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COVERED DEPTH OF SUPERFICIAL MAGMA CHAMBER ON THE NORTHERN
SLOPE OF TIANCHI VOLCANO IN CHANGBAI MOUNTAIN BASED
ON BOREHOLE TEMPERATURE

QIAN Cheng, CUI Tian-ri, TANG Zhen, JIANG Bin, ZHANG Chao, CHEN Hui-jun, WU Tong
Shenyang Center of China Geological Survey, Shenyang 110034, China

Abstract: The crustal thermal structure in Changbaishan volcanic area has not been established yet and there are
differences about the covered depth of superficial magma chamber in Tianchi Volcano by means of geophysical
exploration. The covered depth of superficial magma chamber on the northern slope of Tianchi Volcano is estimated
through the temperature measurement of CZKO7 borehole, data evaluation and geothermal gradient calculation,
combined with the temperature data of Holocene magma chamber. The CZKO7 borehole is located right above the
superficial magma chamber speculated by geophysical exploration, close to the historic crater of volcanic eruption, with
relatively high and stable temperature (102.5-106.8 °C ) at the depth about 610 m. The continuous temperature
measurement data indicates that the borehole temperature shows a positive correlation with depth, with the geothermal
gradient ranging from 134 to 178 C/km (averagely 153 “C/km), roughly representing the geothermal gradient of the
overlying crust of superficial magma chamber. Based on previous temperature studies of superficial magma chamber, the
covered depth of superficial magma chamber on the northern slope of Tianchi Volcano is estimated to be 5.25-7.21 km
below the surface of Tianchi Lake, which is similar to the inversion results of geophysical exploration.

Key words: Tianchi Volcano in Changbai Mountain; borehole temperature; superficial magma chamber; geothermal
gradient
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Fig. 1 Geological map of Tianchi Volcano in Changbai Mountain
a— K Pkl R fRT D (38 SCEk [3,27])  (voleanice geological sketch map of Changbai Mountain, from References [3, 27]); b—Kyh k1l Hb i (K1
(geological map of Tianchi Volcano); 1—55 PUZZ J 1L JE % (Quaternary pyroclastic rock ); 2—4F D42 ML Ifi % (Quaternary trachyte); 3—55 P22 X il A
(Quaternary basalt); 4— 37t % i (Pliocene basalt); 5—H it 2 ik %A (Miocene basalt); 6—J it PRE G 18 A L 1 B A& (later debris flow and
landslide mass on the inner wall of Tianchi crater); 7—/\FMNiE4] (Baguamiao fm.); 8—RIBHEERYITE AW . WEPA (earlier debris flow and landslide
mass on the inner wall of Tianchi crater); 9—J7 2 W 2H ( Baiyunfeng fm.); lo—iﬂiﬁ'iﬁﬁi(large landslide mass); 11—pK374H ( Bingchang fm.); 12—H
Skl 4 1M B (3rd mem. of Baitoushan fm.); 13—k 114 II Bt (2nd mem. of Baitoushan fm.); 14— {41 (Laohudong fm.); 15— k141 I Bt(1st
mem. of Baitoushan fm.); 16— /L4 (Laofangzixiaoshan fm.); 17—/ 1LI4H (Xiaobaishan fm.); 18—J8 714 (Manjiang fm.); 19— 5F  EFRRWT
Z4(radial and ring fault); 20—k 111 T (crater) ; 21—%45FL157 & (borehole location) ; 22— F(national border) ; 23—7K & (water system )
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1) 6 J1 14 H By P8 U005 i) b i 06 B2 A f e HL
—3, 43514 11.0~16.8 °C/100 m 1 13.4~16.7 °C/100 m,
YIRS EE YO 15.0 °C/100 m.

2) A A YR DN ey b A AR ALY FEl K 6 A
21 H LAY A6 B A 16.0~24.1 °C/100 m,6 H 23 H
T VI YL P M YRR BE R 13.7~25.6.12.4~23.0 °C/100 m,
6 H 30 H PRI i b A E A 19.4~22.9.15.0~
23.2 °C/100 m. 3 K (1) 35 Hb IR BS 43 51 19.9 C/
100 m.19.2 °C/100 m F1 18.5 °C/100 m, fNAL 3K
19.2 °C/100 m.

