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50 Years of Paleoseismology:
The Science and the Business

he modern era of Paleoseismology arguably began
50 years ago, shortly after the 1971 San Fernando,
California earthquake (M6.6). This was the nation’s most
damaging urban earthquake since the 1933 Long Beach earth-
quake (M6.4), and the first to occur after active fault studies for
nuclear power plants had begun in the mid-1960s (e.g.
Schlocker et al., 1963).

Paleoseismology, the Science

Paleoseismic studies in the 1970s studied deformation along
the traces of known faults, some of which had experienced
historic surface ruptures. These “tectonic geomorphology”
studies did not involve trenching the fault trace (which came
later), but nevertheless yielded the first crude estimates of
active fault parameters needed for seismic hazard analysis
(e.g. Wallace, 1970). USGS continued this geomorphic
emphasis up to 1977, when the National Earthquake Hazards
Reduction Program (NEHRP) was created. In addition to the
USGS Internal Program, the NEHRP External program for aca-
demics and consultants was more applied, relying more on
trenching and studying fault hazards in hitherto unstudied (or
under-studied) geographic areas. External studies discovered
many previously unknown Holocene-active faults, which paved
the way for the Quaternary Fault and Fold Database of the USA.
http://bit.ly/earthquakehazards

Because Paleoseismology developed during the past 50
years, we can observe how the field underwent a stairstep evo-
lution of rapid advances (triggered by new techniques), sepa-
rated by plateaus in which the new techniques were applied to
studies over large geographic areas (Figure 1).

The 1970s fault-centric nature of paleoseismic studies has
continued to this day and has advantages and disadvantages.
Such “primary” studies do yield the seismic source parameters
for individual faults (surface rupture length, displacement per
event, slip rate, recurrence interval, maximum,/characteristic
maghnitude) needed for seismic hazard analysis (SHA), which is
a forward model (from cause to effect). The weakness of the
method is if active faults exist in the studied area that are not
known, the seismic hazards are underestimated. This is particu-
larly true in areas of blind faulting, or where the characteristic
earthquake magnitude is at or below the threshold for surface
rupture (M~6). The alternative approach is to study a site’s
record of strong ground shaking directly, as preserved by evi-
dence of prehistoric liquefaction and/or other ground failures
(landslides, lateral spreads, toppled rocks, etc.). This “sec-
ondary” approach is not affected by the problem of unknown
active faults. It does have three weaknesses, however. First,
most sites are not particularly susceptible to liquefaction or
ground failure. Second, the size of observed
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Figure 1. New techniques (vertical lines) that have advanced Paleoseismology;
black, dating methods; medium gray, remote sensing methods; light gray, institu-
tional changes. Impact on the science is reflected by the height of vertical lines
(in our subjective viewpoint). Curved arrows show how later advances in a single
technique (luminescence dating) have superseded earlier methods. C-14 calib,
calendar-correction of radiocarbon ages; LSAP, Low-Sun-Angle Photography; TL,
thermoluminescence dating; AMS, Accelerator Mass Spectrometry radiocarbon
dating; OSL, Optically-Stimulated Luminescence dating; CRN, Cosmogenic
Radionuclide dating; Digital Elevation Models; SAR, single aliquot or single grain
luminescence dating; ALS, Airborne Laser Scanning (lidar); TLS, terrestrial lidar;
SfM, structure from motions DEMs; UAVs, unmanned aerial vehicles (drones).

liquefaction/ground failure features, based on historic observa-
tions, does not scale linearly with the strength of ground
shaking. Third, liquefaction and ground failure can be triggered
by nonseismic means. As a result, current predictions of proba-
bilistic fault displacement hazards (PFDHA) and probabilistic
ground motions (PSHA) are built from fault-specific evidence,
with usually no regard for the presence or absence of sec-
ondary evidence at (or near) the site, even used as a reality
check on the forward model results.

What About Interpretive Paradigms?

