5465 1 hOE R Vol.46, No.1
2019 4F2 A GEOLOGY IN CHINA Feb., 2019

doi: 10.12029/gc20190109

PO, FEARAE, Ay L, SO, b, 2. 2019 KAT IR B IR TR IE K ALK A LA-ICP-MS £ /1 U-Pb 4R 1% N2 i 2 X [J]. Hh [E H#1 5T, 46
(1): 140—154.

Bai Guodian, Ju Genshe, He Kai, Zhai Wenjian, Wang Kun, Li Wei. 2019. Zircon U—Pb age of the altered syenogranite in Fengyu area of southern
Taihang Mountain and its significance[J]. Geology in China, 46(1): 140—154(in Chinese with English abstract).

KTl EEFEIBRHMTERKERS LA-ICP-MSA
U-Pb ERRIEENX

A AR, AL, B, T, F

(1.7 B3 A B, 7Ty #500,450007 52, 7 iy 28 W A+ 52 B 5 PT, 7T by %6 1 ,450007)

BE AL T RS P AR RAT IR BRI, I — A RS T IR KA 2 T I IE KA R A,
AFA N B R BERAL RS, BE A o B AR i, 5 AIGRE (Si0.=67.46%~68.89% ) . & ik (K,O+ Na,0=8.09~
9.62,K,0/ Na,OIE KT 1), FifE4L A/ICNK=1.20~1.57, J& i 0 0 50 PE A BITE R . A A B ERETEATE, I
F5HINb.Ba.Ta,Sr.P . Ti T E , i 1 I0Z & & (192~774 ng/g, -1 483 pg/g) . 1 LA-ICPMS 4% AR 1845 77
[ *"Pb/"Pb 4F-44 A (1790+£22)Ma(n=22 , MSWD = 0.80) , 3X JE32 4 M 1E KA T I FE BEK I R I A B IR HI ARl .
A E e FE BRI LRI AR R T, Ui AR IE A6 5 55 T BT A P R b s I, A RE EL M — U3
BRI TR T W 5 A b, LT AR A AT L X 55 RE TR LU A Ak 17 757G b X 34k RE T3
= ARG A3, S T R KA 1L DX 5 B PG b DX A3 R % L B T e S 4

X 8 R TERIERK A LA-ICP—MS 54 U-Pb E4E ; =245 s KA s M2 0T H s KAT LRI B

FE 5SS P588.12°1;P597°.3  XEA#RERS:A XEHHS:1000-3657(2019)-0140—15
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Abstract: An altered syenogranite pluton was found in Fengyu area, southern Taihang Mountain of central—eastern North China
Craton, which unconformably underlies the Changcheng System. The rock type is biotite granite, which has undergone obvious K—
feldspar alteration and sericitization. The rocks are characterized by low SiO, (SiO, = 67.46%—68.89%) and high K,O + Na,O (K,O
+ Na,O = 8.09-9.62, K,O/Na,O > 1) content, with aluminum index A/CNK being 1.20—1.57, showing features of peraluminous,
calc—alkaline A—type granite. The pluton is also characterized by enrichment of LILE and depletion of Ba, Nb, Ta, Sr, P, Ti, as well
as high X REE values (192774 ng/g, 483 ug/g om average). LA—ICP—MS zircon U—Pb dating of Fengyu altered syenogranite
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pluton yielded an *"Pb/*Pb age of (1790+22)Ma (n=22, MSWD=0.80), which is by far the most direct control of the lower limit

age of Changcheng System in southern Taihang Mountain. Petrochemistry, rare earth elements, trace element geochemistry and
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isotopic geochronology all prove that Fengyu altered syenogranite pluton was formed in an intraplate extensional environment in the
Paleoproterozoic period, thus providing an important magmatism evidence for the existence of northeast Xiongerrian trident
continental rift; they also show that the Taihang Mountain area where Fengyu altered syenogranite pluton was formed and the
western Henan Province where Xiong'er Group volcanic rocks were developed constitute part of the Xiongerrian trident continental
rift, which thus provides an important support for the stratigraphic correlation of the Changcheng System between Taihang Mountain

area and western Henan Province.
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Fig.1 Geological sketch map of Fengyu area and its adjacent areas, south of Taihang Mountain
a—Tectonic subdivision of the North China Craton; b, c—Simplified geological map showing the distribution of Paleoproterozoic
altered syenogranite in Fengyu area; 1 —Quaternary; 2— Cambrian; 3— Cambrian—Ordovician; 4— Changcheng System Dahe

