Welcome to the
2021 Virtual Quaternary Fault
Parameters Working Group
Meeting

DNR Tuesday, February 2, 2021
Geologic Hazards Program - Utah Geological Survey
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Utah Quaternary Fault Parameters Working Group

Serves as a standing committees to help set and coordinate Utah’s
earthquake hazard research agenda.

Reviews ongoing paleoseismic research in Utah and updates the Utah
consensus slip-rate and recurrence-interval database as necessary.

Provides advice/insight regarding technical issues related to fault behavior

in Utah.
uTAH |dentifies and prioritizes future Utah Quaternary fault paleoseismic
DNR investigation
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https://geology.utah.gov/hazards/info/workshops/working-groups/q-faults/
GEOLOGIC HAZARDS

HAZARDS HAZARD ASSISTANCE [l sl BEN (o] F. 4 0 L et

HAZARD MAPS & PUBLICATIONS UTAH QUATERNARY FAULT PARAMETERS
PALEOSEISMOLOGY OF UTAH SERIES The main goal of the Utah Quaternary Fault Parameters Working Group (UQFPWG) is to characterize active fault sourcas in Utah.

The working group began by developing consensus slip-rate and recurrence-interval data for all Utah trenched faults (Lund, 2005)
in 2003 and 2004. The working group also developed an initial priority list of faults requiring additional study and, based on each
year's paleoseismic investigations, has updated the list annually.

COSTS OF GEOLOGIC HAZARDS

WORKSHOPS AND SHORT COURSES

As new paleoseismic data became available, the working group modified its consensus slip-rate and recurrence-interval values as
CURRENT PROGRAM PROJECTS necessary. The UQFPWG started annual meetings in 2005.

The next meeting of the Utah Quaternary Fault Parameters Working Group is on February 2nd, 2021.
Sign up to attend the virtual meeting.
Download Agenda
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2020 UQFPWG Summary Table

Table 2. Status of proposed and published paleoseismic-related investigations based on priorities developed by the
UQFPWG since 2005. If there are any missing publications, please send the reference to

ckleb utah.gov.

Study _ UQFPWG Priorities Investigation Status

Type Utah Fault or Fanlt Segmeat 2005 | Additions (as 0f 3/2020)

UGS FTR Report, 0SHOGROO9S (2005)

USGS SI Map 2966 (2007

2012 UGS Special Study 124 {2008)

Nephi segment, Wasatch fault zone 1 2017 UGS FTR Report, GIZAP20076 (20143
UGS Special Study 151 {2014)

UGS Special Study 159 (2017)

Please review before

e 3 2017 UGS Special Study 149 (2014)
Taylorsville fault 20u UGS FTR., GISAPOOLLT {2017)

2017

L] L] L]
f n I d n UGS Miscell Publication 05-8
I a I S C u S S I O Weber segment, Wasatch fault zone — most recent event and multiple events. 3 2012 2006)

4 2017 UGS FTR. 0THQGRO093 (2007)

e UGS Special Study 130 {2009
3 Utah Lake faults and folds
= Aequu q timung i 10n 1o 1 gate the relation of earthquakes to 5 2015 e . . -”
E large earthquakes on the Provo se £ 3017 UUGG FTR Report. GOEAPDO16 {2014}
= Great Salt Lake fault zone
_E Rozelle section, East Great Salt Lake fault [ 2007 UUGG FTR Report. GOSAPDO16 (2014)
E Carrington fault, Great Salt Lake fault zone Janecke and Fvans (2017)
. . i UGS Special Study 121 {2007
Collinston and Clarkston Mountain segments, Wasatch fault zone 7 - UGS Open-File Reort 638 (2015
Sevier and Toroweap faults B 2016 UGS Special Study 122 (2008
UGS Open-File Report 583 (2011)
Washi fault zone (includes Dutch Draw fault) 9 - UGS Miseell Publice 15-6
(2015)
UGS Map 270 (2015)
UTAH Cedar City-Parowan monoeline (removed 2016) and Paragonah fault 10 - 2016 presentation file
P h fault, no activity
Enoch graben 11 - UGS Open-File Report 628 (2014}
East Cache fault zone 12 2013 USU FTR Report, 0THQGROOTS (2012)
UGS Special Study 98 (2000
UGS Special Study 121 {2007
A(/ Clarkston fault 13 - UGS Open-File Report 638 (2015)

UGS FTR., G1TAPOO00L (2018)
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Utah Quaternary Fault Parameters Working Group
2020 presentations

DNR

Update on Quaternary Fault Mapping in Utah: Adam Hiscock, Utah Geological
Survey

Paleoseismic Investigation of the Levan and Fayette Segments of the Wasatch
Fault Zone, Utah: Greg McDonald, Utah Geological Survey

East Cedar Valley Fault Zone— New Fault Strands and Younger Events: Adam
McKean, Utah Geological Survey

A Field Test of Portable OSL— Using 345 Samples from the Deep Creek
Colluvial Wedge Exposure to Explore Earthquake-Timing Uncertainty: Chris
DuRoss, U.S. Geological Survey

Topliff Hill Paleoseismic Site— Six Events Since 69.3 ka on the Topliff Hills Fault:
Nathan Toké, Utah Valley University



2021 Priorities

Acquire new paleoseismic information for areas with ongoing lidar fault mapping

projects:

* Cache Valley faults (ECFZ, WCFZ2), 5 central segments of the Wasatch fault zone,
West Valley fault zone, Oquirrh fault zone, Sevier fault

“Salvage paleoseismology” (i.e., earthquake timing investigations as rapid

development is encroaching on un-modified paleoseismic trenching sites):
* Faults in Cache Valley, West Valley fault zone

Use recently acquired lidar data to more accurately map the traces of the:

_ * Scipio Valley faults, Beaver Basin faults (partial coverage), Hansel Valley, Mineral
DNR Mountains West-side faults, Stansbury fault zone

This does not include other priorities that have carried over from previous years.



Zoom Review - General

UTAH
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You are welcome to come and go to the meeting. We will be starting
sessions at their scheduled times.

You will be muted upon entering the meeting.

To save bandwidth for all attendees, please leave your camera off unless
you are speaking.

The hosts reserve the right to mute participants who have left their
microphones on, or who are being disruptive to the meeting.

e |f you are having technical issues, PRIVATELY message Ben Erickson,

Adam Hiscock, or Emily Kleber. Should be labeled as “Host”
geology.utah.gov
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Zoom Review - Presentations

e We (Zoom hosts) have presenters' slides and will be sharing our
screens.

e Presenters have 15 minutes. We will use visual cues to indicate
remaining time in upper righthand corner

e 5 Minutes 1 Minute ‘

UTAH

DNR
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Zoom Review - Presentations

e If you have questions during a presentation for the speaker, please type
your question into the chat box.

e The hosts will read out the questions for the speaker, who will then
answer.

e If additional follow up or discussion is required, please “raise your hand”

via ZOOM.
UTAH e \We have scheduled time for discussion, so if you question is not
DNR answered, please make note.

»-\,._/"
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Zoom Review - Discussions

e Questions or comments can be typed into the chat box OR you can raise
your hand via Zoom. You will be called on by a UGS Host.

e Pauses and awkward silences are OK!
e Accidentally talking over each other is OK!

e Please be respectful and patient.

UTAH
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Schedule (Mountain Standard Time)

o 8:00 am to 10:00 am - Recent Studies in Utah
o« 10:30 am to 11:30 am - Buried Urban Faults
and Special Study Zones

« 1:00 pm to 3:00 pm - Magna Earthquake
o 3:30 pm to 4:00 pm - Wrap Up

DNR Thank you and let’'s get going!



