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1995) B2 RAR I (55 F 5, 1991) SEfb A%
BRI ZBREFREN K L5 (443 ~517 Ma) (FEAAAESE,
2003 ;2142 N4 ,2007 ; Dong Yunpeng et al. , 2011a;
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Fig. 1 Sketch geological—tectonic maps of the northern Qinling Mountains(a) and geological map

of Erlangping, Xixia—Xiaguan, Neixiang aera (b)
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AR FEH] (R4 2012) . HBJZBA5T A 1 &I
SRR KA NFEA I EPLH (R4
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FATAR YRS A e RULFAE Sl 50047 Ma (1%
4% ,2016) .
2 FESRRIE Ko MOk
2.1 HEMYFE

AT HIAE R = BHAR A A FR AT 4
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Pl 2 BVE A £ SRS Y1494/1 FI Y1494/3 FF S EFAMEE Sk A B
Fig. 2 Outcrop and photomicrographsof sample Y1494/1 and Y1494/3 in Chenjiagou area, Xiaguan Town, Neixiang County

(a) AR BEA WK AT ITLL , BAR SRR SR B 5 (b) HBTPPALEFAME 3k 5 (o) B RAK A 244 207 15 (d) Y1494/
1 RETRZ AR 3 | ELZ BRI 7 7R — B (IEZS D) 5 (e) Y1494/1 BE A BEE f B 025 S0 R BOIRTE 25 (B8 ) 5 ()
Y1494/ 1 & B WAAR AT B (IEZCIRDE) 5 (g) AERBER PR RBEIREE M HEBUEARE A IERDIRES I (TEZ2WOE)

(a) Granite veins invaded the Baoshuping Formation, and sample location; (b) photograph of the Baoshuping Formation in the field outcrop; (c)
the thin-striped, thin-beded biotite actinolite sodium schist; (d) the sample Y1494/1 has a layered structure, and the bedding occurrence is
consistent with the schistosity occurrence ( cross-polarized) ; (e) the vitric fragments in sample Y1494/1 retain early curved and branched shapes
( single-polarized) ; ({) occasional crystal fragments of albite can be observed in sample Y1494/1 ( cross-polarized) ; (g) blastoporphyritic texture in

granite porphy, and granular—hypidiomorphic granular texture in matrix of granite porphy
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S5, R R T WAR A BE IR 25 | B R— R R s (]
2d) A AN AT (50% +) FHE A (25%+) Bx
BE(15%+) A3 (10% +) K /D B A 4R, e an
YIkift 0.02 ~0.10 mm, KF (O P Ri4L 0.1 ~0.3
mm ; (O T BT 28 i 2 R 4 e R T, BE K
Z OB AR RO 5 BT ) 4 &4 {H R i R
A R R RCIR AR IROE 2 (K] 2e) 5 DL
JEAH UL, H AR A S (] 2f) ki AR 0.1 ~
0.2 mm, AREE RN E

Y1494/3 KA AL RGBS Bk (1K 2a) , i Ik
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AR AR (R HEAK AN, 5 EE il R
AR SR, 42 il i P2k S, A 195° £.64° kT2 S

m, ZEHKTF 50 m, AARKAG AT HKkaz
ek FoRAE b R IR B SRR TE 23R, B AR
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JIR—HeRA T, B B A R e R
BEfn i E BB ARAEAR KRR 1.2~4.0 mm, % & 10%
~15% ; (A PEBESH B /N T 5% Rtk RifR 0.6~2.8
mm, Z4EL 50 A o W) R OB R K A A B
B, K42 0. 05~0. 15 mm, 55 5E [0 5045
2.2 SAZE

