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Figure 1 A comparison of S wave studies between the active source seismic sounding and receiver functions in the Tianchi volcanic region. Modified

from Refs. [6,8—10]
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Table 1 Summary of geophysical studies on the Tianchi magma reservoirs
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Figure 2 Representative micrographs for Tianchi basalts: (a) high-
MgO alkali basalts; (b) low-MgO trachybasalts. Ol, olivine; PI, plagio-
clase; Cpx, clinopyroxene
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Figure 3 Classification and binary diagrams for the Tianchi basaltic rocks. (a) Total alkalies vs. silica, based on Refs. [35,36]; (b) FeO/MgO vs.
silica , based on Ref. [37]. Data from Refs. [17,38-42]. The dashed line arrow indicates the evolving trends of the magma
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Figure 4 Simulation results of the magmatic fractionational crystallization processes of the Tianchi volcanic rocks. (a) TAS diagrams®”, and (b)
ALO; vs. SiO,. Rock types are abbreviated by the following codes: S1, trachybasalt; S2, basaltic trachyandesite; S3, trachyandesite; T, trachyte; O1,
basaltic andesite; O2, andesite; O3, dacite. Data sources: Refs. [17,38-42,46-50]
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Figure 5 The diagrams of MgO vs. selected major elements with simulation results of the magmatic fractionational crystalization processes. Solid
line, dash line and data sources as in Figure 4
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Figure 7 The P-T diagram showing phase assemblages of intraplate basaltic magmatic experiments (modifed from Ref. [44]). Liq, liquid; Ol, olivine;
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3495



44 % B #& 20155128 £60% £35H

0.9 GPa(£y15~27 km)JE il T Hiie 2 rp b Hhse 50K i
g i Ak o B B X A HAE290.5~0.6 GPa
(15~18 km, ™ FHBFE)ZE & o0 5, T A R AR T
. TRV, A0 ZE Bt 5 ER BRI ) 45 SR 10~30
km (P 1) AR A B R A s T A g o VAR B B E

3 e

TR GBI 5T S K L s & AL ) — A G
T, Dok U R A RO LR, A 6f X P A
O34 2 B0UR AR ST AT J g g BERL . g R
2 U I3 K L AR G AR S RO T L ER
TR I 5T 45 R, (E b R B O B N fE B 40 A
RISy, I, 53K R B il A 2
AT AN TE. Rt K LA B4 s (1) HoA il
) 2 2 RIUHL T 7 55 630 2 0 XU X 4 A 10
(2) WEE I ERE KB A IEMgO(N T 6%) % il A,
R I 75 R 7 AR AR AN 21 1923, (3) HELIfT 75 AT
WA S LA A R0 R R A OC 2P0 4y kil
TSNS T 2920 MaZ A, ZEALENG 8715251 A/ A
T TR0 XUZE E K B B Ok i R I A A 4
A USAO R Kt K L A AR M 5T A
18 & A MO % i 7 72 76 Mg 25 2% F5 v 28 105 B
A RS . RHCA S E A RE R EROIE G
b 5% 3 D B A AR T B RBR I B 3, R R
JFCA KA B TS A K By 2 DR A BRI A
PR A B A A S Y 3 B 4 o e A W
TE . T BHT I 2 i A A b BR AL A R BE ST
N LR ARG R R % e T, B
MgO % iR A 78 58 vh 28 B i AL T iy, R HE ]
L2 B 5 TR H e A b sE R e i . T i
DRI A3 124 R R 3 K L A K R B Y S B TE T ]
VLN IUAN T (1) IR 2 A 2 7E Ho b Hh BB
RETE R Bt R A LI 7 . PR . AHR AR
FEWAEEREMN? Q) W AEe, W hAF7E R
MR ARG e (3) R &R UA K T LAFE T H5e
A E b SEIE s 2Ky, M FE AT RE K T lA, X
YRR RE? (4) HLECA REASBERE T HbFe T i 3K 52

W, Kb mrE % i A AN BE e g v 25 5 A
K, R ah 1 2l g s 76 & R (1.5 GPa, &
45 km)Bs k& ECE 2 TOBR IR A A 25 A B (E
SO IEH ), AL BE 2R TR 2 AR AT DL
g S ARHE A R 1R 45 5 07 B (MgO=~4%) W i i I

