Additional file 1
Detailed descriptions of the tsunami deposits at each location 
Here we give a detailed description of the deposits present at each location from which samples were collected for observation and grain-size analysis. Short descriptions of the deposits at the other locations are provided in Table 2. The observation locations are plotted in Fig. 2, and columnar sections at each location are shown in Figs. 4–9 alongside together with X-ray images photographs of the samples and the results of grain-size analyses.
Onuma area
There were are 17 study locations in the Onuma area, but samples were not obtained at these sites.
Arahama area
In the Arahama area, we obtained samples at 7 of 21 locations (Fig. 4). At AR1, the tsunami deposit was is 17 cm thick and composed of well-sorted medium sand with parallel lamination. The unitdeposit showeds gentle upward-coarsening then clear upward-fining trends from bottom to top. The mud content was is generally low (<10%), except for the mud drape at the top. At AR3, the deposit was is 9 cm thick and composed of poorly sorted medium–coarse sand. The lower part had been was eroded by the upper coarser-grained gravelly part, which showeds an upward- coarsening–fining trend. At AR8, the deposit was is 6 cm thick and containeds moderately well-sorted, parallel-laminated medium sand. The unitdeposit displayed shows a gentle upward-coarsening followed by a clear upward-fining trend from bottom to top. The mud content was is low (<10%), except for the thin mud drape at the top. At AR9, the tsunami unitdeposit was is 13 cm thick and composed made of moderately well-sorted medium sand and a mud drape at the top. The sandy part exhibiteds an upward-fining trend. The mud content was is generally high (>10%), even in the sandy part. At AR10, the tsunami deposit was sediments are 11 cm thick and composed of moderately well-sorted medium sand containing mud clasts,with  and a mud drape at the top. The sandy part exhibiteds an upward-fining trend. At AR11, the unitdeposit was is 6.5 cm thick and composed of two thin sand layers capped by mud. The sandy layers consisted of moderately sorted fine–medium sand. The mud content was is generally high (>10%) and was is 7% even in the sandy part. At AR13, the tsunami deposit was is 4 cm thick and composed consists of a thin sand layer (comprising composed of moderately sorted medium sand) and a thick mud drape. The mud content was is generally high (>30%), even in the sandy part.
Natori area
In the Natori area, we obtained samples at 1 of 16 locations. At NT10, the tsunami unitdeposit was is 9 cm thick and composed of well-sorted medium–coarse sand (Fig. 4). The unitdeposit showeds a faint upward-coarsening followed by a clear upward-fining trend from bottom to top. The mud content was is quite low (<3%).
Watari area
We obtained samples at 9 of 17 locations in the Watari area (Fig. 5). At WT1, the tsunami deposit was is 33 cm thick and composed of moderately well-sorted medium–coarse sand including abundant gravel. The unitdeposit showeds weak parallel lamination, and a gentle upward-fining trend throughout. The mud content was is quite low (<2%). At WT2, the unitdeposit was is 19 cm thick and composed of well-sorted medium sand, with a gentle upward-fining trend throughout. The mud content was is quite low (<1%). At WT5, the tsunami deposit was sediments are 14 cm thick and mostly composed of well-sorted medium sand with rootlets penetrating penetrations of rootlets from the top. The unitdeposit gently fineds upward throughout. The mud content was is generally low (<10%). At WT6, the tsunami deposit was is 7 cm thick and composed of well-sorted medium sand with clear parallel lamination. There was is a gentle upward-fining trend throughout the deposit. The mud content was is quite low (<3%). At WT9, the unitdeposit was is 4 cm thick and composed of well-sorted fine–medium sand including mud clasts, with a mud drape at the top. Rootlets intruded into the mud drape from the top. The mud content was is generally high (>10%), even in the sandy part. At WT10, the tsunami unitdeposit was is 14 cm thick and composed of two sand layers capped by mud. The sandy layers consisted of moderately well-sorted medium sand. The lower layer showeds parallel lamination and a subtle upward coarsening–fining trend from bottom to top. The upper layer exhibited shows subtle upward-fining, and intergradeds with the overlying mud drape. The mud content was is generally high (around 10%), even in the sandy part. At WT12, the deposit was is 9 cm thick and composed consists mostly of well-sorted medium sand and a mud drape. Parallel lamination was is obvious, and the sandy part fined exhibits an upward decrease in grain size. The mud content was is generally low (<10%). At WT13, the unitdeposit was is 3 cm thick and composed of a mud drape. The mud content increaseds upward, and even the sandy fraction of the mud drape fineds upward. At WT15, the tsunami deposit was is 7 cm thick and mostly composed of comprises poorly sorted medium–very coarse sand including gravel, and a mud drape. The mud content was is generally high (>10%), even in the sandy part.
