A Logic Tree for the Subsurface Geometry of the Salt Lake City Segment of the Wasatch Fault =~ USGS

GEOLOGY & GEOPHYSICS >

. THE UNIVERSITY OF UTAH in Light Ofthe 2020 Magna, Utah’ Earthquake science for a changing world

Disclaimer. This
information is preliminary
1 2 3 4 5 . 5 4 1 3 . 6 4 . 1 and is subject to revision
J.C. Pechmann ', 1.G.Wong “, C.B. DuRoss °, M.D. Hylland *, A.J. Crone °, S.F. Personius °, A.P. McKean *, W.J. Arabasz ', D.P. Schwartz *, S.S. Olig >, W.R. Lund *, and D.A. Dinter e g povcedt
M T oat - . 3 ‘ 4 . 5 : : 6 [im Caicrmi e o
s COMtcnts International, Inc. University of Utah “Lettis Consultants International “U.S. Geological Survey “Utah Geological Survey °U.S. Geological Survey (retired) "Olig Seismic Geology e
EARTH SCIENCE CONSULTANTS tr:;er ;,r: EEU G;ﬂéﬂg;fnzirxtey
shall be held liable for any
L ] . damages resulting from the
authonzed or unauthorized
I. The 2020 Magna Earthqguake Il. Prior SLCS Models IV. The WVFZ Constraint V. Logic Tree of SLCS Models CEOLOGICAL SURVEY [wrern e
» The 2020 M,, 5.7 Magna earthquake was the largest, and most . Before 2020, most seismic hazard studies assumed that the Wasatch fault, including | |° The existence of the E-dipping WVFZ, |°Fat9d 3-10 km « Alternative models for the subsurface geometry of the SLCS are needed « The Magna earthquake is on or near the SLCS in the 35°-dipping branch
damaging, earthquake to occur in Utah since the 1992 M,, 5.5 the SLCS, was a moderately-dipping planar fault with a dip of 50° £ 15°. W of the norther:n half Gfthﬁ SL‘CSr provides ‘ to quantify the uncertainties in this geometry for probabilistic seismic of Model 1 and in Models 2 and 3, which have a combined weight of 0.66;
St. George earthquake. . Several published studies have interpreted the Magna mainshock rupture to be on independent ewdgnce of a listric geometry for this hazard analyses. in Model 4 and in the other branches of Model 1, this earthquake is on a
- Long-period regional waveform modeling, in combination with the SLCS (e.g., Pang et al., 2020; Kleber et al., 2021). part of the §|—C§ (Fig. 1). ‘ « Our logic tree for modeling the geometry of the SLCS has four primary subsidiary fault in the SLCS hanging wall (Fig. 6).
the aftershock distribution, indicates that the Magna mainshock  This interpretation implies a listric geometry for the fault, i.e., a dip that decreases * A decrease in dip on the SLCS be!ow where it branches, each combining different models for (A) the northern half of . The models in our new logic tree are consistent with the data from the Magna
occurred 10.5 £ 2 km below the northwestern Salt Lake Valley on an downward (Fig. 3). mter:sects the WVFZ ‘*‘fOUld permit both ofthese faults the SLCS (the Warm Springs and East Bench faults), where the WVFZ is earthquake and the WVFZ, and incorporate a plausible range of uncertainties
oblique-normal fault dipping 34°-39°W (Fig. 1; Table 1). | | to slip without affsettmg each other,'formlng a present, and (B) the southern half (the Cottonwood section) (see Fig. 1). in the subsurface geometry of the SLCS.
» The nearest major W-dipping active fault is the Salt Lake City segment | | West Valley N70E Figure 3. Map (top) and Iarge—S{?aIe bath'!t graben system (F"Q- 3). ‘ « Inall four branches the southern half of the SLCS has a planar geometry « Using this logic tree for probabilistic seismic hazard analyses, instead of
of the Wasatch fault (SLCS), which dips 70° WSW along the nearest surface 408 4 akm . rediicona L B 2 ?E;f ;:E“‘:l L",’“}t;g;ﬁ »  The estimated ratio between the vertical slip rates on with an asymmetrically weighted dip distribution of the previously-favored planar models with dips of 50° + 15°, will increase
trace 15 km ENE of the epicenter (Figs. 1 and 2). 8 L T F”:ligﬁge it ‘jmublé_ e e the WVFZ and the SLCS is 0.09-0.42, which D‘VOV'dES a 35°(0.3)-50°(0.5)-65°(0.2), as illustrated in Figure 6a. the predicted ground shaking hazard in the NW Salt Lake Valley because
naE f""\ff'? (WS) olocatisne farattarshocks weak model-dependent constraint on the dip change . For the northern half of the SLCS, each branch of the logic tree has one of the shorter average distances to the SLCS (Wong et al., 2023).
S O A I . -
:. R (\ \ of the Magna earthquake of the SLCS (Fig. 5). of the four models shown in Figures 6a to 6d.
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Table 1. Moment Tensor Solutions: 2020 Magna Earthquake 1. Planar Model: Wt 0.2 (dip distribution as labeled) 2. Listric Model (with possible “ramp-tlat” geometry): Wt 0.4
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Figure 5. Block diagrams illustrating the backtilt graben model for the | | i | 1 " i | ;
\ B WVFZ (from DuRoss and Hylland, 2015; after Xiao and Suppe, 1992). 0 5 10 15 20 0 5 10 15 20
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3 Paleoseismic Constraints on the
- — , WVFZ-SLCS Vertical Slip Rate Ratio Figure 6 (a-d). Alternative models for the subsurface geometry of the Wasatch fault’s The green boxes in panels b-d show the slip rate ratio between the WVFZ and the
- B Shallowly-Dipping Nearly Planar Model (DuRoss and Hylland, 2015) northern SLCS, superimposed as dashed green lines on the Pang et al. (2020) cross SLCS that is predicted by the backtilt graben model for the dashed green fault model
' | ' ' ' i , , section from Fig. 3. The model numbers, names and weights are at the bottom of each panel. shown and a WVFZ dip of 67°. See the Fig. 4 caption for an explanation of the yellow lines.
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