A new interpretive paradigm (e.g., plate tectonics) can have a
bigger scientific impact than any one new field or laboratory
technique. New paradigms often arise from new types of data,
which themselves became possible from a new technique (e.g.,
Figure 1). A recent example is surface rupture patterns and
their prediction by PFDHA. At present, predictive relationships
for surface rupture are based solely on empirical data (i.e., no
underlying physical or kinematic model). Not surprisingly, pre-
dicted outputs carry high uncertainty. The new remote sensing
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techniques mentioned in Figure 1 (ALS, TLS, SfM, UAVs) permit
mapping every tiny rupture trace, resulting in hundreds to thou-
sands of rupture traces defined, and point displacements meas-
ured. For example, the Norcia, Italy, rupture of 2016 yielded
5,400 point measurements of displacement, most on distrib-
uted faults. Such data densities were not possible previously
but are statistically robust enough to support development and
testing of physical/kinematic models of principal and distributed
faulting. For example, fault rupture may be partly controlled by
depth to bedrock or by the rheology of the surface materials,
neither of which are used in present PFDHA models. Underpin-
ning PFDHA with a physical model should, in theory, decrease
the uncertainty in predicted fault trace length, location, and dis-
placement, because data points that clearly contradict the
physical model can be deleted. But will the final uncertainty
become small enough that engineering geologists and their
owner/clients will rely upon them for site specific design and
hazard mitigation? This is where the academic aspirations run
into the practical business realities of cost-benefit analysis.

Science Outlook for the Future

What are the most likely near-term scientific advances? Based
on trends of the first 50 years, advances will probably occur in
dating methods, remote sensing, and perhaps geophysics:

1) Rapid Dating (within a few days), so dates can be known
before the paleoseismic trench must be backfilled. This would
prevent the syndrome of “Oh, if | would have known that faulted
bed was Holocene, | would have....” Commercial labs currently
offer “rush” AMS radiocarbon dating within one week, but for
luminescence dating even “rush” dating takes months. Few
practitioners can get permission to leave a trench open for
months, so a more rapid dating turnaround would help with
trench interpretation.

2) “Virtual Trenching” via shallow geophysics. Twenty years
ago, attempts were made to log stratigraphy and structure
beneath normal fault scarps using P- and S-wave seismic
tomography, which was touted as “seismic trenching” (e.g.,
Sheley et al., 2003). However, the tomograms could not distin-
guish thin or small deposits or displacements, which were
easily visible on the log made by conventional trench logging.
This research thread has stalled in the past decade, but should
be taken up again, because as urban fault traces become
totally developed, traditional trenching is no longer possible.
One possibility to maintain high resolution with depth is to aug-
ment surface geophysical surveys with downhole surveys,
which can use wave-guide principles to trace subsurface
deposits between boreholes. This could potentially increase the
depth of detailed fault-zone imaging to tens of meters, regard-
less of depth to water table.

3) New remote sensing techniques that image the shallow
subsurface. Just as lidar penetrates surface vegetation to
reveal the bare-earth topography, a useful advance would be an
aerial sensor that penetrates the upper few meters of the sub-
surface and can measure its material properties (density, mois-
ture, dielectric properties). Such a sensor could directly image
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young, low-density materials deposited in topographic traps
(grabens, ramps) in active fault zones, even where the traps
have no surface expression today because they are filled with
sediment. These are good trenching targets.

4) Refined methods to identify and analyze the paleoseismic
signature of M<6 earthquakes. Californians have been waiting
110 years for a repeat of an M8 earthquake on the San
Andreas. But for every M8 earthquake in a seismic cycle, there
will be 10 M7s and 100 M 6s (think of San Fernando M6.6;
Whittier Narrows, M6.0; Coalinga M6.2; Loma Prieta, M6.9;
Northridge, M6.7; South Napa, M6.0). The cumulative damage
from 100 such M6s will be as large or larger than a single M8.
But the evidence is much smaller and harder to find.

5) Increased usage of secondary paleoseismic evidence (lig-
uefaction, ground failures) to provide reality checks in PSHA
(e.g., Fan et al., 2019).

