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History of Regional Earthquakes and Tsunamis

Based on aftershock distribution (Fig. 1), the rupture area of the 1996 Chimbote
tsunamigenic earthquake was about 9.3°S to 10.3°S, an area not historically very
active. Tsunamigenic events in Peru have struck primarily south of 12°S (e.g., see
LOCKRIDGE, 1985). A short historical review of events between about 6°S and 12°S
illustrates the unusual nature of the 1996 event, which affected an area less studied
or prepared for local tsunamis.

Peru has a long-documented history of earthquakes and tsunamis (e.g., LOM-

NITZ, 1970; SILGADO, 1978; LOCKRIDGE, 1985; CARBONEL and AGUIJE, 1989;
DORBATH et al., 1990; PELAYO and WIENS, 1990; LANGER and SPENCE, 1995;
SWENSON and BECK, 1996). LOCKRIDGE (1985) listed 34 tsunamigenic earthquakes
off Peru from 1586 to 1974; of ten events producing destructive tsunamis, only the
tsunamis from 1960 and 1966 occurred north of 12°S (Table 1). DORBATH et al.
(1990) added (to Lockridge’s compilation) two possible other tsunamigenic events
in 1582 (17–18°S) and 1678 (Table 1) and revised some runup estimates. According
to DORBATH et al. (1990), the three largest events in Peru (Mw\8.5, tsunami runup
\10 m) occurred in 1604, 1746 and 1868; only the 1746 event is interpreted to have
ruptured north of 12°S (Table 1). CARBONEL and AGUIJE (1989) catalogued
earthquakes off the Peruvian coast from 1948 to 1986, including the 20 May 1978
tsunamigenic event (Table 1; Appendix A); they also summarized tsunami ampli-
tude data from tide gauges at Callao (1952–1986) and Chimbote (1957–1986),
from both near-field and far-field tsunamis.

DORBATH et al. (1990) subdivided the Peru subduction zone into three sug-
gested segments (B10°S; 10°–15°S; \15°S), based on their catalogue of historical
events, and characterized the northern segment as relatively aseismic. However,
SWENSON and BECK (1996) reviewed the history of great earthquakes in Peru,
Ecuador and Colombia, also providing a catalogue, and concluded that segmenta-
tion of this plate boundary, as defined by earthquakes in the 20th century, is not
constant. In any case, the majority of destructive subduction-zone earthquakes and
tsunamis in Peru have occurred in the central to southern region, south of 12°S,
and most research and disaster planning has focused on this southern region (e.g.,
KUROIWA, 1995). The subduction zone from 10 to 14°S was quiet from 1746 to
1940, after which it generated four events (1940, 1942, 1966, 1974) (the 12
November 1996 event was at about 15°S); none is interpreted to have ruptured
north of 10°S. Thus between about 7°S to 10°S there was a historical (subduction-
zone) seismic and tsunamigenic gap dating back to at least 1619 (see Table 1). The
November 1960 event (Mw 7.6) occurred at 6.8°S, at the northern end of the gap;
PELAYO and WIENS (1990, 1992) denoted this 1960 event as an example of a
tsunami earthquake. The 21 February 1996 event occurred at the southern end of
that gap. Though not as destructive as many other historical events, the 1996
Chimbote tsunami produced more deaths than any other in Peru, with the possible
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Tides and Tide-gauge Records

The tsunami on 21 February arrived at approximately mid-tide, on an outgoing
tide. Throughout the surveyed region normal tidal range is between about 0.7 and
1.1 m. Using local tide tables, we corrected runup measurements by noting the date
and time of day of the field measurement, and correcting to the tide level at the
estimated time of arrival of the tsunami on 21 February (see Table 3). Note that
these measurements are rated A, B, C based on reliability. Due to possible errors
in field measurement, in estimates of water level at the time of survey, in estimates
of time of the tsunami arrival, and in use of tide tables, error on our corrected
measurements is probably about 930 cm, in some cases more. Also, Navy officers
reported to us that there was a storm surge in the region at this time. For example,
on 16 February the port of Chimbote was partially closed, due to large swells, and
eight large ships were sent out to a deeper area; only two large ships were in
mooring on 21 February. The hydrographic office reported to us a meteorological
high tide of one-half foot on 21 February. We chose not to correct for this
meteorological tide; if this surge was consistent throughout the time and area
surveyed, each of our corrected measurements would be about 15 cm too high.

