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ABSTRACT: The California Geological Survey (CGS) has partnered with other tsunami

specialists to produce two statewide databases to facilitate the evaluation of tsunami hazard

products for both emergency response and land-use planning and development. A robust,

State-run tsunami deposit database is being developed that compliments and expands on

existing databases from the National Geophysical Data Center (Global) and the USGS

(Cascadia). Whereas these existing databases focus on references or individual tsunami

layers, the new State-maintained database concentrates on the location and contents of

individual cores/trenches that sample tsunami deposits. These data provide an important

observational benchmark for evaluating the results of tsunami inundation modeling. CGS is

collaborating with and sharing the database entry form with other states to encourage its

continued development beyond California’s coastline so that tsunami deposits can be

evaluated on a regional basis.

CGS is also developing an internet-based, tsunami source scenario database and forum

where tsunami source experts and hydrodynamic modelers can discuss the validity of tsunami

sources and their contribution to hazard assessments for California and other coastal areas

bordering the Pacific Ocean. The database includes all distant and local tsunami sources

relevant to California starting with the forty scenarios evaluated during the creation of the

recently completed statewide series of tsunami inundation maps for emergency response

planning. Factors germane to probabilistic tsunami hazard analyses (PTHA), such as event

histories and recurrence intervals, are also addressed in the database and discussed in the

forum. Discussions with other tsunami source experts will help CGS determine what

additional scenarios should be considered in PTHA for assessing the feasibility of generating

products of value to local land-use planning and development.
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Data Collection - Data compiled will include that available

in published databases, such as the USGS Cascadia

Tsunami Deposit Database (Peters and others, 2003) and

the NGDC Global Tsunami Deposit Database (NGDC,

2009), and other published and unpublished sources

(geologic, geotechnical, and academic). CGS and HSU

personnel will compile all available data documenting

tsunami and potential tsunami deposition, including:

1. Paleotsunami deposits located in California’s coastal

and lacustrine environments (Figure 1),

2. Paleoseismic soil layers indicative of deformation

representing large, subduction zone earthquakes, and,

3. Historical tsunami deposits and debris that can be

related to inland flow distances and surge velocities.

In addition to being used to verify results from

hydrodynamic tsunami modeling, all three datasets will

establish the foundation for both empirical and

computational PTHA methods in California.

Database Structure – The intent of this new database is to help tsunami scientists better

understand past tsunami events at a more site specific level. To accomplish this, the state-level

database will be different than the existing databases created by the USGS and NGDC, in the

following ways: improvements in the accuracy of tsunami deposit locations, expansions to the

volume and distribution of the data gathered, and augmentation of the number of attributes

available for collection. The database structure will be developed using common GIS and

database software packages, with easy to understand data entry forms. The database will be

formatted to be compatible with the NGDC database so that data entered can be easily transferred.

The general composition of the data collected will include tsunami deposit locations (geospatial),

attributes (tabular), and imagery/documentation (raster), linked together and summarized as follows

(Figure 2):

1. geospatial format – Lines and polygons representing interpreted tsunami deposit boundaries.

Point data representing the locations of tsunami deposit cores and/or trenches. Data

entered/digitized with a standard horizontal and vertical projection/datum, to be determined.

2. tabular format – Text describing the reference, location and stratigraphy of the cores/trenches.

Descriptive information will be linked to the geospatial data.

3. raster format – Digital copies of references, maps, cross sections, and photographs will be

linked to the tabular database.

TABLE 1: Proposed Database Attributes – Attributes from the NGDC Global Tsunami Deposit Database

(NGDC, 2009) and the USGS Cascadia Tsunami Deposit Database (Peters and others, 2003) were evaluated to

determine if and how they should be collected in the state tsunami deposit database. The database attributes and

associated data entry pages, summarized in the table below, show the relationship between the attributes collected for

these other databases, and those proposed to be collected in the state database.

