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Background

 One of three standing committees created to help set coordinate earthquake-hazard
research in Utah.

* Reviews ongoing paleoseismic research in Utah, and helps update the Utah paleoseismic
database (consensus slip-rate and recurrence intervals).

* Provides advice and insight regarding technical issues related to fault behavior in Utah
and the Basin and Range Province.

e |dentifies and prioritizes Utah Quaternary faults for future study; list incorporated into the
annual U.S. Geological Survey, Earthquake Hazards Program, External Research Support
(NEHRP) funding announcements (Request for Proposals).

e Thanks to aII that have participated; the success of the Utah Earthquake Working Groups

mos UTAH GEOLOGICAL SURVEY geology.utah.gov



Agenda

8:00 Refreshments

8:15-8:30 Welcome, Overview of Meeting, and Review of Last Year’s Activities
8:30-10:30 Technical Presentations

10:30 Break (15 min)

10:45 — 12:00 Technical Presentations

12:00 Lunch (1 hour, provided for those who have registered and paid the S25 fee)
1:00-3:00 Technical Presentations

3:00 Break (15 min)

3:15-4:15 Technical Presentations

4:15 - 5:00 2017___F_a_t.|lt Investigation Priorities Discussion
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Active Faulting, Soil and Rock Type,
and Groundwater Elevations
Beneath Salt Lake City

\V/p, Vs, and Reflection Images from a Seismic
Land Streamer System

LEE LIBERTY, GABE GRIBLER AND BEN BROPHY
BOISE STATE UNIVERSITY

BOISE STATE UNIVERSITY




Project objectives
via USGS award G15AP00054

Identify and characterize active faults beneath the Salt Lake
City urban corridor through p-wave reflection profiling to
~200 m depth - processing with Seismic Unix & ProMAX.

Shear wave velocity profiles beneath Salt Lake City through
Rayleigh wave (MASW) inversions to estimate NEHRP-class
soil/rock type to >30 m depth (Vs30) processing with Surfseis.
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Approach
Multi-component Land Streamer

Land streamer first developed by van der Veen and
Green (1998)

Contact-coupled geophones with seismic source
o P-wave and S-wave refraction
o Surface wave analysis (MASW - Vs estimates)
o P-wave and S-wave reflection (boundary information)

° On road and off-road applications

o Qur focus is surface and body wave urban seismic
characterization.
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Boise State land streamers

1-, 2- and 3-component streamers with 4.5/10/40 Hz geophones

Comparable data quality to planted geophones
o Uniform plate coupling and consistent road surface/grade/base

Operations along straight (paved or gravel) roads

Coupled with accelerated 200 kg (vertical) weight drop source
° (8 seconds per 2 m shot spacing )

For Salt Lake City experiment

48 2-component shoes (vertical and in-line)

4.5 Hz geophones

1.25 m spacing (60 m aperture) with a 5 m near offset
2 m nominal shot spacing
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Salt Lake City land streamer acquisition
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& \/s30 (map view)

Vs30 average for North Salt Lake City is 379 m/s (NEHRP C1)
326 m/s for all profiles (NEHRP D3)

§ NEHRP E/D1 class west of downtown SLC
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/00 South shot gathers
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Fast Bench fault

Dresden Place trench ~7 m of deformation in 26-15 ka (lake sediments) & 3 m of latest Pleistocene time (15-10 ka) monoclinal warping
Penrose Drive trench - 11-m-high scarp exposed colluvial-wedge and 5 or 6 surface-faulting earthquakes postdating ~14-18 ka.
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Fast Bench fault

Dresden Place trench ~7 m of deformation in 26-15 ka (lake sediments) & 3 m of latest Pleistocene time (15-10 ka) monoclinal warping
Penrose Drive trench - 11-m-high scarp exposed colluvial-wedge and 5 or 6 surface-faulting earthquakes postdating ~14-18 ka.

=2 Penrose DrivefSs
: trench ¢

ol

. oo
Dresden Place %
trench ol

. &

. T A S
@ 700 South EES T Y i g S
= == profile A AT . ——

mapped fault

(from Black et al., 2004)
s mapped fault ;

(from this study)




West Girard (shallow bedrock
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Salt Lake City 2015
Land Streamer Survey
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Summary

North Salt Lake City/Warm Springs fault

Vs30 average for North Salt Lake City is 379 m/s (NEHRP C1) and 326 m/s for all profiles (NEHRP D3)
Vs30 values increase from west to east with increasing surface elevation.
Shallow bedrock (Vp > 2,500 m/s) is mapped to the north of the Capitol building

Step in water table and reflectors at the Warm Springs fault
Downtown Salt Lake City/Warm Springs fault extension
Vs30 values increase from west to east with increasing surface elevation.

We identify offset reflectors/Vs/Vp lateral variations consistent with active faults along 200 South and 700 South

Warm Springs fault extends to at least 700 South with decreasing offsets to the south and folded strata

East Bench fault

East Bench fault seen on both 200 S and 700 S with folded/offset strata and colluvial wedge material within fault zone







Salt Lake City segment
(SLCS)

»High hazard: Elapsed time since most
recent earthquake (~1.4 ka) is
comparable to the segment’s mean
recurrence interval (~1.3 kyr)

»High risk: Adjacent to the most
populous part of the Wasatch Front

»Remaining questions: Timing and
extent of Holocene surface-faulting
earthquakes




Corner Canyon Site

1. What is the timing earthquakes
on the southernmost SLCS?

Have recent (~late Holocene)
ruptures crossed the SLCS—-
Provo segment (PS) boundary?

Earthquake timing on the SLCS

East Bench

Cottonwood fault
fault

SLCS
Chronology
(ka)

' LCC (ka) SFDC (ka)

165119 $16.5+ 2.7

DuRoss & Hylland (2015)
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Corner Canyon site
»About 1 km north of the Traverse Mountains salient (TMS)
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Elevation (m)

Corner Canyon trench: ~39 m long
exposure of an ~8-9-m high scarp
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South wall of the
Corner Canyon trench
o
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Alluvialfanz .

Stratigraphic Units
Reworked (colluviated) fine-grained Bonneville sediments (units 1 and 2)
Scarp-derived colluvium and graben-fill deposits (units C1 to C6)
Young (including modern) alluvial-fan deposits (units 3 and 4)



South wall of the
Corner Canyon trench

Faulting
Main trace with several synthetic/antithetic faults
~20-m wide graben



South wall of the Corner Canyon trench




Bonneville sand =N

and gravel
S Pl

»Colluvial wedges:

= Six wedges differentiated using
soil development, sediment
texture, and faulting (rotation and
terminations).

