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The initial time of the Fen —Wei graben system: Constraints from geochronology of the Qifeng

granite porphyry dikes in the Zhongtiaoshan Mountains

Abstract: The Fen—Wei graben system is an essential Cenozoic extensional fault—depression belt in the central part of the
North China craton. Previous research achievements mainly focused on its formation process and dynamic mechanism, but
the initial time has been unresolved due to the lack of quantitative dating objects. This paper first reports the granite
porphyry dikes in the andesite of the Majiahe formation in the Xionger group of the Zhongtiaoshan orogenic belt adjacent
to the Fen—Wei graben system. The dating results of the granite porphyry dikes indicate that the age sequence concentrates
mainly in two stages, 1769.8 + 8.7 Ma and 69.14 + 0.85 Ma. The former is consistent with the primary age of the volcanic
rocks of the Xionger group, representing the characteristics of inherited zircons, and the latter represents the formation age
of the granite porphyry dikes. The Ga/Al value ratios of granite porphyry dikes of the Qifeng samples are all greater than
2.6, characterized by enriched silicon, alkali, potassium, depleted calcium, and high magnesium. The rare earth elements
are enriched in light and depleted in heavy rare earth elements. The Qifeng granite porphyrite dikes are I-type granites,
indicating that the tectonic setting is extensional. The research provides new evidence for the initial time of the southern
part of Fenwei graben in the Cenozoic.

Keywords: zircon U —Pb geochronology; geochemistry; granite porphyry dikes; Zhongtiaoshan Mountains; Fen —Wei

graben system
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Fig. 1 Regional tectonic map of the study area
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Fig. 2 Regional geologic map of the Qifeng granite porphyry and adjacent areas
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Fig. 3 Field and microscopic photographs of the Qifeng granite porphyry dikes

(a) Field photograph of granite porphyry dikes; (b) Microscopic photograph of granite porphyry dikes
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Fig. 4 Typical cathodoluminescence photos of the Qifeng granite porphyry dikes
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F 1 PELFIEERBEE SR U-Pb Fid 51t R
Table 1 Zircon U-Pb ages of the Qifeng granite porphyry dikes in the Zhongtiaoshan Mountains

e JEH B L 4 Ma
=Y
Pb/x10°° u/x10°® Th/U 27Pb/**Pb 206ph/ A8y lo 2%pb/P2Th 27ph/2*Ph lo 206pp/B8Y lo
HB109-01 76 2175 0.80 0.0771 0.0056 0.0111 0.0002 75 5 71 1
HB109-02 109 3280 0.78 0.0831 0.0041 0.0109 0.0002 81 4 70 1
HB109-03 17 35 1.29 4.5705 0.1276 0.3197 0.0042 1744 23 1788 20
HB109-04 49 99 1.24 4.5763 0.0785 0.3163 0.0030 1745 14 1771 15
HB109-05 16 35 1.12 4.6420 0.1306 0.3227 0.0052 1757 24 1803 25
HB109-06 33 963 0.76 0.0775 0.0061 0.0106 0.0003 76 6 68 2
HB109-07 197 5478 0.90 0.0737 0.0038 0.0108 0.0002 72 4 69 1
HB109-08 50 110 0.98 4.6438 0.0862 0.3158 0.0030 1757 16 1769 15
HB109-09 17 38 0.87 4.6591 0.1295 03177 0.0042 1760 23 1778 20
HB109-10 18 37 1.27 4.6675 0.1179 0.3156 0.0036 1761 21 1768 18
HB109-11 3 19 1.16 0.0613 0.0056 0.0110 0.0003 60 5 70 2
HB109-12 33 69 1.19 4.6763 0.1037 0.3127 0.0036 1763 19 1754 18
HB109-13 17 35 1.20 4.7256 0.1494 0.3151 0.0047 1772 26 1766 23
HB109-14 16 34 1.05 4.8055 0.1302 0.3217 0.0042 1786 23 1798 21
HB109-15 7 509 0.84 0.0649 0.0079 0.0108 0.0004 64 8 70 3
HB109-16 140 4085 0.82 0.0789 0.0061 0.0108 0.0002 77 6 69 1
HB109-17 8 734 0.33 0.0685 0.0037 0.0104 0.0002 67 3 67 1
HB109-18 9 605 0.59 0.0749 0.0045 0.0111 0.0002 73 4 71 2
HB109-19 11 23 1.09 4.5366 0.1587 0.3086 0.0042 1738 29 1734 21
HB109-20 125 24169 0.16 0.0686 0.0022 0.0106 0.0003 67 2 68 2
HB109-21 10 1726 0.23 0.0690 0.0064 0.0106 0.0004 68 6 68 2
HB109-22 12 2019 0.18 0.0705 0.0024 0.0109 0.0004 69 2 70 2
0.0122
[ —
0.34 120 | ’ a I 76fMa b
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22 11700 |
11660 0.0114 |° | =
65
1620 /Ma
2 0.32 PMe 200110 F
g 2 0.0106 -
031+
0.0102
0.30 1 Mean=1769.8+8.7Ma 0.0098 - Mean=69.14+0.85Ma
MSWD=0.67 MSWD=0.99
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Fig.5 U-Pb concordia diagrams for zircons from the Qifeng granite porphyry dikes
(a) Inherited zircon ages; (b) Granite porphyry dike ages
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Table 2 Principal element contents (w%) of the Qifeng granite e
porphyry dikes B
QF-1-1  QF-12  QF-13  QF-14  QF-15 ol R

