.11 160.92 154.19 152.68 193.18 156.18 109.77 175.55
Sr 5537 62.54 100.28 81.34 76.44 223.95 143.62 47.27
Zr 178.66 158.51 188.85 191.49 208.48 263.25 253.07 182.53
Nb 27.58 24.86 24.48 2538 2243 18.08 14.05 21.46
Ba  257.32 376.25 343.46 361.54 367.30 804.51 679.70 276.30
Hf 6.62 688 536 780 7.68 7.67 759 6.82
Ta 203 062 130 217 161 139 091 1.83
Th 19.70 3496 2497 31.50 40.78 33.58 27.75 37.06
U 369 346 3.18 321 413 413 055 478
Li 548 650 4.65 437 11.61 1492 18.52 4.28
Be 274 251 289 328 229 233 195 335
Co 225 1.63 295 280 3.57 494 776 157
\ 476 286 1048 6.47 1030 3883 66.26 4.36
Y 18.43 19.79 13.81 19.81 23.20 25.10 23.26 28.36
La 21.89 1791 1932 4221 40.73 57.73 49.72 44.40
Ce 99.69 79.96 83.78 108.43 109.46 106.63 107.51 94.23
Pr 468 436 438 883 928 1214 12.06 9.57
Nd 15.01 1552 14.94 29.56 32.53 4440 44.83 33.84
Sm 278 328 289 495 6.12 741 722 587
Eu 026 036 035 041 053 120 096 034
Gd 259 253 251 430 484 584 6.02 497
Tb 038 042 036 057 070 083 083 0.74
Dy 302 342 243 346 458 478 474 517
Ho 0.67 073 055 073 095 1.02 099 1.15
Er 144 158 119 176 2.15 231 236 231
Tm 037 036 028 037 047 041 043 046
Yb 2,12 220 1.68 227 277 254 270 292
Lu 032 035 024 032 040 035 038 042
YREE 155.23 133.00 134.91 208.18 215.50 247.58 240.75 206.39
LREE 144.32 121.40 125.66 194.39 198.64 229.51 222.29 188.25
HREE 1091 11.59 9.25 13.79 16.86 18.07 18.46 18.14
LREE
/HREE 13.23 10.47 13.58 14.10 11.78 12.70 12.04 10.38
Lav/Yby 7.40 583 823 1335 10.54 1629 13.19 10.93
oEu 029 037 039 027 029 054 043 0.19

HAN B 7R 1 AR RUEV L H 2 A B IE R AR X
74, TIMS 32 91 75 /% (130 £2) Ma(Wu et al.,
2005), K—Ar i 75 B = B 1F K AL B 75 AR i o0
130 Ma(BRFE R, 2003), A< SC45 RS B 946 1<)
SHRIMP U—Pb Il 4F- 45 5L« 24 25 B 1E K A8 5 5 AL
AR (12242 )Ma ~ (125.0+1.7)Ma, i T 1 2
T, A aRE L e A S = o

