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Marc De Batist (5> b K%)

Lake sediments as chronicles of past volcanic activity
areconstruction of 600 years of eruptions and
volcanic mudflows at Villarrica Volcano (Chile)

M. De Batist?, M. Van Daele?, J. Moernaut?, K. Fontijn®, M. Pino?, R. Urrutia® & S.J. Roberts®
[1] Ghent University, Belgium; (2] Innsbruck University, Austria; [3] Oxford University, UK; [4] University of Valdivia, Chile;

[5] University of Concepcion, Chile; [6] British Antarctic Survey

Batist: ¥ & A, BIxL o> ET,

bONE S TINET, &ATE LIRS
ZERT D S A3 LT, AlEO B & % &HHH
L EFnE BunEd,

BELLIHELE, KRR EZENHV EL
oo A& ZRLZ LT, EhiLONFEFT T
PRLZENTEE L,

HSFETOAE—F—IEAkBEETIN T
FL, FrlT, 7772/ THEHTEWS Z & T
TN, LLT 7R TERWITRE, ETHERTEZDAEmERbE 5, #l X
DEOIRBRBIZRDERETDHKLULHY 7,

TI0nb, BEESTTFTIVOREEDOY A MZOWTIZHH LIz EEBENnET, wBED
K 2 FidR T AWK OHEREY . MO E R T Yy ) A kiloBEE2ETT
HIEBEZ L TCWETOTHHLET,

5 AESHWVHIN LR S TWETHA, REZZICHKEEZHE > TWVE(0E 1), &5 DM
N DKM NH Y FF, EEMIZ 300 OB THMRIEFIZZNEZARHD £7,
INODOWMICHER L2 HEMIZIZ OB TREN ED LI ICELIZoNE W) il b e
FRLTWVWDE NS Z LT, REBIKZR > TWET,

g« REIN300F b, ZOHBMTRBEEHNNED LS ITholenELT 22 LITHK

31



NAEDONIGEENEEHRT HHBHEBEY—F Y - ED v ) A XLODBEZE 600 EROEKEDETT]

INTRODUCTION

- Ghent University: research in Chilean Lake District since 2001

- Why?
- Series of large glacigenic lakes along a 300 km Ilatitudinal
transsect, at the foot of the Andes

- Record of climate change
- Southern-hemisphere glacial-interglacial transition
- Southern-hemisphere equivalent of Younger Dryas/Antarctic Cold

Reversal

- Evolution of Southern Westerliesthrough the Holocene
- Southern-hemisphere expression of Little Ice Age...

- Record of past megathrust earthquakes
- M, 9.5 Valdivia earthquake in 1960
- M, 8.8 Maule earthquake in 2010
- Older events... and their recurrence pattern in space and time...
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- Also located within the South Volcanic Zone of the Andes
- > 25 activevolcanoes
- Regular volcanicactivity... Historic (4) and prehistoric (2) activity
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INTRODUCTION

- Also located within the South Velcanic Zone of the Andes
- >25 activevolcanoes

Puyehue-Cordén Caulle volcano
2011 eruption

VELS

Last known: 1990 (VEL:1) & 1960 (VEL:3)
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Last known: 7420BC £ 75 yrs

INTRODUCTION
- Also located within the South Volcanic Zone of the Andes .
- > 25 active volcanoes
Chaitén volcano .
2008 eruption 3
VEI4

s (lU

4
INTRODUCTION
- Our specificstudy area: lakes around Villamica volcano . !
- 2847 ma.s.l.; basaltic-andesitic
- One of the most activevolcanoes in the SVZ s |\
- Good instrumental/historical record of pastvolcanic activity . :"

ERUPTION HISTORY OF VILLARRICAVOLCANO
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ERUPTION HISTORY OF VILLARRICAVOLCANO

Rising number of eruptions during last 150 years!
Due to more observations of very small eruptions (VB:1)?
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ERUPTION HISTORY OF VILLARRICAVOLCANO

Rising number of eruptions during last 150 years!
Dueto mote observations of very small eruptions (VB:1)?
Rising number of eruptions from 1860 until 1880 for VEI>1 — then drop again from 1920 until

present
In 2013: latest VEI>1 event occuned in 1991 — 22 yr of inactivity
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ERUPTION HISTORY OF VILLARRICAVOLCANO

Rising number of eruptions during last 150 years!
Due to more observations of very small eruptions (VE:1)?
Rising number of eruptions from 1860 until 1880 for VEI>1 — then drop again from 1920 until

present
MRS 4EoRMEIHEEETA ient 0oguHe in 1991 — 22y of inactivity
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ERUPTION HISTORY OF VILLARRICA VOLCANO

Very strong correlation between number of reports and Villarrica town
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ERUPTION HISTORY OF VILLARRICAVOLCANO

Very strong comrelation between number of reports and Villarrica town
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THE LAKES AT VILLARRICAVOLCANO

- Flanked by Lake Villamica and Lake Calafquén
- 95 % of volcano edifice in catchment of the two lakes |
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- Flanked by Lake Villamica and Lake Calafquén
- 95 % of volcano edifice in catchment of the two lakes
- Lakes > 200 m deep

- Volcanic activity: Strombolian (pyroclastic)and laharg
-tephra falls directlyin the lake
-tephra falls in catchment and iswashed into the lake
-volcanic mudflows ( Zahars) flow into the lake
-volcanic mudflows ( ¥2hass) in catchment; washed
into the lake

