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Fig. 1 A simplified geological map of Tianchi volcano,Changbai Mountain

(modefied from Jin and Zhang,1994#; Wei Haiquan, 2014&)
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Fig. 2 Representative photomicrographs of trachyte and comendite in Tianchi volcano, Changbai Mountain
(a) (b) MHETBUAM, (a) B, (b) EZMmIG; (¢) MifE BB S SR, Hidt;
(d) BRICE AR, Bt ol—HItEAT ; cpx— BRI AT KE—R A7 s FeTi— kRS ML)

(a), (b) the lower unit trachyte, (a) monopolarizer, (b) crossed polarizer; (c¢) the middle unit trachyte, monopolarizer;

(d) the upper unit comendite, monopolarizer. ol—olivine; cpx—clinopyroxene ; Kf—K—feldspar; FeTi—FeTi oxide ; Q—Quartz
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ATEAE T HE RS (B 3a) o LB At 48 P 45 21
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(EBl3b), F i Hark B (B 4), £ FERITTES
Si0, I AF A e, K, O Fl Na, O fiig Si0, 1Y
T PG =R S AR . MgO |
Ca0 . TFeO .P,05 . TiO, B & SiO, 1484 i1 52 PLREAL #
#, 1M Na,0.K,0 F1 AL O, , B Si0, 134 I £ Bk
s N B AL Oy Z AN HAh A AL YR
7~ TS BT, B, A Daly gap 1947 5.
2.2 HETERHFE

HLT A A A A AT R S i/ N T X s
(XTI CE fr i, Ni (B L RATE 4 x107° ~
175 x 10 ~ 35 BBl A8 1k, KL 5 0 6 0 2 28 6 3 il oy
0.5x107°~49 x10°°, L% Cr 1 Sc 254kt FHl
AR 2 x107° ~269 x 10 ° -4 86 x 107,11 x

F1KALXBHEEEEETE (%) MEE( x107°) TEMRLER

Table 1 Sample compositions of major elements( % ) and trace elements( x10~°)

of trachyte in Tianchi volcano,Changbai Mountain

Si0, | 0, | ALOs | FeyO5 | MO | MgO | CaO | NaO | K0 | P05 | Bk | A | TEeO NZ?;
TCNPOO3 | 67.08 | 0.41 13.68 | 5.58 0.13 0.11 0.89 5.78 5.21 0.04 0.00 | 98.91 | 5.07 | 11.11
XTCO01 | 66.20 | 0.38 | 15.08 | 4.47 0.10 0.17 0.97 5.89 5.63 0.05 0.00 | 98.94 | 4.06 | 11.64
TCNP002 | 67.14 | 0.40 | 13.79 | 5.69 0.13 0.08 0.75 5.66 5.16 0.04 0.22 ]199.06 | 5.18 | 10.95
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
TCNP003 126 235 26.3 99.7 19.0 0.59 17.2 2.87 14.4 2.7 6.59 1.0 6.08 0.80
XTC001 103 188 22.0 81.7 15.4 0.54 13.7 2.30 11.9 2.2 5.80 0.9 5.70 0.74
Se v Cr Co Ni Cu Zn Ga Rb Sr Y
TCNP003 4.2 3.3 0.9 0.5 1.2 7.2 184 42 185 4.5 71.9
XTC001 4.8 1.9 0.6 0.5 0.6 5.5 142 37 167 3.0 59.9
Zr Nb Ba Hf Ta Pb Th U SREE 3Eu La/Yb
TCNP0O3 1112 156 16.8 28.0 9.2 20.6 19.5 2.8 558 0.03 1.75
XTC001 1275 144 10.7 28.9 8.8 18.7 18.6 3.6 454 0.04 1.72

T B S R R A e b B IR B 5T T 43 BT o TFeO = FeO +0.89 - Fe, 0,
2 KA WX EAESE Sr—Nd—Pb FE{ ZEMX 4R

Table 2 Sample compositions Sr—Nd—Pb isotopes of trachyte in Tianchi volcano,Changbai Mountain

n(¥Sr)/ n(®sr) n("Nd/)/n("™Nd )

n 2% Ph) /n (2 Ph)

n(*"Pb)/n(**Pb) n(*®Pb)/n(**Pb)

