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Fig. 1 Geological map of the Jingpo Lake Volcano Group in Heilongjiang (a) and regional fractures sketch of Northeast China (b)
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Fig. 2 Photos of the field geological phenomena of the Xingshan Volcano Group in Jingpo Lake area; (a) Xingshan volcanic cone
profile; (b) pancake bomb with scoria adhered to the surface from Xingshan Volcano; (c¢) peridotite xenolith from Niuyangzishan

Volcano; (d) clinopyroxene megacrysts from Niuyangzishan Volcano
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Table 1 Rock characteristics of Xingshan Volcano Group in Jingpo Lake area
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Fig. 3 Micropetrographic photos of volcanic rocks from the Xingshan Volcano Group in Jingpo Lake area: (a) Cpx megacryst No.
21JPH-39 potassic trachy-basalt with vitrophyric texture containing Ol and Cpx phenocrysts from Niuyangzishan Volcano ( cross-
polarized light, XPL); (b) No. 21JPH-53 basanite with vitrophyric texture containing Cpx megacrysts and Pl and Ol phenocrysts
from Xixiaoshan Volcano (XPL); (c¢) No. 21JPH-76 basanite with vitrophyric texture containing Ol phenocrysts and xenocrysts
from Dongxiaoshan Volcano (XPL) ; (d) No. 21JPH-79 basanite with vitrophyric texture containing Ol phenocrysts and Ol and Sp
xenocrysts from Xingshan Volcano (XPL)
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The number after mineral abbreviation symbol represents the mineral generation, and the later the mineral generation,

the larger the number; Cpx—clinopyroxene; Ol—olivine; Pl—plagioclase; Afs—alkali feldspar; Sp—spinel; Ep—Epidote
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Fig. 4 TAS classification diagram of the Xingshan Volcano Group
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Base map after Le Maitre et al. (1984) ;data of the Xingshan Volcano Group are from

Li Mingtao et al. (2022) ,and the data sources of following figs. are the same
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Table 2 Contents of major elements ( %) , rare earth and trace elements ( x10™®) and their calculation