How is this volcanic activity recorded in the
lake sediments ?
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LAKE SEDIMENTS

- 22 gravity cores (< 1.30 m) from the two lakes
- In different sub-basins; different water depths;
proximal/ distal from inflows

- Core analysis
- Magnetic Susceptibility (MS)
- Grainsize
- Coloranalysis (L*a*b*)
- Scanning Electron Microscope
- UXRF
- Microfacies analysis
- XRD
- Electron microprobe major element analysis
- SEM-EDS
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BACKGROUND SEDIMENTATION

- Brown-to-green

- Biogenic varves
- Diatoms (spring)
- Clasticifall-winte)

Annual, as confirmed by:
- 21%/1!705'

- 1g

- tephrochronology
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LACUSTRINETURBIDITES

Turbidites, cm-scale i

Fining upwards:
- Course base
- Homogenous middle
- Finetop

Same composition as
background sediments,
including (broken)
diatoms

Mixture: glass and minerals “Ji o il
High MS

Tephra-fall deposits

Yellowish fine silt - clay

High Fe-content
Low MS

Fluvially transported fine
ash from tephra-fall in
catchment

Detrital medium silt - clay
Fining upwards
Different composition from 8

background sediments (no 18
diatoms)
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EVENT STRATIGRAPHY OF LAKE CALAFQUEN

CAOCH)  CADCS  CADOORR  CALAM 4 CaAM  CAAN

EDs can easily be correlated

Varve-chronology
- Lacustrine turbidites
= historic earthquakes '
=2010, 1960, 1837, 1737, 1575,
- Tephra/ash laminae
= historic eruptions i
- Lahar deposits &
= historic eruptions with lahars
=1971, 1963-64, 1948

Lahar deposits
- thicker on deep locations
- thicker close to inflows

l B e = e o8 Yo o
[ e ———
i P

X 22
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EDs can easily be correlated

Varve-chronology
- Lacustrine turbidites
= historic earthquakes
=2010, 1960, 1737, 1575
- Tephra/ash laminae
= hisiond 5

= historic eruptions with lahars
=1971,1963-64, 1948
Lahar deposits

- thicker on deep locations
- thicker close to inflows
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COMPLETENESS OF RECORD OF HISTORIC LAHAR ACTIVITY

no visible deposit

faint clay/silt lamina

clear clay/silt lamina
layer with coarse silt base
layer with sand base

<lem
1ecm<5cm

@e e #0008

>5¢em

------- historical lahar pathway
= reported lahar
m— (aported large lahar
=== eported major lahar

= + uncertain lahar
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no visible deposit

faint clay/silt lamina

clear clay/silt lamina

layer with coarse sill base
layer with sand base

<1cm
1em<5ecm
>5§em

i Qe e #0000 ®

* historical lahar pathway

= reported lahar

w— rgporied large lahar

= eported major lahar
=+ uncertain lahar
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COMPLETENESS OF RECORD OF HISTORIC LAHAR ACTIVITY

@0 920008@
i
i
i
i

@  novisible deposit

O faint clay/silt lamina

@  clear clay/silt lamina
@  layer with coarse sill base
@  layer with sand base
® <1icm
® 1cm<5cm
®

>8cm

------- historical lahar pathway

= reported lahar

= reported large lahar

mm reported major lahar
= * uncertain lahar

X 27

COMPLETENESS OF RECORD OF HISTORIC LAHAR ACTIVITY
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COMPLETENESS OF RECORD OF HISTORIC LAHAR ACTIVITY

no visible deposit
faint clay/silt lamina

clear clay/silt lamina

layer with coarse silt base
layer with sand base

<icm
1em<5cm
>5cm

i @@ e @0 00B

* historical lahar pathway

= reported lahar

m— reported large lahar

== reported major lahar
= * unceriain lahar
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COMPLETENESS OF RECORD OF HISTORIC LAHAR ACTIVITY
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COMPLETENESS OF RECORD OF HISTORIC LAHAR ACTIVITY

no visible deposit

faint clay/silt lamina

clear clay/silt lamina

layer with coarse silt base:
layer with sand base

<icm
1ecm<5cm
>6cm

i ®@eoe @000¢QG

* historical lahar pathway
= reporied lahar
m— reported large lahar
= reported major lahar

= * uncertain lahar
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IMPROVED ERUPTION HISTORY OF VILLARRICA VOLCANO

— VEI>1

==== all VEls

n" eruptions/21 y

(=]

i
1400 1500 1600 1700 1800 1800 2000
Age (vears AD)
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IMPROVED ERUPTION HISTORY OF VILLARRICA VOLCANO

Our record: - ontinuous activity, also prior to 1882
- all 17 eruptions of the 20 century of VEI>1 are recorded by tephra, very-fine-ash laminae, lahars
- no Lahars or very-fine-ash lamina that do not correspond ta historical eruptions of Villarrica
- only a few tephra that do not correspond to historical eruptions of Villarrica = from other volcanoes in the
reglon... geochemically distingt 111!
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IMPROVED ERUPTION HISTORY OF VILLARRICA VOLCANO

Our record: = continuous activity, also prior to 1882
= in total: B8 eruptions of VEI>1 between 1523 and 1991
10
> | —vER1
E ====all VEIs
8
g
&
.
e
0

Age (years AD)
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IMPROVED ERUPTION HISTORY OF VILLARRICA VOLCANO

Our record: - continuous activity, also prior to 1882
- in iotal 88 eruptions of VEI>1 between 1523 and 1991
Lahars: - some reaching the lake shore, some not...