Paleoseismology, the Business

Business needs for paleoseismic studies are separate from and
independent of the science advances, which take place in aca-
demia and in government agencies (public policies based on
new knowledge and experiences). The business need (or oppor-
tunity for paleoseismologists) is thereby generated by these
public policies and regulations, while the engineering geologist's
ability to comply and solve their client's problems is, to a large
degree, facilitated by the scientific advances of the academic
paleoseismology community. Unfortunately, these advances are
often under the radar of the practicing engineering geology
practitioner, or to quote Dr. Kerry Sieh in 2000, “the state of
the knowledge is at least 10 years ahead of the actual use of
that knowledge” (Yeats and Gath, 2005). This lag time led to
the development of technical specialists in the applied paleo-
seismology discipline, perhaps starting as far back as Dr. Roy
Shlemon and the fledgling California nuclear power industry in
the mid-1970s.

Historically Dominant Market Sectors

Paleoseismic projects range over several market sectors:
Water-related (Dams, Aqueducts, Tunnels); Energy-related
(power plants, including nuclear; extraction sites, such as off-
shore drilling platforms; pipelines and terminals, such as LNG
terminals); Waste disposal-related (high-level and low-level
nuclear waste repositories; landfills); Transportation (highways,
railroads); Land development-related (residential, commercial).
In the 1960s-70s nuclear projects dominated the market at
large scales, whereas in 1973 California’s Alquist-Priolo Fault
Zoning Act required small-scale “paleoseismic” studies for resi-
dential and commercial land-use changes. The smaller budgets
of the residential studies were offset by their sheer numbers
(thousands), so cumulatively they were as important as the
large-scale projects for critical facilities.

Paleoseismic Studies Driven by Regulations

Engineering geologists were aware of the fault rupture hazard
before there was a scientific method to quantify that hazard
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sufficient for risk reduction. Indeed, even the Alquist-Priolo Act
was silent on the possibility of quantitative paleoseismology,
requiring instead the strict avoidance (setback zone) from any
Holocene-age faults. The Act was silent because the science
did not yet exist from which to understand prior fault rupture
timing, displacement magnitude, or even its spatial locations.
The only mitigation permitted by law in California was, and
unfortunately still is, strict structural avoidance. Since 1973
therefore, even though huge advances in paleoseismology have
been made within the academic community, most engineering
geologists in California have little need for them. Is this
sediment layer or buried paleosol (soil) horizon Pleistocene or
Holocene, and is it faulted or not? Period.

But large engineering projects are not necessarily subject
to the limitations within the Alquist-Priolo Act, and structural mit-
igation for fault rupture displacement does look to paleoseis-
mology to help answer design questions such as displacement
magnitudes, kinematics, most recent event and knowledge of
recurrence intervals. Of course, all of these parameters are
unlikely to be obtained from any single study site, so it is also
necessary for the practitioner to be able to define the uncer-
tainties in a manner that can be used by the design engineer
and understood by the project’s reviewers. Specific examples
of these kinds of projects involve cutting the U.C. Berkeley foot-
ball stadium in half to accommodate the Hayward fault’s current
creep rate and future earthquake rupture, PG&E's ongoing nat-
ural gas pipeline risk studies at fault crossings, and LA Metro's
fault rupture mitigation program for its subway tunnels.

Business Prospects for the Future

Predicting business trends in paleoseismology is even more
uncertain than predicting its scientific advances. The current
trending concerns are described below.