results of parameters and CIPW ( %) of volcanic rocks from Xingshan Volcano Group
AREFIL [EFNIT NI Al
FE i
21JPH-39 21JPH-40 21JPH-50 21JPH-53 21JPH-74 21JPH-76 21JPH-78 21JPH-79
i s Y
Si0, 48. 06 47. 88 46.27 46.25 46. 63 46. 83 47.35 47. 46
TiO, 1.69 1.69 1.91 1.91 1.74 1.77 1.83 1.83
Al O, 15.6 15. 46 15.35 15.37 15.37 15.43 15.28 15.4
Fe, 0, 6.03 6.00 6.99 6.41 9.60 7.06 9.37 5.45
FeO 4.27 4.33 3.95 4.59 1.37 3.65 1.39 4.98
MnO 0.17 0.17 0.17 0.17 0.18 0.17 0.17 0.16
MgO 8.55 8.73 8.97 9.01 9.02 8.95 8.55 8.74
Ca0 7.91 8.02 8.55 8.57 8.4 8.32 8.21 8.16
Na, O 3.73 4.12 4.1 3.87 3.93 3.92 4.14 4
K,0 2.74 2.31 2.56 2.42 2.29 2.59 2.61 2.53
P, 04 0.54 0.57 0.55 0.57 0.55 0.55 0.54 0.52
Bede 0.15 0.16 0.1 0.25 0. 66 0.27 0.33 0.11
S 99.43 99.43 99. 46 99. 39 99.74 99. 51 99.76 99. 35
H,0* <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
H,0" <0.10 <0.10 <0.10 0.2 0.48 <0.10 <0.10 <0.10
CO, 0.07 0. 08 0.06 0. 08 0.08 0.07 0.08 0.06
FeO, 9.70 9.73 10.24 10. 35 10.01 10. 00 9.82 9.89
(o 8.27 8. 47 13. 56 12. 17 10. 66 11. 07 10. 47 9. 56
Al 0. 58 0. 60 0. 62 0.58 0. 58 0. 60 0. 63 0. 61
FL 44. 99 44. 50 43.79 42.33 42. 54 43.90 45.12 44. 45
AR 1.76 1.75 1.77 1.71 1.71 1.76 1.81 1.77
K,0/Na,0O 0.73 0.56 0.62 0.63 0.58 0. 66 0.63 0.63
Mg# 61.15 61.56 61.00 60. 84 61.67 61.50 60. 85 61.21
La 36.6 39.2 36.9 38.5 40.3 43.3 38.3 41.3
Ce 66. 1 71.2 64.1 75.5 69.5 73.6 70.5 73.2
Pr 7.33 7.55 6.77 7.63 7.65 7.92 7.91 7.84
Nd 28.5 29.6 29.3 32.4 32.4 32.9 33.6 33.4
Sm 5.1 6.18 5.61 5.83 5.85 5.92 6.51 6.24
Eu 1.8 1.82 1.81 1.87 1.9 1.95 1.99 2.09
Gd 5.08 5.61 4.96 5.38 5.85 5.62 5.81 5.8
Th 0. 889 0.907 0. 844 0.913 0.92 0. 866 0. 946 0.916
Dy 4.34 4. 68 3.97 4.38 4.9 4. 64 4.79 5.03
Ho 0.74 0. 856 0.753 0.813 0. 893 0. 895 0.833 0. 891
Er 2.14 2.4 2.04 2.22 2.48 2.43 2.24 2.53
Tm 0.313 0.342 0.267 0. 285 0.336 0.347 0.326 0.339
Yb 1.81 2.01 1.73 1.81 2.17 2.03 1.72 2.12
Lu 0.264 0.297 0.225 0. 255 0.286 0.29 0.231 0. 306
SREE 161.01 172. 65 159. 28 177.79 175. 44 182.71 175.71 182.00
LREE/HREE 9.34 9.10 9.77 10.07 8.84 9.67 9.40 9.15
(La/Yb) y 14. 50 13.99 15.30 15.26 13.32 15.30 15.97 13.97
(La/Sm) 4.63 4.09 4.25 4.26 4.45 4.72 3.80 4.27
6Eu 1.07 0.93 1.03 1.00 0.98 1.02 0.97 1.04
6Ce 0.93 0.95 0.92 1.02 0.91 0.90 0.94 0.93
Li 9.5 9.44 7.8 9.23 8.41 8.73 8.83 10.2
Be 2.07 2.06 1.8 1.82 1.8 1.81 2.09 2.72
Sc 20.3 22.5 19.5 20.6 23.8 25.2 21.4 22.7
v 168 178 183 197 171 189 172 192
Cr 180 188 176 195 211 215 177 210
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AR T/l /bl
B G
21JPH-39 21JPH-40 21JPH-50 21JPH-53 21JPH-74 21JPH-76 21JPH-78 21JPH-79
o BT Z R 7 "L
Co 43.9 45.2 49.4 51.5 49 53 53.1 50
Ni 143 149 138 145 150 155 158 138
Cu 41.5 45.6 41.9 43.2 47.1 49 33.2 41.4
Zn 117 123 121 134 132 126 131 134
Ga 21.3 21.2 20. 1 24.7 20.4 22.6 22.2 23.3
Rb 50.3 55.6 43.8 41.6 53.3 49.9 55.1 58.2
Sr 582 587 570 705 647 645 638 685
Y 19 19.6 18.4 19 21.2 21.5 19.8 22
Mo 4.18 4. 66 3.93 5.03 4.22 4.55 3.24 4.44
Cd 0.08 0.12 0.08 0.10 0.10 0.14 0.11 0.14
In 0.01 0.09 0.07 0.09 0.16 0.07 0.08 0.09
Sb 0.10 0.15 0. 06 0.08 0.10 0.10 0.09 0.11
Cs 1.22 1.03 0.84 0. 60 0.88 0.91 1.12 1.27
Ba 634 652 639 675 623 716 651 735
W 0.89 1.02 0.73 0.90 0.76 0.95 0.82 1.00
Re <0. 002 <0. 002 <0. 002 <0. 002 <0. 002 <0. 002 <0. 002 <0. 002
Tl 0.02 0.02 0.01 0.01 0.04 0.01 0.01 0.04
Pb 3.24 6.99 2.54 3.81 3.04 5.14 5.14 5.37
Bi 0.01 0.02 0.01 0.00 0.01 0.01 0.01 0.02
Th 5.47 6.24 5.01 5.73 5.49 5.72 5.57 5.97
U 1.34 1.38 1.12 1.36 1.29 2.1 1.45 1.69
Nb 46.2 52.9 51.7 53.2 51.8 47.5 51.8 53
Ta 2.76 3.15 2.91 3.26 2.96 3.19 3.27 3.25
Zr 200 216 208 236 215 214 219 234
Hf 4.79 5.24 4.81 5.41 5.11 5.63 4.99 5.63
K* 1.41 1.10 1.35 1.15 1.13 1.03 1.22 1.09
Nb* 0.82 0.97 0.93 0.93 0.98 0. 81 0.87 0.91
Ba/Rb 12. 60 11.73 14.59 16.23 11.69 14.35 11.81 12.63
Ni/Co 3.26 3.30 2.79 2.82 3.06 2.92 2.98 2.76
ap 1.29 1.36 1.31 1.36 1.31 1.31 1.29 1.24
il 3.23 3.23 3.65 3.66 3.34 3.39 3.50 3.50
mt 5.20 5.20 5.41 5.41 5.25 5.28 5.33 5.34
or 16.31 13.75 15.22 14. 42 13. 66 15.42 15.51 15.07
ab 19.73 20.92 13.10 14.75 16.92 15.48 17.07 18. 09
an 17. 86 16.99 16. 02 17.57 17.70 16.99 15.49 16.72
ne 6.53 7.69 11.82 9.91 9.02 9.72 9.84 8. 68
wo 7.58 8.09 9.64 9.02 8.67 8.78 9.17 8. 64
en 5.30 5.68 6.75 6.29 6.06 6. 14 6.45 6.09
fs 1.63 1.73 2.07 1.98 1.89 1.89 1.93 1.80
fo 11.31 11.37 11.02 11. 46 11. 64 11.43 10. 49 11.10
fa 3.84 3.81 3.73 3.97 4.00 3.88 3.46 3.61
Bt 99. 82 99.83 99.75 99.79 99. 47 99.73 99.53 99. 88