= in clusters - climate related?

i
1700
Ane (vears AN

X 36

IMPROVED ERUPTION HISTORY OF VILLARRICA VOLCANO

Statistical analysis of eruption time series

- Eruptions occur independently from one another (Poisson distribution)

- Repose time series is stationary (Le, a stable eruption regime through time)
- Probability of a 22 yr period (anno 2013) without VEI>1 eruption is <1.7% -
- ¥ery high high probability of a VEI>1 eruption in the near future 1
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IMPROVED ERUPTION HISTORY OF VILLARRICA VOLCANO

Statistical analysis of eruption time series:

- Eruptions occur independentty from one another [Poisson distribution)
- Repose time series is stationary (L2, a stable eruption regime through time)

- Probability of a 22 yr period [anno 2013) without VEI>1 eruption is <1.7% =o . L
- Very high high probability of a VEI>1 eruption in the near future . o Foa

This conclusion was published in February 2014

Villarrica Volcano erupted in March 2015
(for the first time in 23 yrs)

7
This illustrates the importance of HE it .
having long, continuous and well-dated 5 i pilll
time series L 7%
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CAN WE GO BACK FURTHER IN TIME ?

Long sediment cores (ca. 14 m long] In Lake Villarrica and Lake Calafquen
- a.10,000 yrs of sedimentary history
- ¢, varve counting (parts), tephrochronology..

X 39

CAN WE GO BACK FURTHER IN TIME ?

Long sediment cores (ca. 14 m long) in Lake Villarrica and Lake Calafquen
- (2. 10,000 yrs of sedimentary history
- “(, varve counting (parts), tephrochronology

Lahar deposit stratigraphy shows continuous activity
= with periods of higher and of lower activity
- gradually increasing trend towards present

- These data need to be further analyzed

- Better age models need to be established

- Tephra fall-out deposits should be included

- Lahar record needs to be compared with climate
records

CONCLUSIONS

Lake sediments can be very useful to produce long time series (ie. beyond instrumental and historical
times) of volcanic activity

Annually laminated lake records provide the best chronological control (but only in combination with other
geochronological methods)

Good understanding of the lake's sedimentary environment is crucial to properly interpret the record of
volcanic activity

Volcanic deposits should have distinct geochemicalymineralogical characteristics, allowing them to be
distinguished from deposits derived from other volcanoes in the region
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Introduction

X 1

Fuji Five Lakes Project

- Lake Yamanaka LAt
- Lake Kawaguchi o] O 4]
- Lake Sai F3j#}

- Lake Shoji ¥k

- Lake Motosu #ifi il

Fuji Five Lakes Project

- Chemistry/biology of the lake changes over time in

Fuji Five Lakes Project

Lake Motosu

- Deepest of the Fuji Five Lakes (over 120 meters)

- Preserves a record of earthquakes and eruptions

- Turbidite deposites

- Voleanic fall out

response to environmental conditions:

e e e

DR DY,

X 4

X 2
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TET,

27 a7 hOTRMICRY
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Dk, ¥ —E XA MRKILKZR S
ODWNWTHRD Z LWL TEEZIED
BHZEMTEDLEERE LT,
s, BEEEEITCT D, RIS
RBEOEILLE VW) L EEZTEY £
To ZOMDILF B 2 WITAEDFRIIR
W) DIFBRREEITEDs TINE
FTOT, RE, BKE, ThnrbH
HR VG R O S 70 & & PR TR Y
F79(¥ 4),

BN FEICOWVWT IR/ LE T,
TOTVLEUDO My ZIZHTZY FT.
L% RBIZIE L o L REE - F v
A= EETLIEZWE B o TnET A,
SREFERICOVWTIEMNEEAL, *

PLA, TNFETHE L TCEENEARNRIEE., 2055 ki0 7 7 miEi
SOWNWTTHEMALTWEZNWE B TnET(H 5),

FIPRAICFIECHODNWTTT, a7 Vo 7 FEEFE--THETH6), AHTTICTE A B
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WHETRETTIERS, ERICAVw—%
Methods T A HEMATVES, 27
Currentwork H2A—hLORESTHENLOTE, 2L
TINZMIEICEETATTN, L&A
D hHEMZTER M Z2BEICH biIALE

- Goring method
- Stratigraphic correlation
- X-Ray Fluorescence — elemental adundance

- Color reflectance — Sediment “lightness” (L)

- Chronology T TOXICTFIFTFELT, 2L TH

Future work EHFE CHREIYEEST, EARZZT
+ "%Beryllium - Deposition of mainland Asian sediment ESINTAYy~—TCa7r7 % FIFTn&F
: (sviv|li:: Z:cr:::::'lotopes ~ Monsoon intensity T STICBEAH Y LI, RITRDHEL

TE A N UNRBEEISNLTEINZWNWE NS D
X 5 LERLCTWES, LTI CHEWSE

FU L TWHZ xR L
FT A 3TN 2 A—
MUVE FICfls Y . %
ZCHERW AR L T
F9, T2 A— kv
LidbhEHA, a70
EXF 2 A— b, FER
EEINPOIEY R IR
REWHAE, bot R
a7, bokREWVR&EN

Coring Method

“Hammer” piston coring

Coring Platform

- Sediment cores to sample subsurface.
2-meter long hollow cylinder.
Lowered to lake floor, hammered in.