Project Overview - CGS is partnering with HSU, the Tsunami Research Center at University of

Southern California (USC), and Dr. Mark Legg to develop an internet-based, tsunami source

scenario database and forum where tsunami source experts and hydrodynamic modelers can

discuss the validity of tsunami sources and their contribution to hazard assessments for

California and other coastal areas bordering the Pacific Ocean. The database will include

attributes relevant to numerical modeling for all distant and local tsunami sources significant to

California starting with the more than forty scenarios evaluated during the creation of the recently

completed statewide series of tsunami inundation maps for emergency response planning.

Factors germane to PTHA, such as event histories and recurrence intervals, will also be

addressed in the database and discussed in the forum. Feedback from and collaboration with

other tsunami source experts, such as the USGS Tsunami Source Workgroup, will help the state

determine what scenarios should be considered in PTHA for assessing the feasibility of

generating products of value to local land-use planning and development.

Project Background - State geoscientists and numerical tsunami modelers work together to

determine the best tsunami source scenarios to evaluate the hazards for individual

communities. The scientific community as a whole should have the opportunity to evaluate and

discuss the validity of these sources. For this reason, CGS is developing an updatable tsunami

source database accompanied by a web-based forum for discussing the scientific validity of the

various sources. This database and discussion forum will also assist the state in using PTHA

methods to develop land-use planning maps authorized by the California Seismic Hazard

Mapping Act (Public Resources Code, sec 2690 et seq.).

The initial set of sources presented in the database was developed by USC during the

generation of the new statewide tsunami inundation maps for emergency planning. Other

sources will be added as they are developed. Although this database and forum focuses on

tsunami sources that impact California, other states and territories around the Pacific Rim will

also benefit from the database.

Sources Considered - The database will aim to include all realistic and significant distant and

local tsunami sources relevant to California. The database will be divided into three parts based

on the following source types:

1. Local and distant subduction zone sources (Table 2A and Figure 3A) – includes the

Cascadia Subduction Zone as well as all other subduction zones around the Pacific Rim.

2. Local, non-subduction zone seismic sources (Table 2B and Figure 3B) – includes all

offshore/submarine fault sources that are tsunamigenic.

3. Local, coastal and submarine landslide sources (Table 2C and Figure 3B) – includes

landslides, on and offshore, that are tsunamigenic.

Other less common tsunamigenic sources (distant megalandslides, volcanic eruptions, and/or

space object impact) will not be included in the database due to their very low probability of

occurrence.

Database Source Variables - Seismic and landslide tsunamigenic sources will be cataloged

with variables vital to numerical tsunami modeling (Table 2A-C), including but not limited to:

1. event moment magnitudes for seismic sources,

2. rupture area (length and width),

3. seafloor displacement or slip,

4. other fault geometry/seismic source information (dip, rake, strike, etc.),

5. fault/landslide source position data, and,

6. fault rupture/landslide failure history and recurrence intervals (for PTHA).

Database and Discussion Forum Structure – The

preliminary database is being produced in a simple

format where source variables can be easily added

and reviewed. The initial plan is to set up the database

and forum on a platform similar to SharePoint or

BaseCamp, which allows for uploading large file sizes,

offers database flexibility, and provides on-line security

and discussion capabilities.

The general composition of the data collected will

include attributes (tabular) and imagery (raster),

summarized as follows:

1. tabular format – Attributes of the tsunamigenic

sources, as described in the previous section, will

be entered onto the database.

2. raster format – Image and PDF files showing the

mapped source locations, initial source conditions

(like Figure 4 for the Point Reyes Thrust Fault), and

any relevant reference information will be linked to

the database to enhance the description of the

source and provide a better basis for discussion.

Project Overview - The California Geological Survey (CGS) is partnering with Humboldt State

University (HSU) to produce a tsunami deposit and tsunami proxy geospatial database to facilitate

the evaluation of tsunami hazard products for both emergency response and land-use planning

and development within the State. This robust database compliments and expands on existing

databases: the Global Tsunami Deposit Database from the National Geophysical Data Center

(NGDC) and the Cascadia Tsunami Deposit Database from the U.S. Geological Survey (USGS).