WA 20 W 20 TE 20 pELED 20 E 20
TCNPOO3 | 0.706613 | 0.000009 | 0.512578 | 0.000014 17.525 0.002 15.526 0.002 37.887 0.004
XTC001 0.706224 | 0.000013 | 0.512617 | 0.000010 17.521 0.003 15.523 0.003 37.879 0.008
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Fig. 3 Classification diagram of Tianchi volcanic rocks:(a) TAS diagram; (b) [n(Na) +n(K) ]/n(Al)—
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Table 2 Results of the mass — balance and fractional crystallization models

BEAHK T BEAS TFHK LR/ Y
25 Gy L) 25 Gy e
Haku32b | XTC001 WCHO003 P4
(%) (%) Sr Th

1.3 Ma 0.61 Ma <0.3 Ma < 0.1Ma
Si0, 51.39 67.24 ivgivat 11.7 54.58 65.11 Gkl 4.6 0 0.0001
TiO, 2.67 0.39 BRI 6.6 2.48 0.58 RS 26.3 0.08 0.01
Al, 0, 16.68 15.32 FHCA 57.7 16.70 15.95 BHEA 54.4 3.7 0.01
TFeO 11.48 4.04 IPNGRn 19.3 8.18 4.69 Rk 12.0 0 0. 0005
MnO 0.16 0.10 WA 4.7 0.12 0.10 WA 2.7 1.2 1.5
MgO 3.26 0.17 3.80 1.61
Ca0 5.89 0.99 B it 54.4 6.21 0.43 B S 48.7
Na, 0 4.35 5.98 4.07 5.78
K,0 3.10 5.72 3.26 5.65 44 Ky: | Haku32b 0.08 2.20
P, 0y 1.02 0.05 0.60 0.10 WCHO003 0.05 2.07
ey 100 100 100 100
2 0.5 1.0

W AR EES] A Zou Haibo et al. , 2008 ; Kuritani et al. , 2009; F3CIE4E, 2014;K, AT )43l 2%, 51 B Geochemical Earth
Reference Model ¥} http://www. earthref. org
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Petrogenesis of Trachyte and the Felsic Magma System at Tianchi Volcano:
Trace Elements and Isotopic constraints

GUO Wenfeng'"» |, LIU Jiaqi®’, WU Cailai"” , LEI Min" , QIN Haipeng" , WANG Nan'’ |
ZHANG Xin" , CHEN Hongjie"’, WANG Zheng"
1) Institite of Geology, Chinese Academy of Geological Sciences, Beijing, 100037 ;

2) Key Laboratory of Cenozoic Geology and Environment, Institute of Geology and Geophysics,
Chinese Academy of Sciences, Beijing, 100029

Abstract; Tianchi volcano located on the China/North Korea border is a composite volcano with typical
bimodal suites ( trachybasalt shield, a trachyte stratocone and a comendite ignimbrite sheet). The petrogenesis of
trachyte and the relationship between the mafic and the felsic suite are ambiguous. In this paper, we combined both
new and literature data examined the petrogenesis of Tianchi felsic rocks and developed a possible petrological and
geochemical model. We found that Tianchi trachytes can neither be formed by partial melting of the old lower crust
of the North China craton nor by partial melting of the newly intruded basalts. The results of qualitative and
quantitative geochemical modeling suggest that the felsic rocks are formed by fractional crystallization from the
shield basalts with assimilation the crust. In addition, at least two different evolve paths exist in Tianchi felsic
rocks : the high and low ¥’ Sr/*Sr path. We believe that the two differentiation paths are related to the development
of crustal plumbing systems. In the early stage, the evolved magma directly encountered with the upper crust,
therefore, had high ¥Sr/**Sr. In contrast, at the late stage, the differentiation magma evolved along the low ¥'Sr/
*Sr trend since the fresh magma was isolated from the upper crust by the previous cooled magma body.

Key words; Trachytes and comedites, Fractional crystallization, Crustal contamination, Evolution paths,
Tianchi volcano, Changbaishan
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