- Piston provides suction.

- Once at lake floor, piston cable is fixed

- Depth of sampling: 0-2 meters

In the video, red piston cable
indicates it is fixed in place

X 6

Coring Method

“Hammer” piston coring
Coring Platform

- Allows to penetrate deeper
Piston not fixed at lake floor
- Piston fixed at 1-meter

- Depth of sampling: 1-3 meters

- 1-meter extension added (black)
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Coring Method

“Hammer” piston coring

X 8

Coring Method

X 9

XV TFIZAD . XS OHERE
WaEIRLET, 2 A—hk1, 1 =2
T, ZLTHOarTEMHS Z ki
rXoT, &Bblz2mb 3 A= E
THETDHIZENTEET,
ZDL )AL IS TV E
T, EERICRFERELMES Z L1
FoT, X EFETTOT, —F
IFELINEET(X 8), 2 ADFEAEN
SFSTVETITNESL.305<H
WIRBE I IC T2 E A B E LTV D A
T9, 2L TCar7w#EIRLTHET,

I 2N EAT > 72 O 1T A
TIX 2V EFLT, £nITHON
THELLATHWE W EBRNnET
(X1 9,

—2FY A~ 1, b —OonYA
c2&oTWETNH, ZZIZHbH
RWH, a7 oHERL TN
F9(% 10), L T, 20 A— k<
HBWOREBETHM L TWET, ko
BRLE Zoblk, ZhaimE Ik,
ZLTHEE WS Fick v £
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Coring Method

MOT15-1)-H-1

MOT LA et oS- 1011
MO’ -
MOT15-1F-H-1 MOT15-1A-H-1

MOT15-1B-H-1 MOT15-1C-H-1

Site 1
“MOT15-1"

MOT15-1B-H-2 *
MOT15-1E-H-1

- OT15
MOT15-1A-H-2 MDIA3SID M5

MOT15-2E-H-1

Site 2 MOT15-2D-H-MOT15-2B-H .1

“MOT15-2"

¢ MOTL5-2C-H-1
MOT15-2A7H-1

N EEA, EED O N
52 A=A, 105 3
A—hE& EIERIOD
HEREW 2 [FIL LTV E T,
ZTHOWNIHISEIHITLZIZ
IMNNNTL XD, T A
M1 T30 1D, 2
2{FALta7%, FLAKR
Tvary, ALEIITHE
PERE AL & W 5 a7z B Tl
o TTORLTVWET,
IHLHIZREY £T &,
ZONRE—URELC LD
ROGHTHD I ENBY

X 10
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Coring Method
MOT15-1

Blue sites: Japan
Red sites: Shared

Black sites: Belgium

X 11

Stratigraphic Correlation

2¢ I
@
53 1
S
E
=
24
[ -~ ]
5 i

X 12

Stratigraphic Correlation

1
3| | -
4 |

Depth (meters)

X 13

Stratigraphic Correlation

I Construct a
— " . » w
composite splice

X 14
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F7,

ZTOTHE, INNaAaTOEBEOERERA
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fLEZpoTHWET(H 15), EEHOaT R dH
NEFT, ThEHEAbEET, Z0a70
—FKE ZZIZOoRTET, TTOT, ik
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ZLTZZIZHMDNTNS EWN I N biczo
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0-2m 1-3m 2-4m 3-5m 46m 5-7Tm 0-2m 1-3m 2-4m 35m 46m 57Tm

X 15 X 16

SFESFERaTEEDTELOT, 0 2B X
FME FTA—RMLVETHIAA—LTWVWET, ZIEFHEEXBRT—F T, ZhiFgke~o
YOWERERLIELDTT,

Z0aATENALFXF - ANOEEAT T RAZSILIZEEADDELIEVWHI T, FAeH
FaTIZOWTRHUES RPEEZIT>TWVWET, AF—F—LRFELT—FEHLEL
oo THIEETT., FVEWSMERIHET, THLEIK ISR TAHASL L, UL TR
LNTZbORHLIERINVETOT, TNEAARTOL saror—2LtHERED
D, INFXF—THELT —F 522 > TWVETOT, TNExERIIHHITETHELADOT —4
AT RD LR £T,

5T, RORT v S TTHRLE b,
WoT, TN T A— hLE CTHfEMY
IZRiEA C&E &, £ 2 THERMIE N

Radiocarbon dating

- Based on decay of '4C radionuclide Formed from N N < 3 N
atoms in atmosphere due to collision of galactic TELDTTTR N *ﬁ i %E b 5% BN
cosmic rays MU TE LI E L7, EERITK

- Fully decays in 60,000 years SFHMEIR SRR T 5 54 £ CRHAIATRE T

- Measurable to ~50,000 years »HHrE. LML iﬁl‘if P BE A NG

- Must be calibrated to calendar years CHTCHEEE AR L E 3, MLk

- Performed on terrestrial macrofossils (plants matter) I gﬂ% Iz,yx Iz ﬁ&%‘f’l‘iﬁ % L 5 DI Hj{: §+ %

N (— ™ KR sfa

and bulk organic carbon

FFoTWabaR, TOMRHITFE B DE
RIZIETEbLRWESE>TWE L,
JEEIZIZ 72 > TWRWO TREIET 5 44

X 17

ERbHY ET,

T, FOLIITHBEETDHONEND Z & T, Bz BITEMNRBIEE 3 2 BRI H] 2 134
Wolbsa & h, KELAEN, HOWVITEAEKIRFE R EZHREBM O > TEIEZ{T-> T
WEETIIT, WO ZETETHEMC, VA4 P 2Z2FICTHALIENEBNET,

KRR H EORERIRFE LA NDT — X E o TRIEZT 2D TR, KICERTE
FLEVWIDEMFNET, ZZTELVTHLE - VI ab— g EffioT, KELTH
FHERET L EDL 2> TWVWEET, FIZIENANWARERET NV, 1 HEIEIT DT TT
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Chronology

Age modeling — Site MOT15-2

- Bulk dates corrected based on offset from fossils
- Calibrate with MatCal (Lougheed and Obrochta, 2016)
- Monte Carlo simulation (Obrochta et al., in review)

- Probability-weighted sampling of posterior probability
density function (PDF), limited to 95% C.I.