= Each wedge: ~0.5-0.9 m thick
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Sampling
Strategy

»Radiocarbon

= 24 charcoal
samples
extracted from
bulk-soill
samples yielded
14C ages

»Optically
Stimulated
Luminescence
(OSL)

= 11 samples

yielded OSL
ages

-
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Footwall

]
L13:31x04 ka

A  Macro charcoal
T Bulk-soil sediment
© OSL sample

Scarp-derived |
colluvial wedge

Hanging wall (south)

B R32: 0.7 £0.01 ka
R17: 0.4 £ 0.1 ka
R15: 0.4 £0.1 ka

4 OR5
5

Hanging wall (north)

NL11:3.0£0.7 ka Ci:~0.4ka

R29a: 2.1 * 0.1 ka
R29b: 0.6 + 0.1 ka [1]

L12: 0.5+ 0.06 ka
R28: 0.9 £ 0.1 ka [1,6]

C2: ~0.5-1.0 ka
1kk [2,3,5] L10: 1.0 £ 0.1 ka
al238] ( o R9: 2.5+ 0.2 ka
C3:~1.1ka [ |
R10: 0.4 * 0.1 ka B
R11: 0.5+ 0.01 ka .y
R7:0.9+0.1 ka [2] . R8:1.3%0.01 ka
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C4: ~21ka | |
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R22: 3.4+ 0.1 ka
C5: ~3.2ka
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1y L7:3.9£0.5ka
C6 R20C R19: 6.1 £ 0.1 ka
— o L4: 4.0 0.6 ka
L C6: ~4.9 ka [
6: 3.510.3 ka L3:08+0.1ka
- - NR25:5.4%0.2ka
OL5:5.9+0.8 ka

L1: 05201k
L2:2.1%0.2ka



R32: 0.7 £ 0.01 ka
R17: 0.4 £ 0.1 ka
R15: 0.4 £ 0.1 ka

NL11:3.0%0.7 ka C1: ~0.4 ka

R29a: 2.1 £ 0.1 ka
R29b: 0.6 £ 0.1 ka [1]

> —L12:0.5£0.06 ka
. _— R28: 0.9 0.1 ka [1,6]

C2: ~0.5-1.0 ka

L10: 1.0 £ 0.1 ka
R9: 2.5+ 0.2 ka

C3:~1.1ka |

R10: 0.4 £ 0.1 ka
R11: 0.5 £ 0.01 ka

R7:0.9 + 0.1 ka [2] R8: 1.3 £ 0.01 ka

L9:1.510.2 ka

C4: ~2.1ka




R10: 0.4 £ 0.1 ka
R11: 0.5 £ 0.01 ka

R7: 0.9 + 0.1 ka [2]
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L4: 4.0 £ 0.6 ka
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Table S3. Summary of OxCal Modeling Results for the Corner Canyon Site

EQ

CCl1
CC2
CC3
CC4

A

Model 1

490 £ 53
885+ 44

1069 £ 116
2097 £ 266
3212 £ 170
4858 + 293

Model 2
421 £ 21
446 + 16
878 £ 35
2078 £270
3213+ 170
4858 +292

Model 3
420 =22
445 + 16
1019+ 115
2114 +252
3210 £ 172
4858 +292

Model 4
439 + 35
662 + 146
1093 £119
2092 £ 272
3202 +171
4857 £ 293
74

Model 5

436 + 29
478 £ 19

1062 £ 120
2100 =264
3210+ 171
4859 £291
33

Model 6
438 + 35
891 £45
1069 £ 114
2098 + 266
3212+ 171
4858 +292
76

Earthquake-timing results from OxCal models 1 to 6. Timing uncertainties are reported to one-
sigma.
* Corner Canyon earthquakes. Earthquake CC1 corresponds to colluvial wedge unit C1 (plate 1).
A, indicates model agreement index from OxCal, which is a measure of how well the numerical
ages agree with the stratigraphic model.
" Model 4 is used to calculate earthquake recurrence and slip rate values (table 5) because it
includes the broadest range for earthquake CC2.




CC Earthqguake Recurrence & Slip Rate

Table 1. Summary of Earthquake Parameters for the Corner Canyon Site
EQ timing ' Disglacement I Mean Recurrence

(ka)' | (m) L (yr)’

Slip rate
(mm/yn)*
Midpoint
(min-max)

EQ Midpoint

Mean + 20 I

(95%) (min-max) :

CCl1 0.4+0.1(0.4-0.5) 1.1 (0.9-1.4) l
CC2> 0.7+03 (0.4-0.9) 0.7 (0.5-0.8) : - }

|

I

|

|

I

|

: Mean £+ 20
]
|
|
|
CC3 1.1 £0.2(0.9-1.3) : 1.2 (0.9-1.4) CC3-CC1 330120 (220-440)
I
|
|

EQs (95%)

2.8 (1.6-5.1)
CC4 2.1+0.5(1.5-2.3) 0.8 (0.7-1.0) CC4-CC1  550+180 (340-650) 1 1.8 (1.2-3.5)
CC5 32+03(2.8-34) 1.1 (0.8-1.3) CC5-CC1 690 +90 (590-750) 1.4 (1.0-1.9)
CC6 49+0.6(42-53) '1.0(0.8-1.2) 1 CC6-CCl 880=+120(760-970) ' 1.1 (0.8-1.6)
' Earthquake (EQ) timing based on OxCal model 4 (table 4) because it includes the broadest time range
for earthquake CC2. 95% range in parentheses is based on the OxCal time distribution with the highest
robability density.
Per-event displacements based on scaled colluvial-wedge thickness (table 3).
*Mean recurrence is elapsed time between events (e.g., CC6 to CC1) divided by the number of intervals
in that period (e.g., five). See appendix X for calculations.
*Vertical slip rate is total displacement (e.g., for earthquakes CC5 to CC1; appendix X) based on
summed per-event displacements (table 3) divided by the total time interval (e.g., CC6 to CC1). See
appendix X for calculations.
> Probable spillover rupture from earthquake P1 on the adjacent Provo segment




P.)

(calyrB

ime

—

7000

6000

5000

4000

3000

2000

1000

W3

W2

ROC

%l‘
4

LCC, SFDC CC,FCAL “AF :
clao 5~ lo"o '

MN

-10 0 T 10 20 30
Distance from Segment Boundary (km)

60




P.)

(calyrB

ime

t

7000

6000

5000

4000

3000

2000

1000

W3

W2

{i;._._.”.”.”

: | ng_L{SFDC 5?C:k}£2?L<::AFI L

+
_____ I B i - - o . o o o
+

ol
=4

MN

L )| PSS

-20 -10

0 10 20
Distance from Segment Boundary (km)

60




/_.

Segment Boundary
(Traverse Mountains
salient)

Probability




SLCS Chronology

S4 =~5ka (CC6, W3, LCC4, SFDC4, PD2?)
S3 =~4 ka (CC5?, LCC3, SFDC3, PD1)
S2=~2.1ka(CC4, W2, LCC2, SFDC?2)
S1=~1.3ka(CC3, W1, LCC1, SFDC1)

+ Spillover rupture from the PS to SLCS at ~0.6 ka (CC2)
+ Rupture of the segment boundary at ~0.4 ka (CC1)



Summary & Conclusions |.

» At least six earthquakes ruptured the CC site between
~4.9 and 0.4 ka:

= EQ times are moderately well constrained by *C and OSL ages
= Per-event displacements are ~1 m
= Mean recurrence is ~300-900 yr

»These data help us evaluate the potential for ruptures
on the SLCS and through the TMS:

= 4 CC events correspond well with previous SLCS earthquakes

= 2 events not recorded on the SCLS indicate complex rupture of the
PS and SLCS, including spillover rupture (~0.6 ka) and rupture of
the TMS segment boundary (~0.4 ka)

»Next steps:
= Integrate these results with data from the Alpine site
= Evaluate rupture models for the SLCS and PS
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 Does earthquake ‘
timing compare with A
Baileys Lake Site?

e Does the WVFZ
rupture with the
SLCS or
independently?