Fit W b AR T ER AT B A b T S g
MG SE R, PRk AR SRt | AR ss A St
SRR (R D) aH N CR ) IR K 7 s ; T
JCR TR Magix_pro2440 8 X 3¢ 36 4 3% 55
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Table 1 Major( %) and trace elements( x107®) data for actinolite sodium schist of Baoshuping Formation

in Chenjiagou area, Xiaguan Town, Neixiang County

. Y340/ | Y340/ | Y340/ . Y340/ | Y340/ | Y340/
5 Y1494/1 | Y1494/2 K5 Y1494/1 | Y1494/2
25-1 28-1 34-1 25-1 28-1 34-1
s Bk | Bk M |[Babi] Hii o BRI | B | R | B i
R [ KRS | RO | K R A MK RE KRS RS (RS | BIRRE
Si0, 52.56 | 57.27 | 53.73 | 62.04 | 59.17 Th 12.24 9.51 10. 38 9.18 9.37
TiO, 0.98 0.75 0.72 0.93 0.89 U 2.64 2.89 2.42 2.09 2.69
AL, 0, 18.55 10.70 18. 40 14. 89 13.99 Ba 1041.85 | 468.88 | 855.92 | 682.87 | 114.49
Fe, 0, 0.75 1.01 1.58 2.01 2.61 Cr 147.57 | 132.55 | 80.50 | 133.20 | 151.00
FeO 7.13 4.08 6.62 4.92 6.08 Ni 94.67 | 55.72 | 51.65 | 58.05 | 57.11
MnO 0. 06 0.15 0.07 0.07 0.25 Sr 183.35 | 503.68 | 319.49 | 379.67 | 241.85
MgO 6.21 4.06 5. 60 4.34 4.67 \ 167.94 | 108.52 | 213.47 | 151.78 | 156.04
Ca0 2.21 17.17 2.41 2.75 8.28 Sn 3.05 3.28 2.23 2.26 2.44
Na, 0 4.39 1.39 3.46 3.37 2.04 La 27.83 | 28.80 | 30.10 | 31.19 | 37.87
K,0 4.24 1.21 4.80 2.79 0.32 Ce 56.81 | 54.09 | 56.94 | 57.57 | 67.48
P,0; 0.26 0.29 0.33 0.23 0.24 Pr 6.94 6.93 7.15 7.28 8.39
P 1. 64 1.24 1.23 0.82 0.59 Nd 27.80 | 27.83 | 26.94 | 26.88 | 31.28
M 98.98 | 99.32 | 98.95 | 99.16 | 99.13 Sm 5.22 5.75 5.74 5.52 6.27
Mg 58.65 | 59.19 | 55.38 | 53.48 | 49.69 o 1.19 1.23 1.22 1.35 1.98
FeO" 7.80 4.99 8. 04 6.73 8.43 Gd 4. 60 5.63 5.28 5.27 5.73
FeO'/ MgO 1.26 1.23 1.44 1.55 1.80 Tb 0.71 0.94 0.79 0.82 0.88
Se 19.91 13.18 | 24.03 | 23.32 | 22.02 Dy 3.98 5.58 4.64 4.65 5.28
Li 64.53 5.89 71.03 | 61.08 14.23 Ho 0.77 1.06 0.92 0.91 1.10
Be 2.24 1.30 2.23 1.66 1.42 Er 2.12 3.06 2.43 2.60 3.26
Co 31.38 14.77 | 24.84 | 24.84 | 22.17 Tm 0.31 0.46 0.35 0.37 0.51
Ga 23.28 11.64 | 20.90 | 15.75 16.23 Yb 1.96 2.87 2.16 2.26 3.29
Rb 143.37 | 28.85 | 170.90 | 95.61 13. 04 Lu 0.30 0.45 0.33 0.34 0.52
Zr 164.60 | 144.60 | 102.53 | 151.87 | 154.85 Y 20.40 | 28.62 | 24.24 | 24.98 | 30.46
Nb 15.45 10.17 6.88 10. 88 9.73 Th/Ta 4.9 16.1 13.3 9.6 10.4
Mo 0.23 0. 40 0.71 0.39 0.18 SREE 140.53 | 144.69 | 145.00 | 147.02 | 173.85
Cs 10. 57 3.50 22.71 19.56 2.37 || LREE/HREE | 8.54 6.22 7.58 7.54 7.45
Hf 4.60 4.10 2.24 3.87 4.21 (La/Yb) y 10. 19 7.20 10.02 9.88 8.25
Ta 2.52 0.59 0.78 0.96 0.90 5Eu 0.74 0. 66 0.68 0.76 1.01
w 2.20 1.78 2.40 1.53 6.69 8Ce 1. 00 0.94 0. 95 0. 94 0.93
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Fig. 3 Zr/TiO,—Nb/Y diagram for actinolite sodium schist
of Baoshuping Formation in Chenjiagou area, Xiaguan Town

