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Abstract The Plinian Millennium Eruption ( ME) of the Changbaishan Tianchi volcano in 946 AD generated a total tephra volume
of 100 ~ 172km’ produced by a large scale of ME—] eruption and a small scale of ME-I[ eruption. This study examines the facies
variations in the pyroclastic density currents ( PDCs) emplaces that were produced by the ME based on observations of the depositional
units vertical sequences in 53 outcrops. Grain-size and composition analysis using standard dry sieving techniques and microscope
observations of thin sections in the laboratory provided detailed information for the PDCs emplacement. The ME PDCs deposits of the
Changbaishan Tianchi volcano can be divided into two facies: canyon filling PDCs facies and fan-shaped PDCs facies. The canyon
filling PDCs facies are mainly developed in the circumference area of the volcanic cone ( 8 ~23km from the crater and slope between
15° to 60°) which are mainly restricted by the volcanic valleys and can further be divided into massive canyon filling and layer canyon
filling subHacies. In contrast fan-shaped PDCs facies are mainly distributed in the areas between 23 ~45km from the crater which
present relatively gentle slope between 5° to 15°. In this area the fan-shaped PDCs were not restricted by the topography and generally
formed fan-shaped emplacements with a large aspect ratio. Fan-shaped PDCs can also be divided into fan head and fan body sub-facies.
The vertical stacked multiple PDCs units occurred in both layer canyon filling and fan head sub—facies which can be attributed to the
separation and proliferation of flow units in the process of PDCs transport. According to the maximum distribution range and the
thickness of the ME PDCs in case of another Plinian eruption like ME the area within at least 45km from the eruption center has a
huge risk of PDCs disaster. This study is helpful to understand the spatial distribution of the PDCs emplacement in the Changbaishan
Tianchi volcano in order to mitigate the potential disastrous consequences of a future similar volcanic eruption.

Key words Changbaishan Tianchi volcano; Millennium Eruption; Pyroclastic density currents; Facies variation; Future

volcanic disaster
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(‘a) map of the Changbaishan volcanic field that shows the location of the Changbaishan Tianchi volcano. The red dots show the 53 outcrops that were
measured in this study; No. 1 ~No. 5 are the typical outcrops used in this paper; ( b) overview map that shows the location of the Changbaishan
volcanic field; ( ¢) topographic profile A-B ( Fig. 1a) from the crater to the distal of the Changbaishan volcano. The different facies areas are indicated

2.1
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3
(a) MEH ;(b) MEH 1 ~2mm i (¢) MEH <0.5mm ;
(d) MEAI i (e) MEAI 1 ~2mm () MEAL <0.5mm
Gp— ; Bp— ; Ta—  T- B- G- ; San— ; Cpx— ; Fe-Ti- V1=

Fig.3 Microscopic features of the PDCs that were produced by the ME of the Changbaishan volcano

(a) gray comendite pumice lapilli in ME-] pyroclastic deposits; ( b) approximately 12-mm-diameter ash in ME~] pyroclastic deposits; ( c) less
than 0. 5-mm-diameter ash in ME-I pyroclastic deposits; ( d) black trachyte pumice lapilli in ME-I pyroclastic deposits; ( e) approximately 12—
mm-diameter ash in ME-]I pyroclastic deposits; ( f) less than 0. 5-mm-diameter ash in ME-II pyroclastic deposits. Gp-gray pumice; Bp-black
pumice; Ta-rachyandesite; T-rachyte; B-basalt; C-comendite; San-sanidine; Cpx-elinopyxene; Fe-Tidron titanium oxide; I-gnimbrite
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Fig.4 Distribution of the pyroclastic deposits that were produced by the ME

This figure is based on outcrop measurements and geological research ( Jin and Zhang 1994; Liu and Xiang 1997; Liu 2000; Shan et al. 2002;
Sun et al. 2017; Pan et al. 2017; Zhang et al. 2018) also in Fig. 5
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Fig.5  Cross section diagram that showing the distribution of the pyroclastic facies that were produced by the ME of the

Changbaishan volcano

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2020 36(11)

Acta Petrologica Sinica

3352

) = -
& , =
£ oo = -
=4 ’
g = < . -
l —
[ag] ~
S g — .
o m > = =
. \—\” Q (gl = wvy
x G z
X ) la ~ ) — — -
w7 3 . < S
e 2 - - — o
- = - © 3 I < £
.- \/w =~ — (=) w
— — S
S . N t
— Q © © — &
%) ) = A
2 — © °
o [ —_ o = =} )
] = bt ° 5 r~ .
5 — NS o S - S —
N w...l_.e\ ~
s & S @ ©
& ! S = —
5 £ - * < .
=@ - _ = =
— < — — — — — v [Q\l el
g FWE
BTSRG0T . e
O Ao el S E S e TR A S e L o T R TR S P2 (Apoq ue ) 4
PR PRI 6 YK 0338 o 3 T TDF 30 AL
(sDd podeys ue ) Hy