Tidal records for the day of the tsunami were obtained on site from tide-gauge
stations at the Peruvian ports of Salaverry and Chimbote, and later via the Pacific
Tsunami Warning Center from Callao, Easter Island, and other localities. Figure 2
displays tide-gauge records of the tsunami from Chimbote and Salaverry, both
recovered during our survey from tube-type gauges with a two-inch bottom orifice
and a float for mechanical registry of the tide level. In both cases, the first obvious
record of the tsunami is an upward motion, however in both cases, a first
downward motion is possible, though difficult to discern from the printed record.
Eyewitnesses and reports from nine localities, including Puerto Supe, the Chimbote
area, and La Posa Huanchaco, near Salaverry, noted the water going out first,
approximately 50–100 meters horizontally (estimated in civil defense reports,
pointed out to our teams by eyewitnesses in two cases). Such observations would be
consistent with a first downward motion of approximately half a meter, and such
a drop could be present on tide-gauge records, but be small enough not to be
obvious.

At Chimbote, the gauge is located on a spur of the northernmost pier in the port
called Enapu. The port had been closed for the five days preceding the tsunami, due
to high waves, which are evident in the small fluctuations preceding tsunami arrival
(Fig. 2a). The gauge record shows the first upward spike of the tsunami at about
09:06 local time, when tidal elevation was 1.6 m above MLLW and falling; this
upward spike, on the original record, does appear to be preceded by a smaller
(30–50 cm?) downward motion. The gauge indicator rose to a level of 2.7 m and
remained pegged at that level for half an hour (no data for that period were plotted
in Fig. 2a). At this time the 1000-m-long Enapu pier was inundated for the
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Table 3

February 1996 Peru tsunami runup measurements (south to north)

Location Corr. Lmax Corr. Time Latitude Longitude Rmax R %max Corr.
(local name) Rmax (m) (m) R %max (m) Rating Date local Deg. Min. Deg. Min. (m) (m) (m)

Puerto Supe 1.94 C 3/17/96 11:22 S: 10 48.034 W: 77 44.06 1.89 0.05
Balnearia Tomborero 1.01 50 1.33 C 3/23/96 9:53 S: 10 19.566 W: 78 3.186 0.91 1.23 0.1
Huarmey 0.89 65 1.3 B 3/17/96 14:00 S: 10 5.882 W: 78 10.185 0.44 0.85 0.45
Tuquillo 1.93 25 1.97 A 3/17/96 15:20 S: 10 1.071 W: 78 11.578 1.38 1.42 0.55
Culebras I, bluff 5.04 3.6 B 3/17/96 17:00 S: 09 57.023 W: 78 13.814 4.59 3.15 0.45
Culebras II, dock 3.35 B 3/17/96 17:00 S: 09 56.886 W: 78 13.674 2.9 0.45
Puerto de Casma 2.25 C 3/22/96 11:45 S: 09 27.444 W: 78 23.124 2.6 −0.35
Pinos 1.6 1.6 B 3/22/96 10:45 S: 09 25.712 W: 78 23.9 1.8 1.8 −0.2
Playa Tortuga 2.42 B 3/22/96 9:20 S: 09 22.216 W: 78 24.771 2.47 −0.05
Playa Chimus 3.13 112 A 3/22/96 12:30 S: 09 19.161 W: 78 28.524 3.48 −0.35
Playa Mar Brava I 2.38 90 2.75 B 3/22/96 10:20 S: 09 16.804 W: 78 30.206 2.53 2.9 −0.15
Playa Mar Brava II 2.08 174 3.8 A 3/22/96 10:10 S: 09 16.646 W: 78 30.51 2.23 3.95 −0.15
Ensenada 4.5 64 A 3/22/96 16:20 S: 09 11.663 W: 78 34.866 4.25 0.25