USGS Earthquake Geology
Intermountain West (IMW)

Christopher DuRoss, USGS Intermountain West Regional Coordinat
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Ongoing Research and Collaboration in the IMW

Earthquake response & research e HETE | R

(UUSS, UNR, UGS, IGS, CGS...and e A e =
: rroot i

others) ; 11 - -

Wasatch Front (UGS, UVU) M6 o Stanlei-:k_-lj Lost River/Borah Peak
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Walker Lane (NBMG, UNR)

NE California (PG&E, Univ. of
Oregon)

Las Vegas (NBMG, UNR, UNLV)




USGS National Seismic Hazard Model

* Uses best-available science to
calculate ground-shaking
probabilities across the U.S.

 Lasting impact on seismic design
in building codes, insurance
rates, public policy, and
emergency planning.

e Last updated in 2018 (source
faults updated in 2014).

» 2023 update process underway.
. = Current focus (2020-2021) on
e source fault model. More details
from Alex Hatem.

Two-percent probability of exceedance in 50 years map of peak ground acceleration

2018 long-term hazard model (Petersen et al., 2019). % USGS

science for a changing world



USGS External Grants Program, FY2020 (last year)

* S4.6M in competitive

researc h g rants Regional/Topical nl;\\(sz:;\r(::s
fu N d ed . Area FY20 Funded Amount % funded

CEUS $597,493.00 13% 10
: “VIW fundEd 10 EP $609,174.00 13% 8
proposals ($433k) ESI $516,821.00 11% 7
IMW $433,448.00 9% 10
NAT $544,262.00 12% 9
\[e $615,614.00 13% 8
(\JAN $553,947.00 12% 9
SC $512,084.00 11% 7
$267,588.00 6% 4

a USGS

science for a changing world




Intermountain West External Grants funding

Amount Awarded

External Grant funding, Intermountain West

$600,000
o
® Amount funded FY21
o
$500,000 () A
o
o L o
$400,000 ®
® ®
>y ® Projected
$300,000 P [ ] e
o
o
e Current (Feb. 2021)
$200,000
$100,000
SO
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

- a USGS
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IMW External Grants 2021 (in progress)

* FY2021 IMW proposals:
e 22 submitted (compared to 17 in FY20).

Total request of $1.22M.

Average proposal in fund or “fund if
possible” category: $46.6k (FY21),
compared to ~$43.3k (FY20).

e Current status (Feb. 2021):

Three proposals funded (~$200k).
Likely that ~$300-$370k will be funded.

FY21 Federal budget passed (Dec. 2020).
Increased congressional direction on how
funds must be spent (may negatively impact
External Grants Program).

Final award letters anticipated March 2021.

Funding by state
* NV: 2 grants funded; 1 in “hold” status
e UT: 1 grant funded; 1 in “hold” status
 |D: 3 grants in “hold” status
e (CO:1grantin “hold” status
 E Calif: 1 grant in “hold” status

Majority of proposals funded focused on
2020 IMW earthquakes (Magna, Utah;
Stanley, Idaho; Monte Cristo, Nevada).

ZUSGS

science for a changing world



External Grants — guidance going forward (FY22)

* Look for program announcement in March 2021.
* Proposal dues in May 2021.
* IMW panel meets in August 2021.

Please email cduross@usgs.qov if you’d be interested in serving and
won’t have conflict of interest (e.g., submitting a proposal this year or
from an institution submitting proposals).

e USGS letters of commitment.

a USGS

achanging world
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Earthquake Geology Input
Data for the U.S. National
Seismic Hazard Model 2023

Hatem, A.E., Collett, C.M., Gold, R.D., Briggs, R.W., Angster, S.A
Field, E.H.,
DuRoss, C., Thompson Jobe, J.

Delong, Sl.,,
Knudsen, K.L.,

Petersen, M., Pollitz, F., Scharer, K., Powers, P., Sherrod, B

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science

The information is provided on the condition that neither the U.S. Geological Survey nor the U.S. Government shall be
held liable for any damages resulting from the authorized or unauthorized use of the information

USGS author;




Background: National Seismic Hazard Map 2023 Update

A 50-state update of the
National Seismic Hazard
Model (NSHM) is planned
for 2023 release.

 The last release of
conterminous U.S. NSHM
was in 2018; the last
update of fault geometries
and slip rate information
occurred in 2014.

S USG Preliminary Information-Subject to Revision.
Not for Citation or Distribution.

science for a changing world
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In past NHSM'’s, only faults
with site-specific slip rates
were included as NSHM fault
sections. This excludes

many known, Quaternary
active faults.

UCERF3 Appendix B
Dawson and Weldon, 2014

* In Uniform California
Earthquake Rupture Forecast,

v3 (UCERF3), faults without >
measured slip rates were « kg
included with nominal, ..f}?“;“
categorical slip rates. N :_‘

111111111

RN

GS Preliminary Information-Subject to Revision.
Not for Citation or Distribution.
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Background: National Seismic Hazard Map 2023 Update

NSHM 2014/2018
fault sections
under-represent
the number of
known Quaternary
active faults.

e NSHM14/18
contained ~645
faults; USGS
Quaternary Fault
and Fold Database
(QFFD) has
>2.100 faults.

ZUSG

science for a changing world

Not for Citation or Distribution.

U.S. Quaternary Faults  UsGS Geologic Hazards Science Center Golden, CO

Qfaults

National Database

Historic (< 150 years), well constrained
location
Historic (< 150 years), moderately constrained
location
Historic (< 150 years), inferred location ~ * *
Latest Quaternary (<15,000 years), well
constrained location
Latest Quaternary (<15,000 years), moderately
constrained location
Latest Quaternary (<15,000 years), inferred
cation
Late Quaternary (< 130,000 years), well
constrained location
Late Quaternary (< 130,000 years), moderately
contrained location
Late Quaternary (< 130,000 years), inferred
location
Middle and late Quaternary (< 750,000 years), __
well constrained location
Middle and late Quaternary (< 750,000 years),
moderately constrained location
Middle and late Quaternary (< 750,000 years), . .
inferred location
Undifferentiated Quaternary (< 1.6 million
years), well constrained location
Undifferentiated Quaternary (< 1.6 million
years), moderately constrained location
Undifferentiated Quaternary (< 1.6 million , ,
years), inferred location
Unspecified age, well constrained location

L age,
location

Unspecified age, inferred location
Class B (various age), well constrained location ~ —

Class B (various age), moderately constrained  _
location

Class B (various age), inferred location

Preliminary Information-Subject to Revision.

Mismatch between
different datasets

U.S. Quaternary Faults
< &

Layers

»[] Qfaults
»[] Slab 2.0 Depth Contours
» B4 NSHM Fault Sources
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Goals: Earthquake Geoloqy Updates ahead

of National Seismic Hazard Map 2023

Generate an updated fault
sections repository to more
accurately reﬂresent more
potential earthquake
sources in NSHM2023.
« Evaluate Quaternary Fault
and Fold Database (QFFD) as
a starting place for including
additional fault sections.
« Simplify high-resolution
geomelries from geologic field

studies numerically suitable
for seismic hazard modeling.

* Minimize node spacing.
« Approximate fault structure at
depth.

Example from Canyon Ferry (Totson section) near Helena, Montana

() -§ ~ "' " . s ()

Figures courtesy of Camille Collett

U Gs Preliminary Information-Subject to Revision.
Not for Citation or Distribution.
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Goals: Earthquake Geology Updates ahead

of National Seismic Hazard Map 2023

Develop a western US
database of geologic slip
rates.

* Point-based measurements of

slip rate with metadata and
uncertainty estimates.

B EES®E & @

Feature Value
~ NSHM2023_EQGeoDB._...
~ FaultName
»

sl e study
5-6 m of displacement in 3 events over a span of 4.750 +/- 350 kyBP (between ~5.3 a...

* Apply a categorical slip rate v S0 on B L
where slip rate has not yet been e
directly investigated. !

* Preferred slip rates will be assigned e %

d u rl n g u pCO m I n g g eo I Og I C e errear:e fd.g::hette (1988) Machette et al., (1992) USGS Professional Paper
deformation modeling.