 One of the last
remaining sites on
the Taylorsville fault v B
for trenching. e

Explanation

Fault trace (bar and ball
— on downdropped side)

= Previous trench sites

' UTAH GEOLOGICAL SURVEY geology.utah.gov




Location

Airport East ~ -
Trench Slte :

e

Consolidated sediment
& bedrock

Consolidated sediment
& bedrock

P UTAH GEOLOGICAL SURVEY geology.utah.gov
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Qaly — Holocene stream deposits
associated with paleo-Jordan River
channel

Qldy — Holocene lacustrine and deltaic
deposits
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Appx. Fault Location
Total offset ~ 0.5m
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e 2 parallel trenches

— South Trench 73m long (only logged the western 50m)
— North Trench 30m long

e Unable to trench deep enough to get into
Bonneville deposits due to high water table
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Exposed fine-grained sand and silt deposits, deposited on
Paleo-Jordan River floodplain and Great Salt Lake margin
marshes.

Mapped 7 stratigraphic units
Broad warping of units in footwall

Several injected sand dikes correlated with areas of
!ogalizedd warping and deformation; probably liguefaction
iInduce




sits, deposited on
Salt Lake margin

bly liquefaction
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Fault Zone

Evidence for 3 surface
faulting earthquakes;
possibility of a 4" or 5 (?) NG
event shown by injected sand P SRR
dikes and broad warping of (e BT BT
footwall units. R T L
Complex rupture zone, g S 1N Y
spiderweb of faults R T |

Small events; 0.5 m total et I
displacement exposed in | |
trench Raari . g
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o Colluvial wedges:

— |dentified 3 wedges

— Thin wedges;
maximum thickness
C2&C3-10-13
cm; Cl—-—~15cm

===~ UTAH GEOLOGICAL SURVEY

e Faulting:

— Main trace dips
70-75° E.

— ~9 synthetic/
antithetic faults

geology.utah.gov




e Radiocarbon (C-14)

— 24 total samples collected in the field — 13 bulk soil, 10
macrocharcoal, 1 wood (collected from bottom of borehole)

— 22 samples processed by PaleoResearch Institute (PRI),
Golden, Colorado

— 14 samples sent to Woods Hole Oceanographic Institution
(Woods Hole, Massachusetts) for Accelerator Mass
Spectrometry (AMS) dating.

o Optically Stimulated Luminescence (OSL)

— 3 samples collected — processed by Shannon Mahan
(USGS) in Lakewood, Colorado.

% UTAH GEOLOGICAL SURVEY geology.utah.gov
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Unit Radiocarbon Luminescence
Samples Samples EXPLANATION
S1
S2
I Unit ——16  Stratigraphic unit
Silt
AE-S-RC17 Paleoearthquake —— AET
17B Fault-scarp-derived
colluvium
— AE-S-RC14 Samples:
: ﬂ AE-ASEEQ%???1LE " 1 Radiocarbon (bulk soil)
, A Radiocarbon (macrocharcoal)
17A  Silty clay AE-S-RC9 O Radiocarbon (wood)
AE-S-RC10 @ Luminescence
S1 I (A)
AE2:
I:] AE-S-RC8
16 Gray clay

AE-S-RC19, AE-S-RC7

AE-S-RC6 AE-S-L2———— 2,240 + 230 yr BP
AE-S-RC5
15 AE-S-RC4

AE-S-RC2 (AE-S-RC3 = back-up sample)

14 AE-S-RC1, AE-S-RC22

13 Alluvial silt AE-S-RC21
AE-S-RC15, AE-S-RC20

AE-S-RC18

12 AE-S-RC16 (not processed)
Silt: 4,170 + 250 yr BP
" RESREA AE-N-L3="_ Sand: 13,730 + 980 yr BP
10 AE-S-L1— 4,770 + 250 yr BP
AE-S-RC23

Chronostratigraphic Summary -- West Valley fault zone, Taylorsville fault, Airport East site




Thousands of years before present (ka)

20

West Valley Fault Zone

South Fork Dry Creek/
1.3 Dry Gulch

Salt Lake City Segment

Little Cottonwood
Canyon

Lake Bonneville

EXPLANATION
W1  WVFZ earthquake

S2 SLCS earthquake, showing
min.-max. timing range
WVFZ Trench Sites
A - AGRA

BL - Baileys Lake
T -Terracon

Mean earthquake
time (ka) and two-
sigma uncertainty

Regressive Phase
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New insight into the Paleogene
Cedar City-Parowan monocline:
(UQFPWG need not worry)

Robert F. Biek
Utah Geological Survey

A UTAH GEOLOGICAL SURVEY geology.utah.gov
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Cedar City-Parowan monocline

Author

Thomas and Taylor (1946)
Threet (1952, 1963)
Anderson and Mehnert (1979)
Anderson and Barnhard

(1979)

Anderson and Christenson
(1989)

Hecker (1993)

Maldonado et al. (1994, 1997)

Hurlow (2002)

Anderson et al. (2013)

Biek et al. (2015)

Interpretation

Tilting between closely spaced faults
Structural link between HFZ and Paragonah fault;
named Summit or Parowan monocline

Ditto; regional ignimbrite distribution shows no
barrier to eastward flow, therefore CCPM post-Mio.

Ditto; Braffits Creek scarps; left-lateral strike-slip
faults

Ditto; renamed Cedar City-Parowan monocline;

Ditto; summary of previous work for QFF database
Ditto; assoc. with “Parowan thrust fault”; due to SE-
vergent compression due to laccolith emplacement
Ditto

Left-lateral slip on blind strike slip fault

Late Sevier-age thrust propagation fold

Age
Tertiary

Mid-Cenozoic and later

Pliocene-Quaternary

Holocene

Pliocene to Holocene

Holocene

early Neogene

Neogene

Neogene

Paleogene (post-Claron
and pre-ignimbrite)

UTAH GEOLOGICAL SURVEY

geology.utah.gov
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Conclusions

CCPM # Holocene or even Neogene
CCPM # concern for UQFPWG

CCPM # Red Hills, Parowan Valley,
Paragonah fault zones

UQFPWG needs a new acronym

—— UTAH GEOLOGICAL SURVEY geology.utah.gov




Active Faulting in the Sevier Desert Region:
Methods and Preliminary Results

Tim Stahl
NSF Postdoctoral Fellow
University of Michigan
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Overview

e Seismic sources and hazard in the Sevier Desert region
e Study sites and research aims

e |. Drum Mts. Fault Zone

* |I. Tabernacle-Pavant Fault Zone

* |Il. House Range Fault Zone

* Summary




Introduction-1

Sevier Desert Region

114°0'0"W 113°30'0"W 113°0'0"W 112°30'0"W

39°30'0"N

111°30'0"W

Region spanning from House Range in the
West to Canyon Range in the East

Delta, Fillmore, I-15 & I-70, and
Intermountain Power Plant

Potential for geothermal development
and subject of past oil industry surveys




Introduction-2

Sevier Desert Detachment

Projection of
House Range Clear Lake
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Drum Mountains Fault Zone-1
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Map Units
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[ cuaternary Laks Depasits
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[ Petecroic Redrock