Where these existing databases focus on references or individual tsunami deposit layers, the new

state-maintained database will concentrate on the locations and stratigraphic content of individual

cores/trenches that sample tsunami deposits. These data provide an important observational

benchmark for evaluating the results of tsunami inundation numerical modeling being completed

for statewide emergency planning, and will assist CGS in its future development of probabilistic

tsunami hazard analysis (PTHA) products for land-use planning and development. The database

will also assist in interpolating tsunami hydrodynamic flow parameters (flow depth, current speeds,

etc.) from past events, and the evaluation of the recurrence intervals for large coastal earthquakes,

specifically along the Cascadia Subduction Zone. CGS is also collaborating with the Oregon

Department of Geology and Mineral Industries and other states in order to encourage the

continued development of the database and data collection beyond California’s coastline so that

tsunami deposits can be evaluated on a regional basis.

Non-Cascadia Local Source Names L (km) W (km) Slip (m) dip (deg) rake (deg) strike (deg) depth(km) Mw

1-1927 Point Arguello Earthquake 28 14 2.5 3 7

2-Anacapa-Dume Fault 40 18 2.5 55 90 270 5 7.2

3-Carslbad Thrust Fault 30 12 5 30 90 324 1.5

4-Catalina Fault 164 14 4.5 n/a n/a n/a n/a 7.7

Segment 1 21.9 14 4 89 173 313 0.5

Segment 2 28.2 14 5 85 143 293 1

Segment 3 16.1 14.9 4.8 70 124 277 1

Segment 4 20.2 14 3.6 80 146 303 1

Segment 5 8.1 14 6.4 80 149 300 1.5

Segment 6 40.2 14 4.5 80 153 297 1

Segment 7 29.7 14 4.1 89 166 315 0.5

5-Channel Islands Thrust Fault 56 34 3.6 20 90 280 17 7.5

6-Coronado Bank Fault 7.3

Segment 1 39.56 10 2.4

Segment 2 24.55 10 4.2

Segment 3 29.66 10 2.8

7-Oceanside Thrust, Lasuen Knoll Fault 16.7 12.5 2.2 n/a n/a n/a 0.5 7

Segment 1 8.8 12.8 1.5 70 135 290 0.5

Segment 2 7.9 12.2 3 80 135 318 0.5

Segment 3 10 12.2 5 80 135 316 0.5

8-Newport Inglewood Fault 30 8 4 70 10 315 10 7

9-Point Reyes Thrust Fault 77 12 3.4 50 0.38 7.3

Segment 1 42 3.4 50 333

Segment 2 35 3.4 50 300

10-Hayward-Rodgers Creek Fault 10 18 1.5 70 -90 40 5 6.6

11-San Clemente Fault Bend Region 97 10 2.2

shallow (surface) 30 8 70 162 305 7.6

deep (blind) 25 14 48 134 270 16

12-San Clemente Island Fault 30 8 8 70 162 305 7.6 7.5

13-San Gregorio Fault 50 15 2 60 90 320 5 7.1

14-San Mateo Thrust 27.75 12 4 0.5 7.1

Segment 1 5.5 12 4 45 120 293 0.5

Segment 2 11.4 12 4 45 120 322 0.5

Segment 3 15 12 4 45 120 350 0.5

15-Santa Monica Bay Fault 40 18 2.4 55 90 260 15 7.1

Max Pos IC (m) Max Neg IC (m) LS Peak (m) LS Trough (m) Center Latitude Center Longitude

16-Coronado Canyon Landslide

17-Goleta Landslide Case 1 3 -7 6 -18

18-Goleta Landslide case 2 3 -7 6 -18

19-Monterey Canyon Landslide 2 -4

20-Palos Verdes Landslide 1 3 -7

21-Palos Verdes Landslide 2 3 -7

Subduction Zone - Source Name L (km) W (km) Slip (m) dip (deg) rake (deg) strike (deg) depth(km) Mw NOAA FACTS Segments

