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I. Background

NeoKinema (v.3) models NSHM-WUS_2013001 (using Fault Model 3.1 in California) and NSHM-WUS_2013002 (using Fault Model 3.2 in California) were computed in January 2013 at UCLA for use as candidate deformation models in both the Unified California Earthquake Rupture Forecast version 3 (UCERF3) and the 2014 release of the National Seismic Hazard Map by the USGS (NSHM2014).  Specifically, they are part of the 2nd-generation time-independent forecast version known as UCERF3.2.
The predictions of these models concerning fault slip rates received a lot of scrutiny, both through individual efforts, and through 4 days of “fault-by-fault” review meetings in January-February 2013 at Menlo Park and Pasadena, California.  

In most cases where the Geologic model slip rates (submitted by Dr. Tim Dawson and Prof. Ray Weldon) were based on dated offset features, I enforced the associated upper and lower limits on fault offset rates in my NeoKinema calculations.  As a result, there were some differences in preferred value, but no glaring discrepancies.  (The biggest discrepancies in this group occurred where there was only a geologic constraint on the dip-slip component of faulting, and the Geologic model made a simplifying assumption of zero strike-slip.  Since NeoKinema does not share this assumption, it sometimes predicts a slip rate higher than the upper geologic bound, while honoring the actual geologic datum or data concerning rates of dip-slip.)

However, a large fraction of the Geologic slip rates (and slip rate bounds) were not based on any dated offset features (or did not appear to me to be based on dated offset features).  These cases are more troublesome.  In these cases, the Geologic model typically assigns slip rate bounds based on the date of the most recent ground-breaking rupture, expressed as a geologic epoch (e.g., Holocene, or Latest Pleistocene, or Middle Quaternary), which itself is typically a subjective estimate based on scarp morphology, soil color, and other non-quantitative measures.  If there is no evidence for Holocene surface ruptures, the Geologic model typically assumes that there has been no surface rupture in the Holocene [which does not necessarily follow by strict logic], and therefore assigns a maximum slip rate of 0.2 mm/a (e.g., 2 m in 10,000 years).  My preference is to leave these slip rates free to be assigned by the NeoKinema modeling process, based on GPS velocities, kinematic compatibility, and regional stress directions.  I consider that this pair of contrasting strategies is appropriate for representation in a logic-tree, and that the NeoKinema models should represent the “geodetic” branch for these faults with no dated offset features.

However, during the extensive review I became aware of several cases in which either (a) there was a dated offset feature or dated overlap assemblage that I had not been aware of; or, (b) that the NeoKinema prediction of slip rate had been biased upward by use of UCERF3 Fault Model 3.1/3.2 fault traces that are probably incomplete and therefore too short, or (c) that NeoKinema had partitioned slip badly between two closely-spaced parallel faults with no intervening GPS benchmarks.  

We agreed at the fault-by-fault review meetings (2013.02.13-14) in Menlo Park that it would be appropriate to manually adjust certain NeoKinema slip rate predictions for use in UCERF3.3 hazard calculations.  These corrections just impose geologic rates or bounds which I would have imposed prior to the computation if I had known then what I know now.  While a change in NeoKinema input data followed by a full recomputation would be more rigorously correct, there were two practical considerations: (1) There was not time to re-review secondary “fallout” changes in slip rates of neighboring faults that would be likely to occur in a recomputation; and 
(2) Maintaining perfect consistency between the fault-slip-rate and continuum-deformation fields of the NeoKinema models was not critical, as there were no current plans to use the latter in UCERF3.  Similarly, there is no need to worry about locally incorrect continuum-deformation rates in a few small areas inside California when the model is used to estimate hazard of other western states in NSHM2014.
II. Adjustments

All of the following adjustments concern faults in California.  They are referred to by their official names in UCERF3 Fault Model 3.1 and/or 3.2:
Bennett Valley: This dextral fault is parallel to, and 2~4 km NE of, the dextral Rodgers Creek section of the longer Rodgers Creek-Healdsburg fault.  GPS indicates a total dextral slip of ~12 mm/a on these two faults.  However, it does not clearly dictate the allocation, because there are no benchmarks between the faults, and the regional GPS velocity field (in a 30(30 km square around them) shows only a smooth gradient, with increasing NW-ward velocities to the SW.  In the NSHM-WUS_2013001 & ...002 runs for UCERF3.2, NeoKinema put ~9 mm/a on the Bennett Valley fault because it is well-aligned with the fast-slipping Maacama fault to the NW.  However, putting only ~3 mm/a on the Rodgers Creek did not honor the geologic constraint of 8.4(2 mm/a [Schwartz et al., 1992].  In this manual edit of the two models for UCERF3.3, I transferred ~5.7 mm/a of dextral slip from the Bennett Valley fault to the Rodgers Creek minisections (651.01~651.05) of the Rodgers Creek-Healdsburg fault.  This sets the Rodgers Creek rate to equal to the geologic constraint, and leaves ~4 mm/a dextral slip on the Bennett Valley fault, which has only qualitative (and somewhat ambiguous) geologic constraints.
Cady: NeoKinema slip rates reduced from 2.09 mm/a (FM3.1) and 1.892 mm/a (FM3.2) to geologic upper bound of 1.0 mm/a.  This bound is based on Schmidt et al. [2012]: total sinistral offsets measured in outcrops and by aeromagnetic-anomaly correlation, plus a model age of 10~6 Ma for the initiation of slip.