ZO T
B4 T G ZEBEIC s, 48 00540 Y 263 1002 X
D 52 YK AL T s 11130 0 B S B G E B
US43 121 20 A B GEL 3l Bl T GEERTB )
A Y B O 06 B 26T 57 ) 8 T Y B M B s >

2 YIS
T u ) 2ol WAL o 1
ST TR e 0 YO Y L AT
T 406 31T 22 T 20 YT il
S O TGO S A

S e b L
T 7 22 Y s W B A AT
G ([ oST ~ oS B 5 ) el [
Ty wo Gy ~ €7 Ui % M i

(Proy uey ) B AR e g

B ot T B Sl T

Hif 2L A W AR Y A MR T
B A B R L T R A el MR T LR AT
[l 725 01 (ot 300 7 30 002 B3 oL & i S A T Y

ra=leay s saran N EVET H Bt
QT VBB ITY 2 A BV B T ch
ML E T §L T WAL WE TN
il 10 IOy SR Bl T G AL fr 7 020 ¥ 20 Y=y b

T A 5 T R BT L A A B oA B
Uy LOWGTH S ST A T Y — B
kY AL BT 3 B 3 3 B AL

i Sl Y B2 Lo i G B S
00 G S 57 90l E O R B YIOR A O
WIS ST T A I e Y B
b M AT BT 305 B M R R A

LERE
L7 Wb &k 0 1T0Y

=T
CMETZ i ch & 0 Y
G ([H1 009 ~ oST H &% ) i |
Oy wgg ~ @ o 2 M b

(Burqy uokueo

T08e ) Hy I ¥y N4 i Y

(Suryqy uokueo

oatssely ) By AN HT N &MY

(sdad
Sur[[y uokue)) ) [y Wk
B0 T ¥ % 43

EARI R gt AT

P I B T T

Wy fnl=z

SN

By

HIN m;T \AJ ﬂumuzm‘.OhQ m@DMMQED ﬁUﬁ—m QJH MO wme.N.#QZm TCN wmmoﬁw wﬁf .*O GOmHmwammwmﬁo

BN D By B Y BB F Y M E X

I °[9eL
12



3353

1
CEle) K e g
e AR

1L o 9

ME-II K
m UL g

6
(a) ME-II (b)) a () ME-II
((d) e i (e) ME-I () e a b la
3 ;e d la 4 e f la 5

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3354

Fig.6 Representative Canyon filling PDCs produced by the ME

Acta Petrologica Sinica
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(a) representative massive canyon filling subfacies with columnar joints produced by ME-II; (' b) gray and black pumice lapilli and lithics in Fig. 6a;
(c) representative layer canyon filling subHfacies features several sheetdike units produced by ME-II; ( d) close-up photo of the reverse-graded
bedding in each sheetike unit in Fig. 6¢; (e) representative massive canyon filling sub-facies produced by ME-] ; () carbonized wood in Fig. 6e
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Fig.7 Representative vertical sequence and size distribution histograms of the canyon filling PDCs produced by the ME

(a) typical vertical sequence and frequency and componentry histograms of the massive canyon filling sub-facies that were produced during ME-II ;
('b) typical vertical sequence and frequency and componentry histograms of the layer canyon filling sub-facies that were produced during ME-II ; ( ¢)
typical vertical sequence and frequency and componentry histograms of the massive canyon filling sub<facies that were produced during MEH. Grain

size ( diameter) :

A-ash <2mm; Fline lapilli 2 ~4mm; Ml-medium lapilli 4 ~ 16mm; Cl-coarse lapilli 16 ~64mm; B-block >64mm
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e la 1 f la 2
Fig. 8 Representative fan-shaped PDCs that were produced by ME-]

(a) typical photo of the fan head subfacies with multiple coarse clastic stacking units and lenticular volcanic ash intercalation; ('b) close-up photo of
the upper coarse clastic unit in Fig. 8a that shows sub-rounded pumice lapilli; (¢) close-up photo of the middle lenticular volcanic ash intercalation;
(d) volcanic ash layer developed at the top; (e) close-up photo of waves and hummocky cross bedding in the top volcanic ash layer in panel d; ( f)

representative fan-shaped PDCs—an body subfacies

2 ME-1 ME-I
Table 2 Characteristics of the PDCs emplaces produced by the ME-] and ME-I of ME
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Fig.9 Typical vertical sequence and size distribution histograms of the fan shaped PDCs that were produced by ME-]

(‘a) typical vertical sequence and frequency and componentry histograms of the fan head sub<facies; (b) typical vertical sequence and frequency and

componentry histograms of the fan body sub-facies
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Fig. 10  Cartoon that illustrates the transportation and deposition processes and the facies model of the ME PDCs
(a) ME-I fan shaped PDCs facies; ( B) ME-II ¢ canyon filling PDCs facies ( modified after Vazquez and Ort 2006; Sulpizio et al. 2014)
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