T o NHUF SRR, AR 3R AR = (ALO,+ CaO + ALK)/ (Al O,+ CaO - ALK) ;24 Si0,> 50%, [Aif 2.5 > K,0/Na,0 >
1 BF, ¥E ALK = 2Na,0;— &5 T ALK = K,0 + Na,0, Al RIS, Al = (Na,0 + K,0)/A1,0,, FL KIHEE FL = 100x
(K,0 + Na,0)/ (K,0 + Na,0 + Ca0) , Mg’ NEEH , Mg" = 100xn(Mg>" ) /[ n( (Mg®*) +n(TFe?") ]; LREE 5 HREE 3% JH 43 ;6Fu

= 2Euy/(Smy+ Gdy) ;8Ce = 2Cey/(Lay+ Pry) ;K* = Ky/[0.5x(Uy+ Nby) ];Nb* = Nby/[ 0. 5%(Ky+ Tay) ]

ERIFMHMHLELER, 5 Na,0 BEFIEMHK, 5
AL O, FHOCPERBA R . W6 O, Btk FE v A
JEAE DR AR B AR | e 0 5 TR I e i 2 45 v 5
FE B, WA L KLU AR A S R o HL AT LR

ﬁj\l
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for the Xingshan Volcano Group in Jingpo Lake area
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ERBLIA ZAE A O1B FHE K IEF Sun Fl McDonough (1989) 5
TR A T R A BAERIE T Zhang Ming 28 ( 1995)

Chondrite data and OIB data are from Sun FI McDonough (1989) ; data of

Wudalianchi potassic basalt are from Zhang Ming et al. , 1995
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Fig. 8 Trace element concentrations normalized to primitive mantle
of the Xingshan Volcano Group in Jingpo Lake area
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Primitive mantle data and OIB data are from Sun and McDonough (1989) , and

data of Wudalianchi potassic basalt are from Zhang Ming et al. , 1995
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RIBLALBENEE Sr—Nd—Pb AU ESTER (RETESE LM AX107)
Table 3 Sr—Nd—Pb isotope data of whole rocks in Xingshan Volcano Group (x107%)
b AREFIL | PE/NL AL Al Hh st AREFIL | PEANL NN A
FE 4T 21JPH-39 | 21JPH-50 | 21JPH-74 | 21JPH-78 FE TS 21JPH-39 | 21JPH-50 | 21JPH-74 | 21JPH-78
HHTE ) biNia] .
Fox . BXE Eoyc N BXH
ZRH - ZitH a
Rb 50.3 43.8 53.3 55.1 Th 5.47 5.01 5.49 5.57
Sr 582 570 647 638 U 1.34 1.12 1.29 1.45
Rb/Sr 0.08643 | 0.07684 | 0.08238 | 0.08636 U/Pb 0.4136 0. 4409 0. 4243 0.2821
(¥ Th/Pb 1.688 1.972 1. 806 1.084
0.704493 | 0.704260 | 0.704297 | 0.704461
n(gGSr) n(zosph)
38. 101 37.975 38.108 37.986
n(?™Ph)
Sm 5.1 5.61 5.85 6.51
Nd 28.5 29.3 32.4 33.6 (P
Sm/Nd 0. 1789 0. 1915 0. 1806 0. 1938 (¥ Pb) 15.528 15.502 15.522 15.507
St/Nd 20. 42 19.45 19.97 18.99
n("*Nd) n(**Pb) 18. 085 17.912 17.975 18.045
0.512788 | 0.512907 | 0.512788 | 0.512831 204 . : : :
144 n(~"Pb)
n( Nd)
Pb 3.24 2.54 3.04 5.14 ena(0) 2.9 5.2 2.9 3.8

