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Abstract: Hongshan syenite complex has fairly abundant clinopyroxene with core—rim (core—mantle—rim) structure. By studying
the changes in the composition of clinopyroxene, information on the genesis and evolution of rocks can be obtained. Based on
detailed field geological survey, the authors used zircon U—Pb chronology and mineralogical studies to obtain the biotite pyroxene
syenite zircon U—Pb dating data of Hongshan syentite complex, with the age being (126.9 + 1.2) Ma, suggesting a product of the
thinning peak period of the North China Craton lithosphere. The Mg’ values of clinopyroxene from pyroxene syenite and biotite
pyroxene syenite in the Hongshan syenite complex are 39.4 —72.5 and 55.4 —81.7, with characteristics of high FeO, Na,O and CaO
content and low Al,Os, MgO and TiO, content. The clinopyroxene generally had the evolutionary trend of diopside and aegirine, and
reached an equilibrium state with the melt. The clinopyroxene had a Fe’“to Mg®~substitution relationship during the initial evolution.
With the evolution, the magma became richer in sodium and iron, which suggests that the magma system had the characteristics of
high temperature, medium oxygen fugacity and richness in alkali. Combined with the clinopyroxene core—rim (core—mantle—rim),
the authors hold that there existed a clear contact relationship and discontinuous chemical composition. It is shown that, after the
formation of the Hongshan syenite complex, it also underwent the transformation of sodium—rich and iron—rich fluids, causing the
clinopyroxene to form a sodium—rich and iron—rich rim. The fluid may have modified the complex from west to east or from the

inside of the Hongshan syenite complex to the outside.

Key words: syenite complex; clinopyroxene; mineralogy; zircon U—Pb chronology; Mesozoic; magma evolution; sodium— rich
fluid; geological survey engineering; Wu'an; Hebei Province
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Fig.1 Tectonic subdivision of the North China Craton (a, after Zhao et al., 2005) and geological map of the Handan—Xintai area
(b, modified from Zhao et al., 2008®; Zhang et al., 2014®)
1—-Quaternary; 2—Cretaceous volcanic strata; 3— Triassic sedimentary strata; 4—Permian sedimentary strata; 5S—Carboniferous sedimentary strata;
6—Ordovician sedimentary strata; 7—Precambrian metamorphic strata; 8—Syenite; 9—Monzonite; 10—Monzodiorite; 11—Diorite; 12—Hornblende
diorite; 13—Olivine gabbro; 14—Pyroxene peridotite
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Fig.3 Sample photos and microphotograph of the Hongshan syenite complex
a, b—Pyroxene syenite (HS8—33); ¢, d—Biotite pyroxene syenite (HS8—48). Cpx—Clinopyroxene; Kfs—K—feldspar; Bt—Biotite
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Table 1 LA—ICP—MS U—Pb zircon ages of Hongshan syenite complex