(after Winchester et al. , 1977)
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Fig. 4 Th—Co diagram for actinolite sodium schist of the
Baoshuping Formation in Chenjiagou area, Xiaguan Town

(after Hastie et al, 2007)
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20.40x107° ~30.46x 107, Yb &~ 1.96x107° ~
3.29% 107, St/Y {4 7.94 ~ 15.20, La/Yb 18 Jy
10. 03 ~14. 20, FHH &1 Ni Cr, T4 Y. Yb &
f&HY Sr. St/Y Fl La/Yb {H % 5 fiF, ¥ REE A
140. 53x107° ~ 173. 85x 10, ZEBRAL P A1 b v AL A
Tt & Bos A A, R BRR LT R
(LREE) MiX} & 45 | #5102 ( HREE ) A X F2H 1)
FHIFE (18 5a) , LREE/HREE 4 6.22 ~ 8. 54 (“F-3¥41{8
J97.46), (La/Yb), = 7.20 ~ 10.19 (*F # {5 K
9.11), Bk 8Eu A 0.66 ~ 1.01,8Ce A 0.93 ~
1. 00, KN Eu B9 55 RIS E S5, DL Ce
A S TR oG 2R D i b e s o A R e o (1]
5b) , K& FHAILE Rb, Th U K HIXT & 5, Nb,
Ta P Ti 45 = 5 U2 AHRT 5 4 .
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Fig. 5 Chondrite-normalized REE distribution patterns (a) (after Boynton,1984) and primitive mantle-normalized spider diagram

(b) (after Sun Xianshu et al. , 1989) for actinolite sodium schist of the Baoshuping Formation in Chenjiagou area, Xiaguan Town

3.2.1 RilEERE—F M Y1494/1

FEdh Y1494/1 ByES A BURLRAE A 80~ 120 wm,
AHIEE] 130 ~ 160 wm, SMERLN, 4 AL, B &
J6(CL) FRIE s AR R S BES A ( 6) . —2-
TGS A B SRR R DUERRIR BB RS
F KEER 1 1~2 1, 3B KR A
f, KRR T 3K 2.5 : 1~3 = 1, R/ b A &
L LA o N G P SRy L R N ]
A ERE R R B ARG R K B T A K,
ALY (RITIRS, 2004 ) , IZIEEE A B0
Z AR I HrR 84 sk A, b BRES A 69 1)

Th/U /N T 0.1 5b, a8 A 8y Th/U {5246 T
0.20~1.60 Z ], 52 Ph/* U #H X B (A %5 - ( &
) AT A AR ARE, B A U-Ph MAEZS R R,
84 W4 A Y Ph/ P U RIEAF I E A T 429.2+7.0
Ma~514.0+7.7 Ma Z [0 (£ 2) , KA 72 figh A
FEVE RN £ 18 1 45 rh Ay A 8 ik B2 o (1] 8a b)),
FRAGINALE- 2415l 446. 0+1. 7 Ma( MSWD=0. 26)
(Fl 8c) AR T kLA e 2 1 A AR
R R T e (K 2) . B
BEIE, AR 32, A0 A R s K AR, 29—
KL B A AN B SRR Y, TE CL MR RS

6 EIEHPREIE Y1494/ 1 #5145 A B R 6 ER

Fig. 6 Cathodoluminescence images for zircon of sample Y1494/1 from Chenjiagou area, Xiaguan Town
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wdl : Crmnr PR R S S A A, HL R B R