52 BREXBRERAKE

BRI A RIAE B A TR I AR BIX T2 &, Yang
et al. (2006) 84 X 12 Hl X BB (1) “ A" UL 54 5 1A ——
T UCA AR PR AT 5T, (R A 1 2R RUBL L E
A HEEA TS . 8 MR AFIERIE K A M1
Si0,=65.65% ~ 73.62% , K,0=3.52% ~ 5.76% , Na,O=
3.64% ~ 4.26%, Al,0:=13.4% ~ 15.49% ,Mg0=0.15%
~1.83%,Ca0=0.28% ~ 0.99% , Na,O+ K,0=7.16% ~
9.60% , K,0/Na,0=0.97 ~ 1.50, HbI3R AL 2F45AF i om X
L SR BEEAR AL b A 2 i BB, 28 IR
(R A, 3T HEA B 1Y Eu 7 5% (8] 5a) i e &
7 HAE X & SR KB T35 A 70 & Rb Al Th, Zr fTHF
R IE SRR, Sr. P Ba Ti Nb G K B/~ I i)
TS HRHIE (B Sb) , LRI & A BIAE 4 7 Bk
Ab2FHRF (Whalen et al.,1987; F 3245 ,2000) , %
ARTE2.71 ~5.13, FEATERR T A BUAE R A AR(EE
i, FeO/MgO (FeO=FeO + 0.8998F¢,0:) It i K
4.69 ~ 18.05, Btk & T A BR ALY B 11991 N E
FH(H 2.27) S AU (578 AN FE T 1 2.38) AT M Y
(17 A~ K¢ 50 SF Y918 2.37) 48 5 7 1) FeO/MgO H
(Whalen et al.,1987), 1fi 5 3 | W. Lachlan ¥4 4577
T R B A BRUAE K 8 FeO/MgO 7284k 3 Bl (4.16 ~
35.2)#H3L (King et al., 1997). #E Collins et al. (1982)
(1) K:O—Na.O 1L 75 B R A B H G0 1 |, JLT-Prf
i TN ARG ) X (18] 6a), FE R TT
% A AL K 75 (Na,0+K,0)/CaO— (Zr+Nb+Ce+Y) ¥
S VLt 1 265 R 22 50N it )T E A BBUAE B A X, DA
MR Ak A REAE SR 5 B (B 6a, 8] b, B 4¢) B i
7~ KB R = B E R AR XA TS Tk 40 T A AR
SE=

M 3 Bl K & b AT, IXUEL L AE 5 2 Y Rb/
Nb FUAE 4 6.02 ~ 8.64, BH I8 =5 K fili #1572 1) Rb/Nb
FUAE 2.2 ~ 4.7, Ui W b 52 ) o0 %t 16 1<) 5 A e 52
Mg 458 K, AT U Rb 9 7% 2385 11 (Sylvester, 1989).
Nb/Ta [t 11.71 ~ 18.77, %11 14.03 , K T~ J5 4f Hu 2 11
Nb/Ta Lt 17.5+2.0(Green, 1995), H Nb H HE A, Ui
IR X A2 W76 20 43 PRS2 a3 K . 45 A i AFE I IX
CAKAIWTST , Yang et al.(2006)Ih K% X 55—~ il
() A RUAE B A R T LI AE i T8 X 2 2otk SRR
T HbTE R A P M () 4 B R I RN ek
FUA SR A A B 45 A P By AR A it 52
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Fig.5 Rare earth element distribution curves (a) and trace element spider diagram (b) of granite sampled from Fenghuangshan pluton
in Dandong, Liaoning Province (the normal value is from Sun and Mcdonough,1989)

1Y RN R = BEIE AR R 5 T L0 A B4R b
BRAE2FEFAEAR L, 25 A A BUAE G A R AE , KUELLL
oo BETE K AE (4 7 SHRIMP %5 £7 U—Pb 4F 8 (122+
2) Ma ~ (125.0£1.7)Ma, T LI A LA-ICP-MS £ £1
U-Pb4E#3(126+2)Ma(Wu et al., 2005) , il = &
[ S R S A 1 7=, O B 5 3 AR 5 e IR
(A AL T 3 AR R S A AR B B IR R
(130 ~ 110 Ma) FEASAH [F], #E00 & fiT AT GEIE B T
[l —HE T 5= T .
5.3 HIREX

DRI 3B, A B4R 5 5 257 ROk iy
W 5 NCEFERE,1995), Horh— 246 5 7 8 1T i
N 2L T AT PR, 55— W TRl 5 i)
15 B 5% (Eby, 1992), i Nb—Y—Ce H| 51 [l f# vl DL &
L RUBL LR = BE R AR 5 i KA 76 A AL
FA2 53 FAAL(F 6¢), i I7] A1 HBIAE i 7 X el (8
A RAEE R SATEAAL I NTEA A2 X)), 454 K
JECLLIAE b 7 T Ak P Ry s S IR B A T 255 T, 2B
HIN AR R AR IE R AL R A T EJE Tk da i A
RUAE B AL A2 R PR, 5800 ik T 10 T 7R
R S ) b ST 1 5 A RS Sl b BR B )