Yamamoto area
In the Yamamoto area, we obtained samples at 9 of 27 locations (Fig. 6). At YM4, the tsunami deposit was is 30 cm thick and could can be divided into three parts. The lower part was is composed of well-sorted medium sand showing parallel lamination and an upward-coarsening trend. The middle part was composed consists of moderately well-sorted medium sand including abundant gravel, and showeds subtle parallel lamination and a gentle upward-fining trend. The upper part was composed of contains well-sorted medium sand with obvious parallel lamination. The mud content was is quite low (<1%) overall. At YM6, the unitdeposit was is 15 cm thick and consisted of includes two parts: a lower part composed of containing moderately well-sorted medium sand with a clear upward-fining trend and parallel lamination that became becomes gradually indistinct through the succession, ; and an upper part composed of moderately well-sorted medium sand with an obvious upward coarsening–fining trend and parallel lamination. The mud content was is generally quite low (<1%), except at the top. At YM7, the tsunami deposit was is 13 cm thick and is divided into two parts. The lower part was composed of contains poorly sorted medium–coarse sand including gravel and mud clasts, with an upward-fining trend and a low mud content (<10%). The upper part was is composed of well-sorted medium sand showing parallel lamination that becomes gradually became indistinct upward; . Thishis part displayeds an upward-fining trend, and hads a quite low mud content (<1%), except at the top. At YM8, the unitdeposit was is 18 cm thick and divided into two parts: the lower part was is mostly composed of moderately sorted medium sand, includeding scattered gravel at its base, and showeds faint parallel lamination; the upper part was mostly composed of comprises well-sorted fine–medium sand including a small amount of gravel and displayed . The upper part shows obvious parallel lamination that gradually became becomes indistinct upward and an upward-fining trend. The mud content was is generally low (<10%). At YM9, the tsunami deposit was sediments are 13 cm thick and mostly composed of moderately well-sorted medium sand with clear parallel lamination and a gradual upward-fining trend. The mud content was is quite low (<2%) through the whole deposit. At YM10, the deposit was is 5 cm thick and mostly composed of moderately well-sorted fine–medium sand with a small amount of gravel at the base. The unitdeposit showeds an obvious upward-fining trend. The mud content was is low (<10%). At YM11, the unitdeposit was is 8 cm thick and mostly composed consists of moderately well-sorted fine–medium sand with plant fragments in its upper part, and a mud drape. The deposit displayeds an obvious upward-fining trend. The mud content was is generally low (around 10%), except for the mud drape at the top. At YM14, the tsunami deposit was sediments are 4 cm thick and mostly composed of poorly sorted fine–coarse sand, with a mud drape at the top. There was is a clear upward-fining trend in the sandy part. The mud content was is generally high (>20%), even in the sandy part. At YM19, the unitdeposit was is 2 cm thick and composed consists only of a mud drape. The mud content was is quite high (>90%), and the unitdeposit also containeds a small amount of poorly sorted fine sand.