Market Sectors

Many countries have recently pledged to reduce or eliminate
fossil fuels as a source of energy in favor of renewable energy,
within the next decade or two. If this occurs (it will be expen-
sive), it will reduce paleoseismic projects from the fossil fuel
sector, such as oil and gas pipelines, offshore drilling rigs, and
possibly nuclear power plants and waste repositories (after all,
uranium is not a renewable energy source). The transition to
renewable energy for stationary facilities (residential, commer-
cial, industrial) and transportation (autos, Elon Musk’s Hyper-
loop, long-haul trucks, high-speed trains, airplanes) is basically
a transition to electrical energy. Today electricity is generated
by fossil-fuel powered, industrial-scale plants (=critical facilities),
many of which require geologic hazard studies. In contrast,
much future renewable electricity will be generated at widely
dispersed points of use, which will not require geologic hazard
studies. In the transportation sector, the increased speed of
electrical vehicles such as high-speed trains may trigger a
requirement for studying small ground movements, including
tectonic ones. The amount of allowable track deflection for a
200-300-mph electric train is much smaller than for a 55-mph
Amtrak coach.
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The past 20 years has been a drought cycle in much of the
western United States, and with the westward population shift
from COVID-19, metro areas of the West are scrambling for
new water supplies. At this time, Lakes Mead and Powell on the
Colorado River contain only 37% and 34% of capacity, respec-
tively. Lower levels will trigger a Lower Basin “water shortage
condition,” resulting in decreased water allotments to Arizona,
Nevada, and Mexico. This will spur new dam projects, pipelines,
and aqueducts in earthquake country.

Regulatory Changes

California geologists hope to someday be able to use their
paleoseismic tools and expertise under a modernized Alquist-
Priolo Act which opens up the mitigation alternatives to more
than just avoidance. In the almost 50 years since its passage,
its interpretation by regulators and state geologists has
become increasingly prescriptive (Gath, 2015), while engi-
neering mitigation of ground deformation has become increas-
ingly performance and risk based, relying on huge increases in
computer power for modeling, mechanical testing, materials
science, and learning from earthquake studies to improve their
professional practice (Committee, 2003). If engineering geolo-
gists were able to apply the current knowledge base in paleo-
seismology techniques to their projects the increase in
knowledge for all of California’s faults would increase exponen-
tially because now there would be hundreds if not thousands of
projects per year wherein rupture recurrence, kinematics, and
magnitudes would be built into the investigation plan and
budget as it would finally be important for design and engi-
neering mitigation. If the displacements exceed the capacity for
mitigation, avoidance is still an option, but until engineers are
allowed to try, paleoseismic-level geologic investigations cannot
be defended as standard of care.

References

Committee to Develop a Long-Term Research Agenda for the Network for Earth-
quake Engineering Simulation (NEES), 2003, Preventing earthquake disas-
ters: The grand challenge in earthquake engineering: A research agenda
for the Network for Earthquake Engineering Simulation (NEES); National
Academy of Science, National Research Council, Board on Infrastructure
and the Constructed Environment, 138 p.

Fan, X. and 16 others, 2019, Earthquake-induced chains of geologic hazards;
patterns, mechanisms, and impacts: Rev. Geophys. 57: 421-503.

Gath, E.M., 2015, Is the California Geological Survey’s position on active fault
zoning and mitigation logical or ethical in light of 40+ years of earthquake
geology research? (abs); Geol. Soc. Amer. Abstracts with Programs:
47(7):192.192.

Schlocker, J., Bonilla, M.G. and Clebsch, A., Jr., 1963, Geologic and seismic
investigations of a proposed nuclear power plant site on Bodega Head,
Sonoma County, California; Part |, Geologic Investigations: U.S. Geol. Surv.
Trace Element Invest. Report TEF837, p. 1-42.

Sheley, D., Crosby, T., Zhou, M., Giacoma, J., Yu, J., He, R., and Schuster, G.T.,
2002, 2D seismic trenching of colluvial wedges and faults: Tectonophys.
268(1): 51-69.

Wallace, R.E., 1970, Earthquake recurrence intervals on the San Andreas fault:
Geol. Soc. Amer. Bull. 81(10): 2875-2890.

Yeats, R.S. and Gath, E.M., 2005, Paleoseismology of surface ruptures:
research tool or standard of practice?: Association of Environmental & Engi-
neering Geologists, AEG News, March, 2005, p. 21-23.

