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ABSTRACT 

 
PROXY-BASED RECONSTRUCTIONS OF EARTHQUAKES AND TSUNAMIS  

 
AT QUIDICO, SOUTH-CENTRAL CHILE 

 
by 
 

Isabel J. Hong 
 

May 2014 

 
 We utilized geomorphic, microfossil, sedimentological, and stratigraphic methods 

to investigate the paleotsunami history at Quidico, Chile (38.1° S, 73.2° W). A 

combination of pits, cores, and riverbank exposures provide stratigraphic evidence of 8 

sand layers at Quidico, including tsunami deposits from 2010 and 1960. The sands are 

laterally continuous but display landward thinning, disappearing completely from the 

stratigraphy 1.2 km inland from the coast. Intervening sediment layers consist of organic-

rich silts and peat. Grain size analysis shows the sand units are bimodal in distribution 

whereas the organic-rich silts and peat have a broader, bimodal distribution. Lithological 

analysis showed similarities among all units. Preliminary microfossil analysis indicates a 

slightly more marine diatom assemblage in the 1960 deposit than in the organic-rich silt 

units above and below it, indicating a marine incursion. AMS radiocarbon dates of units 

below each sand layer reveal at least a 600-yr history of tsunami deposition at Quidico. 
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CHAPTER 1 
 

INTRODUCTION 
 

Recent seismic activity in Chile, such as the 2014 MW 8.2 earthquake near Iquique 

and the 2010 MW 8.8 Maule earthquake, serves to highlight the frequency with which the 

country experiences large, subduction-zone earthquakes (Bilek, 2009; Cisternas et al., 

2005; “M8.2 – 95 km NW of Iquique, Chile”, 2014; Morton et al., 2011; Plafker and 

Savage, 1970). Chile’s growing need to continue to refine earthquake and tsunami 

hazards has encouraged research in quantifying the recurrence and latitudinal extent of 

tsunamis recorded in the geologic record, but relatively few sites have been investigated. 

In order to fill in these gaps, more studies must be done along Chile’s coast. One such 

site in Quidico, Chile (38.1° S, 73.2° W) holds potential for providing a robust geologic 

history of tsunamis because it lies within the transition zone between two major 

subduction-zone earthquake events: the great 1960 Mw 9.5 earthquake to the south and 

the 2010 Mw 8.8 Maule earthquake to the north (Fig. 1). Research in Quidico is especially 

needed because the region lacks a measured study of historical earthquakes (Bilek, 2009).  

The objective of this study is to construct a paleoseismic history for Quidico, 

Chile, by utilizing geomorphic, microfossil, sedimentological, and stratigraphic analysis 

of tsunami deposits and interbedded deposits within and around the banks of the Quidico 

River. Results gathered from Quidico will be compared to a neighboring research site, 

Tirúa (38.3°S, 73.3°W), in order to assess the consistency of paleotsunami deposit 

preservation between different settings (Ely et al., in review). Despite the fact that 

Quidico and Tirúa are geographically close to one another, there are differences between 

the two sites. For example, the Quidico River drains out into a northern-facing 
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embayment whereas the Tirúa River flows westward out into the Pacific Ocean. The 

varying coastal morphologies may affect tsunami deposition differently at each site. 

Establishing and correlating this record with historical accounts of earthquakes and 

tsunamis from nearby locations will lead to an advance in our understanding of potential 

seismic hazards in south-central Chile.  

 

Figure 1: A map outlining the area of study. Quidico is written in green with rupture 
zones from 1960 and 2010 in blue and red, respectively (Modified from Ely et al., in 

review). 
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Research Hypothesis 

 I hypothesize that due to the geographic location of Quidico as a site of rupture 

overlap, there will be evidence of tsunamis resulting from subduction-zone earthquakes 

to the north and the south. To test this hypothesis I outlined the following objectives: 1) 

locate and describe likely tsunami deposits; 2) collect samples for radiocarbon dating, 

microfossil analysis, grain-size analysis, and thin section analysis in order to characterize 

the stratigraphic units at Quidico; 3) compare results at Quidico to previously studied 

sites, such as Tirúa.  

Background and Context for Study 

Paleoseismic and paleotsunami studies rely heavily on a diverse set of methods to 

reconstruct a long-term record of events (Goff et al., 2012). Observed tide-level changes 

by local residents, for instance, offer quantifiable data on relative sea level change over 

human lifespans (Plafker and Savage, 1970). These observed accounts extend over 

multiple lifespans through the compilation of historical records. Written descriptions 

from Spanish settlements have been used to collect historical evidence for coseismic 

activity in south-central Chile by providing the date, location, and descriptions of 

paleotsunami events (Cisternas et al., 2005). For example, a letter written from Imperial 

(38.4°S, 72.3°W) by its town council reports how the 1575 earthquake triggered a 

tsunami such that “the sea caused enormous damage . . . it rose through the valley 

up[stream] more than two leagues [over 10 km]” (Cisternas et al., 2005). By searching 

for documents written around 1575 in Spanish settlements along the southern coast of 

Chile, Cisternas et al. (2005) estimated the rupture length and relative magnitude of the 

earthquake, as well as the minimum extent of its ensuing tsunami. In continuing this 
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process for other earthquakes and tsunamis mentioned in historical accounts, they 

reconstructed a 385-year record estimating the latitudinal extent and frequency of large 

earthquakes and tsunamis in southern Chile. 

An analysis of stratigraphic records in estuaries aids in identifying and 

interpreting paleotsunami deposits. In low-lying marshes, evidence of paleotsunami 

events is preserved in the stratigraphy as abrupt changes between buried soil and sand 

(Atwater, 1987). Widespread sand sheets, or sandy mud layers, that thin landward and 

fine upward are indicative of tsunami-transported deposition (Atwater, 1987; Goff et al., 

2012; Witter et al., 2003; Szczucinski, 2012). Sedimentary structures, such as multiple, 

fining-upward cycles within a sand layer can indicate the occurrence of numerous 

tsunami pulses, but tsunamis often produce a more tabular, structure-less deposit 

(Atwater, 1987; Dawson and Shi, 2007; Goff et al., 2012; Morton et al., 2007; Witter et 

al., 2003; Szczucinski, 2012). Correlating buried sands among different cores or trenches 

enable mapping of the extent of paleotsunami layers throughout a site, thus providing 

insight into the magnitude of the tsunami event. By gaining an understanding of the 

location and magnitude of tsunami deposits, researchers are better able to evaluate the 

tsunami hazard of a local region (Peters and Jaffe, 2010).  

In cases where there are other likely sources of the sands (e.g., storm deposits or 

eolian deposition), evidence of rip-up clasts, truncated flame structures, or liquefaction do 

much to suggest tsunamigenic origins; however, such features are often difficult to find in 

the stratigraphy (Kelsey et al., 2002). Research by Morton et al. (2007) found that 

discrete laminae of shells and the absence of mud are more characteristic of storm 

deposits because of the difference in energy and frequency of waves between storms and 



 

  

6 
tsunamis. Additionally, an analysis of coastal profiles can help distinguish between 

tsunami and storm deposits – storms will often produce a wedge-shaped deposit whereas 

a tsunami will produce a sheetlike deposit (Bourgeois, 2009). Eolian deposition is limited 

by the ability of the wind to carry and sustain individual sediment grains. For this reason, 

eolian sands are often fine grained, well sorted and display cross bedding (Davis, 1983). 

