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Abstract

We attempt to clarify processes associated with the 2019 Ridgecrest
earthquake sequence by analyzing space-time variations of seismicity,
potency values and focal mechanisms of earthquakes leading to and during
the sequence. Over the 20 years before the Mw7.1 mainshock, the percentage
of normal faulting events decreased gradually from 25% to below 10%,
indicating a long-term increase of shear stress. The Mw6.4 and Mw7.1
ruptures terminated at areas with strong changes of seismic velocity or
intersections with other faults producing arresting barriers. The aftershocks
are characterized by highly diverse focal mechanisms and produced
volumetric brittle deformation concentrated in a 5-10 km wide zone around
the main ruptures. Early aftershocks of the Mw7.1 event extended over a wide
area below typical seismogenic depth, consistent with a transient deepening
of the brittle-ductile transition. The Ridgecrest earthquake sequence
produced considerable rock damage in the surrounding crust including below
the nominal seismogenic zone.

Key points

1. Major ruptures occurred on previously unmapped faults:
Any precursory signals?
The fraction of normal faulting events in
the area dropped in the past 20 yr from >25% to <10%, implying
increasing shear stress.
2. Started with M6.4 event followed by M7.1 event 34 hours after:
Why two M>6 earthquakes?
The Mw6.4 and Mw7.1 events
terminated at areas with strong changes of seismic velocity or
junctions with other faults acting as barriers.
3. The sequence ruptured a broad area:
How the major rupture affect the surrounding crust? Aftershocks
with diverse mechanisms produced significant potency in a 5-10
km wide zone, including deeper-than-usual early events.

Transient deepening of seismicity
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Figure 1.

(a) Between 2005 to 2019 M7.1 earthquake:
1. most events are above 14km
2. D95<10.5km
(b) After M7.1 earthquake:
1. many events below 14km, D95>11.5km
2. maximum aftershock depth and D95 decrease gradually with time
(c) Widely distributed deeper-than-usual aftershocks.

Southern California Earthquake Center, Los Angeles, CA, USA

Variation of potency distribution

(e)

Scalar seismic potency: integral of slip over the failure area.
Potency of M6.4 and M7.1 earthquakes: based on the slip model from Liu et al., (2019)
Potency of M<6 earthquakes: based on potency-magnitude scaling relations of Ben-Zion and Zhu (2002)

Figure 2.

(a-d): Spatial distribution of potency density along plane AA’: the center of seismic potency

distribution moved with time from the SE to the NW

(f-j): Histogram of seismic potency: the potency values in all subregions are widely

distributed within about 5km from AA’, no clear decay with distance

Temporal variation of focal mechanisms
Data: 17,646 quality A-C focal mechanisms from 1981 to 2019 (Cheng et al., 2019)
Focal mechanism heterogeneity (𝟎 ≤ 𝒓𝑵𝑶𝑹𝑴 ≤ 𝟏 ):
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Figure 3.
(a-c) For 300 focal mechanisms with a moving time window having 299 overlapping
events, we calculate:
(d-f) Percentage of different faulting styles
(g-i) focal mechanism heterogeneity 𝑟$%&'
(a, d, g) from 1981 to 2019:
1. <10% reverse faulting events

2. gradual decrease of normal faulting events from over 20% before 2000 to below 10%
after 2013
3. Low focal mechanism heterogeneity (𝒓𝑵𝑶𝑹𝑴 < 𝟎. 𝟓)
(b, e, h) 5 days before to 5days after M7.1 earthquake: abrupt increase of 𝒓𝑵𝑶𝑹𝑴
(c, f, i) High focal mechanism heterogeneity (𝒓𝑵𝑶𝑹𝑴 > 𝟎. 𝟓), ~90% strike-slip events

Spatial variation of focal mechanisms and P-wave velocity

Figure 4.
Data: 68,658 events from 1981 to 2019 (Hauksson et al., 2012)
D95: 95-percentile depth of 500 events with 99% overlapping moving time
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Faulting type
Figure 5.
(a, b) Before M6.4: decreasing percentage of normal faulting events.

(c) Between M6.4 and M7.1 events: mainly strike-slip events
(a, b) before M6.4 event: N-S and NE-SW oriented P-axis
(d) After M7.1: Various faulting type
(c) Between M6.4 and M7.1 events: NNW-SSE oriented P-axis
(d) M6.4 event terminated near high velocity anomaly area with high focal mechanism heterogeneity

M7.1 event terminated near intersections with CWF and GF with abrupt P-axis changes

Figure 6.
The very shallow M7.1
hypocenter is near the
strong velocity contrast
area where the M6.4
event terminated.
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