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• We systematically analyze the source complexity of earthquakes in the 2019

Ridgecrest earthquake sequence occurred within zones of complex and

distributed fault system within the eastern California shear zone (ECSZ).

• We apply the multiple spectral ratio method to examine the spectral deviation

from simple omega-square source spectral model.

• Preliminary results suggest that many small-to-moderate earthquakes (Mw

2.5-5) show significant complexity in spectral shape, indicating that the

simple source models in common use sometimes are inadequate in

estimating source parameters such as stress drop.

• Including the identified “complex” earthquakes in stress drop estimation

would bias and increase the variability of the results.
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Multiple spectral ratio analysis:

➢ For each target earthquake, select EGF events (distance, magnitude, focal 

mechanism criteria).

➢ Calculate and stack spectral ratios from all stations for individual target-EGF 

pairs

➢ Normalize and stack spectral ratios from multiple EGFs

➢ Fit omega-square source model (Brune model) and calculate the residual 

spectrum as the ratio of the observed to the modeled spectral ratios.

➢ The residual spectra are used in the following step to classify the source 

complexity of target events.

Figure 1: (left) Map showing the earthquakes used in this study relocated by Trugman (2020).

All events with M 2.5 and greater that have stress drop estimates in Trugman (2020) catalog

are considered as target events. (right top) Magnitude distribution of the selected target events

for pre-2019 sequence period and during the 2019 Ridgecrest sequence. (right bottom)

Temporal distribution of the earthquakes.

We consider all 2791 earthquake with Mw 2.5 and greater from the Trugman

(2020) stress drop catalog in our analysis. The selected target earthquakes

provide good sampling both spatially and temporally.

Figure 5: Spatial distribution

of the classified “simple” and

“complex” events. The

complex events tend to occur

near the rupture terminus

toward northwestern edge of

the fault zone and at the

intersections of fault branches,

suggesting possible structural

control of the earthquake

rupture behaviors.
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Figure 2: Two earthquakes similar in size show very different spectral characteristics.

(left) A simple earthquake (EventID 38254674, Mw 3.34) that can be well modeled by

the Brune model with small residuals; (right) A complex earthquake (EventID 38463791,

Mw 3.65) that shows significant deviation from the Brune model with multiple spectral

bumps.
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Classification of residual spectra:

➢ We first visually identify a small set of representative simple (172) and complex 

(94) events and use them as the training dataset (Figure 3)

➢ Label the two groups as "simple" and "complex“

➢ Use the labeled data to classify the entire dataset using k-nearest neighbors 

(KNN, k=1) algorithm with dynamic time warping (DTW) distance as the 

distance metric (Figure 4)

Figure 3: Visually selected simple and

complex residual spectra.

Figure 4: Classification of the entire dataset.
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Figure 6: Estimated stress drops using corner frequencies measured for “simple”

and “complex” events. The “complex” events show larger variability of stress drop

estimates due to the fact that they cannot be adequately modeled using simple

omega-square models.

• Complex source processes are revealed for small-to-moderate earthquakes

in the fault zone of the 2019 Ridgecrest earthquake sequence

• Strong spectral deviation from simple omega-square source spectral model

is characterized by multiple bumps and troughs in the residual spectra

• Complex events can substantially bias and increase the variability of stress

drop estimates if included. Therefore, they should be identified and removed

from stress drop calculations using corner frequency estimates assuming

simple omega-square source models.

• Ongoing time-domain analysis of source time functions (STFs) will further

validate the source complexity observed in frequency domain.

• Other source parameters such as rupture directivity, and the effects of the

observed source complexity on strong ground motions will be investigated.