Grain size analysis is another well-used proxy in paleotsunami research. Tsunami 

sedimentologists have been able to utilize settling velocities of sediments in water to 

develop an understanding of tsunami properties on land (Ferguson and Church, 2004; 

Witter et al., 2003). As a tsunami moves overland, it will pick up local sediments and 

entrain them until it is unable to do so (Goff et al., 2012). This leads to preferential 

sorting (e.g., fining landward and upward) of the tsunami deposit (Goff et al., 2012; 

Witter et al., 2003; Szczucinski, 2012). A comparative grain-size analysis of tsunami 

deposits and local sediments should then help determine the origin of the tsunami sands 

(Lario et al., 2002; Szczucinski, 2012).  

A major complication in paleotsunami research lies in the difficulty of 

distinguishing tsunami sand deposits from eolian and flood deposits. Because 

stratigraphic imprints of flood and wind deposits can look similar, if not identical, to 

tsunami deposits, microfossil analysis has become a useful proxy in distinguishing the 

provenance of buried sand deposits (Hemphill-Haley, 1996). Diatoms, for example, are 

unicellular algae that thrive in nearly all types of aqueous environments (Conger, 1951). 

Due to their prolific nature, unique diatom species have evolved to exist in very particular 

settings controlled by factors such as temperature and salinity (Conger, 1951). 

Furthermore, the siliceous shell of a diatom aids their preservation in the stratigraphy 
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long after burial (Hemphill-Haley, 1996). A freshwater dominant assemblage of diatoms 

in a candidate tsunami unit would suggest flood deposition whereas a brackish to 

saltwater diatom assemblage would support a tsunami origin (Hemphill-Haley, 1996). 

Furthermore, research has found that a lack of diatoms in a sand deposit could indicate 

eolian deposition because the wind will preferentially sort out the diatoms (Witter et al., 

2001). For these reasons, diatom analysis of the stratigraphy has become a useful proxy 

for understanding the past environment of a place and to identify units where sudden 

changes in diatoms species may indicate an abrupt change in environment (Hemphill-

Haley, 1996; Witter et al., 2001). There are, however, limitations to diatom analysis. Due 

to the high energy of a tsunami, diatoms can break in transit, making identification 

difficult in addition to falsely identifying a deposit as eolian in origin (Ely et al., in 

review). 

Regional Geologic Setting 

 South-central Chile is conducive for paleotsunami analyses due to its past record 

of varying spatial and temporal earthquake activity. The area lies along the South 

American subduction zone where the Nazca plate subducts at an oblique angle beneath 

the South American plate at an average rate of 7-8 cm per year (Cisternas et al., 2005). 

The south-central region has experienced earthquakes with a magnitude greater than 8.0 

and written records show evidence of at least 9 historical earthquakes (Cisternas et al., 

2005). Features such as seamounts, ridges, fracture zones, transverse faults, and forearc 

basins add to the complexity and heterogeneity of the earthquakes (Plafker and Savage, 

1970). The high sediment supply at the trench also acts to complicate seismic activity by 
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initially acting as a barrier to rupture but later causing a high-slip event once a rupture 

occurs (Bilek, 2009).   

 In addition to multiple historic earthquakes that have only been identified through 

historical records, this active subduction zone has also produced notable, modern events. 

In 1960, a series of earthquakes culminated in the great 1960 Mw 9.5 earthquake – the 

largest recorded to date (Cifuentes, 1989; Plafker and Savage, 1970). The main shock of 

the 1960 earthquake was preceded by a Mw 8.1 earthquake 33 hours earlier (Cifuentes 

and Silver, 1989; Plafker and Savage, 1970). Combined, the two 1960 ruptures caused a 

greater than 1000 km long rupture that began near Lumaco (38° S, 74° W), triggering 

landslides and a tsunami that caused approximately $125 million in property damage 

across the Pacific Ocean (Plafker and Savage, 1970). More recently, the 2010 Mw 8.8 

Maule earthquake (36° S, 73° W) ruptured a 500-km long segment, causing a deadly 

tsunami with maximum run-up heights ranging from 3-29 m along the Chilean Coast 

(Fritz et al., 2010; Fuji and Satake, 2012). Surficial traces of the 2010 tsunami are still 

visible in places.  

 Quidico is a small fishing village off the coast of south-central Chile. It sits on the 

Mocha block of the South American plate and is bounded by the Mocha (38°S) and 

Valdivia (39.5°S) fracture zones (Fig. 1). Quidico is near the northern terminus of the 

1960 Mw 9.5 earthquake and the southern terminus of the 2010 Mw 8.8 Maule 

earthquake. A notable sea floor ridge complicates subduction in this area. Bathymetry 

shows that subduction of a sea floor ridge along the Mocha fracture zone contributes to 

the complication in describing the tectonics of the region. For these reasons, many 
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believe the Mocha block to be an area of enhanced slip, or asperity (Nelson and Manley 

1992). 

 The landscape around Quidico is dominated by the interaction of the Quidico 

River with the Pacific Ocean. Quidico Lake drains northwest via the Quidico River into 

the Pacific Ocean. As the Quidico River migrates seaward, it displays meanders with 

alternating tortuous and regular patterns (Fig. 2).  

 

Figure 2: The Quidico River and floodplain. The river flows to the left in the image.
 

Landforms such as abandoned meanders and dried oxbow lakes provide evidence of past 

channel migration. The river transports silts to fine sands and widens into an estuarine 

flood plain heavily vegetated by freshwater to brackish species (e.g., Juncus balticus, 

Juncus microcephalus, Scirpus americanus, Scirpus californicus, and Spartina sp.). The 
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mouth is protected by bedrock to the south and west, creating a northward-facing, 

cuspate-shaped delta. Recent construction since 1960 has added structural controls to the 

mouth of the Quidico River. The poured cement walls, likely intended to inhibit bank 

erosion, extend approximately 0.5 km upstream from the beach to a road bridge. An 

eolian sand dune lies on the western bank of the river ten meters upstream of the bridge.
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CHAPTER 2 
 

METHODS 
 

 Initial reconnaissance during the 2012 field season showed evidence of likely 

tsunami deposits along the Quidico River. We identified ideal areas for tsunami 

deposition and preservation by analyzing geomorphic features using satellite imagery on 

Google Earth (Google Earth, 2013). The site we chose with the most potential was an 

abandoned meander within the Quidico River floodplain, approximately 1 km inland of 

the coastline (Fig. 3). We conjectured that past tsunami events would have more likely 

deposited and preserved sand along the abandoned meander due to its lower topography.  

 

Figure 3: An outline of the modern river channel and transects of study (Modified from 
Google Earth, 2013).
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Field Measurements 

Fieldwork was conducted over 10 days during late January and February 2013. 