La Posa IV (E)
Notch NW of Ens. 3.84 80 A 3/22/96 16:00 S: 09 11.663 W: 78 34.866 3.67 0.15

La Posa
Ensenada La Posa I 4.13 24 A 3/22/96 15:00 S: 09 11.646 W: 78 34.666 4.18 −0.05
Ensenada La Posa III 4.35 24 A 3/22/96 15:35 S: 09 11.622 W: 78 34.773 4.3 0.05
Ensenada La Posa II, 3.61 54 A 3/22/96 15:10 S: 09 11.57 W: 78 34.687 3.66 −0.05

boat ramp
El Dorado I 2.78 A 3/21/96 17:35 S: 09 11.3 W: 78 34 2.23 0.55
El Dorado II 350 2.1 B 3/21/96 18:15 S: 09 11.294 W: 78 33.981 1.6 0.5
Playa Alconsillo 1.69 130 A 3/21/96 16:10 S: 09 10.366 W: 78 31.938 1.39 0.3
Chimbote Bay 2.8 64 B 3/21/96 9:35 S: 09 6.058 W: 78 34.17 2.9 −0.1
Port of Chimbote I, 3.04 40 A 3/21/96 10:00 S: 09 4.424 W: 78 36.701 3.24 −0.2

guardshack
Port of Chimbote II, 4.89 A 3/21/96 10:15 S: 09 4.424 W: 78 36.701 5.14 −0.25

pier
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landward 800 m of its length; a small red pickup truck on the pier was reportedly
carried about 10 m horizontally and turned over but did not fall in the water. A
2-m-high guard shack controlling pier access on land was destroyed and the guard
was seriously injured. Our measured maximum local runup height was 4.9 m. The
remainder of the Chimbote record shows oscillations gradually decaying over the
next 24 hours.

The tide gauge for the port of Salaverry (port of Trujillo, Fig. 1b) is located on
a north-facing pier inside the port. No tsunami damage was reported; this port had
also been closed because of swell. Tidal variation at Salaverry is approximately
1.1 m. The tide-gauge record shown in Fig. 2b exhibits a sharp upward spike of
0.75 m at approximately 09:07, followed by a downward excursion of at least
0.65 m (from the 09:07 tide level). The first upward stroke is not obviously preceded
by downward motion greater than the noise on the record. On the downward

Figure 2
The tide-gauge records from (a) Chimbote and (b) Salaverry (which have been digitized, based on
originals supplied to us by port captains). The earthquake occurred at 07:51 local time (marked by
vertical arrow). The datum of water surface elevation in each record is arbitrary. At Chimbote, the data
from 09:11 to 09:39 A.M. are missing. At Salaverry, the water surface levels lower than 0 meter were not

recorded.
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Runup Obser6ations

The runup survey covered over 500 km of coastline from Pacasmayo to Puerto
Supe (Fig. 1; Table 3; Appendix B). The beaches are either wide, fairly plain and
accretionary with very flat slopes (e.g., Campo Santa, Playa Mar Brava) or
sheltered and curved, typically steep, and anchored by rocky outcrops (e.g.,
Ensenada La Posa). Because there is very little vegetation on the coast, and very
few houses or other structures, runup observations were difficult and could not rely
on the kinds of watermarks used for most recent events (see, e.g., SATAKE and
IMAMURA, 1995). In Peru measurements were based primarily on evidence of
shoreline debris lines above high tide, where not erased by wind. Eyewitness
accounts, where independently confirmed or deemed to be reasonable, were also
used.