- magmatie zireon [RI TR BHLARES (B, B 28 2 AR Bk —ukbe Ak, B

i * B ircon TR B 7 M AS S SRR (255, 2000, 72 2
b . 45 2020) . TESMITEY 16 s 47 B 4T Thy/U fH3Y
Lol s KF 0.1, 4 F 0.14 ~ 1.55 Z [, A 3 Th/U
g i 52ph/**U 5" Pb/* ™ Pb ) REBEAL, AS ELAH &
i | ° ° Wi (PR 7) 5 ELBRAEAG 16 RS 7 RIAE R 25 B AT e
0. 6f 1] o . ° K 8a),”Pb/?*U 1 4 i 5> Pb/* P 4E %
ol : o AT 759. 922, 1~1687. 5£58. 8 Ma Z [l IE4F- 5 4¢

i g . X 25 U8 R S 2 R B B O 5 4 4 I (750 ~ 850

I I o Ma.0.9~1.0 Ga.1.35~1.48 Ga.1.6~1.75 Ga) 3%

D e R T T T e A BB 2016) I WL R R K U

800 1000 1200 1400 1600 1800
4% (Ma)

7 EARMERE R Y1494/1 RSV A 84 sS4
Th/U Fl n(Z*U)/n(**Pb) 5% n(* Pb)/n(**Pb) X%
Fig. 7 Th/U ratios vs n (**U)/n (*®Pb) or n (*"Pb)/

0 200 400 600

n(*Ph) ages diagram for magmatic and captured zircons of

sample Y1494/1 from Chenjiagou area, Xiaguan Town

AT — 2K I, Horb A 10,13 ,19,30 .37,
44 SEN]BEAZ — a8 T B 1 PR A FH 2 0 e 1 5 T
FF N &k F B W A A AR (GRS,
2019) ;554 44 Fi 61 HAZMEEH, R E T

S BLIRI, 23 6] b PR B = B B 5K
ORAAFRAHBRE R W HLL 1~3 em
JE e EMRAT 2B A 0 i b R i 2 A
R R PHAR AN 2 0 SR AR A e v DR
ARG 55 A, FOPh/ 2P U 3R 1H AR % 5 Ph/** P
AEIB AR T ARG A1 (R 25 b AT
3.2.2 TERBEE—1Fm Y1494/3

FEdh Y1494/3 (W85 HIE R BB , BORL DL
R ECE9) , EC AR, KT 2 0 1, 5%
KATIK 4 ¢ 1, KiAE 80~ 140 pm ; 5547 N FREEAE B — |
FRIRG AR I TG W B S B A 1 Th/U H E4K

0.3k (a)

[S-<og

0.2

n(*Pb)/n(**U)

e

(©)

R

0.1 |
\4
Mean =446.0 £ 1.7 Ma
n=72, MSWD =0.26
0.0 L L L L L 1
0.25 1 2 3 4 5

nCPb)/n(*°U)

Pl 8 I IRBFRZE Y1494/1 BB 41 LA-ICP-MS U-Pb 4R i1 AT
Fig. 8 Concordia diagram for LA-ICP-MS U-Pb zircondata of sample Y1494/1 from Chenjiagou area, Xiaguan Town
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S e @D -

&l 9 EAEEEBE R I Y1494/3 K Shis B & OEIE%

Fig. 9 Cathodoluminescence images for zircon of sample Y1494/3 from Chenjiagou area, Xiaguan Town

T 0.23~1.59 Z [ (% 3), Bon A28 8 A K
#ﬁ fEEA U-Ph I AR R L (1 10) , HEBR £
A1 23 B S B S AT R 240, B 22 KBS A2 Ph/ PR U
FKEAEWBED T 413.0+6. 2 Ma~449.5+6.6 Ma Z
], FRAF*Ph/ 2P U AT ¥ 451 R 430.0+£3.0 Ma
(MSWD=0.71) (& 10) , 03 T Bk R 47 4F 1
TIAN R 4 ek AR A 3 B 12 FES A 19
ARRPERS A, N AR A RN ES AL e 16 B
MR I SEPE B A RHE , 258 B A 22 s A rE
HE 5 H 4 55 A2 Ph/ U 4R I8 577 Ph/ > Ph 4E#%
B KT 430.0+3.0 Ma, KUtk , AT g Sz e Bl 5 4 45
AR E .