Using a combination of a hand corer and shovels, we cored and dug pits along two 

intersecting transects (Transect A and B) within an abandoned meander of the Quidico 

River to describe and correlate the stratigraphic units (Fig. 4, 5). We cleared bank 

exposures at intervals of 70-100 m for approximately the lower 1.5 km of the Quidico 

River. At every excavation site, we marked the location with a handheld GPS, surveyed 

the surface elevation using a total station, and described the stratigraphy using the Troels-

Smith method (1955). We noted the physical features (color, grain size, and any 

sedimentary structure), amount of organic decomposition, and the proportions of sand, 

silt, and organics for each stratigraphic unit. We collected sample blocks from 3 

representative pits (Pits 7, 9, and 13) to conduct grain-size, microfossil, petrographic, and 

radiocarbon analysis in the laboratory. 

A tide gauge was set on a newly constructed footbridge on January 31 and 

February 4, 2013 (Fig. 3). To approximate local mean sea level based on a two-day 

observation of the local tides, we matched our tide gauge data with tidal predictions from 

the TPXO8-atlas tidal model. Using the tidal model, we calculated theoretical tides for 

Quidico during our observational period and matched our observed data with the model 

data, which provided us with the elevation of the tide gauge relative to mean sea level 

(Ely et al., In review; Egbert et al., 1994; Egbert and Erofeeva, 2002). 
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Figure 4: Pit and core locations of Transect A. Dots in purple indicate pits that are also 
included in Transect B (Modified from Google Earth, 2013). 
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Figure 5: Pit and core locations of Transect B. Dots in purple indicate pits that are also 
included in the Transect A (Modified from Google Earth, 2013). 
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Laboratory Procedures 

To quantify physical changes in the stratigraphy, we conducted grain size analysis 

of the following individual stratigraphic units at Quidico: the buried sand units (Sands 2-

6) from Pit 13, the surficial 2010 sand and organic-rich silt (12-13 cm and 18-19 cm) 

from Pit 9 (Fig. 4, A-1, A-2). Each sample was placed in a 100 mL plastic test tube and 

filled with 50 mL of 30% concentration H2O2. Samples from each buried sand layer were 

placed in a 250 mL glass beaker and filled with 100 mL of H2O2 due to the increased size 

of the samples. The test tubes and beakers were repeatedly filled with H2O2 until all the 

organic material in the samples had disintegrated. An identical process was employed 

using bleach instead of H2O2 on the sand units for comparison. Because initial 

measurements showed nearly identical results, we continued grain size analysis with 

H2O2. We measured grain size of the aforementioned samples, as well as samples taken 

of the modern beach, river, and dune, using the Malvern Mastersizer 2000 laser particle-

size analyzer. Results from the grain size analysis underwent statistical analysis of 

correlation, sorting, and skewness in order to compare the sample measurements. To 

determine the likely correlation of the varying units to one another, we calculated the 

correlation coefficients for each of the samples. For calculating statistical measures, as 

provided by Folk and Ward (1957), we used the following equations:  

Mean = 
!!"  !  !!"  !  !!"

!
 

Sorting = 
!!"  !  !!"

!
+   !!"  !  !!

!.!
 

Skewness =  𝜑84  +  𝜑16  −  2𝜑50
2(𝜑84  –  𝜑16)

+   𝜑95+  𝜑5−2𝜑502(𝜑95−  𝜑5)  
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Approximately 2 teaspoons of sediment from the buried sand layers, 

intervening soil layers, modern-day Quidico River channel, and the beach at Quidico 

were taken for petrographic thin section analysis to identify possible differences in grain 

size and composition. Spectrum Petrographics set the samples in epoxy and mounted the 

sample onto thin sections. Using a petrographic microscope, we identified the minerals 

present and their relative abundance. 

Radiocarbon sample preparation was completed at the United States Geological 

Survey (USGS) office at Golden, CO office under the guidance of USGS Geologist Dr. 

Alan Nelson. We attempted to find detrital organic material (e.g., rhizomes, seeds, insect 

wings, etc.) that was unlikely to have been transported far before being deposited and 

preserved. We cut 1-cm slices from the block samples taken from Quidico and placed 

them on a 0.5-mm sieve. Using dental tools and a spray bottle filled with distilled water, 

we examined each slice under a microscope, sifting for detrital organic material (Fig. 6). 

For every sample found, we noted its location by depth and placed the item in a petri dish 

with distilled water for further cleaning. Samples found in matching stratigraphic units 

were grouped into the same vial for radiocarbon dating. Vials were sent to the National 

Ocean Sciences Accelerator Mass Spectrometry (NOSAMS) facility for 14C dating.  

Sediment samples from above, within, and below the first buried sand layer were 

sent to MicroAnalytica for 137Cs analysis. 137C was introduced into the atmosphere after 

AD 1950 as a product of aboveground, nuclear testing (Milan et al., 1995). By testing for 

presence or absence of radioactive isotopes, we aim to determine the likelihood that the 

first buried sand layer is the 1960 tsunami deposit. The presence of 137Cs above and 
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immediately below the sand but not in the lower stratigraphic layers constrains the 

time of sand deposition to post-1950 AD.  

 

Figure 6: Sampling peat for dateable, organic material. 
 

Preliminary microfossil analysis, consisting of identifying presence or absence of 

diatoms, was conducted at the Academy of Natural Sciences Museum in Philadelphia 

under the guidance of PhD student Tina Dura (University of Pennsylvania). Using the 

leftover, organic-free samples from grain size analysis, we chose the following sample
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depths for diatom analysis: 0-1 cm (2010 sand), 2.5-3.5 cm (peat), 12-13 cm (peat), 15-

16 cm (1960 sand), and 18-19 cm (peat). Our goal was to note changes in diatom species 

between the buried peat and sand layers that could indicate environmental differences. 

We added a small amount of distilled water and picked up the grains using a pipette. The 

slurry was dropped onto a clean glass slide and left the slide under a heat lamp to dry 

overnight. When the water had evaporated, we added drops of Naphrax, a sealant, onto 

the slide and quickly added a cover slip. The slide was dried on a hotplate until the 

Naphrax set. The slides were observed under a petrographic microscope for evidence of 

diatoms, noting species and relative abundance. 
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CHAPTER 3 
 

RESULTS AND DISCUSSION 
 

Lithostratigraphy 

 The stratigraphy at Quidico is characterized by interbedded silty peat and sandy 

silt interrupted by sand layers (Fig. 7). Using the data provided by the tide gauge, the 

surface elevation of the cores and pits that contain sand layers interpreted as tsunami 

deposits lie 0.68-1.5 m above local mean sea level. Including the surficial 2010 tsunami 

sand that caps the stratigraphy and a basal sand layer at the bottom, there are a total of 7-

8 distinct sand layers that we were able to correlate along the transects (Fig. 8 & 9) and 

that fit our criteria for tsunami deposits outlined later in this section. Not all of the sand 

layers found in cores and pits are likely tsunami deposits. Pits in some of the low 

riverbank exposures, for example, contain numerous, thin sand and silt layers that we 

interpreted to be fluvial overbank deposits, as they do not extend to other pits further 

inland (i.e., away from the edge of the river bank). Others, based on our field 

observations, did not match well with the distinct sand units we were able to follow 

landward (i.e., distance upriver from the ocean coast) because they did not have obvious 

correlations with sand layers at the same stratigraphic position in other pits.
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Figure 7: Pit 15 at Quidico. Note the sharp contact between the sand unit and the silty 
peat layers (Photo: Ely 2013). 
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Figure 8: Transect B: stratigraphic transect of cores and pits in Quidico, Chile (locations 

found in Figure 5). Cores are represented as thinner columns and pits are the thicker 
columns. The sections are arranged according to their distance away from the riverbank 