SRR 4 KL St—Nd—Pb [6 v Z 484k,
FRAESE A — B, B R BATER R H TR — AR IR X,
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data in this article
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data from Jingpo Lake area
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Fig. 9 Diagram of the relationship between ey, and n(*'Sr)/ n(*Sr)

of the Xingshan Volcano Group in Jingpo Lake area

HEHE 2 (MORB) 3145 51 H Zou Haibo et al. (2000) ; 7 & % it (OIB) #4551 H Barry
and Kent(1998) ; &) ZiA e bd X BA AT 3% W A 57 X s 8l 2331 51 B Basu et al.
(1991) | [FIR4% (2007) Fll Zhang Ming et al. (1995)

Mid-ocean Ridge Basalt (MORB) data from Zou Haibo et al. (2000) ; Ocean Island Basalt (OIB)
data from Barry and Kent (1998); Data of Kuandian basalt, Longgang basalt and Wudalianchi
potassic basalt are quoted from Basu et al. (1991), Yan Jun et al. (2007) and Zhang Ming et al.
(1995) , respectively
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¥ FAL Rk S 2 (NHRL) -
i BRI 2k ( Geochron ) FY A4
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Fig. 10 (a) Diagram of the relationship between n(*”Pb)/n(**Ph) and n(**Pb)/n(**Pb); (b)Diagram of the relationship
between n(*®*Pb)/n(**Pb) and n(**Ph)/n(**Pb) of the Xingshan Volcano Group in Jingpo Lake area

E[1E ¥ MORB(I-MORB) #4551 F Barry and Kent (1998) ; K7 ML K PG MORB(P & N-MORB) #(#%5| H Zou Haibo et al. (2000) ; EMI
A EM 451 B Zindler and Hart(1986) . HbERAEIELE (Geochron) 563k %4 (NHRL) 51 H Hart(1984)
Indian Ocean MORB (I-MORB) data from Barry and Kent (1998 ) ; Pacific and North Atlantic MORB (P & N-MORB) data from Zou Haibo et al.
(2000) ; EMI and EM I data from Zindler and Hart ( 1986). The Earth Age Line ( Geochron) and the Northern Hemisphere Reference Line
(NHRL) are quoted from Hart (1984)

A RNIEIX ] FIis# 2 AR sk M A AT T2 40 10 e LA i B HERR A K 2 i
AR (A% ,2013) o BT AARIEEEIAW K ILEE X S FEMBIRYAE R, @ i & A 7 1R e iR
A Si0, 5 Na,0+K,0 o EMCHEHER 750 547 La/Sm—La/Nb Bl b S B0IE A G 56 & | i
WX R A KA B il Berk . MAFILJOUEE  BAWb X LR AR e % I F R S B AT AT
FEdh Mg" = 60.84 ~61.67,Ni = 138x107° ~ 158 % A& (Bai Xiang et al. , 2021) , &SN, A1
107°,Cr = 176x107° ~215x107° MR TR A Mg"  KILBEREER A9 Nb 5560 5% (Nb™ = 0.81~0.98) 4%
= 68~75,Ni = 400x107°~500x107°,Cr>1000x10""  BuiE R T [RALIR Y iy al GEM: | B 40 2% 5T i 55 5

(Frey et al. , 1978; Wilkinson and Le Matire, 1987) , A R B 4 Rl Ao s il AR R e AE B A R RN A
UNZE AT T Eai M B, M BIg L 3 KA s 7 —Ws
(KEl'5),8i0, 5 CaO MgO, FeO, TiO, FAtHX, 5 S TCE (A0 Cr Ni 55) FUARHIZ TG (W Rb