Formation; 5— Neoarchean ; 6— Early Cretaceous quartz diorite; 7— Fengyu syenogranite pluton; 8— Parallel unconformity/ angular

unconformity; 9— Fault; 10— The measured section position and its serial number; 11— Zircon U—Pb sampling location
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Table 1 Simplified map showing stratigraphic
subdivision of Changcheng System, southern Taihang
Mountain (modified from Lithostratigraphy of Shanxi

Province, 1997 )
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Fig.2 The outcrop of Fengyu altered syenogranite pluton
a— Measured geological section; b— The contact relationship between the Dahe Formation and the Fengyu syenogranite pluton; c— The contact
relationship between the Cambrian and the Fengyu syenogranite pluton; d— The quartz vein in syenogranite truncated by the Dahe Formation

conglomerate; e—The xenolith in the granite; |- the Changcheng System Dahe Formation; 2— Cambrian ; 3—Conglomerate, slightly conglomeratic
quartz arenite; 4— Syenogranite; 5— Parallel unconformity; 6— Attitude; 7— Major and trace element sampling location; 8— Zircon U—Pb sampling
location; 9— Xenolith
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Fig. 3 The hand specimens and photomicrographs of altered syenogranite in Fengyu area, southern Taithang Mountain
a— The hand specimens of syenogranite; b—Plagioclase replaced by K—feldspar; c—Plagioclase strongly altered into aggregates of sericite and
carbonate microlite; d— Plagioclase replaced by K—feldspar; Q— Quartz; Kf—K—feldspar; Mic—Microcline feldspar; Pl—Plagioclase ; Se—Sericite;
Bi—Biotite
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Table 2 Major (% )and trace element (ng/g) compositions of granites of Fengyu syenogranite

S Si0, TiO, ALO; FeO; FeO MnO MgO CaO NaO K,O P,Os H,O" CO, Kk & & A/CNKNK/A

K,0/
Na,O

G108 1 67.850.83 1541 2.76 0.42 0.01 0.86 0.62 0.16 8.42 0.47 1.71 0.02
G1087<2 68.89 0.83 13.53 3.96 0.25 0.01 0.60 0.39 0.22 9.40 0.23 1.16 0.08
G1087<3 67.46 0.71 14.90 5.01 0.32 0.01 0.87 0.36 0.14 7.950.21 1.69 0.02
T¥IE 68.07 0.79 14.61 3.91 0.34 0.01 0.78 0.46 0.17 8.59 0.3 1.52 0.04
FAFEEMR 76.69 0.16 11.80 0.44 1.22 0.03 0.12 0.88 3.12 4.68 0.03 0.62 0.17

1.86 99.54 147 0.61 52.63

1.12 99.55 120 0.78 42.73

1.65 99.65 1.57 0.59 56.78

1.54 99.58 1.41 0.66 50.71

0.44 9996 102 08 15

#E La Ce Prr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y XREE LR/HR §Eu Gd/YbLa/Sm
G1084% 1 179 273 34.8 115 19.7 2.95 19.4 2.8514.93.039.09 1.309.04 1.29 89.3 77426 10.25 0.45 2.15 9.08

G108/4<2 41.875.18.02 25.54.54 0.87 4.33 0.66 3.470.722.330.41 2.990.43 20.4 19237 10.16 0.59 1.45 923

G108/4< 3 132 228 22.3 67.29.12 1.39 7.91 0.87 2.790.421.050.19 1.050.16 10.5 483.78 31.82 0.49 7.53 14.42

AFEEAS56.3108 12.2 42.37.46 1.02 5.91 0.945.441.143.390.503.200.50 27.9 248.3 11.6 0.46 1.84 7.54

FES Sc Cr Co Ni Rb Nb Cs Ta Th U V  Ba Hf Sr Zr Rb/Sr Y/Yb Rb/Ba
G1084<110.2 12.8 5.63 7.25 189 23.3 6.12 1.68 359 2.01 423 697 169 79.0 462 240 9.88 0.27
G1084.29.71 13.0 9.14 4.34 277 25.1 6.12 2.69 249 2.78 429 1177 17.9 953 474 2091 6.82 0.24
G108/4<3 8.41 23.6 1.63 4.13 219 21.3 5.38 1.91 34.0 1.86 44.8 659 17.6 71.7 417 3.05 10 0.33
FFEEAR 6.40 9.10 188 11.4 0.92 13.7 2.89 660 626 829 158 227 8.72 0.28
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granite /unaltered granite in Shicheng area