FE/N0° [ 37 3% OB SR/ Ma
‘T“ 'Jqlil 21)7Pb/206Pb 207Pb/215U Zoﬁpb/zle 207Pb/206Pb Z(WPb/E}SU Z()be/EBSU
W55 b Th U Th/U
+lo +lo +lo +lo +lo +lo
B IEKA (HS8-48)
1 17.9 1409 148.1 0095 0.0493+22  0.1307+57  0.0194+4  161.2+103.7 124.7+5.1  123.9+2.4
138.4 1443.1 7752 1.86 0.0494+12  0.1193+53  0.0174+5  168.6+62.0  114.4+4.8  111.242.9
3 151 1113 143.7 0.77 0.0532+25  0.1416£67  0.0195+5  344.5£105.5 134.4+6.0  124.4+3.1
4 49.8 3954 3269 121 0.0476+14  0.1304+38  0.0200+3  79.74722 1245434  127.6+2.1
5 42.1 3552 3262 1.09 0.0552424  0.1366+55  0.0181+4  420.4+100.9 130.0£5.0  115.4+2.8
6 13.8 1154 1440 0.80 0.0525+26  0.1370£74  0.0190+4  305.6+114.8 130.3+6.6  121.242.4
7 242 1655 181.8 091 0.1007+52  0.2457+137  0.0177+4  1638.9496.3 223.14112 113.1+2.2
8 224 180.2 191.6 0.94 0.0484+22  0.1331+64  0.0201+4  120.5+112.0 126.9+5.8  128.3+2.8
9 45.1 2460 2423 1.02 0.1302+56  0.3312+137  0.0185+4  2101.9+71.3 290.5+10.5 118.1+2.3
10 33.7 2597 2224 1.17 0.0472+16  0.1285+46  0.0199+4  61.2+138.9  122.8+4.1  126.9+2.6
11 149 110.1 154.0 0.71 0.0509+23  0.1377+64  0.0198+4  2353+105.5 131.045.7  126.542.6
12 19.0 171.6 194.0 0.88 0.0560+26  0.1398+70  0.0181+3  453.8+103.7 132.8462  115.6+2.0
13 157 1441 1673 0.86 0.0501+22  0.1339£62  0.0195+3  211.24100.0  127.6+5.5 1242422
14 652 5974 640.7 093 0.0533+10  0.1188+25  0.0162+2  338.9442.6  114.042.3  103.4+13
15 374 3145 303.6 1.04 0.0603+32  0.1421£76  0.0171£3  616.7£113.7 134.9+6.8  109.5+2.2
16 169 125.8 1525 0.83 0.0535+21  0.1461+55  0.0199+4  350.1487.0  138.5+4.9  127.042.3
17 213 1759 1950 0.90 0.0490+24  0.13114#63  0.0196+4  150.1+116.7 125.145.7 1254423
18 147 1022 1420 0.72 0.0531+30  0.1429+73  0.0199+4  344.5+129.6 135.6+6.5  126.7+2.6
19 255 1624 1727 094 0.0533+20  0.1527466  0.0207+3  342.7+89.8 1443458  132.3+2.1
20 437 3339 3293 1.01 0.0503+13  0.1342+38  0.0194+4  209.3+91.7  127.9+3.4  123.9+2.2
21 292 2340 2328 1.01 0.0521+14  0.1440+48  0.0201+4  300.1463.0  136.6+43  128.0+2.8
22 18.1 157.9 176.0 0.90 0.0447+20  0.1212452  0.0199+4 / 116.2+4.7 1273426
23 298 215.5 249.8 0.86 0.0557+24  0.1700486  0.0220+5  438.9+130.5 159.4+7.5  140.5+3.1
24 362 2817 2852 0.99 0.0784+46 0.1984+106  0.0186+8 1166.7+121.3 183.849.0  119.045.0
25 10.8 712 129.6 0.55 0.0476+23  0.1338+68  0.0205+4  79.7+111.1  127.5+6.1  130.7+2.7
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Fig.5 Representative BSE images of the of clinopyroxene from the Hongshan syenite complex
a, b—Pyroxene syenite (HS8—33); ¢, d—Biotite pyroxene syenite (HS8—48); Cpx—clinopyroxene;
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syenite complex (modified from Morimoto,1988; Qiu Jiaxiang and Liao Qun'an, 1996)
Wo—Wollastonite; En—Clinoenstatite; Fs—Clinoferro; WEF—Wo—En—Fs end member; Jd—Jadeite; Ae—Aegirine;
Fig. b shown for comparison exhibiting crystallization trends of other different types of magmas; 1— Hedenbergite — diopside (Baie —des— Moutons
syenitic complex, early— group syenites. After Lalonde and Marin, 1983); 2— Diopside — hedenbergite (Japanese alkaline basalt series, after Aoki,
1964; Shiant Isles sill, Gibb, 1972); 3— Diopside — aegirine (Shonkin Sag laccolith, after Nash and Wilkinson,1970); 4— Diopside — ferropigeonite
(Japanese tholeiite series, after Kuno,1955)
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Fig. 7 Correlation diagrams of chemical composition versus Mg" for clinopyroxene from the Hongshan syenite complex
(symbols as for Fig. 6)
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Fig. 8 Rhodes diagram for clinopyroxenes form the
Hongshan syenite complex (modified from Rhodes et al.,
1979; Di et al., 2020, symbols as for Fig. 6)
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REAEAEA B S 015 0(Di et al., 2020), 25 & B RME AT
LA T BT AR A% — 3 B8 A — 8 — i 254, VT B
TR A 45

5 3

51 ZEaBERAEKEEERERR

M IE RS RS A CL B Won HEE B R
IR BT R 0 Th/U LAE, B0 T 50
BEATRRAE , LI (AR AR R T A K 4
MRS, RA AT IE KA B AT PO/ U AR 70
123.9~132.3 Ma, HIMACF- I 4E #4554 (126.9+1.2) Ma

(16, MSWD=1.07, n=15), B HIE s I Ry o o
e R T 3L E A 22 A AT U S AR At sadir
3 A Pk 7 s H AT i AH — S(Zhai et al., 2004;
S AR G EE, 2008; Xu et al., 2009; Zhu et al., 2011,
2012a, b; Zheng et al., 2018; Wang et al., 2018; Zhu
and Xu, 2019), H- 5480 e fim FoAh o A A ik
e A RTIE B — 2 (B 40 Yan et al ., 2000; Zhang
et al ., 2005; S AHICEE, 2005; &) [ #1%, 2007; Yang
et al., 2009; [MF K 4%, 2014; B A SRS, 2015; £ 1
F4E 2015; FEE K4E, 2016; Sun et al., 2019), X —
AR 5k I ER S 2 R A TE R AR I (125.6+
1.2)Ma(h & F 50 — 20, I R FEA IE R AT
TEAFIS  FAR IR U 22 55 5 L T A Ze R
AR S A RE ) & o
52 HIIEKE#EFPERERERERRER