Since the tide gauge of Chimbote saturated after the initial rise of the tsunami,
and the Salaverry and Callao records are truncated, eyewitness reports are invalu-
able. The wave was generally described as black with no indications of breaking,
occasionally with a hissing sound. Many recalled either two or three waves, usually
in quick succession, with the second being the largest. The time between waves
varied and at Coishco was reported near 8 min, at La Posa Huanchaco 9 minutes,
at Playa Chimus 25 minutes. Many interviewees noted that during (and after) the
tsunami the water became more turbulent, with bigger waves and a dirtier appear-
ance. In El Dorado and Puerto Supe, eyewitnesses pointed to rocks and dock
structures beyond which the water withdrew first. A number of eyewitnesses noted
that the water remained high (or ponded) for 2–3 days.

Measured runup and tsunami elevations, corrected for tides, and also inunda-
tion distances, are shown in Figure 3 and compiled in Table 3. Most measurements
were made with a leveling transit, relative to water level at the time of measure-
ment; hand levels and tapes were used in some instances (see Appendix B). Latitude
and longitude were determined by hand-held GPS and checked for consistency with
local maps. Twelve topographic profiles, typically orthogonal to the shoreline, were
measured at ten localities, in most cases with a leveling transit. These localities are:
Bocana de Chao, Coishco, Huaca Prieta, La Posa Ensenada (three profiles), La
Posa Huanchaco, Los Chimus, Pama Blanca, Playa Mar Brava, Puerto Chicama,
and Rio Santa.

Most measurements are heights at maximum inundation distances (Rmax; the
formal definition of tsunami runup) because no trees and few structures existed on
beach ridges. When compared with other surveys, these numbers appear to under-
estimate the event because many reported runup elevations from other surveys are
actually tsunami elevations on raised surfaces such as beach ridges (this is true, for
example, of Nicaragua data; SATAKE et al., 1993; ABE et al., 1993). Where we did
measure additional tsunami elevations, particularly if higher than Rmax, they are
noted in Table 3 as R %max. The scatter in heights is typical of post-tsunami surveys
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1 and 3). The tombolo (low strip of land connecting the mainland with what would
otherwise be an island), 1.5 km wide and 4.5 km long, is very flat at its west end,
with many small sand dunes to the east near the mainland. The tsunami inundated
this 1.5-km-wide flat area, from both sides; several small fishing boats were washed
approximately 300 m inland from Samanco Bay. If one assumes a constant tsunami
height of 1.5 m over Chimbote Bay, then, for the water to spread 750 m (halfway
between the two bays) on the horizontal and frictionless dry beach, the classic
dam-break theory (see, e.g., STOKER, 1957) predicts a time of almost 100 sec;
therefore the tsunami must have had at least a 200 sec period. Friction is very
important for such a thin-layer flow; hence the actual tsunami period would be
markedly longer than this 200-sec lower-limit estimate.

There is a small rocky cove (Ensenada La Posa) on the other side of the
attached island at the end of the tombolo. There is no vegetation or habitation in
this cove, which faces directly to the tsunami; it has a 300-m-diameter circular
shape with an 150-m narrow mouth and a 30° steep face up to 4 m high from the
water level, then a gently sloping surface. Runup heights measured at four different
locations were consistent at approximately 4 m, suggesting a gradual flooding
motion without significant short-wave effects. These were the largest and perhaps
the most representative values in this survey, as the beach is unobstructed and faces
directly to the source.

Tsunami Deposits

Sand erosion, transport and deposition were observed throughout the affected
region, although evidence was subtle and difficult to recognize due to the overall
sandy and largely unvegetated coastline. Deposits were most apparent near river
mouths where sand and mud were available for transport and where the beaches
tended to be flat. Tsunami deposits were also more easily observed in these areas
because the coastal plain typically has developed a soil surface, allowing deposits to
be distinguished from underlying layers. Locally, the sand appeared to be normally
graded and otherwise unstratified. Specific observations were made at Puerto Santa,
Rio Santa, El Carmelo and Bocana de Chao. At the first two, profiles were
measured and several trenches dug; sand samples were obtained at the latter two
locations. Because all sites studied were supratidal and there is no observed or
reported coseismic subsidence onshore, these tsunami deposits will likely be re-
worked and become unidentifiable within a few years.