(C7 farthest from riverbank, P6 closest). 
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Figure 9: Transect A: stratigraphic transect of cores and pits in Quidico, Chile (Locations 

found in Figure 4). Note the flame structures in P8 and P9. Cores are represented as 
thinner columns and pits are the thicker columns. The sections are arranged in order of 
their distance landward from the ocean, but do not fall on a straight transect line. For 

additional details on the stratigraphic sections sampled for radiocarbon dating, refer to 
Appendix A. 
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To justify our interpretation of the sand units, we relied on past paleotsunami 

research that has sought to define typical characteristics of tsunami deposits. Generally, 

sharp and abrupt basal contacts overlain by sand suggest that a high-energy event, such as 

a tsunami, caused erosion at the surface and subsequently deposited sediments 

uncommon to the environment (Atwater, 1987; Bourgeois, 2009; Dawson and Shi, 2000; 

Dominey-Howes et al., 2006; Morton et al., 2007; Peters and Jaffe, 2010). The tsunami 

deposit is often widespread and tabular in nature, thinning landward until it pinches out 

upstream (Atwater, 1987; Dawson and Shi, 2000; Dominey-Howes et al., 2006; Morton 

et al., 2007; Peters and Jaffe, 2010). Storm deposits, also high-energy events, can differ 

from tsunami deposits in the stratigraphy due to the existence of discrete laminae of 

shells and inverse sediment sorting caused by the high-frequency of waves caused by 

storms (Morton et al., 2007). Fluival deposits are also another likely source of sediments 

around the Quidico floodplain. Characteristically, flood overbank deposits are 

concentrated along the riverbank, disappearing with distance inland from the bank. In 

contrast, tsunami deposits are more widespread inland of the river (Atwater, 1987; 

Dawson and Shi, 2000; Morton et al., 2007).  

With these characteristics in mind, we now turn to an interpretation and 

discussion of the 7-8 sands found at Quidico (from stratigraphic top to bottom). We 

interpret the surficial sand unit, henceforth called Sand 1, as a tsunami deposit due to its 

widespread location across the surface of the topography, coupled with the knowledge 

that the 2010 tsunami recently inundated the field area. According to observations by 

Quidico residents the 2010 tsunami covered lowlands in the floodplains of the Quidico 

River where we investigated but was confined to the riverbank further upstream. 
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Similarly, we found Sand 1 was most prominent closest to the banks of the Quidico 

River (2-5 cm) but we were also able to find it deposited (1-2 cm thick) further inland 

within the abandoned meander. Evidence of Sand 1 inland of the riverbank eliminates a 

flood-origin hypothesis. Additionally, the deposit lacked any cross-bedding or other 

stratigraphy to suggest Sand 1 was an eolian deposit. Our observations, coupled with 

those of local residents support our belief that Sand 1 is from the 2010 tsunami. 

The following sand unit, Sand 2, is also likely a tsunami deposit due to its tabular 

nature. It shares an abrupt contact with the silty peat layer beneath it, is overlain by peat, 

and is prominent in both transects. Along Transect B, there is stratigraphic evidence of a 

Sand 2B below Sand 2 (Fig. 8). This sand unit is not found in Transect A and is solely 

located in a topographically low paleochannel of the Quidico River suggesting fluvial 

deposition (Fig. 8). However, there is a sizeable amount of peat (7-18 cm) developed 

below it, which implies that the Quidico River had long abandoned the paleochannel 

before the sand was deposited. Based on stratigraphic evidence, it is possible that Sand 

2B is a small tsunami deposit that was only able to take advantage of low topographic 

areas, but we are not confident in providing a singular interpretation for its origin. 

The next sand layer, Sand 3, is in both transects but is most prominent in Transect 

A (Fig. 9). We feel confident in its correlation across the landscape because of its 

stratigraphic location beneath a prominent, black, organic-rich silt layer and its erosive 

basal contact. Due to its widespread nature, we believe Sand 3 is a paleotsunami deposit.  

Sand 4 was the most difficult of all layers to correlate across the stratigraphy due 

to its varying prominence in the stratigraphy across transects. In a pit and core closest to 

the sea (Pit 13 and Core 9), Sand 4 is only 1-2 cm thick and disappears entirely from the 
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Transect A for 100 meters, reappearing as a thicker unit (3-6 cm) further inland (Fig. 

9).  Based on past research that suggests tsunami deposits characteristically become 

thinner in a landward direction, we are the least confident in defining Sand 4 as a tsunami 

deposit. However, because it was deposited as far landward as 980 m but no farther, 

similar to other candidate tsunami deposits, we interpreted it as a likely paleotsunami 

sand. Below Sand 4 along Transect A is an additional sand layer, Sand 4B (Fig. 9). This 

sand unit shares similarities with Sand 2B in that it was not found in the other transect 

and only occurs in a few, topographically low, cores and pits. Again, we were unable to 

confidently provide an interpretation for its origin, but left open the possibility that Sand 

4B is a tsunami deposit.  

Sand 5 is the next prominent, widespread sand layer. We conclude that this sand 

is a tsunami deposit because it is tabular in nature and widespread within both transects. 

Finally, we interpret Sand 6, the basal sand layer in most of our pits and cores, as a non-

tsunami deposit due to its thickness (>70 m), massive sedimentary structure, and our 

inability to locate an organic-rich silt or peat layer below it. We suspect that Sand 6 is 

evidence of a past environment, possibly the deposit of the former river channel of the 

Quidico River before it changed paths. In summary, we found the following sand units at 

Quidico (from stratigraphic top to bottom): Sand 1, Sand 2, Sand 2B, Sand 4, Sand 4B, 

Sand 5, and Sand 6 (Fig. 10). Our laboratory analysis, however, excludes Sand 2B and 

Sand 4B because they were not included in the stratigraphy at our sampled locations (Pits 

7, 9 and 13). 
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Figure 10: Representative pit (Pit 11) at Quidico. The most likely tsunami sands (5 total) 
are labeled and colored with individually calibrated 2σ ages of sand layer deposition in 

parenthesis. Sands 2B and 4B are not present in this section. 
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Using five representative pits containing a nearly complete sequence of buried 

sands and our knowledge of the stratigraphy, we were able to laterally correlate several, 

prominent sand units. Transect B (parallel to the ocean coast), provided a sparse record of 

candidate tsunami sands with the fewest correlations (Fig. 8). Transect A (perpendicular 

to shore), contained a laterally continuous record of all candidate tsunami sands (Sands 1-

5) (Fig. 9). Moving upstream, the sands do not display characteristic landward thinning; 

however, by the southern end of the abandoned meander (1.2 km upstream) the sand units 

disappear (Fig. 11).  

 

Figure 11: Extent of candidate tsunami deposits at Quidico. The dashed blue line shows 
the maximum extent of the interpreted tsunami sand layers exposed in the riverbank 

stratigraphy and cores. The ocean and direction of river flow is north. 
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Sedimentology 

Due to the difficulty in digesting the organic-rich samples from Quidico, a 

continuous grain-size analysis of a representative pit (Pit 13) was not completed. 