1k R AFAE

el IE R 24 AR B Cpx 55 Shonkin Sag 75 {4
H Cpx JEL, SR LA B A — 55 A0 10 7 b 34
(K 6b), (HRE AT IE K Cpx &% R A IE K A
Cpx SiTLAR L 2 A b Cpx 501, ¥ HoA 3w 1Y)
CaO & (455 75, 2009), H: Ca/(Cat+Mg+Fe) 73l
T 46.1~51.7 .48.2~52.1, [t Shonkin Sag 4 1 #)
A L H (8] 6b, Nash and Wilkinson, 1970), 3%
A Cpx B B ) Ca & i, P A B G —
BRUR S WA 7 1) A I 7K AL i 3, SR Cpx 25
HH A Fe X Mg UG R 5 A IE KA
Cpx HFRTEBIFA — Fa A EALESR T I w17
LU Ca> Er AR MK, B 2 M Fe” \Fe” il Na Bt
U BH 2R [ B % N el AR I (18] 6) 0 X
FER R S R B T A AR R B il A R
(Aoki, 1964; Gibb, 1973; EZ B fI B 42, 1996) Fl
B RO & B RS
5.3 #IIIEKEFEEPEMIERHRERITRE

KR, Cpx (1 K53 32 BL3Z BEF I K
53 S A5 I 29 (Le Bas, 1962; BB HEFIBIHE
%, 1996; H R, 2000; Gao et al., 2008; 4 7 78 45,
2009, 2016; Chen et al., 2018; X ZEFZH A, 2018),
FERC A3 PT ARG b S W BRE 25 5 00 o R AIE o
WMEE R AWEA IE A S A IER ST Cpx EEITR
T (ER2), T AR LR Z A B T Cpx 13
WA IE A T Cox BB A BN — B R8T RS
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i, 455 M B B i (18] 7) itk a3, v LATE
HiL & BRER A M AT IE KA R Cpx 18RS A7 IE KA
Cpx FHR 5 AR ML AR b (K] Ta—c £ h 1), T
B e A 145 db A R b o] BB LA AH IR A BEA 20800y, OF
HEZ5 AR R E T 22 518/ R R
NEF Cpxs

AW IE KA S KA Cpx 3358 A%,
SRR UL T Cpx 3 7R 4, ot R, #EA 1E
KASBRAMAERASSED T AR EbD R, %
I AIE KA Cpx 04 B2 R s
fE VB VBN 7a . d ), BUBR D VB VEE VES(B] Tb e f
g h), JUHDUER B e 22 5 R (181 7d ), AR
T v Cpx 1 35 ) 55 7 — 357 38 A 7 ) 38 Ak (1]
6b .c), 45 KA (] 2) WA ER A A Tt e
KA A A RS SR O A B IR T L A
s AFLOT 5 W 2 R B0 S R A A a3 T A 1 i
T, G 25 St B HEAT I ) R L B
AL, X R IAE Cpx h 2k & B W 2 R (&
5), MANANGE 2 5 3 AL, FEE 2 25 b AR P IR
Z3IE N Cpx #2385 1 A SR AR G R (11 5) , WA
SR VA IE KA Cpx AR5 1R /A8 1k
WRANELE (15 6a . c) , Mg ELI T K1 i A 27 £ &
[FIRE S B T AR 22 i Ak R (R 7 D 8), I LA
IER AR A h 20k B A O 2 (K 3b) e
fE, UEBHBR T A3 A SR Absh B ILIE KA 22 h
PRI 2 D7 T — U B R BRI E R A
XA TE A A AR FH a8 3 B 3 K 06 2R I
KA B /E ISR E (1 9), A A & &l & B AR nT B
PG [ 2R (0 P G L LA 2 A s g 1) o 2

Na

20

Fe''+Mn

S0 60 70 80 90
P9 BEIIE A A R R A1 Mg—Na—(Fe”+Mn) &1/
(¥ Eby et al., 1998 f&2k, &I 1%] 6)

Fig. 9 Mg—Na—(Fe*+Mn) diagram for clinopyroxenes from

the Hongshan syenite complex (modified from Eby et al.,
1998, symbols as for Fig. 6)

b, J 2020 4F
ARSI TRGE Y
6 45

UL EARC A A A R ET SN AT, DA SO
AERE BaaER A TR A 5 A LA-
ICP—MS U—-PbAFAR2EMF5T, i LIAHH LA R 4518

()P IE R A 2 A AR B 2 W 1K AT
PAE S 43 91 K (126.9+1.2)Ma(16, MSWD=1.07, n=
15), & 5 AR b e b m s I 1 74

(2) P I IE R A e R b B A SR AT 3
WA — B3 W AL G B W45 T AL B Fe X
Mg HIHUOC & | B & AR I R4 T, A I e %
AN, RO T R AR R BT SR | A AR R
IG5 ) s

)Pt IIER A ZCAMIE RS, nTRESZ 2 T
VU ] 2R (3 it Ll TR A a AR s 1) AR )
B R R TR A s

pE

@ X BiFE, A%, BERER . 2008, KA TR J49C004004 1:25
3 X Bl b B A R (R A5 L PG 45 Ml A

OiKILAE, LT, TRokA, Wias, RO, SEE R, FaE, Tow
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