Extracting the Deep Marine Record of Earthquakes from the W universitat

2 Innsbruc

Japan Trench Mar%in Sediments

Jamie Asan', Cecilia McHugh',?, Leonardo Seeber’, Michae

trasser®, Toshiya Kanamatsu>, Sharif Mustaque',° :
ESLEE G E 'Earth and Environmental Sciences, Queens College, City University of New York, 65-30 Kissena Blvd. Flushing, NY 11367,USA, | lﬂf_“““t‘Dﬂ. Crty I?m 1 QSET"_’HFGF
2Marine Geology and Geophysics, Lamont-Doherty Earth Observatory of Columbia University, Rt. 9W. PO.Box 1000, Palisades 10964,USA, S sn ey ee e i
J A MSTEC BIRRHELA *Seismology Geology and Tectonophysics, Lamont-Doherty Earth Observatory, 61 Route 9W, PO Box 1000, Palisades, NY 10964-8000
LA R LT PR o SN e : _ . AUBURN
Joan Agecy for Mo Earth Scene and Tecnelogy Institute of Geology, University of Innsbruck. Innsbruck, Austria, "Marine Geology and Geophysics, JAMSTEC, 2-15 Natushima-cho, Yokosuka, AUDU
237-0061, Japan, *Auburn University Dept. of Geosciences, S College St, Auburn, AL 36849-0001 UNIVERSITY

Objectives Depositional Environment: Slope Discussion: Proposed Processes

-To document what 1s known about the 2011 Tohoku event deposit @siope Core GeoB21815-1

-To learn from the lithology so as to characterize the history of paleo- O Grain size ' Signature of the 2011 event deposit " large and sow oscillations o long duraton. e e e o duraton
-earthquakes in the Japan Trench and other settings Mean in Phi weight % Ms-Piston photo | in steep parts of the slope |
-To document the processes by which homogenites are deposited and their T T ?Ciay’silit P | (3,000-4,000m): DT IO OIS et lows ‘iﬂfﬁiﬁﬁ%ﬁéﬁﬁ Cediment plumes
. 10 - oy sit reaching a terminal
link to the. 2011 Tol}oku earthquqke | ; “We identified areas where the 2011 L dd\h basinorreneh
Homogenites are thick (1-7 m), lithologically homogeneous that lack 20 o event was deposited because the slope failures - donse sediment plumes ™o ¥
-bioturbation and are acoustically transparent (McHugh et al., 2020) g 30 ~f sand e o oo — - sediments either contained short-lived ettt -5 D
= | 1 o ' i -2 3 radioisotopes or not. stacked turbidites = THICK HOMOGENITE
BaCkg l’OllIld S 40 ot l -Steep areas of the slope didn’t preserve ¢.  Proximal to small earthquake near rupture zone:
- e the 2011 event deposit. depsits depend on pre-existng nstabilies
Tectonics, plates, and rates: :E B - -Acoustic images coupled to core data
The catastrophic Tohoku earthquake and 60 : o = 1 s indicate more indurated, presumably
tsunami M 9 event occurred on March 11, 2011 assani ob L L dF - o - older strata, exposed at surface. gy SCtine
e s 24 o S - in the Japan Trench. The Pacific plate subducts . - 876540 50 100 o210410°810° ﬁl Sess currents 00
74 £ mlgcr Plate|[ ’ s " ] beneath the Okhotsk plate at 8.2 cm/year. The : 2 COI;'PSZ tsil ‘ M.S (SI) ,:i; ' AR slope failure /\- /
' Wk Ry B § rupture reached the trench and slip ncreased Shortly-lived radioisotopes were absent in Core GeoB21815. The lithology 1s composed of sandy silt. ! S croste trbidites . ,o D

up-dip. The rupture caused for the plate to move -y, grain size 1s dominated by very fine sand and coarse to medium silt and there is no evidence of fining upwards to clay.