However, grain size measurements were made of the following samples: six sand units 

(Sand 1, 2, 3, 4, 5 and the basal sand layer), the inorganic sediment component of two 

peat layers at depths of 12-13 cm and 18-19 cm, two eolian dune samples, two beach 

sand samples, and two modern-day channel sands (Fig. 12). We aimed to quantify our 

comparisons of the different units and consider potential sources of the buried sands. The 

buried sands, dune samples, and beach samples all produced a bimodal grain-size 

distribution; the first peak, however, is not as prominent as the second. The first channel 

sample, C1, produced a bimodal distribution similar to the curves produced by the sands, 

dune and beach whereas the second sample, C2, produced a unimodal distribution. In 

contrast, the peat samples were the most varied, showing a broader, bimodal distribution 

that was likely caused by remnants of undigested organics.  
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Figure 12: Comparison graph of grain size results. 
 

The measured grain sizes were converted to phi units and sorting, skewness, and 

kurtosis was calculated based on formulas developed by Folk and Ward (Folk and Ward, 

1957, Folk 1966). All the units, including the buried soils, are at least moderately sorted 

with a skewness that varies from strongly negative to symmetrical (Table 1). Results 

from calculating the correlation coefficients show that all the sand units have a greater 

than 0.85 correlation coefficient with one another and all but one pair (Sands 4 and 5) had 

a greater than 0.90 correlation coefficient (Table 2). Due to the high correlation of the 

sand units, we averaged the results from the sand layers to simplify further comparisons. 

The averaged sand units displayed the weakest correlation with the sediments from the 

two peats (0.06) and the strongest correlation with the dune (0.99). The beach (0.97) and 

channel 1 samples (0.90) also produced strong correlation coefficients (Table 3).  
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Table 1: Standard grain size statistics for sand units at Quidico. 
 Sand 1 Sand 2 Sand 3 Sand 4 Sand 5 Sand 6 
Mean 2.25 2.12 2.22 2.50 2.03 2.33 
Median 2.42 2.24 2.34 2.58 2.17 2.48 
Sorting 0.49 0.57 0.52 0.91 0.79 0.81 
Skewness -0.36 -0.19 -0.28 0.12 -0.02 0.02 
Kurtosis 1.09 0.92 1.23 2.04 1.84 1.74 

 
Table 2: Correlation coefficient values for sand units at Quidico. 
 Sand 1 Sand 2 Sand 3 Sand 4 Sand 5 
Sand 2 0.96     
Sand 3 0.99 0.98    
Sand 4 0.99 0.91 0.97   
Sand 5 0.90 0.99 0.95 0.85  
Sand 6 0.99 0.95 0.99 0.99 0.90 

 
Table 3: Correlation coefficient values between sand units and other units at Quidico. 
 Peat 

(12-
13 
cm) 

Peat 
(18-
19 
cm) 

Dune 
sample 
1 

Dune 
sample 
2 

Beach 
sample 
1 

Beach 
sample 
2 

Channel 
sample 
1 

Channel 
sample 
2 

Sand 
average 

0.14 0.06 0.94 0.99 0.97 0.97 0.90 1.00 

 
Petrographic Analysis 

 
 Petrographic thin sections were made from the following samples: Sands 1-6 from 

pit 13, three additional buried sand units from pit 7 (Sand 2, 3, and 4), a channel sample, 

a dune sample, and two beach samples. The thin sections were examined to assess our 

correlation of sand layers between pits, to identify similarities or differences in the 

minerals and lithic fragments that comprise the sediments, and to better constrain the 

provenance of the buried sand layers. All of the thin sections, aside from the two beach 

samples and the channel sample, contained angular to sub-rounded sediment grains. The 

beach samples were angular to rounded and the channel sample was sub-angular to sub-

rounded. Similarly, all of the thin sections shared the same suite and relative percentage 

of minerals: volcanic rock fragments (~50%), opaques (~25%), quartz (~10%), 
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plagioclase (~5%), clinopyroxene (~2%), and traces of orthopyroxene, muscovite, 

hornblende, chlorite, bitotite, sillimanite, and zircon as an accessory mineral in quartz 

(Fig. 13a, 13b). Despite the similarities, the channel sample did differ in having 

significantly fewer opaque minerals than the others and calcite shells were found in one 

of the beach thin sections (B5). 

 

Figure 13a: Plain polarized light (PPL) of common grains found in Sand 3. 
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Figure 13b: Cross-polarized light (XPL) of common grains found in Sand 3. 
 

Chronostratigraphy 

 Seeds from Scirpus sp. and Potamogeten sp. were collected for radiocarbon 

sample processing. The seeds were chosen because many of them still retained the 

delicate casing surrounding the seed, implying a lack of transport, and they were the most 

abundantly found in situ organic material in the sample blocks (Fig. 14). An additional 

advantage to dating these seeds was the uniformity of the type of material dated 

throughout the stratigraphy. Samples for radiocarbon dating were selected from the peat 

layers immediately underlying each buried sand layer, except Sand 2B, 4B, (Fig. 9, A-2). 

We also submitted seed samples from the peat layers above Sands 5 and 6. Results from 

radiocarbon dating show that the units increase in age with depth and display no age 

reversals (Table 4).   
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Figure 14: Schoeneplectus californicus seeds found in peat below Sand 3. Grids indicate 
1 mm in length. Note the delicate casing attached to the upper left seed. 

 
Table 4: Radiocarbon age determinations at Quidico Pit 13.  
Stratigraphic 
Unit 

Depth  
(cm) 

Laboratory 
Reported 
Age  
(14C BP) 

Calibrated 
2σ Age 
(AD) 
 

δ13 C Sample Material 

Peat below 
Sand 2 

17-21 65 ± 30 1880 - 1945  -26.0 5.25 Scirpus sp. 
seeds, 1 Potamogeten 
sp. seed 

Peat below 
Sand 3 

40.5-43 105 ± 25 1880 - 
Present 

-24.5 16 Scirpus sp. seeds 

Peat below 
Sand 4 

53-56 185 ± 25 1665 - 1815 -24.9 5 Scirpus sp. seeds, 3 
Potamogeten sp. 
seeds, 1 small round 
seed 

Peat above 
Sand 5 

76-78 460 ± 30 1430 - 1500 -25.8 12 Scirpus sp. seeds 

Peat below 
Sand 5 

82-85 570 ± 45 1385 - 1450 -27.6 11 Potamogeten sp. 
seeds 

Peat above 
Sand 6 

95.5-97 425 ± 15 1430 - 1480 -25.5 5 Scirpus sp. seeds 

Peat above 
Sand 6 

95.5-97 475 ± 20 1450 - 1500 -25.7 9 Scirpus sp. seeds 

Sand 6 97-110.5 760 ± 20 1265 - 1310 -25.4 4.5 Scirpus sp. seeds 
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Using the radiocarbon results from NOSAMS, we used the OxCal radiocarbon 

calibration software to calibrate the reported dates using the Southern Hemisphere 13 

curve (McCormac et al., 2004). Excluding Sand 1 and Sand 2 (discussed in following 

paragraph), we created an age model for the chronostratigraphic history at Quidico that 

takes into consideration the location of the sand units within the stratigraphy when 

calculating an age range. Due to the in situ nature of the organics sampled, we interpret 

the dates as minimum ages. The result is an age model that shows no reversals and better-

constrained ages of deposition (Fig. 15). To better constrain the dates of sand unit 

deposition, we relied on historical records to match the radiocarbon dates with past 

events.  
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Figure 15: Age model results using OxCal – Southern Hemisphere 13 curve (Modified 
from Bronk Ramsey, 2013). Area under dark gray represents 1-sigma values; light gray 

area represents 2-sigma values. 
 