3496

TR LS TR AL E (MgO=5%), FEUE LK
ith 2 2 R ALO R (EIS(b)). 248K, Hifilzh
SRRE A IANTE R N B AR A R A D i O A 5
ROVEAT 1) 4y B 45 i, (Had 2 10 45 5 43 5 23 s K, O+
Na,OF1SiO i 5 K ith Kk 111 75 (3 Ak #a F (F 4(a), 5(a)
Fl(c)). XFFEE A, S H 0 A P e A7
TEE I D B T HLRRCTAS R, 7EIRE H38~65 kmfF
T R B B S i U (E R T B K SR 7 WA o R
LI R RN40~50 ke A7 AR AR S AR 1320 i
FT ik, ST AH H Pl X st B Ol SRR, AR R 4
AN POISU BRI S5 B, FE R R 60~100 km 1 i o 77
FE R B AR, T 3k SRR AR I AN 5 3K B, T
A 2 DA P b 2 v VL RS RE ) T, B8 R X b S 49
R VR A 2R 43 B IT A e VA RN 3 B8 IR R 5 A T .
1M, AR A SO 25 5%, Kt L i T L i 3
AN FE L R T A AR A P e R R I AR R
W itfr RS k. W T X R A KAEANRELE
N HLFE AR H7E(0.6~0.9 GPa)f5 8, X st b M 35
W I L) — A e FE AR () ] 23 T8 WA 3
A& ELEE W AR Bk 2 XF ik, DART S A AR
Bt E AR R, RS A RS A
JEA S B Z AL, 2R AR, A EAE
Fh, W RS TE B A s ). {H T B AR B BF 5T K
LA SR AR AL T A —. ETHIREIE AR, A
WK, EFHAR RS HEa, BUA K kR
TRz B, T ) R R R A 6714
BB v WA AR TE. A B AN AT LT A L #
2T K o IR R URZ AR T, FE 43 1 B
9 R B 1 Jey BRAE PR A S A e B T R b
BT RE AL, sE R S R, SRR
A S AR, 94k, Z A K A Sr-Nd-Pb ]
PEZE B FT R, I L R A A A e
L H15E(0.6~0.9 GPa)f5: B8 IR, 1A SC Y 2 i A T
LT AR 25 Al S AR T s e A rp L e
B AL (AR5, PR, HUERAL 2% LS A BT 24 0 E
I 0 S 2 A A A TR R A D AR U
Xof AL AT SR 5 3% s U TR, A ) S 56 UHE S
SRR T A AE T ST s, RO A
PRI KA H B & 6% J§ FAb-0r-Q-H,0
HALIR R . LA A 25T £ PV Ab-Or-Q-H,0fk
Z2HP ) A s i N ) A 7 R I & A TR N T0.5
GPa, 2415 km. [AE}, #8h712=BH0 2R (El4(a)),



-45

ﬁ

50 km

-50 1 |
0 50 100

B8 S i BEFITHI (a) B Kt K Ll 52 5 3R R G IE (b). ()3 SCHR[10]

Figure 8 A possible model for the Tianchi magmatic plumbing system based on geophysical imaging (a)'” and petrological thermodynamics simulation (b)
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Reassessment of the magma system beneath Tianchi volcano,
Changbaishan: Phase equilibria constraints
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The depths of magma storage regions are critical for understanding the magma plumbing system and magma evolving processes, and
are studied and constrained mainly using geophysical and petrological techniques. In this study, we review the geophysical studies that
in recent years, focused on the Tianchi magma reservoirs and find that several studies consistently reported the existence of a wide
magma storage region at about 10-15 km depth that narrows down to 15-40 km, under the Tianchi volcano. To provide an
independent constraint, we used petrological thermodynamics simulation (phase equilibria) to reconstruct the depth and composition of
the Tianchi volcano magma chamber. The results show that: (1) the Tianchi primitive magma may not have plagioclase fractional
crystallized in the lithospheric mantle or deeper, and may only experienced a small degree of olivine fractional crystallization; (2) the
lower MgO shield basalts erupted from the magma chamber that is located in the earth’s crust (18-27 km, 0.5-0.9 GPa), instead of
being directly ejected from the lithospheric mantle as it was assumed previously; (3) the trachytic magma is stored at depth of about
15-18 km (0.5-0.6 GPa, in the upper crust) and evolved from alkali basalt; (4) the Tianchi volcanic magmatic system may be more
complicated than previously thought. The basaltic magma should occupy the main crustal magma reservoirs, from the lower to the
mid-upper crust, while the acidic magma accounts for only a very small proportion and is concentrated in the upper crust.

Changbaishan, Tianchi volcano, magma system, petrological thermodynamics simulation
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