At Puerto Santa, a very flat beach with 2-m runup height, the tsunami deposit
comprised 4 to 11 cm of normally graded fine to very fine sand. We did not notice
this deposit until trenches were dug into the vegetated surface and we could see that
the sandy tsunami deposit had buried the bases of local plants (Distichlis and
Scirpus), which were growing from the former (pre-tsunami) soil surface. The
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different single source locations and sizes did not significantly change the predic-
tions in this area, consequently we conjecture that wave refraction due to sub-600-
m scale features is important here. However, if the reported runups are reliable,
another possible explanation might be complex source motions with multiple
subfaults, although IHMLÉ et al. (1998) conclude a fairly simple rupture. Studies
with higher resolution bathymetric data may be necessary to resolve the sources of
discrepancies.

We use so-called threshold computations to model Peru tsunami propagation
(see also TITOV and SYNOLAKIS, 1998). This type of model inevitably underesti-
mates runup values. An amplification factor is commonly applied to compensate
for runup amplification, because the inundation process, which amplifies runup
amplitudes, is not computed in a threshold model. The increase of a tsunami
amplitude from 10-m depth (or any other threshold depth) to the runup inundation
level depends on many factors, including local bathymetry and topography, and
tsunami wavelength, amplitude and shape; therefore amplification factors can be
very inconstant along a complex shoreline (TITOV and SYNOLAKIS, 1997). The
amplification factor can vary from 1 to 5 (or more, depending on the threshold
depth) and it is difficult to anticipate the proper value a priori. The 1-D inundation
computations in four locations, as described below, were performed in part to
estimate the amplification of the runup. The inundation computations did not
produce larger runup values than the threshold model estimates. Therefore, there is
no (a priori) reason to apply any amplification factors to the computed runup
estimates on Figure 3.

Figure 4
Tsunami water-surface profiles at Campo Santa, simulated by the two-dimensional model (see also

TITOV and SYNOLAKIS, 1998).
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offshore (wide shelf, relatively high sediment supply) tend to support the idea that
this subduction zone segment is only weakly coupled. In order to improve our
understanding of tsunami earthquakes, and our ability to predict where they are
likely to occur, it is imperative to examine closely these recent events, such as
Nicaragua 1992 and Peru 1996.

The region between the 1960 and 1996 Peru events has not had a subduction-
zone earthquake since at least 1619 (if we and others are correct in our interpreta-
tion of that event). Yet, even though the 1960 and 1996 events produced more
casualties than other recent tsunamis in southern Peru, tsunami hazard planning
has been focused on the south, due to its history of more frequent events. The 1996
Chimbote tsunami is one of several recent events that are wake-up calls to the
hazard planning community.
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Appendix A

Historic large and destructive earthquakes and other tsunamigenic events origi-
nating off Peru north of 12°S (see summary of data, in Table 1, main text).
Summaries compiled primarily from DORBATH et al. (1990), LOCKRIDGE (1985),
SWENSON and BECK (1996), and CARBONEL and AGUIJE (1989). All except 1970
(and possibly 1725) are interpreted as subduction-zone (interplate) events.

19 February 1619: (DORBATH et al., 1990). Earthquake destroyed Trujillo.
SILGADO (1978) notes an account of muddy waters inundating (coastal) towns
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(Santa, Barranca, others), attributed to river flooding, but we think suggestive of
tsunami. WELLS et al. (1987) reported a wood debris line on Santa delta, which
they interpreted as tsunami-generated (see text). Not mentioned in Lockridge
tsunami catalogue or in Swenson and Beck.

17 June 1678: (DORBATH et al., 1990) Area north of Lima most severely shaken.
A tsunami threw little boats inland near Santa, according to the testimony of a
British officer who went there a few years later (Parish, 1836, cited in Dorbath et
al.); no references found to tsunami at Callao, but another witness confirmed its
occurrence at Pisco (1728 reference cited in Dorbath et al.). Not reported in
Silgado, Lockridge or Swenson and Beck.