Because we felt confident the surficial sand deposit (Sand 1) was from the 2010 

tsunami, we hypothesized that the first buried sand layer (Sand 2) was likely from the 

1960 tsunami. To supplement our 14C results, we submitted 5 samples above, within, and 

below the first buried sand layer (Sand 2) to measure the presence or absence of 137Cs 

(Fig. 9, A-1). Results showed that the samples above and within Sand 2 had detectable 
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levels of 137Cs, whereas the silty-peat layers below the sand did not, confirming that 

Sand 2 was deposited after AD 1950 (Table 5). 

Table 5: Lab reported measurements of 137Cs levels taken from Pit 7. 
Stratigraphic Unit Depth (cm) 137Cs levels (dpm/g) 
Middle of peat above Sand 2 6-8 0.08 ± 0.02 
Bottom of peat above Sand 2 8-10 0.33 ± 0.03 
Silt layer above Sand 2 16-18 0.08 ± 0.02 
Top of peaty silt below Sand 2 20-22 Not Detected 
Middle of peaty silt below Sand 2 22-24 Not Detected 

 
 An analysis of historical records show that large events from both the north and 

south are likely candidates for the tsunami deposits at Quidico (Fig. 16; Table 6). Results 

from the OxCal age model suggest Sand 3 was deposited between AD 1700 and 1960 and 

Sand 4 was deposited between AD 1670 and 1890. In that time range, there are records of 

five tsunami-generating earthquakes in south-central Chile: AD 1730, 1751, 1835, 1837, 

and 1960 (Cisternas et al., 2005; Lomnitz, 2004; Udías 2012). Based on descriptions of 

earthquakes and tsunami inundation from major cities, we inferred that two events likely 

reached Quidico – AD 1751 and 1835 (Cisternas et al., 2005; Ely et al., in review; 

Lomnitz, 2004; Udías 2012). We ruled out AD 1960 because we have already correlated 

that event with Sand 2. Based on historical evidence, the rupture from AD 1837 was 

likely south of Quidico and produced a low tsunami (Cisternas et al., 2005). In contrast, 

the earthquakes from AD 1751 and 1835 had epicenters closer to Quidico in Concepcion, 

Chile and resulted in tsunamis that reached south of Valdivia (Lomnitz, 2004; Udías 

2012). For this reason, we suspect that Sand 3 is most likely tied to the 1835 tsunami 

because the deposit is well represented at Quidico, which would suggest a stronger, more 

local tsunami. Following what would most logically precede the 1835 tsunami, we 

believe Sand 4 could be from the 1751 tsunami (Lomnitz, 2004; Udías 2012) 
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Continuing down the stratigraphy, additional OxCal age model results show 

that we have found two sands predating historical records in south-central Chile – Sand 5 

and Sand 6. So far, the earliest historical records only date back to AD 1562 (Lomnitz, 

2004). Preceding this date are radiocarbon ages that confine the deposition of Sand 5 to a 

very narrow time frame  – AD 1430-1455. This result suggests that we have found a 

previously undiscovered tsunami deposit in the south-central region. Sand 6, the basal 

sand layer, was most likely deposited before AD 1450. Although we were able to produce 

radiocarbon ages taken from samples within Sand 6 (AD 1265-1310), we were unable to 

confine its maximum age. Again, we suspect that Sand 6 is not likely a candidate tsunami 

sand. Our suspicions that Sand 6 is likely a fluvial deposit from the former Quidico River 

channel is supported with grain size statistics that provide a correlation coefficient 

between Sand 6 and Channel 2 of 0.99. 

Based on our stratigraphic observations, there are two additional sand units that 

are possible candidate tsunami sands – Sand 2B and Sand 4B (Table 6). The AD 1837 

earthquake near Valdivia was the only event in south-central Chile that occurred between 

AD 1960 and AD 1835. The tsunami caused significant damage on Chiloé Island and as 

far east as Samoa and Japan (Lomnitz, 2004). It is possible the tsunami traveled farther 

north and left a small deposit, Sand 2B; however, we remain unconfident in describing 

the unit as a definitive tsunami deposit because we do not have radiocarbon dates to help 

us further narrow its time of deposition. Based solely on the stratigraphic location of 

Sand 4B, we believe it was deposited before the 1751 tsunami but after AD 1455. 

Preceding 1751, there are four earthquakes noted in historical records: AD 1730, 1657, 

1575, and 1570 (Lomnitz, 2004; Udías 2012). The AD 1730 event, the Great Valparaíso 
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Earthquake, caused a large tsunami described as larger at Concepcion than its 

predecessor – AD 1657; it is likely that this tsunami could have reached Quidico 

(Lomnitz, 2004). Both the AD 1657 and 1570 events had epicenters near Concepcion and 

caused flooding in the city due to the tsunami (Lomnitz, 2004). These events are 

described as similar to the AD 1835 and 1751 events we believe are preserved at Quidico, 

which makes it plausible that Sand 4B, could be a deposit from one of these events. 

Historical records indicate that the AD 1575 tsunami, caused by an earthquake that 

completely destroyed five Spanish outposts, reached as far north as Concepcion; this 

would suggest that the tsunami could have left a deposit at Quidico (Lomnitz, 2004). 

Without radiocarbon dates taken directly above and below Sand 4B, we are unable to 

confirm its deposition with a tsunami event and must also take into consideration that the 

sand may have been deposited before historical records.  

Alternatively, if we were to assume that Sand 2B and Sand 4B are indeed 

candidate tsunami sands, we could match the units with historical records by shifting 

back the timing of the other deposits. In this scenario, the sands would match with the 

following events: Sand 1 (AD 2010), Sand 2 (AD 1960), Sand 2B (AD 1835), Sand 3 

(AD 1751), Sand 4 (AD 1730), Sand 4B (AD 1575), and Sand 5 (Pre-historic event). This 

chronology is also plausible at Quidico because historical records cite AD 1751 as a 

larger event than AD 1835 and Sand 3 is a more prominent sand layer than Sand 2B 

(Lomnitz, 2004; Udías 2012). Predating the AD 1751 tsunami is the AD 1730 tsunami 

(AD 1737 did not produce a tsunami), which was described as a large event (Lomnitz, 

2004; Udías 2012). Finally, Sand 4B would then match with AD 1575 due to descriptions 

citing it as a large and destructive event (Lomnitz, 2004). 
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Figure 16: A 310-year record of estimated subduction-zone ruptures in south-central 
Chile compiled using modern instrumentation and historical accounts. Dashed lines 

indicate earthquakes estimated from historical accounts. Quidico is in green (Modified 
from Ely et al., 2014 in review; Lomnitz, 2004; Melnick et al., 2009; Moernaut et al., 

2014). 
  