Modified after Hintze and Davis, 2002




Drum Mountains Fault Zone-4
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Drum Mountains Fault Zone-2

Semi-natural exposure

SED: <3-4m
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h scarp: y=mx+b,
wall: y=m,x+h, )
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h- ..
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position

on scarp

Elevation (m)

Probability Density

B Projected Distance (m)

Inputs: Probability Density Functions
Fault Position Feature Age
Intercept (b) Slope (m) Fault Dip on Scarp (e.g. OSL, SHD)

6
Net Slip (m)

% Mean ° 0° 55° 60° 65° 0.33 0.45 0.55 0.66
Scarp Height

—
Bottom Top
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@
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2
o

Outputs: Histograms
Net Slip (m) Slip Rate (mm yr')

S Median r\\Median
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Drum Mountains Fault Zone-
Future considerations

Drum Mountains

* Planned work for 2016:

e TLS of Provo shoreline offsets

Paleoseismic trenching of trace antithetic to ‘main’ trace

Decipher detachment geometry

Cosmogenic dating of Qafl surface (pending) and OSL dating of fan sediments

Collect LiDAR across the entire fault zone (pending)




Tabernacle-Pavant Fault Zone-1

Tabernacle-Pavant
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Tabernacle-Pavant Fault Zone-2
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Tabernacle-Pavant Fault Zone-3
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Tabernacle-Pavant Fault Zone-4

Devil’s Kitchen

(a): Inner edges of two tension
fissures and progressive(?) forelimb
rotation




Tabernacle-Pavant Fault Zone-5

Cosmogenic 3He exposure-age dating of tension fissures and toppled blocks

e Sample site selection (30 samples collected)

(b): Standing in a tension fissure (c): Sampling >2 m below flow
surface on the outer edge of a

tension fissure

Basic Workflow:

Identify sites suitable for dating (e.g.
matching inner and outer edges of
fissures; ‘mega’-blocks and columns that
can be reconstructed to fissure face

Collect ~1 kg of material with portable
saw and take shielding measurements

Separate pyroxene and/or olivine
phenocrysts

Crush to release mantle gases

Measure 3He and calculate exposure
age, correcting for local production rate
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House Range Fault-1

House Range
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Summary

e Work ongoing to determine the rates and nature of active faulting in the
Sevier Desert

e Preliminary analyses could indicate a significant portion of extension west of
the Wasatch Fault Zone being accommodated by a combination of the Drum
Mts., Tabernacle-Pavant-Clear Lake, and, to a lesser extent, the House Range

faults

 Trench on Drum Mts. Fault Zone in May 2016
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Paleoseismology of Utah, Volume 19
Late Quaternary Faulting in East Canyon Valley,
Northern Utah

by Lucille A. Piety, Larry W. Anderson, and Dean A. Ostenaa
the east-flowing drainages, which were ponded temporarily along the fault. The trench
exposed a record of two faulting events during the past 30,000 to 38,000 years, but the
difference in the stratigraphic units on opposite sides of the fault did not allow for an
estimate of the amount of displacement. Age estimates based on luminescence and
radiocarbon analyses, supported by an assessment of so1l development, indicate that the
most recent surface-rupturing earthquake likely occurred shortly before 5000 to 6000
years ago, but could be as old as 10,000 to 12,000 years ago.

Recurrent late Pleistocene and Holocene displacement on the Main Canyon fault 1s
consistent with faulting histories determined for other northerly trending, mostly down-
| to-the-west normal faults east of the Wasatch Range m north-central Utah. Although the

overall geomorphology and the trenching results indicate recurrent late Quaternary
surface rupturing earthquakes associated with the Main Canyon fault, the East Canyon
fault lacks evidence for late Quaternary or Quaternary surface faulting, which suggests
that such activity has not occurred or has occurred at a very low rate. Finally, geology
and geomorphology suggest that the Main Canyon fault has not had recurrent
displacement throughout the late Cenozoic, but instead became active only during the

past few million years.




p. 21, “A trench was excavated across one of these scarps In

e - S

= NOTE the report nowhere mentions evaporltes or the Jurassrc
» Preﬂss formatlen nor the cross- sectlon of Bryant (1990)

distinguished from a non-tectonic origin, what the non-tectonic
origin might be, and what criteria would be used

p. 39, CONCLUSIONS: “...Exposures in the trench confirm that
the scarps along the northern Main Canyon fault have a tectonic
mnd were likely formed by recurrent surface-faulting events"

RN v—

_oose Ends: 1-If the MCF is antithetic to the ECF, why would it
nave late Q tectonic slip without any on the ECF? 2- Why are the
ate Q scarps only found in one small part of the MCF?




2008, USBR conc that MCF is Seismogenic; 2010, UGS
publishes report; 201 BR begins $50M retrofit of Echo

— g e - — -

The Bureau of Reclamation is modifying Echo Dam and spillway
to meet current seismic standards:

. Dam crest New dam crest | New berms to
Elevation: 5570 ft

- , ; 5575 1. be constructed
5,600 - \
Max. water surface

5,560 Echo R : Replaced with
Cho neservalrr | compacted soil
5 520 - ~~ Riprap P

: Onginal dam °
5,480 - . /

>0 N b otentiall
otentially
5,400 liquefiable soil

5,380

): what was the seismogenic criterion’? Was it reliable
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= 2003- met Francisco Gutierrez, Univ. of Zaragoza evaporite karst expert in
Colo; made 15t trip te; Spain te test paleoseismic trenching technigues for;
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Gutierrez, ., Carbonel, D. Guerrero,Js:McCalpin, J.P., Linares, R., Rogue, C. and Zarroca, M 2012 Late
o Holocene episodic displacement on fault'scarps related (o) mterstratal dissolution of evaporates (Teruel
W “Neogene Graben , NE"Spain):"Journal of Structural Geology, v. 34, no. 1, p. 2-19 42.
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2013, Differentiating between gravitational and tectonic faults by means of geomorphological mapping,
trenching and geophysical surveys. The case of the Zenzano Fault (Iberian Chain, N Spain): Geomorphology,
v. 189, p. 93-108.

Carbonel, D., Rodriguez, V., Gutierrez, F., McCalpin, J., Linares, R., Roque, C., Zarreca, M., Guerrero, J. and

Sasowsky, 1., 2014, Evaluation of trenching, ground-penetrating radar(GRR),and electrical resistivity
tomography (ERT) for sinkhole characterization: Earth Surf. Proc. Landforms, v. 39, no. 2, p. 214-227

Guerrero, J., Bruhn, R.L., McCalpin, J.P., Gutierrez, F., Willis, G. and Mozafari, M., 2014, Salt-dissolution

susitectonicifaults from the case study of salt collapse in Spanish Valley, SE Utah (USA)
phere, First published online December 11, 2014, dor: 10:1

monocline of west-central Colorado: Bull. Geol. Soc. Amer., First pub onllne June 23; 2014, doi: 10.1130/B
Carbonel, D., Rodriguez-Tribaldos, V., Gutierrez, F., Galve, J.P., Guerrero, J., Zarroca, M., Rogue, C., Linares; R,

McCalpin, J.P., and Acosta, E., 2015, Investigating a damaging buried sinkhole cluster in an urban area

(Zaragoza city, NE Spain) integrating multiple techniques; geomorphological surveys, DINSAR, DEMs, GPR,
ERT, and trenching: Geomorphology, v. 229, p. 3-16.