4 HHE
4.1 HAHTARENRNERERR
— BB R R K40

A1 SABERAE AR AR 7R | AR PP L

(@
0.20 |

1200

0.16

n®Pb)/n(**U)
o
o
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014 0.8 1.2 1.6 ‘ 2.0 2;4
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P10 EARBRZE Y1494/3 FEGLES A1 U-Ph
AR (a) AIMALE AR 5] (b)
Fig. 10 Zircon U-Pb concordia diagram (a) and average age
(b) of sample Y1494/3 in Chenjiagou area,Xiaguan Town

FeJR——( Bz ) BRI B 0 5 O 22 1L e
TR B LK R 2 XA TR AR
L SR AHP R R TR R, AR SCE R
PR PR BHA AN B 0 SR 1 1 A e R 446. 0+
1.7 Ma fE00ARE T IZ 0K A AR5, i it
FRaE T HA BE 4L AT i A8, T RE B Y1494/1
SRAE TR FELH 0 DY, oA Wb J2 T3 5L T
INT AR AR, 25 G e lls RO 2 55 (2022) kA4
TR P2 R AT 4 — 2 R S B A AR % R 420 ~ 440 Ma,
18 7 Ho s J2 AR A e T BB A 2k B AR R 4 — R A
T, AT SN AT I8 K BT R I A B B kA
RAGHE TR TP N ER (] 2a) 2RI HSE i A
U-Pb 4E 82 H 430. 0+3. 0 Ma, 032 ik 14 1) 12437 4F %
FEAR -t B 0B B2 A e/ N ORI, o S 10t
FOR BELH ) e/ MU IS O K T 430. 0+3. 0 Ma, I
HIE AR TG 28 LUCH, R PR
4T B A1 A G L B th— R R e

BB B, T SRR PR R & L R 2R
FERZ (T T 44 HB R 9 £ BE® s 2 =T %%, 1993 ; K fa
45,2019)  FEBA U R AT R (2R —4E,
1990; 55 F 3, 1991; F 2 {55, 1995; Bifi #3 4F 5%,
2003;@155%,2012;D0ng Yunpeng et al. , 2011a; %
B4 ,2016)  HBLE B A R0 B oy B W2 FARAR 27
PRI (2 4) , RBFEREIIE BB B R,
FERA—ERL, LE2BE S A RRAL (R
TR5E,2006) , FLIE PN 45 b2 BT 22 (A1 AR QnAp AR 2
ERTRIUH AR LR (R TR LE®) |

FH 4 T, BB B I 20 N 35 ik d5le 2k e B 4
(AR 2R B8E 0 S R, (B A B i R Ly = L 9
SRR IR B A AR A AL (B2
{755,1995) FER A FUR A (55 F50,1991)
RO TR A (22K —55,1990) , H i 8 Fy
A (% = 0%, 1993) K ik 8 20 0K A 3 3
(Wang Naiwen, 1989) , SO A HIE B AT AR Sk L FE 5
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SR (R S5), ARIMEHNRBITREKZ,  2006) ,IF3KIZEHZE N A F SR K LA B4R
GORHL A . ATACAERREFUA MM A N efn ke T 517~443 Ma Z [0 (EFRAESE, 1997 ; BEAAFESE,
IR BBl e — b BB 2R O A RS R (A 2003; 1E4: A 4§,2007 ; Dong Yunpeng et al. , 2011a;
4F,1995) KUK R TG (RIBGRSE,  BIRAE, 2012, 2R IR0 A, 2021) , LR R A CKILE Y
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5 ILFIG X ZBRIFEH R RI 3R
Table S Stratigraphic division of the Erlangping Group
in northern Qinling Mountains
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Fig. 11 Si0,—MgO diagram (a) and Si0,—FeOQ"/ MgO diagram (b) of actinolite sodium schist of the Baoshuping Formation
(after Deng Jinfu et al. , 2010, 2015) : (a) the lines Q and S mean the boundary of HMA/MA and MA/non-MA respectively in
(a) ; the straight line is the CA/TH boundary, and the dot line is the boundary between low Fe CA (LF—CA) and media Fe