Table 6: Age model results and likely tsunamis (Modified from Bronk Ramsey, 2013). 
Sand 
Unit 

Modeled 
Age (AD) 

Best Matched Tsunami (AD)  Origin  

Sand 1 N/A 2010  Northern rupture  
Sand 2 N/A 1960  Southern rupture  
Sand 2B N/A 1837?  Southern rupture  
Sand 3 1700-1960 1835  Northern rupture  
Sand 4 1670-1890 1751  Northern rupture  
Sand 4B N/A 1730? 1657? 1575? 1570? 

Pre-historical? 
 Undetermined  

Sand 5 1430-1455 Pre-historical  Unknown  
Sand 6 Unknown-

1450 
Pre-historical  Unknown  
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Diatom Analysis 

 
 Diatom analysis of the samples taken within the upper 20 cm (~0.8 m above local 

mean sea level) of the stratigraphy at pit 9 provided promising, yet inconclusive initial 

results. The sand layer (Sand 2) contained predominantly marine and brackish diatom 

species and the slides of the silty peat layers between the sands contained a mixture of 

freshwater, brackish, and marine assemblages (Fig. 17). Preliminary results suggest that 

the sand unit more likely has a marine origin than the units above and below it. Further 

interpretations, however, are challenging to make because many genera of diatoms 

include species from both marine and freshwater environments and we were unable to 

confidently identify some of the diatoms found in the samples to the species level. 

 

Figure 17: Diatom assemblages found within the first 20 cm at pit 9. 
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CHAPTER 4 
 

SUMMARY DISCUSSION 
 

Evidence for Paleotsunami Deposits 
 

The stratigraphy at Quidico provides strong evidence of a complex paleotsunami 

history at the site. As characterized by Atwater (1987), tsunami events preserve in the 

stratigraphy as abrupt changes between buried soil and sand. Likewise, the stratigraphy at 

Quidico exhibits sharp, interrupting sand units between units of silty peat and sandy silt. 

There is evidence of 6-8 sand units (Sands 1, 2, 2B, 3, 4, 4B, 5, and 6) that correlate 

across the landscape and terminate 1.2 km inland from the shore, suggesting a seaward 

source of the sands. Two reconnaissance trips extending 2 and 4 km inland up the river 

revealed an absence of any similar exposed sand layers in the riverbank farther upstream. 

In addition, no sand layers were observed in cores taken from a low-elevation, abandoned 

channel meander 3 km inland from the shore in a setting similar to that where the sand 

layers were described for this study. The absence of similar sand layers in similar settings 

upstream support the interpretation that these distinctive, anomalous sand layers are not 

river overbank flood deposits. Although the sand units are not found at every pit and 

core, tsunami deposits are often patchy due to the irregular topography upon which the 

sands are deposited (Peters and Jaffe, 2010). Furthermore, the marine diatom 

assemblages in our test samples from Sand 2 support the interpretation that the sands are 

tsunami deposits rather than freshwater river deposits. 

We interpret three of the sand layers as either a non-tsunami origin or of 

undetermined origin. Sand 6, at the base of the described sections, is much thicker than 

the other sand layers in this study and most likely represents a river channel deposit in the 



 

  

41 
former channel meander where the stratigraphic sections were described. Sands 2B and 

Sand 4B might not represent tsunami deposits because they are not as widespread as the 

other five candidate tsunami sand units (1-5) and they only occur in a few, lower-

elevation pits in the abandoned river meander.  

 The grain size and lithologic comparison of the units at Quidico supported our 

field observations that the sand units are tsunami deposits in what is a silty-peat dominant 

floodplain. All the sands share a correlation coefficient of greater than 0.85, which 

contrasts with a 0.06 correlation between the sands and the silty sediments within the 

buried organic-rich units. To better constrain the origin of the sands, we compared the 

correlation between the sand units with the beach, dune, and river channel. Results 

showed that the sands most closely matched the dune (0.99) but were very similar to the 

beach (0.97) and one of the channel samples (0.90). The tsunami most likely picked up 

beach sand before it captured a majority of its sediment from the dune; as the tsunami 

flowed inland, it also picked up channel sediments.  

Thin section analysis confirmed our hypothesis that all the samples (i.e., Sands 1, 

2, 3, 4, 5, and 6, the beach, dune, and channel samples) are of nearly identical 

mineralogical composition. This interpretation seems likely because previous studies 

have concluded that incoming tsunamis often entrain and redeposit sediments from local, 

on-shore sources such as beaches and dunes (Szczucinski, 2012). It is difficult to 

conclusively identify off-shore deposits because the tsunami will inevitably mix in on-

shore sediments as it moves inland (Goff et al., 2012; Lario, 2002; Szczucinski, 2012). 
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 Historical Support for Tsunamis in Quidico 

 Based on our comparison of radiocarbon ages with historical records of south-

central Chile, we believe that 5-7 of the sand units can be tied to tsunami events (Table 

6). Deposits from the 2010 and 1960 tsunamis are represented at Quidico as Sands 1 and 

2. Based on radiocarbon dates and age model results, Sand 3 and Sand 4 could match 

large, historical tsunamis in AD 1835, 1751, or 1730. Historical accounts of these events 

indicate that the tsunami in AD 1751 was perhaps the larges in the historical record from 

Concepción to the north (Udías et al., 2012), and is therefore the most likely to be 

represented in the stratigraphy at Quidico. The rupture in AD 1730 was farther to the 

north, but it did create a large tsunami at Concepción, as did the AD 1835 event. There 

are no accounts of a tsunami associated with the AD 1737 earthquake to the south, so it 

was not considered a viable match. 

 OxCal modeling of multiple overlapping radiocarbon ages indicates that Sand 5 

was deposited by a pre-historical tsunami dated to AD 1425-1465. This event is therefore 

a newly discovered tsunami for this stretch of the Chilean coast. It occurred about 100 

years prior to the oldest historical earthquake and tsunami at Concepción in AD 1570 

(Lomnitz, 2011), which indicates a continuation of the average recurrence of large 

earthquakes and tsunamis approximately every century from subduction-zone ruptures 

near Concepción. 

 We remain uncertain about the tsunami source of Sands 2B and 4B. They could 

represent deposits from smaller tsunamis that were only preserved in the lowest portions 

of the abandoned meander. Sand 2B is stratigraphically above Sand 3, and therefore 

could be from a tsunami at the later end of the historical record in either AD 1835 or 
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1837. Of these, 1835 is the more likely match, as it is a closer rupture source to the 

north (Fig. 16). The 1837 event probably ruptured only the southern portion of the 1960 

rupture zone, and the geological evidence from that earthquake and tsunami is not as 

widespread as that of 1960 (Cisternas et al., 2005; Moernaut et al., 2014). In addition, if 

Sands 3 and 4 represented tsunamis in 1751 and 1835, only two years would separate 

Sand 2B from the underlying Sand 3, which would not be enough time to produce the 10-

20 cm of peat that separates them. Because we were unable to produce radiocarbon ages 

for Sand 4B, there are at least four tsunami events with which it is a possible match: AD 

1730, 1657, 1575, and 1570 (Lomnitz, 2004; Udías 2012). Finally, OxCal results indicate 

that Sand 5 came from a pre-historical tsunami sometime between 1425-1465 AD.  