25 January 1725: (DORBATH et al., 1990). Dorbath et al. postulate earth-
quake was similar to 1970 event; damage primarily along coast; Huascaran glacier
collapse, with 1,500 deaths at Yungay, prefiguring 1970. No tsunami documented.
Not in Lockridge or Swenson and Beck.

28 October 1746: (DORBATH et al., 1990; SWENSON and BECK, 1996). Earth-
quake ruptured same area as 1940 and 1966 events, as well as part of 1974 event;
the 1746 event interpreted as a multiple asperity rupture (Swenson and Beck).
Worst earthquake ever to hit Lima; towns north to 10°S razed or badly damaged,
and down to Canete (approx. 13.5°S). Half an hour after main shock, tsunami
flooded and virtually flattened Callao (3,800 of 4,000 died there); principal wave
\20 m high, entered more than 5 km inland; 19 ships sunk, 4 washed over town;
‘‘Callao was a confused accumulation of sand and gravel’’; ports severely damaged
all along the coast (Dorbath et al.). Tsunami also destroyed towns of Guanape,
Santa, Chancay, and Pisco, Peru; Concepcion, Chile (Lockridge). No mention of
this tsunami found in Japan (Swenson and Beck); noted in Acapulco (Lockridge).

24 May 1940: (DORBATH et al., 1990; SWENSON and BECK, 1996; LOCKRIDGE,
1985). Originally interpreted as within downgoing plate; reinterpreted by Beck and
Ruff (see Swenson and Beck) as shallow underthrusting event; hence entire plate
boundary between 10 and 14°S has failed in this century (see Swenson and Beck).
Dorbath et al. argued to move epicenter 1 degree west (i.e., to �78.2) based on
isoseismals, and argued that focal mechanism indicates a fault plane dipping 25°
ENE, ‘‘…clearly…interplate event….’’ Local tsunami runup 2–3 m; none in Japan.

13 January 1960: [Not in Table 1] Reported earthquake source (mag. 7.8) on
land. LOCKRIDGE (1985) reports 5.7 m runup at Ancon (11.78°S), but no damage.
Spurious report? Landslide?

20 No6ember 1960: (PELAYO and WIENS, 1990; CARBONEL and AGUIJE, 1989).
See text for earthquake discussion. Tsunami Callao 0.7 m amp.; Chimbote 0.91 m
amp. (CARBONEL and AGUIJE); runup 1.2 m (Lockridge). Tsunami damage in
Pimentel, Puerto Eten, Santa Rosa, San Jose, Lobos de Afuera Is. (devastated).
Some unusually high runup reports in Lockridge. Teletsunami recorded in Hilo,
0.1 m; Japan, 0.15–0.34 m (Lockridge). Not reported or discussed in Dorbath et al.,
Swenson and Beck.
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Appendix B

Notes on localities (S to N) where runup was measured (see Table 3; Figs. 1 and
3) [techniques used in square parentheses; surveying rods used for all vertical
elevation].

Puerto Supe: A steep beach, small harbor, local pier. Navy officer, eyewitness;
indicated point (along pier) to which water went out, and to point to which it came
up. No clear physical evidence [hand level, tape].

Balnearia Tomborero: A steep, sandy pocket beach. Local guardian, eyewitness;
pointed to where water rose. No obvious physical evidence [transit].

Huarmey: Pier and inlet along a marshy area at south end of long beach (north
of headland); port captain’s office and fish meal plant. Moderately reliable physical
evidence—debris [hand level, pacing, distance estimated].

Tuquillo: Low sea wall along pocket beach; physical evidence (water marks
inside hut) and eyewitnesses [hand level, tape].