3) 7 YRk e M A B R AR AR AL T 11.0~25.6 °C/

£1 2013 £ 6 A CZKO7 FLHFBIERE
Table 1 Records of temperatures vs. depths in CZK07 borehole in June 2013

14 H 21H 23 H 30H
HEE/m B e R 21C HEEm HEZ/C HEE/m HEE 1/°C TR 2/1C HEE/m W UC R 21C

610 102.5 104 525 100.2 613 98.9 106.8 550 97.3
560 97.12 96.1 475 85.6 563 80.6 500 91.3
510 95 94.2 425 83.6 513 118 92.1 450 77.2
460 86.9 86.6 375 118 463 72.2 77.2 400 76.2
410 85.8 85.6 325 76.2 413 79.4 79.3 350 68.7
360 74.2 74 275 68.5 363 77.6 76.8 300 74.4 68.2
310 69.5 69.2 225 57.1 313 69.8 250 62.7 55.6
260 62.5 62.3 175 45.6 263 59.1 200 47.1 51.9
210 51.5 49.7 125 32.8 213 50.6 150 36.6
160 44.5 44.1 75 215 163 35.2 100 26.8
110 34 37 113 18.4 50 17.1
60 28.5 29 63 12.2 0 13.9



http://www.fineprint.cn

55 4 BRORRAE FET IR A A IR K L U A I P AR EE 5T 557

HAE/T

i B/ m

|
{b)
M L
F
I h"i : 7
: |
\ !
\ \
R
i 11,. . 1‘..
4 {'-,I th
RN
] oy
|'r T !
= 1= e !l.l'I
=] i ._.l.r
Y L ¢
P JI‘PI W
o ] )
|0} / D
§ |y
| fi
i f
1 E i
WEE A
; [
L] L& 1 :
- |
I = :
Pl
I
B ket I
il
| H
[ElE

M EE S (T 100 m)

Pl 2 CZKOT B Lol TR Vel At Tk B J32 — TR JEE ]
Fig. 2 Diagrams of temperature vs. depth and geothermal gradient vs. depth in CZK07 borehole

O—6 A 14 H—¥ M (1st measurement on Juneld); @—6 F 14 H XM (second measurement on Juneld); @—6 H 21 H i (temperature on

June 21); @—6 J] 23 H—¥ MR (1st measurement on June 23); &—6 H 23 H Z¥K i (second measurement on June 23); ©®—6 JI 30 H—¥iMiR

(1st measurement on June 30); @D—6 1 30 H ¥kl (second measurement on June 30)
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AF 5 S35 R A LU AL B APR BEL S H AR A R B Ry it
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FFECBRN 2.15 km) IR 2R EK RN 5.25~
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Table 2 Covered depth of superficial magma chamber on the northern slope of Tianchi Volcano

N ENE A M= 1% 2 3 MR/ C FH IR = R km PRI IR
o514 938~1 014 -4.33~-4.82
850~926 -3.75~-4.25

AR — R 2 SCHR[40]
1005~1 024 -4.76~-4.89
% 34 974~1 062 -4.56~-5.14

AT AR K53 -5.19 CHk[41]

R A - L B B T L TAERMmE K 718~786 -2.90~-3.34 SCik[6]

7.21 km, 55 _F AR BRI ) S A5 SRAH .

5 i

Kt Kk AL B CZKOT B FLFH IR 25 5 BoR
FEFLIR 610~613 m Hb ik 4 m H AR 2 (102.5~106.8 °C),
Hi TR R R 5 — WO AHSCAR A, iR B AR b F
134~178 “Clkm Z[a], IIACEIAME R 153 Clkm, 7] REL
AR Tt L b3 1 B 3K Dy 1 7 7 1 b R
T 2R T HEI () 3t LA (BB T ) 23K s
FIBE (750~1 050 °C), & AR T K kol b3k &
BBA I Dy W RAE TR B W 4R -3.10~ =5.06 km, #5 DA K
KA R, R 2R A2 DR R 525~721 km,
5 b ER PG S 8 T A B A — 2K

BEAN, AL R Rk L ] A R Ak A L
KIAWEI, ASURT LUE AL BT A R G RARIR
A, W HATLLE N, Kt et T 5 B s shR
E, SR L T B kL ¢ 5 4 0 i ) R S
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