Sali-dissolution faults versus tectonic faulis from the case

study of salt collapse in Spanish Valley, SE Utah (USA) My Suspicion. even

the extension

Jesis Guerrero*, Ronald L. Bruhn?, James P. McCalpin?, Francisco Gutiérrez', Grant Willis®, and Morteza Mozafari®
'EARTH SCIENCES DEPARTMENT, UNIVERSITY OF ZARAGOZA, 50009 ZARAGOZA, SPAIN

2DEPARTMENT OF GEOLOGY AND GEOPHYSICS, UNIVERSITY OF UTAH, SALT LAKE CITY, UTAH 84112, USA

SGEO-HAZ CONSULTING INC., 600 E GALENA AVENUE, CRESTONE, COLORADO 81131, USA

#1594 WEST NORTH TEMPLE, P0. BOX 146100, SALT LAKE CITY, UTAH 84114-6100, USA

*DEPARTMENT OF EARTH SCIENCES. COLLEGE OF SCIENCES. SHIRAZ UNIVERSITY, 71454, SHIRAZ, IRAN

LITHOSPHERE: v. 7: no. T; p. 46-58; GSA Data Repository Item 2015020 | Published online 11 December 2014 doi10.1130/L385.1
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U TR auling wil be
Jochems, A.P. and Pederson, J.L., 2015, Active salt episodic. Just like

deformation and rapid transient incision along the Colorado coseismic ruptures.
Rover near Moab, Utah: JGR Earth Surf., First pub online
April 2015, doi:10.1002/2014JF003169
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Lower graben; dragging along F7 tilted unit 13 and older. Assuming a syndepositional dip
of 2° for unit 12 (=lowest present- day slope) yields minimum net vertlcal dlsplacement
due to tilting of 2.36 m, Which.i
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1. Navajo Sandstone (bedrock).
B 2. Angular gravel layer in a white coarse sand matrix (colluvium).

. 3/5. Clast-supported subangular gravel layer (colluvial wedge).

~ 4/7'. Horizontally-laminated white fluvial sand interbedded with peat beds.
. 6. Horizontally-laminated grey silt with subangular sandstone clasts.

[ 7. Massive brown silt with angular sandstone clasts.
[ 8/10/12. Massive dark grey sand with subangular sandstone clasts.

9/11. Consolidated light-grey horizontally-laminated fluvial silt.

13. Orange massive silt with angular sandstone clasts.

14. Red-orange horizontally-laminated silt with angular sandstone clasts.
[ 15. Antrophic fill.
~ 16. Red massive silt with angular sandstone clasts.
[« Fissure fill

Shear zone

Cal BP 4500-4490

Zoom x2




3 events
13.1 mm/yr (urifurm recurrence)

Cumulative Offset (m)

[ [ [ [ | [ [ |
4500 4000 3500 3000 2500 2000 1500 1000 500

Time (Cal yr BP)
“Slip history diagram of seven closed. Most slip rates are derived from

minimum displacement values and are thus minimum estimates. Gray
areas represent maximum length of every cycle with 2o uncertainties.

Uniform recurrence is assumed for the last three displacement cycles, all
constrained by the same bracketing ages (2140-2360 cal yr B.P.). VERY

SHORT RECURRENCE, VERY HIGH SLIP RATES, compared to other B&R
tectonic faults
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- Unit 6: Limestones and marls (Lower Pliocene)

-Unit 4+5: Dolomites and mudstones (Turolian)

‘:I Unit 2+3: White limestones and mudstones (Upper Vallesian-Turolian)

- Unit 1: Red clastics (Upper Vallesian)
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TrenCh 3 (SW wall, orientation N140E)
0

5 10 15

[865-1715 cal B

4

2
Stratigraphic units cEmras Structural
@ I Brown soil horizon SketCh

@ Poorly sorted subangular massive gravel

@® [ Well-sorted silt, sand and pebble-graved (channel fill)

Crudely stratifical grey-brown silt wigh well-sorted
limestone clasts

Loose brown massive silt with well-sorted
limestone clasts

@) [B] Brown-grey massive silt with limestone clasts Sym bOI S
d

Highly cohesive grey silt with poorly-sorted I. Fault % Radiocarbon sample
O | P
limestone clasts e

White limestone (bedrock) ~i... Event horizon

Dark grey silt with scattered subangular
0] R ?
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S Roughly stratified subangular gravel with
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Can flexural-slip faults related to evaporite dissolution
generate hazardous earthquakes? The case of the Grand
Hogback monocline of west-central Colorado

Francisco Gutiérrez'’, Domingo Carbonel', Robert M. Kirkham?, Jesiis Guerrero', Pedro Lucha’, and

Vincent Matthews*

'Departamento de Ciencias de la Tierra, Universidad de Zaragoza, C/. Pedro Cerbuna 12, 50009 Zaragoza, Spain

2GeoLogical Solutions, 5253 County Road 1 South, Alamosa, Colorado 81101, USA

3Departamento de Diddctica de las Ciencias Experimentales, Universidad de Zaragoza, C/. San Juan Bosco 7, 50009 Zaragoza, Spain
*Leadville Geology LLC, 519 West 7th Street, Leadville, Colorado 80461, USA
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TrenCh 1 (sE wall, orientation N70E)
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= “Kelsey et al. (2008) found mdependent geomorphlc
naleeseismicandistratioraphicievidencelnithe Seattie fault
Z0re mdlc,glrlru inai oadding-olane faulis in a fauli-oerd rold

_aggocieligel Wiigl el fleljor EAfLSE (el o2/ 2is alela e gc
© SEISMICSOUrCES: ey estimate 5.6-6,0 moment magnitae:
- lolding earthguakes™ considering 8—10-km long and 4—6-km-

deep flexural-slip faults, which eventually might cause surface
ruptures...”

= “According to the empirical relationships proposed by Wells and
Coppersmith (1994), normal faults 25 km long might produce
earthguakes with moment magnitudes as high as Mw = 6.7.
Lower values are obtained for these shallow faults with the
Ing relatlonshlps of the aforementl ed authors,
| idering aic iPAidthreffaround 7.5 km as measured
.Me axis of the syncllne of the menocline and the
easternmost mapped fault (Fig. 1, Mw = 6.1), and a rupture
area (length times downdip width) of 190 km2 (Mw = 6.3).”