ATIAE B4 0 REE B (219. 03 pg/g) 23T (417
85,2007 ) o HAR B4 5 A FE A B < 5
B, B 5 T A G A (5] 8a) , Eu f =
B . (0Bu=0.45~0.59) , 7 EuZb H BL I, 2 V F
B, O BA S G Sl b O A RHS A I i
AT A EEE R ER TR R
i, Bu 2 W] 0, AR AL T e 5 A 2R
TG Sl I R RRIE (REAAEAE,2003)
43 MERTE

FIRHAR FR ALK A B HE K. Rb . ThHILE, 77

PR ASTE b A
TFEARIE

Rb, Th Mo K G § N, % Bu 6 Y
Ba U Ta la Pr P Sm Hf Ti Yb

I8 AU IE AL b A 0 1 TC 3R BORE B B E AT 7 it 22 5 (a) M e 0 38 SR MW B ALK 199 1] (b)
(bRUEALEEE Sun et al.,1989)
Fig.8 Chondrite—normalized REE patterns (a) and primitive mantle—normalized trace element patterns (b) for Fengyu syenogranite
in western Yunnan ( normalized data after Sun et al.,1989 )
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P Nb.Ta .Ba.Ti .St MIPEILER ., MEI8 TAIFH i,
FE U e AR TE A AR g PR e AR R AN (], AN TR A
(B B 8, (H R 35 AR A BUE R 7 il e
FWRIN BN —8, FE0 AR IF K AR X 7 Rb/Sr
AR B, M 2.40~3.05, V-1 2.79, i K F 1 Fl ok S #
AE B AT (431 0.61 F11.81) , 15 A RIAE b it
F A B Rb /St HAE (3.52) He 5 #53r (Whalen et al. |
1987) , H-HA =1 Y/Yb {E(F 1.70) MK Nb/Ta
HCF¥11.45) . Zr / HEEHCE 25.84), XL 5 X1 5
S AF (2003) 45 B AR T A B4R A Y Y/YD fE
(2.26) Nb/Ta{H (8.81) . Zr/Hf{H (22.13)—%FL.,

5 B4 U-PhAERR

P b AR TE AR AR B AR R I8 R ) 2 B 9E
AN 5, W PRz A ¢ Z e LA 25 20 AR 1
KAE R A Il TE RS A TR , A kA5
W Pl A8 TE K AR B A AR AR, 2R I LA—-ICP-MS
FARXH A B G AT T U-Pb R R e . HORE
ST e 3 A E ) A B4 350427
KL 113°57'(El 1),

ARSI S A B R EAE, LR &,
i AR KB AR A T 100~220 pm, KL

1.5~3.5, R T B0 5L, A /1 70 B, ik g
fRZ A INMGE ., 8540 Th/U H(E R 0.58~1.1, %
BEA (F23,1819) , CL EMG 22800 /S T W il 5
B RHR 5 BT, P 2 i, LA Tt A (L 2 14
I IR 7 PR R B A 5 DU A B DY XL
HERR HET | 110 R, S P0 A sl f A P A e
W s A T RRE R B G A RO R (R R
2009) .

AR M E T U-Pb108/Z8 1 £F i v iy 22 i
A1 A58 22 N8 (6. 3) , 78 U-Ph il A Hr i 352
ST TR SR, UG R — B 5 gk
() | 28 SAE ISy (1784+42) Ma, MSWD = 0.19 ( [#]
10a) ; 765 Bk BH 2 B RE A0 4 MFIE (410,12, 14 5
JO I A 18 N 15 2"Pb/ P A I AL 24 {8 N
(1790 +22) Ma (MSWD =0.80, 95% & 15 J& ) ( &l
10b) o X P KRB A, 2835 U Pb/ " Pb 4 i
AT 24{E (1790+22) Ma A Ry 5 1A I AR I,
ROV YE IR ZE R A 95% B A7 B 1 25 .