N

USG Preliminary Information-Subject to Revision. |
e for

chamamwona VOt for Citation or Distribution.



Earthq uake Ru ptu_re Forecast Earthquake-Rate Probability
construction Models Models

Gives the long-term rate of all , Gives the probability that each

Fault Deformation possible damaging earth- earthquake in the given Earth-
Models Models , quakes throughout a region. quake Rate Model will occur

during a specified time span.

Provides fault slip rates used to
calculate seismic moment

release. * Physics-Based-Simulator
Models

Specifies the spatial geometry
of larger, more active faults.

Produces synthetic catalogs of events using physics-based
approaches that track the state of stress and frictional properties
on faults over time.

/‘}"7 / | J

Faults highlighted in green show \ ‘ =N\
faults connected or within <5km N SR
distance from neighboring fault. | N

% USG Preliminary Information-Subject to Revision. Cou rtesy of Ned Field

science fora chanaimywong  [VOT fOr Citation or Distribution.




Database
construction

Separate fault section
geometries from the
parameters that govern
their activity (ex:
geologic slip rates).

EQGeoDB:

» Unique fault section ID

» Unique site ID

« Lat, Lon of site location

* QObservations

* Preferred, low and high slip
rate (mm/yr)

« Rate uncertainty

Rate, offset and age type
« Age range of slip rate

* Number of events

« Reference

Fault sections database:

» Unique fault section ID
» Fault trace geometry

* Dip (°)

» Dip direction

* Rake (°)

» Upper seismogenic depth (km)
* Lower seismogenic depth (km)

_——%

/

/ upper depth

lower depth v

S SGS Preliminary Information-Subject to Revision.
Not for Citation or Distribution.
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Criteria for inclusion into fault sections database

2014 NSHM fault sections 2023 NSHM proposed fault sections
 Fault with a known geologic * Quaternary active fault.

slip rate. - Faults no longer excluded for lack
* No apparent restriction on of geologic slip rate.
Quaternary activity. » >7 km in length.

* No length requirement.

S USGS Preliminary Information-Subject to Revision.
&e orachmainwong NOC for Citation or Distribution.
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Utah faults (primary and border-crossing) newly

added to NSHM2023 fault sections

Annabella graben
Antelope Range

Beaver Basin (east)
Beaver Basin (intrabasin,
central)

Beaver Basin (intrabasin,
east)

Beaver Basin (intrabasin,
west)

Big Pass

Black Mountain
Broadmouth Canyon -
James Peak

Carrington

Crater Bench

Crawford Mountains -
Saleratus Creek

Cricket Mountains (west)
Dover Drum Mountains
(east)

15.

16.
17.
18.

19.
20.
21,
22,
23.
24,
25.
26.

27.
28.

Drum Mountains
(northwest)

Drum Mountains (south)
East Kamas

East Tintic Mountains
(northwest)

East Tintic Mountains
(southeast)

East Tintic Mountains
(southwest)

Enoch Graben

Fish Springs
Gooseberry Graben
Goshen

Grouse Creek - Dove
Creek Mountains (north)
Grouse Creek - Dove
Creek Mountains (south)
Gunlock

Gunnison

Preliminary Information-Subject to Revision.

Not for Citation or Distribution.

29

30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.

44.

. Hansel Mountains (east
side)

Hogsback

House Range

Little Valley (east)

Little Valley (west)

Main Canyon

Maple Grove

Mineral Mountains
North Genola

Ogden Valley North Fork
Paunsaugunt
Porcupine Mountains
Red Hills

(west)

Scipio - Maple Grove -
Pavant Range - Red
Canyon

Sheeprock

San Francisco Mountains

45.
46.
47.
48.
49.
50.

51.

52,
53.
54,
55.
56.
S7.

58.

Snake Valley (north)
Snake Valley (south)
Thousand Lake
Topliff Hill

Utah Lakes

Wah Wah Mountains
(south)

Wasatch (Clarkston
Mountain)

Wasatch (Collinston)
Wasatch (East Bench)
Wasatch (Fayette)
Wasatch (Foothills)
Wasatch (Virginia Street)
Washington (Fort
Pearce)

Western Bear Lake



Utah geologic slip rate sites added to
NSHM2023 EQGeoDB

1. East Cache; McCalpin (1994) UGS Special 14 Wasatch (Fayette); WGUEP (2015); Hylland 24 Wasatch (Provo, south); Swan et al., (1980)
Study (2007); Hylland and Machette (2008) 25.Wasatch (Salt Lake City, south); DuRoss et
2. Hurricane (Ash Creek, Cedar City); Lund etal 15.Wasatch (Nephi, north); DuRoss et al., (2017) al., (2018) BSSA
(2006) UGS Special Study UGS Special Study 26.Wasatch (Salt Lake City, south); Swan et al
3. Oquirrh; Olig et al., (1996) UGS Special Study 16.Wasatch (Nephi, north); DuRoss et al., (2008) (1981)
4. Sevier - Toroweap (north); Lund et al., (2008) reported in Crone et al., (2014) UGS Special 27.Wasatch (Weber); DuRoss et al., (2009) UGS
UGS Special Study Study Special Study
5. Southern Oquirrh Mountains; Olig et al (2001) 17.Wasatch (Nephi, south); Jackson (1991) UGS 28.Wasatch (Weber); Nelson et al., (2006) UGS
URS/WC report special study Special Study; Benson et al., (2011)
6. Stansbury; Swan et al., (2005) BRPSHSII 18.Wasatch (Nephi, south); Harty et al., (1997) 29.Wasatch (Weber); Nelson et al., (2006) UGS
7. Wasatch (Brigham City); Personius (1990) reported in Crone et al., (2014) UGS Special Special Study
geologic map; Jewell and Bruhn (2013); Study 30.Wasatch (Weber); Nelson et al., (2006)
Howe et al., (2019) 19.Wasatch (Nephi, south); Crone et al., (2014) reports rate from McCalpin et al. (1994)
8. Wasatch (Brigham City); Howe et al., (2019) UGS Special Study 31.Wasatch (Weber); Swan et al., (1980) BSSA
BSSA 20.Wasatch (Nephi, south); DuRoss et al., (2017) 32.Wasatch (Provo, south); Lund et al (1991)
9. Wasatch (Brigham City); DuRoss et al (2012) UGS Special Study UGS Special Study
UGS Special Study 21.Wasatch (Nephi, south); Harty et al.,(1997) 33.West Cache (Clarkston); Black et al., (2000)
10.Wasatch (Brigham City); Personius (1991) reported in Crone et al., (2014) UGS Special UGS Special Study; Lund (2005) UGS
UGS Special Study Study Bulletin
11.Wasatch (Clarkston Mountain); WGUEP 22 .Wasatch (Nephi, south); Hanson et al., (1981; 34.West Cache (Junction Hills); Black et al
(2016; Hylland (2007) 1982); Crone et al., (2014) UGS Special (2000) UGS Special Study; Lund (2005) UGS
12.Wasatch (Collinston); WGUEP (2016); Study Wasatch (Provo, north); Bennett et al., Bulletin
Personius (1990); Hylland (2007) (2018) BSSA 35.West Cache (Wellsville); Black et al., (2000)
13.Wasatch (Foothills); DuRoss et al (2014) 23.Wasatch (Provo, north); Machette (1988) UGS Special Study
within DuRoss and Hylland (2014) UGS Machette et al., (1992) USGS Professional 36.West Valley; Hylland et al (2014) in DuRoss
Special Study Paper and Hylland (2014) UGS Special Study
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Earthquake Geology Databases Update Timeline

November

community workshops

June 19, 2020

community deadline
Dec 4, 2020
Sl | Sept/Oct community deadline December 31, 2020
1 1 1 ] |
| | | 2019]J2020 | | | | Source fault model and
¥ 5 L 2 E B geologic slip rate databases
Kick-off workshop at Contact regional Present process and meet| (prepare prelimary Data| [ Responses to MS Form for Review comments from > submitted for internal review
Moffett Field partners (USGS with colleagues at NorCal, | Release of prior geol. suggestion new state partners on draft b eadlln.e to suggest ]
primarily for USGS regional coordinators Utah, and Basin & Range slip rates in NSHM additions revisionito source model; augment fee‘dback/ reviews on materials
attendees and state surveys workshops source fault model + slip geologic slip rate database discussed at Nov workshops
rates are due \4 Hold regional workshops to discuss Workshop Dates
Develop draft source fault model source fault model and geologic | IMW:Nov10
based o QF "‘_”t‘; share initial draft slip rates, provide a forum for CA:Nov 12 »
with regional colleagues community review and feedback | PacNW:Nov 17
last updated Oct 8, 2020
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q ¥ ScienceBase-Catalog ~ Communities  Help ~

ScienceBase Catalog — Earthquake geol.yy mputs f... — Earthquake geology inputs f...