Our interpretations rely heavily on event matching with historical records. During 

the time of Spanish colonization (1535-1810 AD), there are written records of tsunamis 

affecting occupied regions; however, Spanish posts were sometimes few and far between 

(Lomnitz, 2004). For example, we only have modern observations of tsunamis at Quidico 

because there were no historical posts. Furthermore, native Mapuche groups occasionally 

overtook the region south of the Maule River (AD 1553, 1561, 1598, 1655, and 

periodically throughout the 18th century), disallowing the Spanish to colonize the south-

central region until the mid 19th century (Lomnitz, 2004). During the times of Mapuche 

occupation, there are no records of earthquakes and tsunamis between Concepción and 

Valdivia (Lomnitz, 2004). Without a complete and comprehensive historical record, we 

cannot decisively match our tsunami sands at Quidico with known historical events. 

Nevertheless, based on the records we do have of south-central Chile, it seems very likely 
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that our five main sand layers match the following tsunamis: AD 2010, 1960, and two 

of the three historical tsunamis in 1835, 1751, or 1730 (Fig. 15; Table 6).  

Comparison to Neighboring Sites 

 A comparison of our results at Quidico to another neighboring site (Tirúa) just 13 

km south shows a similar preservation of events. The 500-yr sedimentary record at Tirúa 

contains 4 tsunamis: AD 2010, 1960, and most likely 1751 and 1575 (Ely et al., in 

review). Within that timeframe, we can match 2010, 1960, and 1751 at Quidico. It is 

possible that a tsunami associated with the AD 1575 earthquake is also at Quidico 

because there is stratigraphic evidence of a smaller, patchy sand unit (Sand 4B) between 

Sand 4 (1751 AD) and Sand 5 (1429-1464 AD). This would seem probable because 

historical records describe the AD 1575 tsunami as a great and far-reaching event 

(Lomnitz, 2004). Of the tsunamis we can most confidently identify at Quidico (AD 2010, 

1960, and two from 1835, 1751 and 1730), all but one were caused by subduction zone 

ruptures to the north (Table 6). In slight contrast to Quidico, Tirúa appears to more 

effectively preserve large events from both the north (AD 2010 and 1751) and south (AD 

1960 and 1575) (Ely et al., in review), while Quidico might preserve evidence of 

additional smaller tsunamis from the north (AD 1730 or 1835).   

The difference in the preservation pattern may lie in the coastal morphology. 

Tirúa has a coastline that is more open whereas Quidico has a northward-facing 

embayment protected to the south and west by bedrock. The exposed coastline at Tirúa 

may allow better access for tsunamis coming from the south whereas Quidico is only able 

to preserve very large events, like the 1960 tsunami, from the south. If this pattern of 
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preservation is true, then we suspect Sand 2B is unlikely from the 1837 tsunami 

(southern rupture) but rather from a non-tsunami source. 

 An analysis of lacustrine turbidite sequences in south-central Chilean lakes 

provides further comparison to the record at Quidico. The lakes are south of Quidico, 

between 39° S and 40° S, providing a more southern record than Tirúa. Results of the 

study conducted by Moernaut et al. (2014) found records of AD 1960, 1837, 1737, 1575, 

and three pre-historic events: AD 1466 ± 4, 1319 ±9, and 1127 ± 44. Of the historic 

events recorded in the lakes, only AD 1960 and 1575 were interpreted as full ruptures; 

the AD 1837 earthquakes is viewed as a half rupture. This result supports our 

interpretation that the AD 1837 event likely did not reach Quidico. Alternatively, based 

on results showing that AD 1575 was a strong earthquakes, it is possible that Sand 4B is 

indeed a tsunami deposit from that event (Moernaut et al., 2014). 
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CHAPTER 5 

CONCLUSIONS 
 

A combination of pits, cores, and riverbank exposures provide stratigraphic 

evidence of 6-8 laterally continuous sand layers within the Quidico River floodplain. At 

least five of these sand layers closely fit our criteria for probable tsunami deposits (Sands 

1-5). Sand 6, at the base of the described sections, is thicker than the others and is most 

likely a fluvial deposit in the former river channel. The sand units disappear completely 

from the stratigraphy 1.2 km upriver from the coast, characteristic of tsunami deposits. 

Preliminary microfossil analysis indicates a slightly more marine diatom assemblage in 

the 1960 sand layer than in the organic-rich silt units above and below it, indicating a 

marine incursion. All of the sand units are bimodal in their grain-size distribution (120-

316 µm) and the sediment grains are of similar lithology, which contrasts with the 

broader, bimodal distribution of grain size (3-171 µm) from the sampled peat. The sands 

share a strong correlation coefficient with the dunes (0.99), beach (0.97), and channel 1 

(0.90). We suspect the source of the tsunami sands is mostly dune in origin as the 

incoming tsunami picked up onshore deposits. 

AMS radiocarbon dates indicate deposition of the sand layers has occurred within 

the past 800 years. The surficial sand layer, Sand 1 (≤ 2 cm thick), is identified as the 

deposit from the 2010 tsunami. 137Cs measurements taken above, within, and below Sand 

2 (4-7 cm) confirmed 14C results that this layer was deposited by the 1960 tsunami. Based 

on our age model results and historical records, we interpret Sands 3 and 4 as deposits 

from large historical tsunamis, possibly in AD 1835, 1751, or 1730. The age of Sand 5 

(AD 1430-1465) precedes historical records, and is therefore a newly discovered 
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candidate tsunami event for this stretch of the Chilean coast. If so, it indicates a 

continuation of the average recurrence of large subduction zone earthquakes and 

tsunamis approximately every century in this region.  

Minor sand deposits, Sand 2B and Sand 4B, exhibit fewer of the criteria that we 

used to identify the tsunami deposits and thus we are less certain of their origins. 

However, due to the chronostratigraphy of the larger deposits, we attempted to make 

inferences as to their possible ages, if they were deposited by historical tsunamis. Based 

on results from Sand 2 and Sand 3, Sand 2B could be from the AD 1835 tsunami or, less 

likely, the AD 1837 event to the south. Correlating our tsunami record with the 

neighboring site in Tirúa suggests that Sand 4B could be a deposit from the AD 1575 

tsunami.  

Further comparisons with Tirúa shows that both sites share a similar record of 

tsunamis, with Quidico preserving slightly more northern ruptures. The difference in 

event preservation may lie in the difference in coastal morphology – while Tirúa has a 

westward facing river mouth, Quidico is northward facing and protected by an 

embayment. Nevertheless, results show that large events from the north and south are 

preserved in this area of rupture overlap. Future work will focus on correlating this record 

with additional geologic studies and historic accounts of earthquakes and tsunamis 

throughout the region to better understand tsunami preservation patterns and our ability to 

infer tsunami magnitude based on the geologic record of paleotsunami deposits. In doing 

this, we will collectively advance our understanding of potential seismic hazards in 

south-central Chile.
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APPENDIX 

Stratigraphic Descriptions of Sampled Pits 
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Figure A1: Detailed stratigraphic description of Pit 7. Proportions directly below depths 
are Troels-Smith descriptions for each unit.  
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Figure A2: Detailed stratigraphic description of Pit 9. Proportions directly below depths 
are Troels-Smith descriptions for each unit. 
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Figure A3: Detailed stratigraphic description of Pit 13. Proportions directly below depths 
are Troels-Smith descriptions for each unit. 
 