Alaska 1964 700 500 15 9.5 n/a n/a 10 9.3 ABxyz: 21-28

Segment 1 400 200 10 10 90 218 5

Segment 2 300 300 20 9 75 241 15

Cascadia III  (distant source for CA) 1000 100 20 n/a 90 n/a 5 9.2 AB: 1-10

Cascadia N - Juan de Fuca Segments 800 100 11 or 8 n/a 90 5 9.0 AB: 1-8

Cascadia L - Full Rupture+Little Salmon 1040 100 12.5 n/a 90 5 9.0 AB:1-10

Segment 1 800 100 11 15 90 n/a 5

Segment 2 240 100 7 10 90 n/a 5

Cascadia SP1 - Gorda-Little Salmon 1 720 36.7 5.3 10 90 6.67 8.5 AB: 9+LSF 

Segment 1 150 30 4 10 90 350 5

Segment 2 150 10 4 30 90 350 5

Segment 3 150 70 8 10 90 350 10

Segment 4 90 30 4 10 90 340 5

Segment 5 90 70 8 8 90 340 10

Segment 6 90 10 4 20 90 310 5

Cascadia SP2 - Gorda-Little Salmon 2 420 52.5 6 10 90 6.25 8.5 AB: 9+LSF 

Segment 1 150 100 8 10 90 350 5

Segment 2 90 30 4 10 90 340 5

Segment 3 90 70 8 10 90 340 10

Segment 4 90 10 4 20 90 310 5

Cascadia SN - Gorda Segment Narrow 240 80 8 10 90 5 8.4 AB: 9-10

Segment 1 150 80 8 10 90 350 5

Segment 2 90 80 8 10 90 340 5

Cascadia SW - Gorda Segment Wide 240 100 8 10 90 5 8.5 AB: 9-10

Segment 1 150 100 8 10 90 350 5

Segment 2 90 100 8 10 90 340 5

Central Aleutians I 600 100 10 15 90 n/a 5 8.9 AB: 17-22

Central Aleutians II 600 100 10 15 90 n/a 5 8.9 AB: 13-18

Central Aleutians III 800 100 25 15 90 n/a 5 9.2 AB: 15-22

Chile 1960 1000 100 20 15 90 n/a 5 9.3 AB: 37-47?

Chile North 1400 100 25 15 90 n/a 5 9.4 AB: 18-31

Japan II 400 100 10 15 90 n/a 5 8.8 AB: 23-31

Kamchatka 1952

Kuril Islands II 400 100 10 15 90 n/a 5 8.8 AB: 7-10

Kuril Islands III 400 100 10 15 90 n/a 5 8.8 AB: 11-14

Kuril Islands IV 400 100 10 15 90 n/a 5 8.8 AB: 15-18

Mariana Trench M8.6 500 100 5 5 8.6

**New Statewide Tsunami Inundation Maps for Emergency Response Planning**

To see the NEW tsunami inundation maps discussed in this presentation, go to:

http://www.tsunami.ca.gov

GEOSPATIAL DATA

Existing databases: Identifies

location of site or minimal

number of cores to describe

tsunami deposit.

New database: Includes

sufficient number of cores to

evaluate distribution of tsunami

deposits at the site.

TABULAR DATA

Existing databases: Describes

individual tsunami layers at site.

New database: Describes all layers

within a core, including the tsunami

deposits, to better understand the

relationship between individual layers

(like those indicative of paleoseismic

deformation).

FIGURE 2: Illustrations showing differences between data collection in existing tsunami deposit databases

(USGS and NGDC) and the new state database

RASTER DATA

Existing databases: Minimal report or image information included.

New database: Reports, core and map images, and site photos

included and linked to the tabular data.
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FIGURE 3A and 3B: Location of distant (3A) and local

(3B) tsunami sources modeled by USC for the new

statewide inundation mapping project in California. The

numbers on Figure 3B correspond to the fault and

landslide scenario names in Table 2.

TABLE 2A: Database variables (draft) of distant tsunami sources used in new statewide inundation mapping project.

TABLE 2B: Database variables (draft) of local tsunami fault sources used in new statewide inundation mapping project.

TABLE 2C: Database variables (draft) of local tsunami landslide sources used in new statewide inundation mapping project.