- 10,000 iterations

Resampling in case of age reversal (up to 100 times)

X 18

DRI Z OROEENL 95% D1
X CckowpZenTEES, Z
5 DN EBRMEREERTKL VS Z
2720 £9( 18),

TR ERIZY A 2 THLATK
ETF—ZTHidneE s, BAReERIT
95% DEFEXMIC > TWVET, Zh
ISR IR AR & WA & OB IE T
EBNLELTNRNDONREBLMND
W72 % EEWE T,

INEWEBFICERTHE, 22T
Boh DO HERE KRS (PDF) &
WO ZEIZRVET, ZanEm< i

i
i

(Y

-(:\
&

BEVEWHERTINMDELWMERTHLLEWVWIZENEZET, RV RERENS D
DEFTITREL, 22 TIE 3800415 3500 FF THEAEL TCWET, 22 Tik 4100 2
53700 FEE T, TN EMROAREMEOH AL WS Z L2 > TWWET(H 19).

Methods

Age modeling — Site MOT15-2

BAabCal 2.0 Meugheed and Obrockia, 2018)
le*n:!ﬂ (P ot ol 2013

4000 |I"”1

Iy

4500 30 4300 4200 4100 4000

"G dae- 3622 = 58 "'C yr BP

Cal age 95 45% HPD) intervale:
119 4142 & 4138 cal yw B2
$0.6%: 4093 o 3623 cal yr B
2.7%: 782 w ITES cal yr BF
1.4%: 3748 1 3729 cal w AP

X 19

HrolZNEFonriz<whEHnWET DT, =27 =A—Tarz>5<VFELk,
EREFT LD HFIZHOWTTT, —D—DZ2IChb T ok, ZitfkRE K
(PDF) T, WBEICKET ATDD—>—2SDOMEREZEFENR, A4 F 22— |2 LT
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1.6 A—hVET, A0 LATEATRE L, ZONMOHFIZITEWE O HEE N
HYET, 2NN BUOEHEKXMER>TWET, —D DDA b L TiEIRE L
TWEFET, TR LN EBENET,

FTEMRZRDT, —DOOFERETLESLIVET, &) —EV £, 2 TEADN
ANBboTLE-T, L TCLENVWELEZ, 22T PDF OV 7 et 9 —ED
BELET, ZLTCZNZ227VT7THIE, SHIECTFTETCHEET, ZRTOo0ERET L
MTEZEVNS LIV ET, SHIZZNZE 1 HEEYVIRLET, £95 LET L HEKEN
W2 ENLS BWVDIEDOEE RO DE Y AFERET VDO AHEEWEDOIEN 302> TEET,
WAEHICZDRWIBIZE D EEET, TP FHRRIEE, DV —EDOREEEZIN A
THERDOEROER 3D T, 2FV, EFIIHKEOGWVEEMEOSWET VEHED Z
ENTEET, —EOREFSTLRHEIEMELZMA T D L2 77,

FAF1IOEFEI> DD LELVWD
TTN, BHrdHEHV 7Y —2T
EZeholcl s Z EnMEIC
Age modeling - Site MOT15-1 o TWES, 22CHA 11T
DOWNWTIEZODOFEEFENE L
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. Calibrate with MatCal NRATT VERET NV EENE L
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Chronology

X 20
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MEXEH. TOFA TSIV IBREEL
HMRAEM SO KIUEX EME, HiFY OHEEHL

Aurélia Hubert-Ferrari ()T —<a1K%)

The Fuji Five Lakes, a dynamic environment that has sustained
large changes linked to volcanic eruptions, earthquakes and
landslides: New evidences from the lake survey

5; L | Hubert-Ferrari: ¥ &4 = Al b,
0 20 s " Aurélia Hubert-Ferrari & #H L £ 9,
N/v:\f—ODU:E—?}:Lj(i#E%DiLf:O FPTREREO LT AICTEHHB L LT ET, &
TR PR O T2 I WV ELEEE LI LZEHLET, THAEEA, BRE O

WTEBYVETOTH L2 EFERMESIIKWNSLAEFEAN, BROFIZENTWND Z &
ZREVET,

KARK#EOF LBy TF—a v
1. New data acquired in the Fuji Five Lakes L 72 WEFTN, T ZTIEELEM
Within the framework of the QuakeRecNankai project @ ESrYTTnEiznt B neE
Funded by |1 a: B ARG, T O, 2
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1. New data acquired

High-resolution seismic reflection profiling

¥ Imaging the subsurface with acoustic waves
» Campaigns in 2014
» Equipment of the University of Gent (Belgium)

wsad for he
sessmic feflection profilng

1. New data acquired

Seismic grid: 122 km (orange lines in figures) complemented
seismic reflection profiles acquired in 1998 (green lines)