Earthquake geology inputs for the U.S. National Seismic Hazard Model
(NSHM) 2023, version 1.0

ReadMe

Dates Map »
References Publication Date: 2021-01-21 . [T 5 N
o ]
Start Date: 1970 aiie
Change Log End Date: 2020
s |
Citation ;
Hatem, A.E., Collett, C.M., Gold, R.D., Briggs, R.W., Angster, S.A., Field, E.H., Anderson, M., Ben-Horin, J.Y., £ S T1 sisco |
Dawson, T., DeLong, S., DuRoss, C., Thompson Jobe, J., Kleber, E., Knudsen, K.L., Koehler, R., Koning, D., Lifton, Z., |
Madin, I., Mauch, J., Morgan, M., Pearthree, P., Petersen, M., Pollitz, F., Scharer, K., Powers, P, Sherrod, B., Stickney, M"".';f_"‘"' "
M., Wittke, S., and Zachariasen, J., 2021, Earthquake geology inputs for the National Seismic Hazard Model (NSHM) e
2023, version 1.0: U.S. Geological Survey data release, https://doi.org/10.5066/P918XCUU. eenssensstnenee.
Geologic Slip Rates saved as: Summary Spatial Services
This Data Release contains preliminary versions of two related databases: 1) A fault sections database ScienceBase WMS :
S H P’ CSV’ KM L’ geOJ SO N (“NSHM2023_FaultSections_v1”), which depicts the geometry of faults capable of hosting independent earthquakes, |https: //www.sciencebase.gq

and 2) An earthquake geology site information database (“NSHM2023_EQGeoDB_v1”), which contains fault slip-rate
constraints at points. These databases were prepared in anticipation of updates to the National Seismic Hazard g
Model (NSHM) 2023. Fault-specific geologic parameters for the NSHM have not been updated since the 2014 NSHM Communltles
release. The datasets include the states of Washington, Oregon, California, Idaho, Nevada, Arizona, Montana,
Wyoming, Colorado, New Mexico and Texas. Datasets containing fault information for Alaska and the Central and
Eastern United States will be the subject of future efforts. These databases are provided as geospatial data (e.g.,

Fault Sections saved as:
SHP, CSV, KML, geoJSON

¢ USGS Data Release Prod

.SHP, .KML, .GeoJSON file formats) and tables (.CSV format). Tags
. Harvest Set : USGS Science D
Chlld Items (3) | &~ Theme : hazards

Place : Arizona, California, Cc

B i )
[El Documentation Montana, New Mexico, Ore

iNSHM2023;EQGeoDB_v1 | Washington, Wyoming
i NSHM2023_FaultSections_v1 USGS Scientific Topic Keywor
o ) ] o Structural Geology
% USG Preliminary Information-Subjegt to Revision. Contacts

B N Ty o i i _—— e DProcuanonea



Percent Increase of Fault Sections from 2014/18 to 2023 in Western US

Listed By State

NSHM14/18 | NSHM2023 | Percent
increase
Arizona 7 55 686%
Colorado 5 11 120% . i
ldaho 9 21 133% Listed BM
Montana 14 24 71% ;i:‘;::;
New Mexico 30 82 173% IMW 236 561 1389%,
Nevada 126 256 103% PNW 61 101 66%
Texas 12 12 0% CA 347 358 3%
Utah 24 85 254% TOTAL 644 1020 58%
Wyoming 9 15 67%
Oregon 43 65 91%
Washington 18 36 100%
California 347 358 3%
TOTAL 644 1020 58%

S USGS Preliminary Information-Subject to Revision.
Not for Citation or Distribution.

science for a changing world



Next steps

Conduct geologic deformation modeling.
» Determine preferred geologic slip rates for categorical slip rates.
« Refine uncertainty estimates of existing, measured slip rates.
« Ensure moment balancing across transects given far-field GPS vectors.

Any questions, comments or concerns?
Please contact Alex Hatem at ahatem@usgs.gov

7
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RECLAMATION

Preliminary Evaluation of Quaternary
Activity on the Duchesne-Pleasant
Valley Fault, Uinta Basin, Utah

Julia Howe
Ralph Klinger
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Preliminary Results

* Scarps do not consistently correlate to lithologic
contacts, which would be expected if scarps were
formed by differential erosion.

* Nonresistant rock is found on the upthrown and downthrown
side of the fault.

* Scarps cross Quaternary surfaces of multiple ages,
based on relative surface heights and published
Quaternary mapping

* These lines of evidence suggest that the Duchesne-
Pleasant Valley fault is Quaternary-active



Questions?




Late Quaternary Earthquake History of the Topliff
Hills Fault in Rush Valley, Utah
. ;

'““\H Footwall Wave-Cut Bench

“-___ L —— - < ¢
M
)
e “"‘w’?
1o¥

UVU Faculty: Nathan Toké', and Michael P. Bunds®
UVU Students: Rachel Richards', Alex Tolman', Brigham Whitney', and Sally Ward’
The USU Luminescence Lab: Tammy Rittenour? and Carlie ldeker?
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Topliff Hills Fault

« 25 km -long, west -
dipping fault

« South Oquirrh
Mountains fault is
structurally -aligned

. Utah’'s second
longest Fault system,
>250 km length

« Within 40 km of the
Wasatch front

2 _ &

Jnegt+

% Yuinbo-
O'N x\“?-a

StOCklI et al., 2001 present day (after Cenozoic extension) | 0 125 25 50 75 100

QuaternaryFaults N

——— Wasatch fault zone

— Utah Lake faults A
Great Salt Lake fault zone

Ogquirrh fault zone

Southern Oquirrh Mountains fault zone

East Tintic Mountains (West Side) faults,

Other Faults
Topliff Hill fault zone

P cities > 15,000
Lakes

Historic Lake Bonneville

Kilometers




CHANG ET AL.: GPS OBSERVATIONS OF THE WASATCH FAULT 1 Eaﬂhquake Probabilities for the Wasatch Front Heginn aZ‘“;l“J‘SDW 5 . i 100°45"
oo -11° M6.0 or M6.75 or
42 L — greater greater
Wasatch fault zone 18% 18%
Oquirrh-Great Salt Lake fault zone 7% 6%
y s 42°00°
Other faults in the region’ 34% 25%
Background earthquakes 14% NA?
Wasatch Front region total 57% 43%
Probabilities are for one or more earthquakes in the next 50 years
(WGUEP, 2016).
'Combined probability for the 45 other faults or fault sections in the region.
*Probability not calculated for back d earthquak
WGUEP, 2016
114° nr 1
ey 1 5
E
?CEDA
Wasatch Front Region Forecast
: In the next 50 years, there is a
STANSBURY ™" .= (& 0,
FAULT ZONE \'f* : 8 - 43%
- probability of a magnitude 6.75
a0 ~0.3mm/a or greater earthquake, and a
— g 57%
w EXPLANATION 5 probability of a magnitude 6.0
[ Developed land § or greater earthquake.
Increasing earthquake probability for
individual fault or fault section
<1 6%
[ — ]
— Other fault or fault section in the
Wasatch Front region
E) [a%] Total probability of a magnitude
))I o 6.75 or greater earthquake on
(F=swee f / i the faultindicated in the next ‘
3-4’'mm/a . : : 7 Jih Wi
byt ; i bt 0 20 40KILOMETERS
v 7 i ‘ - : Wt g RN o
G200 4 \}, gl o 0 ;10 20 MILES ”‘ or -
100 KILOMETERS .,
! -

