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What we know‐
• Magnitude 5.1
• Occurred at a depth of 5 km (3 miles) beneath city of La Habra;
depth is a little shallower than typical for earthquakes this size
in California (not unprecedented though)
• Preceded by 2 foreshocks (M3.6 & M2.1) about one hour
before M5.1 mainshock
• Largest aftershock M4.1; aftershock sequence very similar to
that observed for other California earthquakes
• Rupture occurred on secondary fault, adjacent to (but not on)
the previously identified Puente Hills Thrust and Whittier
faults
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Some things we don’t know‐
• What is the name of the fault?
Major faults in the Los Angeles region have been mapped based on decades
of geological investigations. However, the crust is riddled with numerous
secondary faults that are close to the larger, named faults, but are still
distinct structures. It is common for earthquakes, especially of magnitude 5
or lower, to occur on these previously unrecognized faults.

• Is this a foreshock to a larger earthquake?
Based on statistical analyses of past California earthquakes there is a small
probability (< 1%) that this is a foreshock to a future larger earthquake. This
probability is slowly decreasing with time.

• Is this earthquake related to nearby oil extraction activity?
There is currently little direct evidence to link this earthquake with nearby oil
extraction activities. However, the factors governing this possible relationship
are complex and not well understood. This is an area needing more study.
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Background
• Hydraulic fracturing (fracking) very rarely causes earthquakes of
significance (M>3)
-

Typically performed at shallow depths

-

Short‐term activity

-

Low rate and volume of injection

-

Materials and fluids are subsequently extracted

• Most induced seismicity of concern is caused by waste water
injection (waste water being a by‐product of fracking)
-

Typically deeper wells (below ground water reservoirs)

-

Longer‐term activity

-

Higher rate and volume of injection

-

Can significantly increase pore‐pressure and alter state of stress in
subsurface geologic materials
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Background (cont.)
• Oil & fluid extraction can cause subsidence, ground deformation
and faulting
-

For example, it has been postulated that the 1933 Long Beach earthquake
was related to oil extraction and subsidence in Long Beach fields

-

Can be mitigated by re‐injection of fluids to balance pressure, but must be
closely monitored to maintain stable pressure gradients (e.g., Baldwin
Hills 1963).

• In southern California, oil extraction activity pre‐dates
earthquake monitoring
-

First oil wells in 1890’s

-

Systematic locating and cataloging of earthquakes using Caltech seismic
network began in 1932

-

Lack of “pre‐extraction” baseline for seismic activity rates makes
delineation of possible causal relationship difficult
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State of Knowledge
• Mechanisms relating fluid injection and induced seismicity are
currently not all that well understood
• Strongest evidence supporting a causal relation (e.g., Oklahoma)
occurs with very high rates and volumes of fluid injection
• However, a number of injection wells with high rates/volumes
do not exhibit induced seismicity
• Suggests importance of other factors, e.g.,
-

Rock porosity

-

Underlying state of stress

-

Pre‐existing fractures

-

Fluid diffusion rates

• Complex problem!
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Southern California is underlain by a complex
web of active faults‐

La Habra
Downtown LA
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Southern California is underlain by a complex
web of active faults‐ Earthquakes Happen

La Habra
Downtown LA

8

March 28, 2014 La Habra Earthquake Sequence

Earthquakes do not occur at a point;
they rupture across a fault surface
(or plane) of finite dimension
Mainshock Epicenter

• M5.1 mainshock fault plane does not
reach ground surface
• Aftershocks aligned SW‐NE indicating
fault orientation
• Aftershock depth range is 3‐7 km
• Inferred fault dimensions are about
3.5 km X 3.5 km

We Are Here
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Oil Extraction Activity Near
La Habra Earthquake

• Fracturing generally shallow
with short‐term injection at
low volume
• Nearest disposal wells about
6 km away
• Depth of disposal wells about
1.5 km
• No indication of seismicity
migration from wells towards
mainshock location

(Abd. 1995)
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Southern California is not like Oklahoma

In Oklahoma:
• Injection rate &
volume much higher
than CA
• Seismicity very close
to wells
• Strong correlation
between onset of
injection and
increased seismicity
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Summary
• A causal relation between oil extraction activities and the
March 28, 2014 M5.1 La Habra earthquake appears unlikely at
present, although it cannot be conclusively ruled out
-

Relatively low injection volume & rate

-

Significant spatial separation between injection sites and seismicity

-

No clear temporal correlation between seismicity and injection changes

-

Earthquake sequence very similar to other California events with the
exception of somewhat shallower depth

• The key to improved understanding of these processes requires
increased monitoring and cooperation
-

Densify seismic instrumentation in areas of large scale extraction activities
(e.g., central California)

-

Provide more access to injection data (rates, volumes and locations)

-

Develop industry, government and academic collaborations to work
together in addressing these problems
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