Na,O B EIEFISC, ULBH SRR A MO FEEERE™  Ba Nb . La £8) 2 S8 Wil 50 v Ak o P 1 B B U,
YIRIeZS 5 T oadkrsdimid e, T Sio, 5§ iR R b 2 B R IR YL s SR A1
ALO, M RN T H Eu MR EAWE (SEu = i, ERMIEICR KR U E i rh 2 L v b
0.93~1.07), VAR A B4 AR B E . b #(Cocherie, 1986 ; X HE4E, 1997 ; F H4E4E 2006) .
S FER I JOL B S TS B R REFH ik 2B E %R T Pr/Sm—Ce/Sm Ml Nd/Yb—La/
Fo {EAARAIMNE A 505 EAT SO R AR A BE Yb X REIESR WA I K LB S R R R T

AR IR AR A HE BT IE S T X — i FLIRG A IR A, 7EIE 1la A1 11D A1l k
5.1.2 REMHER AR A 2 B LA A IE AR G OG &R, Ui WA 2 A T

B2 IR E KA BT R P 2 B Y R R 2D T IR A SR AR L Bk
M, 23 A A IR AR I . BTN EWOW A A A A Ik L BERE L 9 Nb/U {80 31. 36 ~46. 16 (°F
Ly DX 2R DB e A IR A TR IAE 918 35.99) , Ce/Ph B 1 10. 19 ~ 25. 24 (¥ {H
F (Bai Xiang et al. , 2021;ZEB¥55,2022) , FZJH Jy 17.52) , #%T MORB 5 OIB (9 EH{H (Nb/U =
AR @ i X XA RS B AR Si0,, M 47£10,Ce/Pb = 25+5) (Hofmann et al. , 1986) . %+
Mg Fl St—Nd [ 2 7 BREAE, 25 A BPAMIER 2] SROPIR AR 11 R b 52 19 ) 5 2 0 A i e 2 36t Jliiit
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Fig. 16 Partial melting diagram of mantle source for the
Xingshan Volcano Group in Jingpo Lake area ( modified from
Guo Wenfeng et al. , 2014&)
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(Ta, Melt—Gt) = 0.0538,, P4 FES UL SCIE5 (2014)
The batch melting mode is adopted, and the partial melting degree is
reasonably assumed to be 18% for simulation. Simulation curve:
Assume that Hf/Ta and La/Yb are controlled only by clinopyroxene
(Cpx) and garnet (Gt). D(La, Melt—Cpx) = 0.0536,0.0515;D
(La, Melt—Gt) = 0.016;D(Yb, Melt—Cpx) = 0.43,0.633,D
(Yb, Melt—Gt) = 3.88;D(Hf, Melt—Cpx) = 0.256,0.195,D
(Hf, Melt—Gt) = 1.22. D(Ta, Melt—Cpx) = 0.0077,0.0081,
D(Ta, Melt—Gt) = 0.0538, For detailed procedures, see Guo
Wenfeng et al. (2014)
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Fig. 17 Diagram of the relationship between Th/Yb and Ba/

Y for the volcanic rocks in Jingpo Lake area ( modified from

Zhang Zhaochong et al. , 2000&)
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The volcanic rock characteristics and magmatic evolution of
the Xingshan Volcano Group in the Jingpo Lake area

GUO Kexin, LIU Yongshun, NIE Baofeng, GUO Lei, ZHANG Hui, HUANG Zhicong, HOU Peng, LI Yao
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Abstract: Volcanic field in Jingpo Lake area is an important window for the study of intra-continental Cenozoic
basalts. Previous studies on the Xingshan Volcano Group located in the southeast of this area have rarely been
conducted and the possibility of magma assimilation and mixing in this area has been denied. The basalts of the
Xingshan Volcano Group have been systematically studied in terms of petrology, petrochemistry and Sr—Nd—Pb
isotopes. It is believed that the basalts of the Xingshan Volcano Group are mainly basanites and trachy-basalts. The
fractionation of olivine and clinopyroxene occurred during the ascent of the primary magma, and the assimilation
and mixing occurred in the upper crust, with weak AFC effect. The comparison between the basalts of the Xingshan
Volcano Group and the Jingbohu basalts during the same eruption shows that the basalts in both areas are derived
from the partial melting of garnet peridotite, and the partial melting degree of the Xingshan Volcano Group is
slightly lower than that of Jingbohu basalts. In terms of magmatic source region, the Xingshan Volcano Group is the
mixing source of PREMA and BSE end-member. The heterogeneity of magma source area and the assimilation and
mixing during magma evolution are the main influencing factors that cause the difference between the lithologic
features of the Xingshan Volcano Group and Jingpohu Volcano Group.

Keywords: Xingshan Volcano Group; Miocene—Pleistocene basalt; petrochemistry; assimilation and mixing;
mantle source region
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