39°
km o Q;H;‘m‘l;" L, Figure 1. Magnitude 6.75 or greater earthquake probabilities
0 50 100 Historical sarthquakes from 1850 10 2015 may vary along faults (yellow to red fault colors), but entire fault
probabilities are labeled. For example, the total probability for the

Magnitude class

Figure 5. Horizontal velocity vectors, in a stable North America reference frame, derived from the 285 ol . ) : -
entire Wasatch fault is 18 percent. Only faults with a probability of

2 percent or greater are shown. Modified from Working Group on

1997-2004 continuous and the University of Utah 1992—2003 campaign GPS observations. Weighted @ 551064 - <50
Utah Earthquake Probabilities (2016). (%, percent)

error ellipses (see text) represent the 95% confident intervals. Gray lines are Quaternary faults, and black 11901 2M6.5 arthquake location
lines highlight the Wasatch fault. Thick gray arrows represent the direction of the principal extension — Fault or fault section
assuming a homogeneous strain field in the dashed box.
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Profiling:
Blue lines
_~ = Shorelines

Green lines
~~ = Scarps

Scarp Height Profiling

Net Vertical Displacement on Scarps

9
€ 8 @ South trench
2’ $ ¢
S 6 @ o ?
a i >3 events
95 ® —T
o - = == - 7T - =\ - 77— = 1% 1 -
o 4 J_J'
© > 2 events
o 3
> --_ — — — — —— — — — — — — — — — — -
295 1 ¢
1 § North trench 1-2events
0
0 500 1000 1500 2000 2500 3000 3500
Distance from northernmost profile (m)
N South Trench Fault Scarp Profile Best-fit to

foot wall surface

Best-fit to .
hanging wall surface

7 - 8 m surface offset
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Distance along profile line (m)
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Trench 2




Correlative Fan Units? Topliff Hill Site — Trench 1

8000 mm
52600 years 0.15 mm/a

Footwall MRE 9000 mm
ootwa e 32600 years  0.28 mm/a

Event 2

THS15: 29.2 +/- 6.5 ka

8-9m

Footwall ; ‘ : [ offset
Event 1 & S T

5 Tsie 112424k b South Wall

Explanation

Modern Soil A-horizon

Most Recenent Event (MIRE-6)
Penultimate Event (PE-5)
Anti-Penultimate Event (APE-4)
PAPE Soil

North Wall

Pre-Anti-Penultimate Event (PAPE-3)  * C14 Sample
Footwall Wedge (FWE-2) * Bulk Soil Sample
Matrix-Supported Fan Units ® osL sample
Clast-Supported Fan Units /Fault Type 1
Clast-Supported Fan Units /Contact or Fracture
I WSS 0092

Faulted Paleosol (FWE-1)



Trench 2 - South Wall (T2S)

Faulting in Trench 2 is expressed along three fault traces across a

two-meter wide zone. Exp I an atl on

Cumulative displacement is 0.5 +/ 0.05 meters. E i .
) Bulk Soil Sample Soil A-Horizon
The fault zone is overlain by several younger fan deposits.
¢ C14 Sample Boulder
This event evidence contributes at least part of the two-meter dis-
placement of the Bonneville highstand. .~ Fault Clast-Supported

0 2m

O Matrix-Supported



Profiling:

Buenes |88 Shoreline Profiling

_~ = Shorelines

1100 mm

i Shoreline Profiling 3100 mm
b 'él?rps | 87+ 18500 years E 17500 years
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" bench elevation
Horizontal distance (m)

Footwall and Hanging Wall Bonneville Highstand Shoreline Elevations
1581

Footwall Mean:
1578.6 + 0.4 m

1580

Hangingwall Mean:
1576.5+ 0.6 m
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1577 Bonneville Highstand shoreline
vertical displacement =2.1 + 1.0 m

Elevation (m) NAVD88

1576

1575

Probably 2 - 4 m from trench displacements
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Age in calendar years before present

35,000
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Highest Bonneville shoreline

—— Derived from Godsey et al. (2005, 2011)
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Objectives R

Availability of high resolution lidar data has
expanded greatly in the past decade - great
tool for characterizing and identifying active
faults

The UGS has been involved in multiple USGS
External Grants funded fault mapping projects
since 2014

New mapping available through the UGS’s Utah
Geologic Hazards Portal, and will be used for
updates to the USGS National Sesimic Hazard
Maps.

Necessary to help characterize and identify
active faults in rapidly growing and urbanizing
parts of Utah

Identify potential paleoseismic trenching sites

UTAH GEOLOGICAL SURVEY

Utah Quaternary Faults
Fault Age

Updated through
February 12, 2020.
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Special-Study-Zones

* Special-study-zones are delineated
around each mapped trace

* Assist local governments with urban
planning and developing hazard
ordinances

* Help facilitate understanding of the
hazard by triggering additional surface
faulting studies
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Additional & Future Mapping

USGS GeMS Program - funding for many quads around the state of Utah

= UGS Mapping Program - Geologic mapping around the state of Utah,
specifically along the Wasatch Front

= |dentifying new faults, integrating with UGS Hazards Portal when
published

UGS Hazard Mapping - working on other various 7.5 minute quads (Cedar

Fort, Saratoga Springs, Jordan Narrows, Lehi, etc.)

Future Q-Fault Mapping (USGS EHP External Grants Funding) —

= Hansel Valley — Utah’s only historic surface-rupturing earthquake

UTAH GEOLOGICAL SURVEY geology.utah.gov



Fault Investigation Along the Central Weber
Segment of the Wasatch Fault, Layton, Utah:
Evidence for 4-5 Recent Paleoseismic Events

Robert Givler and Christopher Bloszies,
Lettis Consultants International, Inc.
and Pete Doumit
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Introduction

* Fault investigation for a water conveyance
pipeline seismic resiliency study

e East Layton Site located along the Weber
Segment of the Wasatch Fault zone

* Purpose was to evaluate the location and
width of faulting

* Focus of presentation
* Trench results
 Summary of evidence for paleoseismic events




Existing Weber
Segment Event
Chronology

e 5 eventsin 6 ka
* Only RC Site has all 5

* K site is the only site
near the middle of the
segment

Brigham City
segment

1
A40°N
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Earthquake timing (thousands of cal yr B.P.)
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Geologic mapping
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Coogan and King (2016) geologic map with McDonaId (2018) faults




/ 2016 LiDAR
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Bare-earth LIDAR draped on
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Level 2 deposits ane 65 1o 75 ft above MFP

Qan Wedem (level 1) alluvial-fan depesis (upper Holboene)

Lacustrine sand and silt related to the Bonneville
Qlsh [transgressive) phase of the Bennebillz lake cycle
(U Pleisloaene)
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Looking east




EL Site — Trench South Wall

Secondary /

faults

Trench Stratigraphy
* Lake Bonneville deposits:

* 90-m-long
e 3.0-4.6 m deep

* Photomosaic for logging
us}ng stru(clécure from mlotion
_ software (Reitman et al.,

* Interrupted by utilities in two
spots

g,
—
-~.-
[}
—

b

Silty sand with gravel to gravelly
sand

* Heavily bioturbated in the upper Principal
Enete(l; . rich A Fault zone
aped by an organic-ric coincident w scarp 20 ft
Horizon 6.1m Artificial fill
e Scarp-derived colluvia | et

e Artificial fill — western portion of trench



Fault zone structure

12-m-wide graben

Faults labeled F1-F10

Bonneville gravel and sand interbeds
correlated across F1 and F2

Small degree of E-tilting within graben
Antithetic faults also fault shall -
horizons

Trench T-2
Fault Zone







E1 (MRE) upward termination at base of
Colluvial wedge #1. Event Total offset 1.0-
I.1 m.