Lake Yamanaka

» 28 km of very high resolution
seismic reflection profiles (25
cm resolution)

Lake Kawaguchi
» 31 km of very high resolution

seismic reflection profiles (25
cm resolution)

Lake Motosu

» 39 km of of very high
resolution seismic reflection
profiles (25 cm resolution)

Lake Sai

» 24 km of of very high
resolution seismic
reflection profiles (25
cm resolution)
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1. New data acquired

Gravity coring (oct. 2014)
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1. New data acquired

Piston coring for long cores with 2m long
sections

83



MEXEM. TOFATI VI GREEL AR, OO > NUER EHE, #iF Y OFIN

NIBERA a7 ORBHREN 24, SHICBFEORT R—L- V7L flinvE L,
IHLDIE)I TRATEHDTTN, 1.5 A—FMbH 2 A= HWVDEIDHEDTL
7=,

TETIX, 798742372 >, BEXMrar7z oL LE LT,

THIEH LT — & & LT 2004 4E X 2005 FEICEL - 2L DT,

B T O HERE Y 1 3 g % fi
D, REERLELE, 20D
DOFEHICITBEDOBRKEDORL
Lake Yan?anaka 2BENGENTVND Z &N
g cigur;‘:tﬁ:ﬁ::; :aorehole o TWET(H9),

S P wELoOEAICES Y
DTT, BLIDOEAKIZED D
DEWVWHELRIYTRE, A2
Lake Kawaguchi THETYWRHY £3, ZHLET

» T gravity cores

» 2 piston cores (8 mand 5 m) WHTL EAOBHERHY F L
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Lake Motosu POET, FLKOERELE

» 6 gravity cores

» 2 piston cores (3.75 and 6.85 DO ETOT, WHOKNMNMEE 2
m) that completed existing

boreholes HToli ’tﬁ@iﬁ“ En< sy

1. New data acquired

Coring sites in Fup Five Lakes
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2. Goal of the presentation
B £4, £ L THIEDOHR

Explain that the Fuji Five Lakes record past natural NEDLENLTWETH., A
hazards )
Show that these hazards have strongly impacted the RET L. RIFEDIEICK
o % BCHH B SRR AT IR T & 34y
» Eruptive products of Mt Fuji have different VESE
consequences: °
1. Scoria fall layers affecting the lakes, its I TEWa TR
catchment and the lacustrine sedimentation
2. Lava flows modifying the lake physiography DELL, Thhb, 2HH0

T7ITDOY T > TCTWE
» Earthquake shaking induced induced by nearby b3 .
subduction and fault zones could trigger landslides, T, TTDOT, HbrosRxT
mass transport deposits and turbidites documented . S . . N
in the Fuji Five Lakes BTS20 OTH R,
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Seismic shaking from different
sources would also impact the Fuji
area and its lakes
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5. Earthquake shaking effects on a lake:
landslides, mass-transport, turbidites

Seismic shaking would

destabilize loose rocks and

sediments triggering:

» Landslides/ debris flow in the lake
catchment

» Mass transport deposits (MTD)
resulting from large failures of
lacustrine slope/delta

» Superficial remobilization of slope

Effect of ceismic chaking on & lake and its catchmant from Van Dacle ot al.

sediments leading to the formation  (sedmetology, 2015)

of turbidites

Layer from a prevous
turbidiny

Skatch of the formation of MTDs/turbidzes
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Head of a turbidity cumrant in laboratory
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HOREHITZNWELE,

6. Conclusion

» Scoria fall out and lava flow are evidenced in the seismic
reflection profiles and in the gravity/piston cores
sampling the sedimentary infill of the Fuji Five Lake

» Precise dating of the sedimentary cores could improve the
chronology of the Fuji volcanic events

» The environmental impact of these events could be studied by
conducting different analyses on the sedimentary cores

« Landslide, mass-transport deposits and turbidites also
impacted the lakes

» Precise daling of the sedimentary cores is needed to confirm
that earthquakes are the triggering factors of these events
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Advantage of Tephrology in Lake Sediments: Eruption Style Reconstruction and Eruption

History Construction

Yoshitaka Nagahashi (Faculty of Symbiotic Systems Science, Fukushima University)

The advantages of lake sediments are expected to keep the continuous sedimentation after lake
formation and the high time resolution as well as the good preservation of tephra (generic term for
the fragmental material by an explosive volcanic eruption). This good degree of preservation has
two meanings. First, lake sediments retain the potential to record minor tephras that were eroded
on the proximal area. Second, the tephra material keeps previous status of eruption and
sedimentation without weathering or metamorphosing. In fact, densely preceding studies of
tephro-stratigraphy around the lake are important for the reconstruction of the eruption style and
the eruption history. Together with these results, I present examples of reconstruction of the
eruption style and the eruption history from lake sediments near the volcano (Lake Inawashiro,
Lake Nojiri, Yoshino Formation in Kumamoto Prefecture) and far from the volcano (Takano

Formation in Nagano Prefecture, Lake Biwa).
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Japanese Volcanic Eruptions as Shown by the Northwestern Pacific Seabed Sediment

Kaori Aoki

Rissho University, Faculty of Geo-Environmental Science; Visiting Researcher

Observations of the seabed sediments collected from the North Pacific surrounded by the Pacific
Ring of Fire showed that in the most concentrated locations there were one or more tephra layers
every meter in the marine area 100 km or more far from the volcanic belt. Even in the Sea of Japan,
Sea of Okhotsk, and Bering Sea, called the epeiric seas, there are multiple tephra layers in the
Quaternary ooze sediments and some of these are often used as time indicator layers.