(CA) in the (b)
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Fig. 12 Yb—Th/Ta diagram (a) and Ta/Yb—Th/Yb diagram (b) of actinolite sodium schist of
the Baoshuping Formation (afer Gorton et al. , 2000)

1996 ; Dong Yunpeng et al. , 2011b; #78{%,2016)
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Depositional age and tectonic background of the Baoshuping Formation,
Erlangping Group, in northern Qinling Mountains

ZHAI Wenjian" > ¥ | ZHANG Yong" , TANG Guosheng" > * | ZHAO Huan"*» | ZHAI Wenfang' *
1) Henan Institute of Geology, Zhengzhou, 450016;
2) Henan Technology Joint R & D and Demonstration Center of State Key Laboratory of Geological Process
and Mineral Resources, Zhengzhou, 450016,
3) Henan Key Laboratory For Metallogenetie Process of Metal Mineral Resource and Resource Utilization , Zhengzhou, 450001 ;
4) Tianjin Center of China Geological Survey, Tianjin, 300170

Abstract ; The Baoshuping Formation of the Erlangping Group is an important Early Paleozoic sedimentary
record in the North Qinling Mountains, but it has not been studied enough. This study aims to further determine its
depositional age and tectonic environment through petrological , geochemical, and zircon U-Pb dating investigations
of volcanic interbeds and granite veins within the Baoshuping Formation. The research results indicate that the
lithology of the volcanic interbeds of the Baoshuping Formation in the Xiaguan Town, Neixiang County, western
Henan Province, is biotite actinolite sodium schists, often interbedded with biotite quartz schists. The protolith of
the rocks is andesitic tuff, characterized by relatively low SiO, ( 52.56% ~ 62.04% ), relatively high Al,O,
(10.70% ~18.55%) , low MgO (4.06% ~6.21%) and FeO'/MgO (1.23~1.81). It is enriched in light rare
earth elements (LREEs) and large ion lithophile elements ( LILEs, Rb, Th, U, K), and relatively depleted in
high field strength elements ( HFSEs, Nb, Ta, P, Ti), exhibiting characteristics of magnesian andesite rocks.
Based on geochemical characteristics and previous studies, it is inferred that the Baoshuping Formation may have
formed in an active continental margin back-arc basin. The crystallization age of the protolith of biotite actinolite
sodium schists obtained by U-Pb dating of zircon is 446.0+1.7 Ma, and the crystallization age of the intrusive
granite porphyry is 430.0+3.0 Ma, accurately dating the formation age of the Baoshuping Formation as Late
Ordovician to Early Silurian for the first time. Integrated regional research results suggest that the Xiaozhai
Formation and Baoshuping Formation conform to the division scheme of the generalized Erlangping Group in terms
of stratigraphic sequence and stratigraphic age. However, the Damiao Formation, Huoshenmiao Formation, and the
composite of the Xiaozhai Formation and the Baoshuping Formation exhibit near-simultaneity in formation age and a
nearly parallel spatial relationship, indicating that they are likely products of different depositional environments

with roughly equivalent ages. In terms of tectonic attributes, it is believed that the Erlangping Group formed as a
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volcanic island arc due to the northward subduction of the Shangzhou—Danfeng Ocean before approximately 470

Ma, transformed into a back-arc basin between 470 Ma and 436 Ma, and completed the subduction closure process

before approximately 430 Ma.

Keywords: Erlangping Group; Baoshuping Formation; volcanic rock; Late Ordovician—Early Silurian;

island—back arc basin
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