Event Summary

E2 - forms CW#2, buries BS#3
antithetic faulting offsets of older
graben deposits along fault F3A (?)

%\
E3 forms CW#3 buries
BS#4
Displacement Per Event S e

Range from 0.6 to 2.4 m

Based on offset units and SRy

measuring colluvial wedge .. Event E5 forms on the

thicknesses F3 " antithetic fault F3a.
E4 forms CW#4 +CWS5 along e e
fault F3 and buries BS#5

e =




Discussion

* Why are these result interesting and useful?

* Constrain events further especially for the

oldest events.

* A data point constraining timing within the

middle portion of the segmen

R D R A

* Understanding the extent of Weber Segment
ruptures and possible multi-segment ruptures

* Possibly displacement per event (challenges)

* Next steps — secure funding for dating.
e Samples (7 macro samples, 8 bulk samples)

Questions?

E1 E2 E3 E4 E5

RC1
mean

0.04 —_—

20

RC2
0.02

RC4 RC5
Rice
Creek

! —

Garner

0.02
GC2
GCi1 GC3 GC4
Canyon
1

1 1
not exposed —»

Probability

T
{ / EQ2 East

EO4 Ogden
4 ]

—— 5

]

1 |
not exposed —»
?

0.02 K1
K2
. K4
O 1 1 = 1 1 1 1 | 1

Kaysville

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Thousands of calendar years B.P. (ka)

DuRoss et al. (2011)



UNIT DESCRIPTIONS

Colluvial Wedge #1
Fina-grained faces: silty sand with gravel; very dark grayish
brown {10YR 3/2): 20 to 25% gravel, fine, 2" modal diameter. F‘l
up ta 3" in diameter, sub-angular to sub-rounded. light gray
quartzite and moderately light gray gnaiss, slightly to modarataly
weathered; rest sand, fine, and silt in equal parts, no dlay; moderatsly dense, dry te very
meistiwet from snowmelt; low plasticity index fines, massive; abundant small roots, many
pores, unit is loose; basal contact shamg, wavy to planar.
Coarse-grained facies: texturally similar to fine-grained deposit, but colering more

closely resembles surface colluvial deposit, but clearly bedrock derived based on coloration;
where gravel is tabular clasts are slope imbricated, steepening over the projection of the fault.

Colluvial Wedge #2 Flat to
Fine-grained facies: light brownish gray (10YR 6/2} to grayish brown (10%R 5/2);, fine gravel 30%, angular to sub- NOSE.
angular, where gravel is tabular clasts are slepe imbricated, steepening over the projection of the fault coarse sand 20%. 0-5° W

silt 50%; texturally similar to surface colluvial deposit, but clearly bedrock derived basad on coloration; basal cortact is planar,
steapans downslope of the fault, sharp.
Coarze gravel facies: Gravelly sand with silt to silty sand with gravel; light yellawish brown [10¥R 6/4); gravel to 50%, subangular,
small pebbie to small cabble sized, slightly weathered, compased of gneiss and guarlzite, sand 10 to 30%, rest silt, no clay; very loose
and porous with numerous roots. upslope this unit is in sharp fault contact. downslepe the unit trims rapidly and interfingers with 5150,
indicati TIpOransous ition; numerous smaill to medium voids and krotoving, infill is composed of darker surface colluvial
material; bagal contact wavy to planar, claar.

Colluvial Wedge #3
Silt with fine gravel and sand; very dark grayish brown (10YR 4/2) to very pale brown (10YR 7/4); gravel 30%, locally to 50%, small to large
pebbles. sub-rounded, slightly to moderately weathered, diffusely bedded with beds oriented parallel to slope; sand 20%, medium, rest silt,
ne clay; moderately moist to dry, non-plastic, very loose. soft; abundant rootlets. few small to medium ractlets: basal contact wavy to
irregular, clear.
Fine-gralned facles: Deeply melanized former A-harizen {buried), abundant 2emi-decomposed organics; broadly wedge-shaped, and may
represent post-event redeposition of surface material in upper portions of wedge

Coarze gravel facises: l0ose and porous with numerous roots and infilled krotovina, upslope the unit is in sharp fault contact, downslope the
unit tapers and appears draped on lower material; unit is anomalously maist relative to surrounding units. [Coarse-grained Colluvial
Wedge facies].

Colluvial Wedge #4
Fine-gralned facles: Two distinet subunits similar in fexture and color ta CW #3 fine-grained facies; differentiated subunits interpreted to
represent varinus periods of swale in-fill from former surface colluvial material
Coarze-grained facies: Three distinct subunits similar in texture and color to W #3 coarse facies; differentiated subunits interpreted to
represent various penods of scarp degradation, stratefication interpreted to reflect progressive formation of a colluvial wedge.

Colluvial Wedge #5 (Antithetic Wedge)
Units similar to CW #4 sequence, but interpreted as derived from the adjacent antithetic scarp.
Fing-grained facles is composed of loase, fine-grained swale infill interprated as derived from Bonnaville sediments, imparting a lightar
color; this deposit thine to the east and is interpreted as the fine-grained facies of a colluvial wedge derved from an antithetic free-face
Coarze-grained facias is composed of loose, gravelly sediment similar in texture to CW #3 coarse facies but with darker colaring; this
material is interpreted as derived from the free-face degradation of the antithetic scam composed of older graben deposits.

EXPLANATION

Contact Structural Measurements:
Dashed where approximate;  gq NO3°E, 85°SW (minor)
GQueried where uncertain ¥ 3 = <
Dotted whers concealad s2 NOSE, 72° SW (primary}

4 —— — Faulls 53 N10°E, 75°W (primary)

53A  N1B°E, 66°SE (antithetic)

S4A  NZ3°E, 60°SE (antithetic}
Bedding Orientation S4B N25°E, 85°NW

54C N20°E, 44°GE (antithetic)

54D N17°E, 62°SE (antithetic}

S4E  N19°E. 66°SE (antithetic)
NOSE, 64°SE (antithetic}

Geochronologic Samples
@ Detrital Charcoal

@ Bulk Sediment

Structural Measurement

F3

Older Graben Deposits
Silt with fine gravel and sand;
wery dark grayish brown
(10YR 4/2}; gravel 30 to 40%,
small to large pebbles. sub- F3A
angular, slightly to moderately
weathered, sand 10 to 20%, medium, rest silt, no clay; unit is deaply melanized,
especially in upper 12", with organic, oily sheen, distinct from lower portions of unit
irepresents a buried A-herizon?); moderately moist, non-plastic, slightly loose, =oft; 1oo
abundant roctlsts, few small to medium roctlets; basal contact wavy to irregular, clear,
easily distinguished because of darker color. Downdropped deposits are interpreted contain buried soil
horizans where bounded by F4 faults, composed of a buried A-horizon and A/B-herizon below; the buried
A-horizon developed into the upper surface is very dark grayish brown (10YR 3/2) from abundant buried organics;
the A/B-horzon is grayish brown {10YR 5/2) to brown {10%R 5/3). similar to A-horizon but lacks organics.