SiO, 71.87 72.80 71.99 72.35 72.70 &

AlLO, 8.53 8.06 8.88 8.55 8.48 S‘:‘ ol

FeO 3.35 3.88 3.16 3.17 3.64 5

MgO 2.46 2.87 2.92 2.90 251 Z ol

CaO 4.45 2.50 2.73 2.76 3.88

Na,O 2.92 2.38 2.98 2.37 291 3L

K,O 3.31 4.38 4.55 4.48 4.78

MnO 0.22 0.08 0.08 0.07 0.21 0 \ , . R . )

P,0; 0.05 0.07 0.08 0.07 0.11 30 40 50 60 70 80 90

TiO, 0.14 0.28 0.31 0.30 0.35 Si0,/%

LOI 1.76 1.28 1.39 1.42 0.67 TR Bl B T

TAL 99.06 98.59 99.09 98.44 100.25

A/CNK 1.07 1.02 1.02 1.08 1.05 B 6 FIET KIS S TAS E# ( Middlemost, 1994 )

Mg’ 044 0.55 0.71 0.68 0.73 Fig. 6 Total alkali vs. silica (TAS) diagram ( Middlemost, 1994) for

*3 FEERHEERFLIESHET

Table 3 Rare earth and trace element composotions (w%) of the

Qifeng granite porphyry dikes

ZRE/XI0°

QF-1-1  QF-1-2 _ QF-1-3 _ QF-14  QF-1-5
La 7.46 7.65 8.26 5.71 11.64
Ce 14.44 19.60 20.34 14.16 23.40
Pr 1.85 2.20 2.36 1.96 3.02
Nd 8.11 10.06 10.38 9.03 13.09
Sm 248 248 228 2.19 2.80
Eu 0.76 0.76 0.73 0.68 0.89
Gd 1.81 2.28 2.16 1.93 2.64
Tb 0.27 0.38 0.37 0.33 0.45
Dy 1.45 243 2.18 2.01 2.68
Ho 0.24 0.47 0.43 0.38 0.53
Er 0.55 126 1.16 1.08 1.40
Tm 0.09 0.22 0.20 0.19 0.25
Yb 0.57 1.47 126 1.29 1.54
Lu 0.07 0.22 0.19 0.19 0.23
Y 8.64 13.49 11.97 12.11 14.48
LREE 34.47 42.75 4435 33.73 54.83
HREE 8.36 8.73 7.96 7.40 9.73
e 0.95 0.96 0.99 1.00 0.98
Jee 0.91 1.14 1.09 1.02 0.93
REE 54.47 64.96 64.29 53.24 79.04
(La/Yb)y 3.21 3.50 442 2.99 5.09
(La/Sm)y 2.50 1.94 227 1.64 2.62
Ba 278240  13293.66  6010.51  17958.84  2069.59
Cr 13.49 23.66 22.56 25.14 25.72
Cs 0.47 1.06 111 1.04 1.19
Ga 452 6.87 6.82 6.91 8.88
Hf 0.79 3.88 3.94 3.79 3.65
Nb 3.40 3.05 4.04 3.05 6.14
Pb 3.04 341 411 2.86 3.91
Rb 37.36 40.78 4231 40.62 46.22
Sr 81.17 199.24 69.65 285.01 38.35
Ta 0.04 0.11 0.15 0.16 0.19
Th 0.28 0.70 133 1.60 1.94
u 0.86 1.30 1.54 123 1.76
Zr 123.31 127.93 12535 12725 12286

the Qifeng granite porphyry dikes

IR- boundary between alkaline and sub-alkaline

K,0/%
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0 I 1 1 1
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Si0,/%

W7 #F&6 K B2 2 Bk Si0—K,0 E ## ( Peccerillo
and Taylor, 1976 )

Fig. 7 SiO, vs. K,O diagram (Peccerillo and Taylor, 1976) for the
Qifeng granite porphyry dikes