= But Wait!
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( 15 km), meaning-high conflnlng Stress

WE2SMost of therarea of the slipped fault, based on aftershocks,
was In strong basement rocks, meaning high stress drop

= 3- NONE of their surface ruptures resulted from shallow (<6 km
focus) earthguakes on bedding-plane faults inwven:weak
sedimentary rocks (means low stress drop)

- 4 So, use of the above data sets and regressions of M on SRL
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- Kelsey et al (2008) calculated M of Seattle fault (supposedly
rootless) from 10 km L, 6 km W, 2 m slip, and typ shear
modulus of sed rocks; but based on hypoth X-section
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Jim Coogan (Xx-USGS) report to USBR said JV Graben faults did
not penetrate belo

Industry seismic
Reflection profiles
Across Joes Valley

C6G-WAS-202

“iop of Navajo

""mﬁésemer‘]l

CGG-WAS-207

However | see disruptions of reflectors between top of Navajo and
top of basement (red line), plus some truncations within basement
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Comparison of Characteristics of the Faults in Joes Valley to Parameters of
Faults Associated with Grabens Formed by Tectonic and Salt Deformation
Processes; red, strong tectonic; ; gray, ambiguous;

; dark blue, strong salt

Morphologic Parameters

Structural Parameters
Lack of Net Vertical Displacement Across Graben

Presence of Evaporites at Shallow Crustal Depths (3 km)
Presence of Many Intra-Graben Horsts and Blocks and Apparent
Absence of Tertiary or Early-Mid Quaternary Deposits in the Graben
Map Pattern of Oblique Intragraben Faults
Fault Architecture in Joes Valley

Fault Architecture of Salt-Deformation Grabens
Extensional Salt Detachments
Evaporite Dissolution-Collapse Faults

Evaperite Gravity-alide Faudlis

Behavior Parameters

Episodic Displacement Events Versus fault Creep
Extension Direction of Fault versus GPS Vectors




CONCLUSIONS:
1-Episodic surface faulting has occurred on several structures that are

m faults from rootless:(—lt induced) 1 viain C
fault Joes Valley graben].

[N

-Ductile surface deformation by itself is not evidence for fault creep,
because historic normal surface ruptures have created that [monocline
In 1983 Borah Peak rupture]. It tells you about style, not rate.

3-It Is a mistake to use regression equations from seismogenic faults
(Wells & Coppersmith) to estimate possible “earthquake magnitudes” on

ﬁ‘ramts. Coseismic surface ruptures form atop tectonic faults
In high-rigidit

t rocks confining pressures;

Involves low-rigidity clays or evaporites under low
‘confining pressures [Carbondale flexural slip normal faults].

4-Work is continuing; see INQUA-sponsored “PATA Days”
conference in Crestone, CO, May 30-June 3 (www.pata-days.org)




wesml UTAH GEOLOGICAL SURVEY

Updated Utah Geological Survey Surface-Fault-
Rupture and Other Geologic-Hazard-
Investigation and Report Guidelines

William Lund
Utah Geological Survey
Emeritus

www.geology.utah.gov




wesml UTAH GEOLOGICAL SURVEY

The Utah Geological Survey is a non-regulatory
state agency with impressive mission, vision, and
values statements that anybody who is interested
can look up on the UGS webpage at

However, bottom line, it’s the UGS’ job to make
Utah richer and safer by investigating and
reporting on Utah’s geology.

www.geology.utah.gov
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To help make Utah safer, the UGS has long
maintained a hazards section devoted specifically
to geologic hazards and engineering geology.

The name of the section has changed over the
years; today it is known as the Geologic Hazards
Program, and its principal charge is to investigate,
map, and report on Utah’s geologic hazards, so
that timely, accurate hazards information can be
incorporated into land-use-planning and other
development decisions.

www.geology.utah.gov
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Early on, it became clear that just because the UGS was
making geologic-hazard data available, there was no
guarantee that those data would be incorporated in
land-use planning and development decisions — and in
some instances there was active resistance to doing so.

Because the UGS is non-regulatory, it has no statutory
authority to require the use of its hazards data, so
beginning in the 1980s, the UGS embarked on a process
of education and persuasion to convince geotechnical
consultants, municipalities, counties, and other
government agencies to put our hazards data to
beneficial use.

www.geology.utah.gov
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A key component of the educational process has been publication of a
series of engineering-geology-report, geologic-hazard-ordinance, and
geologic-hazard-investigation guidelines.

The purpose of the guidelines is to:

* Protect the health, safety, and welfare of the public by minimizing the
adverse affects of geologic hazards.

e Assist local governments in regulating land use in hazardous areas and
provide standards for geologic-hazard ordinances.

e Assist property owners and developers in conducting reasonable and
adequate geologic-hazard investigations.

 Provide engineering geologists with standardized minimum
recommended criteria for performing geologic-hazard investigations
and recommending geologic-hazard-mitigation strategies.

 Provide an objective framework for the preparation and review of
geologic-hazard reports.

www.geology.utah.gov
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Current UGS Guidelines

Engineering Geology Reports — Association of Engineering Geologists (Utah
Section), 1986, Guidelines for preparing engineering geologic reports in Utah: Utah
Geological and Mineral Survey Miscellaneous Publication M, 2 p.

Geologic Hazard Ordinances — Christenson, G.E., 1987, Suggested approach to
geologic hazard ordinances in Utah: Utah Geological and Mineral Survey Circular 79, 16 p.

Landslides — Hylland, M.D., 1996, Guidelines for evaluating landslide hazards in Utah:
Utah Geological Survey Circular 92, 16 p.

Surface Fault Rupture — Christenson, G.E., Batatian, L.D., and Nelson, C.V., 2003,
Guidelines for evaluating surface-fault-rupture hazards in Utah: Utah Geological Survey
Miscellaneous Publication 03-6, 14 p.

Debris Flows — Giraud, R.E., 2005, Guidelines for the geologic evaluation of debris-flow
hazards on alluvial fans in Utah: Utah Geological Survey Miscellaneous Publication 05-6,
16 p.

Utah School-Site Reports — Bowman, S.D., Giraud, R.E., and Lund, W.R., 2012, Utah
State Office of Education — Geologic-hazard report guidelines and review checklist for new

Utah public school buildings: Utah Geological Survey, online. ey
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By 2014 two things had become clear regarding
the UGS guidelines:

* First, the existing guidelines were out of date, or
rapidly becoming so, and

* Second, based on the kinds and frequency of damaging
geologic-hazard events occurring in Utah, at a
minimum, new geologic-hazard-investigation
guidelines were required for rockfall hazards and for
land-subsidence and earth-fissure hazards related to
groundwater mining.

www.geology.utah.gov
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The Geologic Hazard Program began the process of updating
existing and preparing new guidelines in 2014.

The decision has been made to consolidate the guidelines as
chapters in a single comprehensive guidelines document,
rather than to publish each guideline individually as was done
in the past.

Drafts of all the guidelines are now complete and are in UGS
review, with an anticipated publication date of later this year.