Lake Eonneville Sediments (Late Pleistocene)
Silty sand with gravel, very pale brown {10YR 7/4) to pale brown (10YR 6/3); gravel 25 to 30%, 2" modal
diameter up to 8", sub-angular to sub-rounded, very pale yellow quartzita and moderately light gray gneiss, modarately
weathered; rest is sand, fine to medium, and silt in egual parts; deposits are diffusely stratefied with local cross-bedding suggestive
of foreset deltaic bedding; interbeds are coarse gravel to coarse sand, with some distinet medium to fine laminated sand depesits
interpreted &s sub-littoral depasits: exhibit meist to wet, low plasticity index fines, massive to weakly bedded: occasional to common
roots. loose: basal contact irregular. gradational F4D



FAULT DISPLACEMENT/DEFORMATION AND
SITE RESPONSE FOR SALT LAKE CITY:
SEISMIC RESULTS AND ADDITIONAL
0PPORTUNITIES

Lee M. Liberty, Boise State University




SUMMARY

= >9000 dispersion curves provide input for shear wave velocity (Vs) and
near-surface site amplification maps.

= Seismic first arrivals (Vp tomography) define depth to water saturation.
= Vp and Vs results were combined to assess liquefaction susceptibility.

= Reflection results show offset and tilted strata that are consistent with active
faulting. Highly variable reflection results.

= Limitations on our reflection imaging capabilities is mostly from limited
geophone aperture (land streamer=60 m) and complex near surface.

= To identify late Quaternary faults and slip rates, deeper imaging is needed.

= A seismic reflection campaign using cabled or Nodal geophones is within a
NEHRP-scale proposal budget. This approach will provide the needed
offsets to image to the base of Quaternary strata

e



SEISMIC LAND STREAMER RESULTS: 2018

FIELD CAMPAIGN

Deformation evidence:
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800 SOUTH
PROFILE

Vp shows a transition from
an unconfined to confined
groundwater system near
200 East

Well defined colluvial
wedge (low Vp) in the
hanging wall of EBF

Class E soils (upper 20 m)
mapped to the west of 200
West

Soft (Class C) rock within
the EBF zone

Vp and Vs step near 1300
East may represent a
second strand of the EBF

Folded and faulted strata
suggest a distributed fault
zone between WSF and EBF
Poor reflectivity beneath
stream alluvium
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V330 AND DEFORMATION
MAP FOR SALT LAKE

CITY
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SITE AMPLIFICATION

PERIOD BAND: 0.2 - 0.7 sec
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LIQUEFACTION-INDUCED DEFORMATION
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travel time (s)

SURFACE WAVES LIMIT REFLECTION
CAPRBILITIES T0 ABOUT 200 M DEPTH

IN SLC WITH OUR STREAMER
400 East

———>

700 South

travel time (s)

(=
-

e
ho

% ol
A
hllﬂ‘

travel time (s)
o
w

o
~

frequency (Hz)

i ||l' “if‘ i *!

1‘ ]‘h

0.5

05

Reflection signal lives in the “optimum window”

offset (m) 70

T Ir_l’_r!_l'l’f
T e

=35 _?J g,
&l C’:'ﬂ{t’)}.g{

PRV 2 A TGP ) ) T A ALY DA N P S 1T

55 |
I ; ! )
%Decon!20-200 Hz BP F Iterp

T

0.5k

BT i) ;
Decom’20-200 Hz BP fi Ite »;:

Deconl20-200 Hz BP fllter'}%-

05 = b L el T bt 0.5 Enuass 0wl o el oy o= f_..-rnm'
phase velocity (m/s) phase Velocwty (m/s) phase velomty (m;‘s) 0 ) phase velocity (m/s)
-
10
20 4
30 4
40 4




DOWNTOWN =

SEATTLE:
DEEPER TARGETS §
WITH SAME
SEISMIC SOURCE

Cabled shot gather Nodal receiver gather

offset (m) fisct (m)
omset (im
-400 -400 -200 0 200 400

=08

500 -800 m

Seismic Station
Wash State Vs
sSOdata




traveltime (ms)

o
un
i

—h
]
i

1.5

south
13400 13000 12600 12

200

11800

WEIGHT DROP
SEISMIC CAPABILITY:
IMAGES T0 >1 KM

Traveltime (s)

300 400 . 500 . 600 800 900, 1000 , 1100

T T T TRTTTT
C I il I e i i e LGN :I A M
|
mﬂ"‘hll"‘l"' I.,1l""""'"'"'"‘llll i w' ""lnkq" i mll|w",lw i Wilﬂ""‘h:":‘m" ! i 1
My - """h H"

S WO e
NIMI o ..:;’HI ""-"mem;
< e B N b
Iw" o | g il I i

" M —
\;IM:MW:::J":W i ﬂ':xﬂ&

o i i

wm h“."ww"..y'ﬂl,wm,q"dm::'?' *

"Hm H N"ur'm'*ﬁf'ﬁma y
":&n‘mul .||||r I“n“ |N b il JWM‘Q"W ullld“MI: '

M‘"* i iy | Tl Mlﬂ*‘\:::" M| Mg I"‘II’,.

ol o . m..\w W Ilillh i “'\'»-u:,,ql i ."'!1 : '"HMWu 7 i ' ;'" (e ) W

e M-qu:::d::m'#":"*’I "'"wl"ﬂ..wm-!wwm.:‘"""‘ m\'wm;f:ﬁx'rww .,:I."":::.?’.':.‘ Mgl
‘ Jltw*lwt"'m.,..nmw:“‘“"h:n-. e, *1;'“:,;"‘. "

e PN e e 1 o
‘ml wwm. .."q.,,--.“ it !IWI.I::W.M”"“‘"“M "Iu""m"l ,.I‘uwl,”u tw g J|l ‘F,',.“"
i :::I:I:'::: :'- h"'|| il e IIHMI”:}. “! :Ulu ™ all I""Wml" w.m-tl -!‘| ",wlk |‘|I'" -urh}:
f"‘":»'wu' i v i """'I' -w. ." -,N"" "":::.':"';"
n"lllml LT L

"l i
W ',.uu}llt.l,'l,',"’q. 'fimm"', |
i ,II / e
“ " r I':.ﬂll .f‘ ) AW I: (] i"|r||&‘

o
S

o
[
f

=

0.81

WA Al

Wil

Hiv Ml

b AT
! wl'l'] B “‘. Ll ::n
|I||n,‘||| Kb I’I i

1.04

II Al f il Iy | ik ||...|
H.,, |I-.|,,|.".4ub""'n|l'n iz
¥ W‘:y / |"'ml|¥'|ll I

i i ;Ihg IIHII

iy unmlgrated

l
o R T -'u-'n'




NODES AND CABLED SEISMIC SYSTEMS o
INTEGRATED WITH WEIGHT DROP SOURCE  om rarumersouc

Programmed weight drop




SUMMARY

= >9000 dispersion curves provide input for shear wave velocity (Vs) and
near-surface site amplification maps.

= Seismic first arrivals (Vp tomography) define depth to water saturation.
= Vp and Vs results were combined to assess liquefaction susceptibility.

= Reflection results show offset and tilted strata that are consistent with active
faulting. Highly variable reflection results.

= Limitations on our reflection imaging capabilities is mostly from limited
geophone aperture (land streamer=60 m) and complex near surface.

= To identify late Quaternary faults and slip rates, deeper imaging is needed.

= A seismic reflection campaign using cabled or Nodal geophones is within a
NEHRP-scale proposal budget. This approach will provide the needed
offsets to image to the base of Quaternary strata
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Is There a Potential Surface Fault
Displacement/Deformation Hazard
in Downtown Salt Lake City?

(I hope not)

Ivan G. Wong
‘Senior Principal Seismologist
Lettis Consultants International




Questions

What is the potential for primary and
secondary surface fault displacement and
deformation hazard in downtown Salt Lake

City?

Given the large uncertainties regarding such
potential, what investigations and mitigative
measures should be taken to reduce the
potential hazard?
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Introduction

Downtown Salt Lake City is located in a complex left step-over
between the Warm Springs and East Bench sections of the Salt
Lake City segment of the Wasatch fault.