. . [ ]
= 50 m horizontally and about 7 m vertically C O nc1u SlOIl S

S (Fujiwara et al., 2011) o, 0 o ,
o Depositional Environment: Trench: Four Segments 2011 Tohoku carthquake event deposit
- - N -Absent from steep areas of the slope
i - 2011 Event Deposit Absent -Present downslope of the area of maximum slip
i o0 | 4z Qgamara Northern Trench Central Trench and in the sogthem segment of the Japan Trench
R0 o i o _ I e Core GeoB21817-1 Water depth = 7607 m Latitude 40 23.735'N Longitude 144° 25.256'E ”'"f. |"°“ : - - v o it du‘fg;ﬁ"f:gﬁéﬁﬁﬁ; mﬁﬂ':fgg“ o Termmal basm.
Study Area: During the 2016 R/V Sonne 251 expedition cores ZZZZ I | ! | weufwfu'r‘-m]w”?u% e J.;‘:m‘:“w s | T -Iamiiim;i | ! | | B e B 8 e T -I; IE absent }fl‘rom ﬂlli“ Nortllllern and gentrgl segments
were extracted from the two depositional environments in the _7000 1 £ ] w bl el [l ol ] grentdeponn B - I, | |Cecb21812 | O t. ¢ TreI}C .d.lslta rom the area of maximum slip
Northern, Central and Southern regions near the rupture and the | , - acousticilly =l b I} o - Grain size variability:
area of maximum slip. s = ‘™ AR B A -Slope lithology contains 25-50% sand
R, S L i RIS S P rench lihology is iner grained and composed
GeoB21809, GeoB21823, and GeoB21804 | T SR transparent i AL b ] o TIN ) e of silt (40-60%) sand (20%), clay (20%)
Ages from short-lived radioisotopes: ‘:é ot dididid of L7 | Grain size differences between homogenites and turbidites:
Short-lived radioisotopes were used to track earthquake event e -Hompgemtes are composed of silt and_CIay
deposits. With normal slow deposition offshore Japan, xs?'°Pb is & = -Turbidites are composed of sand and silt normally
preserved only in the upper few centimeters of sediment. The 5 . graded.
xs*°Pb we measured in the event deposits had a high Okm 75 150 2011 Event DepOSlt Present South T h t inal basi International Ocean Discovery Expedition 386 will take
' i o . rn 1rcein rmin 11 . : : .
concentration and therefore the event deposited was related to the Downslope of area of maximum Sllp i ——— — place in 2021-2022 to continue to test this hypothesis.

2011 Tohoku earthquake. xs*'Pb decays in 150 years because of its Lines GeoB21802 and 03 | b.

P 1030

short halife. = gl T Awknowledgments
. . . | : silt sand l— Y | We thank the Captain, Officers, Crew and Scientific Party of R/V Sonne 251.

Fukushima Dai-ichi Nuclear power plants accident: “ema oy poko Swesmmy 1O T oo | ool 20t St This effort was sll)lppo’rted by NSF-OCE 1139036; NSF-OCE 1436503
137 134 13 . . 70 0 S O _ 2 10650 acoustically 1.5mp &F G e . ’ i i

Cs and ™Cs (half-life 2 years) entered ocean and sediments 137 . 0 LIPS R g B > Y r?r_ms_par\inlegsgg:ﬁgﬁ £ 3‘@#'—':,}‘" | : NSF-OCE 1736941. We also thank Cecilia McHugh, Sharif Mustaque,
(e.g., Buesseler et al., 201 1., Aoya et al., 2012, I.(usakab’e et al. 2013) .CS was also put out into the 20 £k ":-, 20- \;;f;ﬁgf{gﬁeﬁpgniggts E . '_I_“__:-L.--.I.\., i ' l =% I __g L.eonardo Seeber’ Michael Strasser, and Toshiya Kanamatsu for Contributing to
atmospherfz by mll;:lear testing thqt pegked in mid-1960 s. When the se.dlme?nts preserve a peak g jz : - : s S m_ P | ¢ the findings found in the data. We also ackowledge JAMSTEC for their
i:;mcentratlon of ¥7Cs, only then it is interpreted as having been deposited in 1960’s. If *’Cs and £ . B R ;:?m.sm F“L“:: g i contribution and support in collecting the cores and making this study possible.

Cs are together they reflect Fukushima disaster. 1**Cs has a half-life of 2 years so only traces are found today. ° - 28| E LK = —_— NAL

gether they y y v Cal X THE T R e / References

i
i
' | s 10| Y Buesseler, Ken & Aoyama, Michio & Fukasawa, Masao.(2011).1 f the Fukushima Nucl ! i
80 bioturbation 0 ! _{M 4 :u?_a;-___-r e uesseler, Ken oyama, Michio ukasawa, Masao.( ).Impacts of the Fukushima Nuclear Power Plants on Marine

M eth 0 d S -Previously collected Parasounds, subbottom profiles and bathymetery bl b L JE o . | Radioactivity. Environmental science and technology. 45, 99315, 10.1021/e52028 16¢.
_ . ' N Endo, Shunsuke & Wallis, Simon & Tsuboi, Motohiro & Aoya, Mutsuki & Uehara, Shin-ichi. (2012). Slow subduction and
Ten meter long COTCS COlleCted from the R/V Sonne 25 1 m 20 1 6 100 = buoyant exhumation of the Sanbagawa eclogite. Lithos. 146. 183-201. 10.1016/].1ithos.2012.05.010.
_Core de Scrlptlons and phOtOS Mchgh, Cecilia & Seeber, Lepnardo & Rasbury, 1?r0y & Strasser, Michael & Kioka, Arata & Kanamatsu, Toshiya & Ikehara,
. . . oy . . B Ken & Usami, Kazuko. (2020). Isotopic and sedimentray signature of megathrust ruptures along the Japan subduction margin.
-Grain size variability using the sedigraph data for fine components ey Marine Geology. 428.106283.10.1016/j.margeo.2020. 106283

Oikawa, S. & Takata, Hyoe & Watabe, T. & Misonoo, J & Kusakabe, Masashi. (2013). Distribution of the Fukushima, and Ibaraki
Prefectures, Japan. Biogeosciences Discussions. 10. 10.5194/bgd-10-4851-2013.