Figure 3A

Figure 3B

CGS DB Entry Pages Spatial – CGS DB Raster – CGS DB Tabular – CGS DB Proposed Attributes Tabular – NGDC/GTDD Equivalent 

Attributes

Tabular – USGS/Cascadia Equivalent 

Attributes

Front Page: Site/Report 

Information

Polygon of site 

boundary

Line showing 

tsunami runup

estimates.

PDF of report

Site map

Site ID

Author

Reference 

Reference date

Reference type (publication)

Geographic location - local area, 

state

Access to site restricted?

Access contact information

Body of water (Pacific or lake)

Latitude (center of site)

Longitude (center of site)

Site characteristics

o total # of cores/samplings

o # of cores/samplings entered

Interpreted information at site:

o # tsunami events documented 

at site

o # tsunami + subsidence events 

documented at site (implies 

local source)

o # subsidence events 

documented at site

o Geometry of tsunami deposits

o Horizontal textural gradient

o Maximum thickness (cm)

Site/Report remarks

ID

Authors (Year)

Place

Body of water

Publication

Latitude

Longitude

Location

Catalog #

Site #

Reference

Reference type

Reference date

Latitude (dec. deg.)

Longitude (dec. deg.)

# cores/sampling localities

Tsunami event #

# events documented (tsunami + 

subsidence)

# tsunami events documented at 

site

Subsidence present? (y/n or 

comment)

#subsidence events documented 

at site

# tsunami deposits at site 

associated with subsidence

# tsunami deposits at site not 

associated with subsidence

Subsidence event #

Geometry

Horizontal textural gradient

Maximum thickness (cm)

Second Page: 

Core/Borehole/ Trench 

Information

Point for core/ 

borehole

Line for trench

Photo or 

illustration of 

core/borehole/tr

ench

Core ID

Reference/Author ID

Sampling method

Latitude (detailed)

Longitude (detailed) 

Elevation (maMSL)

Sampling method/technique

Depositional setting

Distance from water body (m)

Core depth

Core refusal?

Barrier elevation (maMSL)

Core/Trench remarks

Sampling Techniques

Environment

Geomorph Change

Observational method/ sampling 

method

Core/section/ secondary location

Depositional setting

Physiographic setting

Inundation distance (m)

Inundation reference point

Elevation (maMSL)

Barrier elevation (maMSL)

Third Page: Information 

for each layer/strata

Photo or 

illustration of 

sedimentary 

structures/ 

inclusions/ 

tsunami layers

Reference layer ID

Lithology

Composition

Sorting (within sediments)

Grading (within layer)

Grain size range (phi)

Grain size description

Inclusions 

Sedimentary structures

Upper contact

Lower contact

Erosional features

Age date average

Age date range

Age date material

Age date technique

Microfossils

Deformation

Layer narrative description

Interpreted project-related info:

o Environment of deposition

o Tsunami deposit?

o Inferred source event

o Correlated age date

o Correlated core reference IDs

o Subsidence event

o Amount of subsidence (m)

o Flow direction(s)

Other layer remarks

Lithology

Sorting

Soil

Silt

Cobble

Boulder

Rip-up

M. conglomerate

Upper boundary

Couplet

Lower boundary

Fill

Matrix

Layers

Thickness

Radiometric age

Erosional features

Fossils observed and studied

Fossil breakage

Composition

Layer characteristics

Sorting

Grading

Other sedimentary structures or 

properties

Inclusions

Flow direction

Grain size range (phi)

Grain size distribution

Grain size description

Overlying material

Underlying material

Upper contact

Lower contact

Amount of subsidence (m)

Thickness (cm)

# layers

Layer thickness (cm)

Age (rcybp)

Age range (cybp)

Correlated date (in yrs A.D. 

unless otherwise noted)

Age method/ comments

Microfossils

Figure 1: Example core showing

tsunami deposits from Crescent City

area. (Collected by Bob McPherson;

courtesy Jay Patton and Lori Dengler)

FIGURE 4: Initial tsunami source

conditions for the Point Reyes Thrust Fault,

north of San Francisco Bay

Areas covered by 

state inundation 

modeling/mapping

Local fault and 

landslide sources