Suijin-numa area
We collected samples at 7 of 9 locations in the Suijin-numa area (Fig. 7). At SJ1, the unitdeposit was is 27 cm thick and could can be divided into three parts. The lower and middle parts were are mostly composed of poorly sorted, very coarse sand to gravel exhibiting a rough upward-coarsening trend. The upper part was is composed of moderately sorted fine–medium sand with an upward coarsening–fining trend and distinct parallel lamination. The mud content was is generally low (<10%). At SJ2, the tsunami deposit was is 14 cm thick and consisteds of two parts. The lower part was is mostly composed of moderately well-sorted fine–medium sand with obvious parallel lamination and an upward fining–coarsening–fining trend toward a muddy part at the top of the lower partunit. The upper part was is mostly composed of moderately sorted fine–medium sand and a mud drape. This part showeds a slight upward-fining trend. The mud content was is generally low (<10%), except for the mud drape at the top. At SJ3, the tsunami deposit was is 13 cm thick and contained distinct consists of lower and upper parts. The lower part was is sandy, mostly composed of contains moderately well-sorted fine–medium sand, and hads a mud content of approximately 10%. This part displayed shows parallel lamination and a clear upward-fining trend. The upper part was is mostly composed of a mud drape ( with a mud content > 20%), and includeds lenticular layers of moderately well-sorted fine sand. At SJ4, the unitdeposit was is 15 cm thick and is divided into two parts. The lower part was is characterized by a distinct upward-fining trend: it was is composed of poorly sorted gravel at its base, an overlying layer of well-sorted medium sand, and a very thin mud layer at its top. Distinct parallel lamination was is well-developed in the sandy portion. The upper part was is composed of well-sorted medium sand and a thin mud drape at the top. This part exhibiteds an upward-fining trend. The mud content was is relatively low (<10%). At SJ5, the deposit was is 11 cm thick and mostly composed of moderately well-sorted, very fine–medium sand, with gravel at the base and a mud drape at the top. The sandy parts showed distinct parallel lamination, and there was is an overall upward-fining trend. The mud content was is generally low (<10%) in the sandy part, and high (>20%) in the mud drape. At SJ7, the tsunami unitdeposit was is 6 cm thick and composed of fine–medium sand with mud clasts at its base. Moderately sorted medium sand in the lower part gradeds upward into moderately well-sorted fine sand. The mud content was is generally high (>10%). At SJ9, the deposit was is 10 cm thick and composed of moderately well-sorted medium sand and a mud drape. The unitdeposit displayed shows an upward-fining trend; parallel lamination was is present in the sandy part. The mud content was is generally low (<10%), except for the mud drape at the top.
Shinchi area
We obtained samples at all 8 study locations in the Shinchi is area (Fig. 8). At SN1, the tsunami deposit was is 22 cm thick and consisteds of two parts. The basal part was is composed of poorly sorted medium–very coarse sand and included ing gravel. The main part was is mostly composed of moderately well-sorted fine–medium sand, with a thin mud drape. This part showeds distinct parallel lamination, and gradual upward-fining and abrupt coarsening trends. The mud content was is generally low (<10%). At SN2, the unitdeposit was is 19 cm thick and composed of two parts that generally consisted of moderately well-sorted fine–medium sand. Both parts displayed show obvious parallel lamination and the sediments become finedr upward, but the lower part contained possesses a small amount of gravel at its base. The mud content was is generally low (<10%), and was is higher in the upper part than in the lower part. At SN3, the tsunami unitdeposit was is 13 cm thick and mostly composed of moderately well-sorted medium sand with small amounts of scattered gravel. At this locality, the deposit showeds multiple upward coarsening–fining trends and distinct parallel lamination. The mud content was is generally low (<10%), except for the muddy top. At SN4, the tsunami deposit was is 10 cm thick and mostly composed of moderately well-sorted fine–coarse sand with a small amount of gravel at its base, and a mud drape at the top. At this locality, the unitdeposit showeds obvious parallel lamination, fineds upward, and became becomes better-sorted upward. The mud content was is generally low (<10%), except for the mud drape at the top. At SN5, the deposit was is 5 cm thick and mostly composed consists of moderately well-sorted fine–medium sand, with a small amount of gravel at the base and a mud drape. The deposit sediments exhibited obvious parallel lamination and an upward-fining trend. The mud content was is generally low (<10%), except for the mud drape at the top. At SN6, the unitdeposit was is 11 cm thick and mostly composed of moderately well-sorted fine–medium sand and a mud drape containing plant fragments. The sandy part showeds distinct parallel lamination and a subtle upward-fining trend. The mud content was is generally low (<10%), except for the mud drape at the top. At SN7, the tsunami deposit was is 6 cm thick and mostly composed of contains well-sorted fine sand. The unitdeposit displayed shows obvious parallel lamination and an upward-fining trend. The mud content was is generally low (<10%). At SN8, the unitdeposit was is 6 cm thick and mostly composed of moderately well-sorted fine sand and a mud drape. At this locality, the tsunami deposit showed It shows a subtle upward-fining trend. The mud content was is generally high (>10%), even in the sandy part.