There are currently 110 active volcanos and over 300 Quaternary volcanos in the Japanese islands,
which are located in the Pacific Ring of Fire. The ejecta from these large-scale volcanic activities
were distributed widely across not only the land but also in the surrounding sea and deposit on the
seabed. When the “umbrella cloud” of the eruption column that is formed during an explosive
volcanic eruption spreads out horizontally, the ejecta are blown eastward being affected by the
temperate westerlies and the jet stream above Japan. For this reason, the tephra created by the
Japanese volcanos are broadly spread across the Northwestern Pacific. For example, the Aso 4
tephra (87 ka) that is thought to have been created by one of the largest eruptions in Japan was

found in sediment from the Northwestern Pacific located 2,910 km northeast from the source
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volcano. Like this, tephra of volcanos from Hokkaido to Kyushu are distributed throughout the
seabed off the coast of east Japan and these layers overlap at one location. Furthermore, sediments
sampled from the fore-arc basin close to the land can be utilized for detailed paleoenvironmental

studies as well as tephrostratigraphic studies.
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Lake Sediments as Chronicle of Past Volcanic Activity — A Reconstruction of 600 Years of

Eruptions and Volcanic Mudflows at Villarrica Volcano (Chile)

Marc De Batist, Department of Geology, Ghent University, Belgium

Maarten Van Daele, Department of Geology, Ghent University, Belgium

Jasper Moernaut, Institute of Geology, University of Innsbruck, Austria

Karen Fontijn, Department of Earth Sciences, University of Oxford, UK

Mario Pino, Institute of Environmental and Evolutionary Sciences, Universidad Austral de Chile,
Valdivia, Chile

Roberto Urrutia, Faculty of Environmental Sciences/EULA, University of Concepcidn, Chile

104



HEEE

S.J. Roberts, British Antarctic Survey (BAS), Cambridge, UK

In this study we use a multilake and multiproxy analytical approach to obtain reliable and
high-resolution records of past volcanic activity from annually laminated (varved) lake sediment
sequences extracted from two lakes, Villarrica and Calafquén, in the tectonically active Chilean
Lake District. We identify and characterize four different types of event deposits (i.e. lacustrine
turbidites, tephra-fall layers, runoff cryptotephras, and lahar deposits) and we use these event
deposits to produce a revised eruption record for Villarrica Volcano.

Time-series analysis shows 112 eruptions with a volcanic explosivity index (VEI) > 2 in the last
~600 yr, of which at least 22 also produced lahars. The last recorded VEI > 2 eruption occurred in
1991. Based on the last ~500 yr, for which we have a complete record from both lakes, we
estimate the probability of the occurrence of future eruptions from Villarrica Volcano and
statistically demonstrate that the probability of a 22 yr repose period (anno 2013) without VEI > 2
eruptions is < 1.7%. Villarrica Volcano erupted (VEI = 2) in March 2015.

This new perspective on the recurrence interval of eruptions and historical lahar activity will help
improve volcanic hazard assessments for this rapidly expanding tourist region, and it highlights
how lake records can be used to improve historical eruption records in areas that were previously

uninhabited.
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Timing of the Past Geological Events Determined by C-14 Using Single Stage Accelerator

Mass Spectrometry

Yokoyama, Yusuke

Atmosphere and Ocean Research Institute, The University of Tokyo

Incoming high-energy cosmic-ray to the Earth’s atmosphere produce cosmogenic nuclides
including C-14 via the interaction with the atmospheric gases. They can be used as a dating tool to
identify the geological events happened in the past. In my group at the University of Tokyo, we
developed the method to measure C-14 very precisely. It enables us to reveal past environmental
changes including the timing of eruptions that were originated from Mt Fuji. In my presentation, I
will introduce AMS based C-14 studies including the work that we are conducting the materials

obtained from the Fuji Five Lakes.
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Mt. Fuji Eruption History Study and Related Issues

Mitsuhiro Yoshimoto

Senior Researcher, Mount Fuji Research Institute, Yamanashi Prefectural Government

Mt. Fuji eruption history study by Tsuya (1940, 1968), who conducted volcanology research using
mainly lava flows, was compiled as a volcanic geological map. Stratigraphic study on volcanic ash
has been conducted by Machida (1977) and Uesugi (2003) among others, and the comprehensive
eruption history was identified by Miyaji (1988) based on detailed tephra stratigraphy. Further,
Takada et al. (2016) restudied Mt. Fuji’s activity by reviewing the stratigraphy and using
radiocarbon dates to revise the volcanic geological map. Research on Mt. Fuji’s eruption history
made good progress due to the research of the Takada et al. group, but the number of Mt. Fuji
eruption deposits is very high, the interval between eruptions short, and the lithological and
geochemical features are quite similar, so it is often difficult to correlate the stratigraphy, and for
much of the ejecta there remain questions regarding the correlation. Further, the size of many of
the ash falls is small and the formation of multiple volcanic vents during a single eruption are
additional factors that complicate the research. Compiling a detailed eruption history is the most
important information necessary for developing volcanic disaster mitigation. Therefore, new
methods for comparing the strata and for dating eruptions are necessary to further advance the

research into Mt. Fuji’s eruption history.

