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We are developing finite-element models to forward calculate early postseismic deformation following the Ridgecrest earthquake sequence. Our goals are to (1) compare modeled surface velocities with postseismic velocity data as they become available, (2) assess how the preliminary CRM performs, particularly with regard to predicting intermediate- to far-field deformation, and (3) assess sensitivity of modeled
coseismic and postseismic fault stresses and afterslip to variations in material properties and coseismic slip distribution. The models are being developed using two codes: GAEA (Saucier and Humphreys, 1993)
and PyLith v. 2.2.1 (Aagaard et al., 2013).
Ridgecrest coseismic slip based on preliminary
Xu et al. 2019 slip distribution. Fault slip is handled in
different ways by GAEA (split nodes) and PyLith (contact
elements), so is added to each model separately.

PyLith mesh - 2220 elements per layer, 20 layers
Generated from GAEA mesh

GAEA mesh - 555 elements per layer, 10 layers

Model Meshes: GAEA and PyLith
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Both models are based on the same unstructured mesh geometry, and
incorporate preliminary Ridgecrest and Searles Valley earthquake rupture geometries. The GAEA model mesh was developed first. The
PyLith model mesh was created from the GAEA mesh by splitting each
20-node GAEA element into eight, 8-node linear elements. The GAEA
model incorporates afterslip with parameters from Hearn and Thatcher
(2015) model 3DSZ6, and power-law ductile flow in the lower crust
and upper mantle based on the preliminary CRM and CTM. The PyLith
model is currently just an elastic crust over a Maxwell viscoelastic halfspace, but it has more flexibility than the GAEA model for increased
resolution and incorporating continuously spatially variable material
properties (e.g. the SCEC CVM and CRM).

Subsurface slip is from main rupture in Xu et al. (2019), scaled up
to match the USGS NEIC seismic moment. Surface slip is scaled
to best fit surface rupture measurements from Milliner (2019).
Uniform slip (and no afterslip) modeled on Searles Valley rupture.
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Not to scale: rupture surface here is 53 km long and 30 km deep

Fixed sides and bottom,
free surface. Ridgecrest,
Searles Valley and Garlock
faults represented with split
nodes, Garlock with no slip.
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Ductile shear zone (GAEA model): η/w = 10^15
Pa s /m at 0-30 km depth, 10^16 Pa s/m at 30+ km
depth, on and below the Ridgecrest rupture only.
Shear zone creep not yet implemented in this
PyLith model.

Uniform elasticity for now,
G = 30 GPa and v = 0.25.

Adding the Geologic Framework (GF) and Rheology
Assigning model elements to GF provinces

Geologic Framework Provinces

CRM groups are currently embedded in both model meshes. Powerlaw ductile rheologies (and geotherms) will be defined in the PyLith
model using spatial database files. Power-law flow is implemented in
the GAEA model but the lower crust and mantle are too stiff to produce significant postseismic deformation during the first 30 days
(assuming the CTM Mojave geotherm). In the results shown below,
mantle viscosity (30 km and deeper) is set to 10^18 Pa s. Viscous shear
zone creep in the GAEA model is like Hearn and Thatcher (2015)
model 3DSZ6, with η/w = 10^15 Pa s /m at 0-30 km depth and 10^16
Pa s/m at 30+ km depth, on and below the Ridgecrest rupture only.

GAEA FE mesh with GF provinces
(rotated to E-N coordinates)

example: regional-scale FE model
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example: coarse version of Ridgecrest model
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Each dot is an element center. A point-in-polygon test is
used to assign a GF province to each element. Once the
province is identified, a1D lithology profile can be assigned to model elements based on depths to their centers. After the final GF is added to the SCEC UCVM tool,
a province ID number will be used for interpolating
properties in 3D within each GF province.

Preliminary Results
Modeled and GPS coseismic displacements for the Ridgecrest earthquake
PyLith

Modeled and GPS postseismic displacements
for Ridgecrest earthquake 30 days
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Punchline and what’s next

afterslip rate
0-160 mm/yr

PyLith coseismic and postseismic results
are available but we did not have time to postprocess them for the poster. They must be
compared with GAEA results
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via Kaj Johnson (2019)
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Coseismic shear stresses are not much reduced
in 30 days. Reducing η/w could result in more
afterslip and more rapid postseismic velocities.

Viscous shear zone parameters from model
3DSZ6 (Hearn and Thatcher, 2015), which is
consistent with SAF seismic cycle deformation,
do not explain early Ridgecrest postseismic
deformation. Model requires a lower η/w as well as
rapid (weakly velocity-strengthening) frictional
afterslip, likely comparable to Izmit earthquake
postseismic (Hearn et al. 2002 and 2009). We will
explore this further - our preliminary models did
not converge (sorry!).
Without afterslip, the GAEA (and PyLith) models
produce little postseismic deformation.
Reducing effective viscosities in the midcrust could help in the far field, but fault-parallel
near-field postseismic velocities (e.g. P595)
require afterslip.