RE ELBE 1L 2 A B AR A T 5 3] 2 T3 1) 1 2 [N
KA 898 B AR 1 245 2k 1780 Ma(Peng et al., 2008;
Cui etal, 2011), I, — M 55 A Sy BE H-BE 19 T2 B
B AR 7E 1800~ 1750 Ma, IE IR WF 5T Hh 3k 45 19 10 A5
A1 S AR A T 1709~ 1788 Ma, 35 F14E #% ly 1769.8+
8.7 Ma, 5 A& H-FFHIE WU ARAE T, R I 45 & 55 A1 R AR
IRy, RO kR M A, AR T REERE LS
) W% A AR o TAS B ) — LB A AR R T 67~
71 Ma, % F14E 15 4 69.14+0.85 Ma( [&] 5b), 45 & 85 A1
A& K TWU, AR HACER TR TR H R4 1L h
B A B BE 2725 K 1 A7 3% <
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8 #i4dh K B & 2 ik ACNK-A/NK E # ( Maniar
and Piccoli, 1989 )

Fig. 8 A/CNK vs. A/NK diagram for the Qifeng granite porphyry
dikes(Maniar and Piccoli,1989)
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F 5 (B 9b), i e R SR AR B E KB 75 a
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P. Ba. Ti. Nb JC & W7 W] i 61 2 % e 4k (1€ 9b), DA
LG ABUIE A BY M BR £k 22 55 AiE (Whalen et
al., 1987; T %, 2000) . ERKL B2 A 45 o £ # + o0
E 4 ¢ % (& 9a), LREE & £, HREE 5 #ii .
Eu 5 IE 5 %, R X T AHS £1 5% 8 ; HREE 5 i,
TR XA AT A5 Mg" 3 {E l 0.62, KT
Hu o Mg'(~0.71), & T i 5T 1 Mg'(~0.42;
Chappell et al., 1987), i B & 38 4 BRI T M b 5 b
FEW TR Y . Rb/Nb Ry 7.53~13.37, W & & Tk
fili 3t 5% A Rb/Nb(2.2~4.7), i B i 5% 9 5 % 46 B
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Fig. 9 Characterization of rare earth elements and trace elements in the Qifeng granite porphyry dikes

(a) Chondrite-normalized REE pattern (chondrite values from Sun and McDonough,1989); (b) Partition diagram of trace elements
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Discrimination diagrams of the A - type granite (Whalen et al., 1987)



5% 43

BINAE, . UrEHUEE R TTIE MR . T R A% w0 TR R B S K AR AR A 2R 493

HOORCE S om B, DT 5 B0 Rb & B
(Sylvester, 1989) . Nb & it tH BUARAT, 136 W] X 32 4
G A OE N
42 BBEMERFEER

(b DX IX dal )22 3 1 7 0 ) (Ll v 4 3 )22
RHG U, 1979) , B EI T R =T ik 4 b
R~ Bili £ = 17] & 3003k 3k A =500 vk Ty 52 00 ) 1, 4
B A Il AR 23 R ol B g — AR B G Sk AL
B UG AL U R G — W e v e AL
BGE RN MRTT 2 455 . 300K 2H 22 B 5 AR TR R
AN, BRI R AL Ve M b BTl 7l R
LA, PMHMEN SR TA&THD S .
VA KRR Z, DLIEBR A IR T 5, 5 30k% 4 £
JEARE G HEfh o FL DR IR I (ESR) 3 JZ I 4F
S5 RN, Uk A 2 AR R 65~ 56.6 Ma(Zk K i
A5, 2008) o F BT A4 T M R I AR 25 RO 300k 4 Y IR
AU PR 52 24 54 Ma( Chen et al., 2021), {H R A3 5 i
RIS IR R , IE AR AR A B4R I8 W2 o i T 4L

SRR 22 3 e b L 2 0 3 L A 48 b DX K A
SRR T A5 R R, 72 R T 20k — R IR
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2010; Liu et al., 2013; Chen et al., 2015; Yang et al.,
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Fig. 11 Tectonic discrimination digrams

(a) R1 vs. R2 diagram (base map from Batchelor and Bowden, 1985; R1=1000x[4Si—11(Na+K)—2(Fe+Ti)], R2=1000%(6Ca—2Mg+Al)); (b) Rb

vs. Y+Nb diagram (base map from Pearce et al., 1984)

(D mantle plagioclase granite; (2 destructively active plate margin (pre-collision) granite; 3 post-collision uplift granite; @ late orogenic

granite; (5 non-mountain-forming A-type granite; © Syn-COLG granite; () post orogenic A-type granite



494 ¥R 55 54 https://journal.geomech.ac.cn 2023

BT 10K (Rb, Ba Ml K), 5 il M 0 K fli
Y% o0 % (Nb, Ta M Ti), /R Bu 85 i 5%, AR
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