Chapters in the guidelines document include:

www.geology.utah.gov
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Chapter 2 — Bowman, S.D. and Lund, W.R., Guidelines for conducting engineering-geology
investigations and preparing engineering-geology reports in Utah, 2" edition

Chapter 3 - Lund, W.R., Christenson, G.E., Batatian, L.D., and Nelson, C.V., Guidelines for
evaluating surface-fault-rupture hazards in Utah, 2" edition

Chapter 4 — Beukelman, G.S., and Hylland, M.D., Guidelines for evaluating landslide
hazards in Utah, 2" edition

Chapter S — Giraud, R.E., Guidelines for the geologic investigation of debris-flow hazards on
alluvial fans in Utah, 2" edition

Chapter 6 — Lund, W.R., Guidelines for evaluating land-subsidence and earth-fissure hazards
in Utah

Chapter 7 — Lund, W.R., and Knudsen, T.R., Guidelines for evaluating rockfall hazards in
Utah

Chapter 8 — Lund, W.R., Bowman, S.D., and Christenson, G.E., Suggested approach to
geologic-hazard ordinances in Utah, 2" edition

Chapter 9 — Bowman, S.D., Giraud, R.E., and Lund, W.R., Engineering-geology
investigation and report guidelines for new Utah public school buildings, 2" edition

www.geology.utah.gov
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Chapter 3
Guidelines for Evaluating Surface-Fault-Rupture
Hazards in Utah
(2" Edition)

Lund, W.R.!, Christenson, G.E.!, Batatian, L.D.2, and Nelson, C.V.?
1Utah Geological Survey, *Terracon, Inc., *Western GeoLogic, LLC

www.geology.utah.gov
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The UGS published the first edition of its
Surface-fault rupture-hazard guidelines in 2003 as
Miscellaneous Publication 03-6

Christenson, G.E., Batatian, L.D., and Nelson, C.V., 2003, Guidelines for
evaluating surface-fault-rupture hazards in Utah: Utah Geological
Survey Miscellaneous Publication 03-6, 14 p.

These guidelines have proven very successful, and have
become the standard of practice for surface-fault-rupture
investigations performed by geotechnical consultants in Utah.
Additionally, several municipalities and counties have
incorporated them in whole or in part into their geologic-
hazard ordinances.

www.geology.utah.gov
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Summary of Christenson and others (1987)

e Recommends avoidance (setting back) for mitigating surface-fault rupture.
e [Establishes fault activity classes: Holocene, Late Quaternary, Quaternary

e QOutlines how to identify faults, conduct surface and subsurface (trenching)
investigations, and determine the time of most recent surface faulting.

 Provides a method to determine an appropriate fault setback distance either
from a table or computed using a formula that accounts for maximum
anticipated fault displacement, foundation depth, and building criticality.

Whether a surface-faulting-hazard investigation is performed, depends on
fault activity class, building occupancy class, and structure criticality.

> Holocene faults — investigations recommended for all structures for human occupancy
and all critical facilities™*.

» Late Quaternary faults — investigations recommended for all critical facilities.
Investigations for other structures for human occupancy remain prudent.

» Quaternary faults — investigations recommended for all critical facilities.
Investigations of other structures for human occupancy are optional.

*Critical facilities defined as Category II and III structures in the 2000 International Building Code (IBC) and Category III and IV
structures in the 2003 IBC. Critical facilities include schools, hospitals, fire stations, high-occupancy buildings, water treatment plants,
and facilities containing hazardous materials.

www.geology.utah.gov




DNR

UTAH GEOLOGICAL SURVEY

However, the guidelines are now dated due to the evolving standard
of practice in Utah. In particular, subsequent to release of
Christenson and others (1987), some Utah jurisdictions have
adopted ordinances that permit construction across active faults
that show < 4 inches of displacement. Additionally, a special City of
Draper “Review Protocol” permits “super-engineered” foundations
under limited circumstances to mitigate surface faulting greater
than 4 inches. Under the Review Protocol, super-engineered
foundations have been approved to accommodate as much as 6 feet
of vertical displacement.

Additionally, the debate in California regarding the time period
over which surface-faulting hazard should be mitigated, and
whether it is necessary to categorically prohibit almost all
development across Holocene-active faults regardless of the amount
or timing of surface displacement was beginning to echo in Utah.

www.geology.utah.gov
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Lund and others (2016)

Both updates and expands upon Miscellaneous Publication 03-6

Fault setback parts of the guidelines are updated to incorporate recent
advances in geologic understanding and the state of geotechnical
practice.

Investigation Methods, Surface-Faulting Investigation Report, and Field
Review and Report Review sections updated.

New sections added to expand the guidelines

Characterizing fault activity

Sources of paleoseismic information

Sub-lacustrine faults

Surface deformation from slip on a buried fault

Paleoseismic data required for engineering-design mitigation of
surface faulting

Hazardous fault criteria

Disclosure

YVVVVY

VY V

www.geology.utah.gov
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Updates

* Fault activity class definitions updated after WSSPC (2011)

> Holocene fault — changed from 10,000 to 11,700 yr B.P.
> Late Quaternary — fault remains unchanged at 130,000 yr B.P.
» Quaternary fault — changed from 1.6 million to 2.6 million yr B.P.

* IBC (2012) Risk Category of Building and Other Structures replaces IBC
(2000) Occupancy Classifications in the minimum fault setback table.
Surface-faulting investigations are now tied directly to risk.

> Holocene faults — investigation recommended for all structures for human
occupancy and all IBC Risk Category 1i(a), I1(b), Ill, and IV structures.

> Late Quaternary faults — investigation recommended for all IBC Risk
Category Il(b), 111, and 1V structures; studies for IBC Risk Category Il(a) and
other structures for human occupancy remain prudent.

» Quaternary faults - investigation recommended for all IBC Risk Category |11
and 1V structures; studies for IBC Risk Category 11(b) structures and other

structures for human occupancy remain prudent because a low likelihood of
surface faulting still exists.

www.geology.utah.gov
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Updates

* Investigation Methods section — expanded and updated to reflect
current state of practice.

®* Surface-Faulting Investigation Report section — expanded and
updated to reflect current state of practice.

* Field Review and Report Review sections updated to reflect current
state of practice.

www.geology.utah.gov
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Addition
Characterizing Fault Activity

Describes the fault parameters required to adequately characterize fault
activity, particularly for engineering-design mitigation of surface faulting
and for defining hazardous faults.

» Rupture complexity — width and distribution of faulting and
associated deformed land.

» Earthquake timing and recurrence — paleoearthquake timing,
average recurrence interval, and variability (uncertainty) in
paleoearthquake timing and average recurrence.

> Displacement — surface displacement associated with normal-slip
faults in Utah.

> Slip rate — fault displacement normalized over time, open and
closed slip rates.

www.geology.utah.gov
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Additions

Sources of Paleoseismic Information

Directs guideline users to best current sources of paleoseismic
information for Utah.

» UGS Paleoseismology of Utah series (currently 27 volumes)
» UGS Quaternary Fault and Fold Database of Utah

» Utah Quaternary Fault Parameters Working Group annual meeting
summaries posted on the UGS website

» Lund, W.R., 2014, HAZUS loss estimation software earthquake model
revised Utah fault database — Updated through 2013

» Lund, W.R., 2005, Consensus preferred recurrence-interval and
vertical slip-rate estimates - review of Utah paleoseismic-trenching
data by the Utah Quaternary Fault Parameters Working Group

> Extensive reference list of all paleoseismic studies published for Utah
through 2015.

www.geology.utah.gov
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Addition
Sub-Lacustrine Faults
Acknowledges the presence of and summarizes what is known about sub-

lacustrine faults in Utah (Great Salt Lake fault, Carrington fault, Utah Lake
faults).