107



HEEE

W DWEA S oo e AIZ & D HEAEZE(L D FESL

A
WAL S R R e AFgE A

?im%ﬁbﬁ<ﬁﬁﬁﬂjv§$ﬁéuk LOMELHAEEABVIRL CE, LL,

WEOKITEE N BRBEIC S 2 EBICHONTIE, S EIFOEKEZBRTFIZLL bro
TWiinotz, & LIoERICAMET D LMoY hiciX, & LilbkoTr 7718 %
BRAINATEY, MAZL2ARBRE~OZEZHELIOIZH L TWD, KR TIE, L
T O IEHERE D & EN D IENIER & PEIE N A WIS kT DILZR 2<% 2 & T,
@£1ﬁam0$%@ﬁ$%M%@mLko%@ﬁ%\éﬁgﬁzmoﬁﬁﬂg1%0%%@
WA E LTI, MAOEBIZL VD L b 2 B RANERNEE 2 2T fE
&6:kﬁb#ofﬁko*%K%iM@?7?@%ﬁ%k?ﬁ&Ki5ﬁ%ﬁ%bwk
SNDNR, BEIR Do T K9 R KT BEEA X &2 #EkbFr e dtfE e L THW
5L CHIEHERY — Lt va VR TTOM KGO X FEMZR R afieE b 2 &
W IND,

Vegetation Changes Associated with Volcanic Eruptions of Mount Fuji: Evidence from the

Lake Sediments from Lake Yamanaka

Shinya Yamamoto

Researcher, Mount Fuji Research Institute, Yamanashi Prefectural Government

The natural environment of Mt. Fuji has been significantly affected by repeated eruptions for
years. However, the impact of past volcanic activity on the natural environment has been still
unclear except for the most recent eruptions. Because many tephra layers of Mt. Fuji are found in
the sediments of Lake Yamanaka, one of the Fuji Five Lakes that is located northeast of Mt. Fuji,
which can be used to study the influence of past volcanic eruptions on the natural environment. In
this study, we investigated plant chemical components called fatty acids in the lake bottom
sediments from Lake Yamanaka to reconstruct vegetation changes over the past 12,000 years. The
results showed that the catastrophic devastation of land plants was likely caused in association
with eruption of Mt. Fuji at least twice during the period of 2,000 to 1,000 years ago. In general,
correlations of the tephra layers of Mt. Fuji are sometimes difficult due to their quite similar
lithological and geochemical features, but our findings suggest that environmental events that are
associated with volcanic eruptions can be used as geochemical markers for detailed correlations of

tephra layers between lake sediments, and possibly land sections.
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A Stratigraphic Framework for Westerly Wind and Monsoon Intensity Reconstruction Using

Sediments from the Fuji Five Lakes.

Obrochta, S.P. (1), Yokoyama, Y. (2), Miyairi, Y. (2), Yamane, M. (2), Nagano, G. (2)

1. Akita University, Graduate School of International Resource Science

2. University of Tokyo, Atmosphere and Ocean Research Institute

During November 2015, a joint Belgian-Japanese team recovered a large number of piston cores
from three of the “Fuji Five Lakes”: Lake Kawaguchi, Lake Motosu, and Lake Sai. Individual
sediment cores are up to two meters in length and distributed over up to approximately seven
meters below the lake floor. As progressively deeper cores were obtained, an approximate 1-meter
overlap was incorporated to ensure continuous recovery of the in-place stratigraphy. We use a
number of parameters, including visual and geochemical composition, to correlate individual
layers across overlapping cores and construct a composite, stratigraphic section for each lake. We
then produce an age model for the composite section using a large number of radiocarbon analyses
on both terrestrial macrofossils and bulk organic carbon. Evaluation of the resulting sediment
accumulate rates allows us to identify sites that experienced relatively continuous sedimentation
and are therefore well suited for conducting environmental reconstruction, as well as estimate the

age of individual volcanic eruptions and the average recurrence time.
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The Fuji Five Lakes, a Dynamic Environment That Has Sustained Large Changes Linked to

Volcanic Eruptions, Earthquakes and Landslides: New Evidences from the Lake Survey
Aurélia Hubert-Ferrari, Department of Geography, University of Liége, Belgium

Within the framework of the QuakeRecNankai project, about 122 km of seismic reflection profiles
were acquired in Lakes Motosu, Sai, Kawaguchi and Yamanaka, and short gravity cores and long
piston cores were collected. The talk based on the newly acquired data will explain that the Fuji
Five Lakes do not only record past activity of the Fuji Volcano. Large earthquakes are likely to
have impacted the lakes, because strong earthquake shaking has the potential to weaken rocks and
soils, which results in mass movement and in sediment remobilization. Large mass transport
deposits were documented in all the Fuji Five Lakes. In Lake Yamanaka, a min. 5 000 000 m’ mass
flow took place along its southern shore extending to the lake center ~ 2600-2100 yrs ago. In Lake
Kawaguchi, smaller mass transport deposits occurred after Higashiken lava flows (~3800-4000 yrs
ago). Lake Motosu shows the most extensive record with numerous landslides occurring before ~
3000 yrs BP. The largest mass transport deposit covers an area of 0.89 km” and its upper part was
sampled by a piston core. Seismic shaking can also remobilized sediments previously deposited
leading to turbiditic flows that settled into the deep depocenter of the lakes. This process was

evidenced in Lakes Motosu and Kawaguchi.
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