Earliest issues were 1) how do the two sections connect in the
subsurface and 2) what is the nature of the Warm Springs fault
and how far south does it extend into the city?

Recent investigations by Lee Liberty at Boise State indicate that
the downtown area is underlain by humerous faults distributed
throughout much of the area (yikes).

Significant urban development has occurred in the downtown
area in the past decade and is continuing so this potential
hazard has become more relevant.



Guidelines, Regulations, and Research

Fault setback requirements to reduce fault rupture
hazards in Salt Lake County by Batatian and Nelson
(1999)

Salt Lake County Geologic Hazards (2002)

New Guidelines for Evaluating Surface Fault Rupture
Hazards in Utah by Christenson, Batatian, and Nelson
(2003)

Guidelines for Evaluating Surface Fault Rupture Hazards in
Utah by Lund et al. (2020) in UGS Circular 122

Delineation of Special Study Zones based on Lidar
mapping of the Wasatch fault by McDonald, Hiscock,
Kleber and others (2020)



>
©
=
]
0y
©
O
(<))
Q
)
@
S
=
)
Q
=
(o 4
Q
O
&
S
-
)
e
=
O
Q
i
©
—]
—
g
)

SLADE PL
—

CHATMAN

1S H3IANIQ

—
2 IVIHOW

NIOH3WT3IHS

1S NOsId3
vdold

ISTNIOT0

N

PIERPONT

JANYHD




Salt Palace Convention Center Lessons
From Simon and Bymaster (1999)

An approximately 220-foot wide zone of deformation and ground failure is
present in the eastern half of the site.

The zone of deformation and ground failure is characterized by north-south
trending, fault-bounded grabens with vertical disEIacement up to five feet,
and by sand and gravel-filled dikes trending northeast and northwest.

Seismicity induced liquefaction occurred at the site as evidenced by sand
and gravel-filled dikes.

Three reasonable hypotheses were examined to explain the zone of
deformation, ground failure, and faults; in our opinion, the preponderance
of evidence indicates that the zone of deformation, ground failure, and
faults documented are a result of on-site tectonic faulting.

The on-site faults and grabens probably resulted from a single
seismotectonic event.

The grabens are essentially coincident with the southern most extension of
the Warm Springs fault as documented on published geologic maps of the
Salt Lake City area.
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Warm Springs Fault

Geomorphic and subsurface data indicate fault Splay B extends
at least as far south as Washington Elementary School, where
12 m of down-to-the-west displacement was observed in
borings and trenches (Robison and Burr, 1991).

There is evidence that post-Bonneville faulting along Splay B
may extend as far south as 4t South (Simon and Shlemmon,
1999; Leeflang, 2008)

In contrast, direct evidence for Holocene faulting along Splay A
has not been found and recent excavations north and northeast
of Temple Square suggest that either Holocene faulting on
Splay A dies out somewhere north of 1st North, or this trace
may be located slightly east and closer to Main Street.



Warm Springs Fault

Based on differences in stratigraphic elevations interpreted from
CPT borings, Leeflang (2008) interpreted vertical offsets related
to faulting and that fault Splays A and B to extend to 4th South.

Given the spacing between Leeflang’s (2008) boreholes (200 to
300 m), the differences in elevation are relatively small (£ 8 m)
and could easily be related to paleo-topography on the pre-
Bonneville City Creek fan surface, instead of being caused by
faulting.

A primary consideration in evaluating the possibility for
secondary surface-deformation is whether the Warm Springs
and East Bench faults rupture together in large earthquakes.

If they do, there is a possibility for associated secondary surface
faulting, warping and/or tilting, depending on the geometry of
the subsurface connection between the faults.



Warm Springs Fault

Based on map and inferred structural relations, previous
investigators have all considered the Warm Springs and East
Bench faults to be part of the Salt Lake City segment, inferring
that they rupture together in large earthquakes.

However, it is noteworthy that because the area has long been
urbanized, the timing of earthquake ruptures on the Warm
Springs fault is poorly constrained, with all of the detailed
paleoseismic history coming from sites on the southern, less
urbanized part of the Salt Lake City segment and on the East
Bench fault (DuRoss et al., 2012).

Therefore, it is possible that the Warm Springs fault may
rupture with the Weber segment, but based on the geomorphic
and structural relations, it is still more likely it ruptures with the
East Bench fault as interpreted by numerous previous studies.

10



Connection Between Warm Springs and East
Bench Sections

Another important consideration in evaluating the potential for
secondary surface-deformation at the site is the geometry and
kinematics of the subsurface connection between the Warm
Springs and East Bench faults.

In the past, some investigators have speculated that that the
short east-west striking Virginia Street fault along the southern
margin of the Salt Lake salient may serve to transfer slip
between the East Bench and Warm Springs fault (Bruhn et al.,
1992).

Another linkage possibility is that of a buried oblique-slip fault
connecting the East Bench fault with Scott and Shroba’s (1985)
Splay A of the Warm Springs fault, as inferred and used by
Roten et al. (2011) in their ground motion analysis.

11



Rupture Scenarios A and B for the Warm Springs-East
Bench Fault Stepover

EXPLANATION

A
b Pro
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BSU Investigation

The most significant evaluation of primary and secondary surface
faulting in Salt Lake City was performed by Boise State University
(BSU) as described in Liberty et al. (2018).

Liberty et al. (2018) acquired 35 km of new seismic land streamer

data over two field seasons, 2015 and 2017, sponsored by USGS

NEHRP funding. The surveys revealed a complex pattern of

fcaulting, folding, and shallow deformation in downtown Salt Lake
ity.

Based on the surveys that extended as far south as 800 South,
Liberty et al. (2018) suggested that the Warm S]Prin s fault extends
into downtown Salt Lake City as a broad zone of faulting.

The seismic reflection images show folding and faulting beneath
lateral-spread deposits and in the area between the East Bench
and Warm Springs faults in the downtown area (Liberty et al.,
2018). Most significantly, the zone of distributed faulting extends to
within a few meters of the ground surface.

13



Summary

In summary, there is considerable uncertainty as to the
southern extent and geometry of the Warm Springs fault
and how it connects to the East Bench fault, which in turn
affects the surface faulting hazard.

It appears (my interpretation) that the potential for
primary surface faulting hazard is not significant based on
the existing studies and the BSU investigations.

Also based on the BSU analyses, the potential for
significant secondary surface faulting hazard also appears
to be low although the uncertainty in this assessment is
larger than for primary faulting.

16



Summary

To my knowledge, no building in the downtown Salt Lake
City has been designed for surface faulting or
deformation.

Inspection of at least three excavations in the downtown
area has shown no surface deformation although
deformation may be localized depending on the local site
conditions and/or below the threshold of detectability.

The only detailed trench investigation that has been
performed in the downtown area was for the Salt Lake
City Emergency Operations Center (3rd E and 5th S)
yielded no evidence of surface deformation.

So is there a significant surface faulting/deformation
hazard to mitigate in downtown SLC?

17



Backprojection imaging of the 2020 Magna, Utah
earthquake using a local dense strong motion
network
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1. Introduction
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(a) Overview of the UUSS regional strong motion network (triangles). Shaded box
denotes the aftershock area. (b) The M,, 5.5 mainshock (star) and its aftershock
sequence (solid circles) (Pang et al., 2020) Mesimeri et al, 2020 SRL
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2. Data and Processing

LKC Distance: 4.4 km Azimuth: 1270 MID Distance: 30 km Azimuth: 2109

41.57
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CAPU Distance: 16 km Azimuth: 79° ETW Distance: 102 km Azimuth: 35790
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* Pick S-phases on the horizontal components * Keep the transverse component

» Rotate to the direction of the Mainshock * Compute envelopes
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2. Data and Processing
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3. Results

(a) Composite normalized [0-1]
brightness function with time
for fixed depth [12 km]. Zero
time corresponds to the S-
arrival.
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