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Logistical overview

SCEC support for Jeri Young enabled her to complete her analyses of results of Monte Carlo estimations
of earthquake recurrence. Numerous discussions with Arrowsmith as well as two major editing efforts by
him (and one by our collaborator, George E. Hilley at UCB) along with a major writing effort has produced
a complete manuscript and dissertation chapter. The defense of the dissertation and submission of the
manuscript are planned for Spring 2004.

Scientific Summary

Statistical analysis of synthetically generated paleoseismic data sets provides a means of quantifying the
uncertainties associated with real paleoseismic data. We implement a Monte Carlo statistical approach
that constrains stratigraphically ordered earthquake ages to determine the resolution of various paleoseismic
data. Synthetic radiocarbon and earthquake ages (referred to as actual earthquake ages) were generated by
random selection from normal distributions that define the frequency of deposition within a paleoseismic
excavation and the time between earthquakes, respectively. Using these synthetically created excavation
sites, we gauged the uncertainty inherent in the radiocarbon ages and the geologic record at these sites by
computing layer and event probability density functions (pdfs) based on the carbon samples created for each
site. In this way, we were able to quantify the effect of site conditions on the resolution of paleoseismic events.
Varied site conditions include carbon deposition frequencies and their uncertainties, the 14C σ associated
with radiocarbon dating, and the absolute value and uncertainty in earthquake recurrence intervals (R.I.).
We found that on average, earthquake ages were generally well-predicted by the event pdfs calculated from
the bounding carbon ages; however, low carbon deposition and short earthquake recurrence resulted in more
frequent errors in predictions of individual event ages. For earthquake recurrence intervals less than 200
years, the recurrence intervals that were calculated based on bounding radiocarbon ages and associated
earthquake events have uncertainties of approximately 40 % (1σ). Based on these experiments, we found
that recurrence intervals need to be at least two times greater than the frequency of carbon deposition to
adequately record earthquake occurrence. When studying the uncertainties in the recurrence intervals of
these paleoearthquakes, we found that the resolution of temporal irregularity of earthquakes is higher for sites
with medium or better carbon deposition frequencies. Therefore, discerning irregularity in paleoearthquake
recurrence becomes more accurate in fault systems with high carbon deposition and/or long recurrence
intervals.
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Figure 1: Schematic representation of synthetic paleoseismic data generation. The time between carbon
deposition events is determined by the mean and standard deviation of the carbon deposition frequency.
The time between carbon deposition events is represented by the arrows on the stratigraphic column. The
actual event ages are determined by the mean and standard deviation of the assigned recurrence interval.
The four earthquakes are shown as terminating upward fractures.
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Figure 2: Hilley Earthquake Refinement Method (HERM). The timing of our synthetic earthquakes was
determined by the summation of probability density functions. This method uses a Monte Carlo approach
to construct probability distributions that represent the likelihood of an event occurring during a given year.
A single random event date is chosen for each trial according to the radiocarbon age probability distributions
for all 12 of the samples prescribed for each synthetic trench. If more than one radiocarbon sample from a
single stratum existed, one was chosen at random. If more than one calendar age existed for a given sample,
one was chosen at random. If dates were not in sequential order, they were discarded and new dates were
chosen. Dates selected in stratigraphic order provided bounding dates for individual event ages. Event ages
calculated in proper sequential order relative to one another, were kept and added to the trimmed event
probability distribution in the final step.
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Figure 3: Average absolute event residuals normalized to event ages. Dashed lines correspond to a moving
average of 20 years. The normalized event mean residual is vertically plotted with the corresponding R.I.
along the horizontal axis. The red dots and red dashed line correspond to the model of poor deposition,
while the black dots and dashed line represent the model of medium deposition. Note the larger relative
errors for recurrence intervals less than 100 years.



Young and Arrowsmith 2003 SCEC Annual Report 5

100 200 300 400 500 600
0

50

100

150

200

250

300

Mean Recurrence Interval (years)

Magnitude of 1
σ

 uncertainties (%)

Figure 4: Plot of the calculated R.I. uncertainties percentages associated with average R.I. The percentage
of uncertainty is expressed as a percentage of the assigned R.I. and was calculated within the 68 percent
confidence interval (1σ). The percentage of uncertainty appears to decrease and stabilizes at approximately
250 years or greater. The red crosses represent the poor deposition model, while the black dots represent
the moderate depositional model.