Culebras: Complex small inlet and harbor. Equivocal physical evidence on local
hillslope at south end of inlet (highest measurement); unreinforced wall near south
end of inlet was pushed over; eyewitness accounts of water washing over dock in
interior of inlet [hand level, tape].

Puerto de Casma: No details noted [hand level, tape].
Los Pinos: Runup 3 m on steep rock slopes; 1.8 m on flat part of beach;

eyewitness pointed to tsunami mark, ‘‘a little above high tide mark’’ [hand level,
tape].

Playa Tortuga: Small bay, rocky beach. Eyewitness reports that water over-
topped pier; eyewitness pointed to sill where water reached on house [hand level,
tape].

Playa Chimus: North end of long pocket beach, measurements at town just
south of headland. Eyewitness description—very detailed, with some corrobora-
tion; physical evidence scant; water came up to but not over concrete soccer
surface; locally, water washed over beach ridge and flowed down into town [transit,
profile].

Playa Mar Bra6a: Long, straight, steep sandy beach south of (not too close to)
a headland. No inhabitants; clear physical evidence—sand transport, debris line
[two profiles measured, one with hand level, other with transit—Playa Mar Brava
II].

Ensenada La Posa: Steep, gravelly pocket beach on west side of prominent
headland. No inhabitants; clear physical evidence—debris lines [hand level and
tape, several short profiles measured].

El Dorado: South side of tombolo, western end of long beach, relatively low
relief, steepening toward headland; small habitation, restaurant. Eyewitnesses and
some physical evidence (including boats washed inland) [hand level for elevation,
estimated distance to boats].
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Playa Alconsillo: Toward east end of tombolo; long, low beach, sand dunes.
Physical evidence: debris line on local knoll [hand level, tape].

Chimbote Bay and Port of Chimbote: Heavily industrialized area, particularly
toward north end of bay; docks, sea walls, etc. Interviews—many eyewitnesses, and
some physical evidence [hand level, tape].

Coishco: Just north of headland, south end of long, moderately steep beach;
fishing village, many structures. Interviews—many eyewitnesses, and physical evi-
dence; damage to houses and fish-meal factory walls; already some repairs and
changes since event [hand level and tape; transit profile at south end of town, near
fish market].

Puerto Santa: Just north of headland, at south end of long, low beach with local
marshes. Eyewitnesses and physical evidence—debris line, tsunami deposits [transit;
profile].

Rio Santa: At mouth of Santa River, broad, low delta plain; low-relief intertidal
zone, steep gravel beach with local beach scarp, then low-relief supratidal area
(locally cultivated). Clear physical evidence (debris lines) and eyewitnesses; thin
tsunami deposit; erosion along edge of river channel, upstream of mouth [profile
measured with transit; Rio Santa III with hand level and tape].

Campo Santa: Broad accretionary plain north of mouth of Rio Santa; gravel
beach ridges with swales and lagoons in between; current beach is steep, predomi-
nantly coarse sand. Clear physical evidence (debris line), eyewitness corroborated
[profile measured by transit for elevations and most distances, with estimate of
distance across lagoon, corroborated with GPS].

Bocana de Chao: River mouth and broad accretionary beach; physical evidence
(debris lines) [transit Bocana de Chao II; hand levels, pacing Bocana de Chao I].

El Carmelo: Mouth of Viru River, coastal plain. Debris line, eyewitness;
tsunami deposits [hand level, tape].

Las Delicias: Resort with sea walls. Eyewitnesses say tsunami came over wall,
into swimming pool; no clear physical evidence [hand level, tape].

Huanchaco, La Posa Huanchaco: Long, moderately steep beach, beach resort,
some structures. Eyewitnesses seem reliable; no clear physical evidence [transit at
La Posa Huanchaco, hand level at Huanchaco].

Huaca Prieta: Long, gravelly beach. Eyewitnesses inconsistent about earth-
quake, but consistent enough that tsunami locally went over top of beach ridge
[transit].

Puerto Chicama: Moderately long, moderately steep beach, some structures.
Eyewitnesses; no clear physical evidence [transit].
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