Odaka area
We obtained samples at all 8 study locations in the Odaka area (Fig. 9). The deposits overlying the pre-tsunami surface in this area were are mostly composed of a sandy layer overlain by muddy sand and/or sandy mud, with a mud drape at the top. Because our survey was conducted 4 years after the tsunami, it was difficult to identify the which parts of the deposits were associated with the tsunami and those that which represented post-tsunami redeposition. We described the thickness and characteristics of the tsunami deposits that are, for expediency, defined here as layers of sand and muddy sand. At OD1, the tsunami deposit was is 8 cm thick and composed of moderately sorted medium–coarse sand covered by a mud drape. Abundant plant fragments and rootlets were are found in the lower and upper parts, respectively. The deposit showeds a gradual upward-fining trend. The mud content was is 3%–30% and increaseds upward as the mean grain size decreaseds. At OD2, the unitdeposit was is 12 cm thick and composed of moderately sorted fine–coarse sand including mud clasts, and was topped  covered by a mud drape. There was is a gradual upward-fining trend. Abundant rootlets penetrating from the top were are found throughout the deposit. The mud content was is quite low (<1%) in the lower part, but high (ca. 40%) in the mud drape. At OD3, the deposit was is 9 cm thick and composed of moderately sorted medium–coarse sand covered by a mud drape. At this locality, the unitdeposit displayeds a distinct upward-fining trend. Abundant rootlets penetrating from the top were are present in the upper part. The mud content was is 4%–45%, and increaseds upward with decreasing mean grain size. At OD4, the tsunami deposit was sediments are 11 cm thick and mostly composed of moderately well-sorted fine–medium sand covered by a mud drape. The deposit fineds upward and showeds distinct parallel lamination. Abundant mud clasts occurred at the base, and plant fragments and rootlets penetrating from the top were are present in the upper part. The mud content was is 3%–20% and generally increaseds upward with decreasing mean grain size. At OD5, the unitdeposit was is 9 cm thick and mostly composed of moderately well-sorted fine–medium sand covered by a mud drape. The deposit fined sediments fine upward and exhibited distinct parallel lamination. The deposit containeds abundant rootlets that grew grow down from the top and plant fragments in the upper part toward the mud drape. The mud content was is 3%–40% and generally increaseds upward with decreasing mean grain size. At OD6, the deposit was is 8 cm thick, mostly composed of moderately well-sorted fine–medium sand, and covered by a mud drape. The unitdeposit showeds a distinct upward-fining trend and parallel lamination, and includeds abundant plant fragments. Abundant rootlets penetrating from the top were are found in the mud drape. The mud content was is 2%–25%, and generally increaseds upward as the mean grain size decreaseds. At OD7, the tsunami unitdeposit was is 8 cm thick and mostly composed of moderately well-sorted fine–medium sand covered by a mud drape. The unitdeposit showeds a distinct upward-fining trend. Abundant plant fragments and rootlets penetrating from the top were are found in the mud drape. The mud content was is 7%–20% in the sandy part. At OD8, the unitdeposit was is composed of thin lenticular sand layers embedded within mud containing that contains abundant plant fragments and rootlets. It was is difficult to identify which part of this deposit was is of tsunami origin; in addition, this location was is the inland limit of the tsunami inundation, and the tsunami would have left behind almost no sediment.




14