Fie BT E P b T A R i R 43 7 8, FLRE AR
Froot AU, AR ISR T AR IE R AL 5 A
(A As i ARIE . L, F I bl AR 1 K A8 B A T il
Trhoot U,

3 TEHRMETERKERS (U-Pb108/FR1)55H U-Pb B RNELR

Table 3 Zircon U-Pb dating result of Paleoproterozoic altered syenogranite in Fengyu area

T (nglg) Al iy 2 Ho Al A4 /Ma

plp=s serr Th/U , , 7 s 3 7 ) )
Pb **Th U Pb/*™Pb 1¢ *Pb/*U 1o *Pb/™U 1o *Pb/™Pb 1¢ *Pb/™*U 1o Pb/™U l¢
1 233 143 130 1.1 0.1123 0.0198 4.8776 0.2740 0.3264 0.0068 1837 116 1798 47 1821 33
2 258 121 191 0.63 0.1096 0.0044 5.1485 0.1937 0.3489 0.0198 1792 74 1844 32 1929 36
3 289 168 207 0.81 0.1104 0.0041 5.1598 0.1972 0.3384 0.0056 1805 68 1846 33 1879 27
4 119 60.7 78.7 0.77 0.1442 0.0457 6.2241 1.5860 0.3437 0.0198 2280 572 2008 223 1905 37
5 334 171 257 0.67 0.1069 0.0043 4.8775 0.1855 0.3374 0.0078 1748 74 1798 32 1874 38
6 190 101 129 0.78 0.1091 0.0049 5.1925 0.2473 0.3476 0.0078 1784 83 1851 41 1923 37
7 194 120 152 0.79 0.1093  0.0054 4.6891 0.2227 0.3153 0.0070 1787 90 1765 40 1767 34
8 593 314 543 0.58 0.1084 0.0033 4.7817 0.1527 0.3193 0.0050 1773 56 1782 27 1786 24
9 181 94.8 119 0.80 0.1074 0.0050 5.0105 0.2483 0.3399 0.0081 1755 86 1821 42 1886 39
10 224 127 181 0.70 0.1015 0.0037 4.3873 0.1606 0.3156 0.0056 1652 67 1710 30 1768 28
11 244 126 200 0.63 0.1136  0.0037 4.9617 0.1663 0.3180 0.0057 1857 59 1813 28 1780 28
12 260 112 137 0.82 0.1298 0.0165 6.0122 0.7719 0.3361 0.0065 2095 225 1978 112 1868 32
13 204 115 132 0.87 0.1105 0.0051 4.7545 0.2222 0.3148 0.0061 1807 83 1777 39 1764 30
14 240 134 133 1.01 0.1372  0.0244 5.7205 0.8210 0.3188 0.0056 2192 308 1934 125 1784 28
15 180 103 114 0.90 0.1129 0.0047 5.0198 0.2065 0.3247 0.0060 1847 75 1821 35 1813 29
16 190 107 138 0.78 0.1148 0.0046 4.9309 0.1938 0.3178 0.0062 1877 73 1808 33 1779 30
17 288 152 191 0.80 0.1067 0.0048 5.1813 0.2510 0.3529 0.0079 1744 83 1850 41 1948 38
18 318 178 237 0.75 0.1063 0.0041 4.8936 0.1822 0.3351 0.0058 1739 70 1801 31 1863 28
19 284 152 208 0.73 0.1086 0.0041 4.9191 0.1789 0.3317 0.0065 1776 69 1806 31 1846 31
20 128 68.9 89.8 0.77 0.1102 0.0054 4.8931 0.2389 0.3244 0.0068 1803 95 1801 41 1811 33
21 163 89.0 118 0.75 0.1127 0.0044 4.9636 0.1835 0.3242 0.0064 1843 72 1813 31 1810 31
22 145 80.9 103 0.79 0.1061 0.0048 4.7823 0.2135 0.3302 0.0067 1733 83 1782 38 1839 33
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FI ARG R R ARER ALK A, B2
WA Q+KE+PICAHE + FiK A + BH A,
R WS B AR5 R R s
B FPE 8RBT A B 5 I E A2 S50 SRR
( 5% 81755, 2007; X1 & 5245, 20035 2= 4 R 55
2016)

HIC AR &, FIRAE 7t FibAs (20 41E)
FISEIN 38 IH: KLO 1 B4 5 S10, S AN, S
KF , FIR AR K A BA & Si0,,77 ALO; . Sr.Ba,
Eu . Ti.P Ll f REE 73 A B AT W] 0 0 07066 5 o S5