Calaveras (So) - Paicines extension 2011 CFM: NeoKinema slip rates increased from 6.14 mm/a (FM3.1) and 5.782 mm/a (FM3.2) to 9 mm/a, which is based on the Perkins & Sims [1988] and Bryant & Cluett [1999] reports that a terrace rise of age 13.9 ka is offset dextrally by 125 m.

Cleghorn: NeoKinema slip rates decreased from 1.13 mm/a (FM3.1) and 1.136 mm/a (FM3.2) to geologic upper bound of 0.6 mm/a.  Weldon [2012] now interprets that terraces were miscorrelated in their earlier publication [Meisling, 1984] and assigns corrected ages.
Collayomi: NeoKinema slip rates decreased from 3.43 mm/a (FM3.1) and 3.393 mm/a (FM3.2) to geologic upper bound of 1.0 mm/a, based on Clark et al. [1984] and Bryant [2000] reports that “a poorly constrained dextral displacement of 0-0.5 km for the 0.5-0.6 Ma Thurston Creek rhyolite ... yields a minimum late and middle Quaternary dextral slip rate of 0 mm/yr and a maximum slip rate of about 1.0 mm/yr.”
Hector Mine: NeoKinema slip rates reduced from 5.43 mm/a (FM3.1) and 5.528 mm/a (FM3.2) to 2.533 mm/a (FM3.1) and 2.671 mm/a (FM3.1), which are the rates from the previous (UCERF3.1) NeoKinema models.  Inferred slip rates on this fault are very sensitive to how post-earthquake (and perhaps pre-earthquake) transients are removed from the GPS velocity dataset.  The UCERF3.1 GPS dataset was edited by Prof. Tom Herring, and the UCERF3.2/NSHM2014 GPS dataset was edited by Dr. Rob McCaffrey.  Without implying any overall preference or judgment about these alternative versions, it seems prudent to take the lesser slip rate estimate in this case where both “geodetic” (NeoKinema) rates are substantially higher than geologic estimates.
Lions Head 2011 CFM: NeoKinema slip rates reduced from 0.930 mm/a (FM3.1) and 1.143 mm/a (FM3.2) to geologic upper bound of 0.05 mm/a, based on Clark’s [1990] constraint on the vertical throw of the crustal block between the Lions Head and Casmalia faults.

Rodgers Creek-Healdsburg: See Bennett Valley fault above.

Silver Creek: NeoKinema slip rate reduced from 1.76 mm/a in the FM3.1 model to the geologic upper bound of 0.2 mm/a.  This is based on seismic-reflection and well data [Wentworth et al., 2010] showing that several hundred meters of late Quaternary sediment overlie the fault trace, and are only warped but not faulted.  There is no need to adjust the NeoKinema slip rate of 0.057 mm/a predicted in the FM3.2 version of the model, which is already below this bound. 
Zayante-Vergeles 2011 CFM: NeoKinema slip rate reduced from 2.86 mm/a (FM3.1) and 1.366 mm/a (FM3.2) to the geologic upper bound of 0.2 mm/a (dextral), based on the Clark et al. [1984] report of a late Quaternary net slip rate of between 0.03 mm/yr and 1.4 mm/yr based on data in Coppersmith [1979].  (I had correctly imposed the throw rate measured by Coppersmith, but I had failed to note that he measured fault rake as well.)
Dextral faults in western Joshua Tree National Park:
Eureka Peak

Burnt Mtn

Joshua Tree

These 3 faults form a “bundle” of closely-spaced, subparallel dextral faults in the Little San Bernardino Mountains in western Joshua Tree National Park.  Their traces (which are the same in FM3.1 and FM3.2) are probably incomplete because they do not extend North to the Pinto Mountain fault, or south to the San Andreas fault.  Strong geodetic constraints cause this region to shear at 8 mm/a in both NeoKinema models of the long-term crustal velocity field.  However, because of the incomplete fault traces, predicted slip rates were artificially increased to sums of ~17 mm/a in both models.  I have scaled down these slip rates by a factor of 0.464 in FM3.1 and 0.458 in FM3.2, so that they sum to the geodetic rate of 8 mm/a.  For this correction (only), I also manually adjusted continuum strain rates in files e_NSHM-WUS_2013001-adjusted.nko and e_NSHM-WUS_2013002-adjusted.nko.
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