db Bl
H5%o

JRUBA L TE A AE B 2 (9T B AT -5 R A AR RRIE
R 57 R PR AR B i PR DA G . (R i
Hh ) 2 L L, e R Iz Sl AR

TR 1 PRI e A E R AR o, e [ R Rl AT iR B
(R Bl P a2 L 5 A L IS TR B (A S, 2007 5 W 67746
2020), KZ7E 185 Maiij , K 7R FF A TE 1 &
& MRS (160 Ma) T4 , AT VE MR B B )
Atk RIS £F bl R R AR R [ JE(NE2° ~ NW13°)iz
gy, I B AR b T MO B 2 T (Maruyama and
Seno,1986), H T i A BEL 7 b, G 2R AT 5 1 1)
J1, KA RS 7, B DA 2 e i it i O )32
Bl BER R R R AR R 7 AN TR] A
KA, B AR P R AR PR UUE T . R 7ER
I L TR ATRBEAL , i FHRDUE R S804 A el i
AT HbAE ARG, Ry 1T i) b i 4 o 2 4t 5
i, MK S e A A AR A TR T
FE e IR AL A . R, R E AR
FELLIR B R A A KIS R AL 5 A A B0, 1
RR)E WM AR L T AT 5P P LA
WX IEHER , AIE A H F 130~ 110 Ma,
J& 72 MR A RUAE B A (- A AY) (5K T Rk & 6F
2007). HASUKE I H4E 61 SHRIMPU—Pb 4F- 244
e m s, RUSLLR SR IE R AR R A TR U 122 ~
125 Ma, Hif ][ 5550 P S 2 e DX (R 4 1 — 7 i
AR5, 2EHARYENT A BIAE R A LR BT, 45
A RUELL R 25 B TE A A 5 5T i 1] 2 8] (& 1)43
BT, ORI ARV R A A IR B 218 Rk
B TF R P AR AR vh 5 | RS %) 2R S0 KB 12 kv i il A
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P 6 3L T HR KB LA AR AE B4 2 1) K.0—Si0, J 5 FEl it (a, JIE I Collins et al., 1982) (Na,O+K,0)/CaO—(Zr+Nb+Ce+Y)H X &
(b, ¥% Whalen et al.,1987) & Nb—Y—Ce 415 FEE 4511 (c, 5 Eby, 1992)
Al—AVEER H A2—A2 BB FG—(MAT+S) B A AL B 4 s OTG—A 4 57 (MATH+S ) 4K B
Fig. 6 K,O—SiO, diagram (a, after Collins et al., 1982) , (Na,0+K,0)/CaO—(Zr+Nb+Ce+Y) diagram (b, after Whalen et al.,1987)
and Nb—Y—Ce diagram (c, after Eby, 1992)of granite sampled from Fenghuangshan pluton in Dandong, Liaoning Province
A1-Al type granite ; A2 —A2 type granite;FG—(M + I +S) type differentiated granite; OTG— Undifferentiated (M + I + S) type granite

FOIM I
6 4% i

()RR A A A FIAE (<12 A IR R AE
1L 2R RUELLL R = BE TE R AR ) #7 SHRIMP U—Pb 4%
433 A (122.3+1.7)Ma, (125.0+1.7)Ma, (122+2)
Ma, {03 T A 345 AR, KUBLLL IE K AL B A =207
B 4 2

(2) RUE L 2B = B OE K78 5K A 19 A/CNK B
1.02 ~ 1.46, i & % AR 7 2.71 ~ 5.13, FeO/MgO [t
B4 4.69 ~ 18.05, R I R 1 413 BT A AUAE (<1 5 1) Al
A2 PRI, o ST RN H K F AT
# Rb.Th, Zr HfHB & F 5%, Sr.P.Ba . Ti Nb H
AR o S 11O T S = 0 e w1
MR

V2R I ER 3N 12158, AR JRURLL E &
A6 5 5 7= A T i N BT DA G I 1 R 3RS, bl B op
R 5 Ty Al R e 5 | 1 7RSI o i 54 3
T FE AR
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