B ARG R R R (IR IS, 2012) 6

Fiis 1 50 22 BB 5 A A AL BE 2 it 42 [ RN
TR Ji 0 b s o b ik ) BT B A B MRS T A AR
B e B A R RRAE  FHEAT TR AN A BIAE
RAEEA AR IR (RIEESE ,2012) o U AR AL
i< 7 7 Fi 0 28 BRORE A s o A TC 43 i 2k 1A (A
8a) b RN A i NG Y, B I 1) 75 45 Eu, NFE L
1T 3 i 0 b 0 A o A ik X 5T (&1 8b) |-, Sr.Ba.,
Ti PIESREL 7 1Yy, ik 634 s Hok A RUAE R 7
iR, 2012) I 5 A ARUE R A3

15 10°Ga / AL flI'& HFSE JUZ (Zr+Ce+Nb+Y)J&
A BRI EE AR, X ARIE S AR T
A HE SN E ] (Collins et al., 1982 ; Walen et al.,
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1987), {E(Zr+Nb+Ce+Y)—FeO"/MgO . (Zr+Nb+Ce+
Y)— (K:0+Na,0) / CaO [ I, F Ik AR 1E K AL
FTEFEMVE T ARE R 7 X, R 5 4 FF
e —FE, A ARG R (B 1),

Eby(1992) FIjtk K TL45:(1995) 42 HiHs A L #4540y
A RYFD AL TR PR E 2R i 5 g i Y S
H RSt MR IR, B AT ER LA RRE L RDE B
PR A B AR KX 51

T 1 i B v AL T i T R R ] L, AR
TG Nb 5 #5575 S AN B 5, 17 A S 7R S o EL A 5
fIND = 451, DA 5 4 A e 4l TR e o Fefis 1
SR b A S . AR E R
Fis £, Bu 0 58 AN, 6Eu=0.30~1.00, A, V7%
— M 5, R Bu 5 3N 3, oBu=
0.03~0.61, VLW & Ca RHS A (BU/E 5k B8 AHEE
45 b 5 B AH) AR AL A R IR v ke o B AR
(X B 525 ,2003) o “FURTIAR I AL b A LR Y
Nb 741, [Ali Bu 5 i ok B 38, B4 AL A
TR TR AR . L EAT = Y Y/ND (AR
Nb/Ta {8 . Zr / HE {5555 5 A 5 X1 B 5255 (2003) i
LA TR A TR R A (A —3L . 7E R—REf# |,
FIRPASIE R AL R A S5 A FEE A — R A B
PIEA A BRI A X (F12), 5 _ERifEw—2.
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FE U i AR 1E K AE 5 A AN RE b Eu 5 45 AS B
B, UL E CaiH A, TCis S A N5k B A sl Ve M 25
Al B A AR A SR D S 5 R AR £ Rl ol
I8 7R N 2 A B I R I Rl OE B (X B S AR
2003) o PAHETE 5 i — Je A4 ) S5 2H B S AE
D, =0 AR TE AR 5 5 1 1 Ze 75 i RS B 5 451
Ti B B FL AT BRVE [ M 5S4 0, 7= 1 i 5 Dok 9 119 4
i& 75 %t (Whalen et al., 1987; Eby, 1990; K jiff ,
2013)., Nb /Ta FAH 5 5 FARAHSE , BE o FL U B
Hise i ; P AT 5 Ut B K 00 T W KA DL &
BRI 4 S 45 S VE L Nb  Ta 1) 75 51 0] RE
5 R R X A A P RRFE 4143 102 576 5% ( Kalsbeek
atal.,2001 ). FHULATA i, FIRmAS IEKAE K Al
B R B AR S IR A RO 5 R Mse W B & 1™
TR TRk PRI TE T 5, A AT XAE IR T
B BRI R SOAEE T A s Sk it (B2
RS, 2003) , S BEFEPE S 5 =F I A TRUAE < 5 F4 B
T REH IR ER TR AR R A G
6.2 KITWKMARSHA KB RHXILL

BV R RS =& LA 2 NS
BEYREMZ LRSS FARmarE A5 %E
FIEE RIS IRAE N L A BUAE AR 2 b (1
RASE,1996) o BIFFE XK 38 R JECH 1 T 21 AN 38
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Fig.11 Diagram of (Zr+Nb+Ce+Y) versus FeO’/MgO and (K;O+Na,0)/CaO (after Whalen, 1987) in A—type granite in Fengyu area
FG—Fractional granitoids; NG—Normal M—, I-and S—type granitoids ( nonfractionated)
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