Summer 2021



PROFESSIONAL CONTRIBUTIONS

About the Authors

James McCalpin, BA 1972, University of Texas; MS 1975, Univer-
sity of Colorado; PhD 1981, Colorado School Mines, has worked
in applied geomorphology, geohazards, and paleoseismology
since 1976. He was County Geologist of
Jefferson County (CO) in 1981-82, then
taught geomorphology and engineering
geology 1982-91 at Utah State Uni-
versity. Dr. McCalpin founded GEO-HAZ
J Consulting, Inc. in 1991 and has since
performed nearly 200 consulting proj-
ects for clients worldwide. He has
authored more than 160 papers in ref-
ereed journals and proceedings, 13 published
geologic maps, and >130 consulting reports on geohazards for
clients. His 1996 book Paleoseismology (Elsevier Publishing) won
the AEG Holdredge (1999) and GSA Burwell (2000) awards.
Paleosesismology 2nd Edition has been published in English
(2009), Russian (2011), and Chinese (2020).

Eldon Gath, Founder and President of Earth Consultants Inter-
national of Santa Ana, California, is a Past-President and Life
Member of AEG. He served on the AEG Board of Directors from
1990-98 and 2016-19, was the 2014-15 Jahns Lecturer, and
granted the Floyd T. Johnston and E.B. Burwell
awards. He has served on numerous tech-
N nical committees and advisory boards
A\ for the US Geological Survey, National
)\ Research Council, Southern California
} Earthquake Center, State of Cali-
W fornia, IAEG, EERI, and others. Eldon
has worked on projects throughout
California and other western states, and
in a dozen countries as diverse as Japan,
Papua New Guinea, Panama, and Turkey. His proj-
ects have included gas storage fields, oil field redevelopment,
city and county hazard management plans, pipelines, canals,
dams, tunnels, and hundreds of “typical” engineering geology
studies for development planning, design, and construction.

w Yo

SAN ANTONIO 2021

Network with Industry Professionals:

m Public and Private Owners of Utilities, Cities, Municipal
Water Districts, Water and Sewer Departments, Waste
Treatment Plant and Facilities

m Transportation Departments, Developers, Financiers and
more

m Integrated Project Team Leaders

m Senior Level Executives representing Environmental
Engineers, Contractors and Specialists

m All the major suppliers and specialty contractors that
support major Infrastructure projects

Plus These Benefits:

m Increased exposure to potential clients & teaming partners
m Reconnect with past colleagues and clients

m Expand your business to a global market

m Build lasting recognition for your company

Who Should Become a Sponsor?

There are opportunites for large corporations:
Premium Event Package — $2995 ($4500 value)

which includes a corner exhibit booth, two full meeting
registrations, sponsorship of the USB Drive Giveaway (your
logo on USB drive), mobile app banner ad, and your logo on
the attendee registration bag.

Annual Meeting Sponsor Opportunities

Sponsoring at our 2021 Annual Meeting in San Antonio, Texas
is effective advertising that builds lasting recognition and
‘Roc{cﬁgqgwer good will for your company or organization.

Smaller companies have numerous options:

$100-$500 Levels:

m Speaker/Moderator Breakfasts — $250 each

m Field Courses — $200

m Guest Tours — $150

m Student Mini-Grant Program - $250 ( Provides the
Student/Professional Networking Session giveaway to
offset student travel expenses.

m Technical Sessions and Symposia — $500 each. Your logo
will be placed on the session opening slide.

m Technical Session Breaks (Wednesday Morning, Wednesday
Afternoon, and Friday Afternoon left) - $250 each

m Young at Heart Student and Young Professional Event —
$250

m Mobile App—Sponsored Push Message Notifications
(offered Wednesday through Friday only!) -
S100 per message. Send realtime messages to app
users! Notifications appear on user’s phone even if they're
not currently using the app!

m Sponsored Maps — $250 Exhibit Hall Map, OR
$250 Conference Center floor plan.

WE ARE FLEXIBLE!
Please contact AEG Meeting Manager Heather Clark
at 303-518-0618 or heather@aegweb.org.

Summer 2021

AEG NEWS 64(3) 25