> Potential source of large earthquakes.
» No known sub-aerial exposures so minimal/no surface-faulting hazard.

> Potential source of tsunamis on Great Salt Lake and Utah Lake.

Surface Deformation from Slip on a Buried Fault

Surface deformation caused by a buried fault typically lacks a discrete zone
of displacement at the surface and may be many feet wide. It is not possible
to establish a standardized method of setting back from such faults. The UGS
recommends that the engineering geologist in charge of the surface-faulting
investigation for such faults make and justify an appropriate mitigation
recommendation based on the results of a site-specific hazard investigation.

www.geology.utah.gov
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Addition

Engineering-Design Mitigation of Surface Faulting

Developing across an active (hazardous) fault requires that a
structure be designed to withstand the effect of future surface-
faulting displacement.

Past surface-faulting displacement at the site must be characterized to
establish a reliable design displacement value that will not be
significantly exceeded (26) during future surface-faulting
earthquakes.

Displacement data for normal-slip faults in Utah and world wide
show considerable variation in displacement at a point between
successive earthquakes. Therefore, it can not be assumed that
displacement at a point produced by the most recent surface-faulting
earthquake iIs a good predictor of future surface-faulting displacement
at the same location.

www.geology.utah.gov
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Because displacement from a single surface-faulting earthquake does not
provide a statistically significant basis for estimating future maximum
earthquake displacement at a site, the UGS recommends for engineering
mitigation of surface faulting on normal faults in Utah that

e displacement be determined for a minimum of the three most recent
surface-faulting earthquakes at the site (more if site geology permits), and

e the design displacement values be based on the maximum site-specific
displacement observed on the fault including appropriate displacement
uncertainty limits.

Acquiring the adequate displacement data for engineering mitigation of
surface faulting will likely require a more detailed and costly paleoseismic
investigation than necessary to simply locate and setback from a potentially
hazardous fault. Additionally, many sites may not possess the geologic
conditions necessary to characterize displacement for a minimum of three
paleoearthquakes. For those reasons, the UGS believes fault setback and
avoidance will remain the surface-faulting-mitigation option most frequently
employed in Utah.

www.geology.utah.gov
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Addition

Hazardous Fault Criteria

Some geologists and engineers in California are questioning what constitute a
hazardous fault with regard to public health, safety, and welfare. The
Holocene criterion used in California (Alquist-Priolo Act) to define an
“active” fault has been questioned as unrealistically long when compared to
time intervals used to mitigate other Kinds of earthquake and natural
hazards.

Those geologists argue that no specific deterministic recurrence number
should be used to define a hazardous fault, but rather mitigating surface
faulting should be data driven, and rely on professional judgment, cost,
available technology, and social constraints (acceptable risk). Some Utah
geologists have also begun discussing the appropriateness of the Holocene
active-fault criterion as applied in Utah, and some advocate for data-based
surface-faulting mitigation when sufficient paleoseismic data are available.

www.geology.utah.gov
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Addition

Hazardous Fault Criteria

Characterizing fault activity for engineering mitigation of surface
faulting, requires determining the fault’s average surface-faulting
recurrence and variability over multiple paleoearthquake cycles,
and the time of most recent surface faulting.

By comparing elapsed time since the most recent surface faulting
earthquake with a well-constrained average recurrence interval, it is
possible to estimate the probability that the fault will generate a
future surface-faulting earthquake in a time interval of interest.
Only when such detailed paleoseismic data are available can decisions
regarding surface-faulting mitigation be reliably data driven.

www.geology.utah.gov
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Addition

Hazardous Fault Criteria

The UGS recommends that timing and displacement data for a
minimum of three closed earthquake cycles [four earthquakes]) is
necessary to (1) compare the elapsed time since the most recent
surface-faulting earthquake with an even minimally statistically
relevant average recurrence, and (2) estimate the probability of future
surface faulting within a time frame of interest.

Where paleoseismic data are available to characterize earthquake
timing and displacement over multiple closed earthquake cycles (three
minimum), the UGS recommends that those data may be used in
conjunction with good professional judgment to determine the
appropriateness of mitigating surface faulting-risk over a shorter time
interval than the Holocene.

www.geology.utah.gov




DNR

UTAH GEOLOGICAL SURVEY

Disclosure

The UGS recommends disclosure during real-estate transactions
whenever an engineering-geology/geologic-hazard investigation has
been performed for a property to ensure that prospective property
owners are made aware of geologic hazards present on the property,
and can make their own informed decision regarding risk. Disclosure
should include a Disclosure and Acknowledgment Form provided by
the jurisdiction, which indicates an engineering-geology report was
prepared and is available for public inspection.

Additionally, prior to approval of any development, subdivision, or
parcel, the UGS recommends that the regulating jurisdiction require
the owner to record a restrictive covenant with the land identifying
any geologic hazard(s) present. Where geologic hazards are identified
on a property, the UGS recommends that the jurisdiction require the
owner to delineate the hazards on the development plat prior to
receiving final plat approval.

www.geology.utah.gov
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Study Area for this Project

The Problem

« Extensive work examining
Holocene paleoseismicity and
vertical slip rates

« What are long term vertical slip
rates? (>10ky B.P.)

 Deformation of Lake Bonneville Shorelines

« Are earthquakes single segment
or multi segment events?

» Testing the segmentation model

0 15 30 60 90




Lake Bonneville

* Quaternary pluvial lake

» Site of classic geological
studies by G.K. Gilbert

* Continental paleoclimate
archive

« How does deformation of Late
Pleistocene shorelines record
fault activity?

Oviatt, 2009
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LIDAR

e 2013-2014 0.5 meter LIDAR

 Larger area and greater
accuracy than previous LIDAR
surveys

« Enhanced ability to locate
geomorphic features

* Directly extract 2-D cross
sections of shoreline profiles
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Mapping Approprlate Shorellnes
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* No cultural modification
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Kilometers — Shoreline Transect (200m)
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Locating Shoreline Datums

Sample Transect - AF_37

)
B
Generalized Shoreline Profile il
b) original wave-cut colluvial
platform (low-angle wedge _ \\[: . 1
E oy E T
rojecte
l:)d.'eujl:t;lm @ \
L
post-Bonneville I Proi 1
diffusion profile rOjeCted Datum
Jewell and Bruhn, 2013 From
MATLAB script
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*Method from McCalpin et al., 1992 Transect Distance (m)
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Traverse Mountains — Hanging Wall Deflection

T

HW Deflection 57

* Traverse Mountains | — -
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* Linear projection =
minimum deflection 1964
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Fort Canyon Fault

Initial Shoreline Elev = 1573 m
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1564 m .
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Linear Regression

value 5

*Initial shoreline elevation from Currey, 1982
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FW Deflection

e Corner Creek and Mt.
Olympus

 Minimum Deflection =
0.72 mm/yr

*Initial Shoreline Elevation from Currey, 1982
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Average Vertical Displacement

Salt Lake City Segment Mountain Crest Envelope
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A Slip Rate Comparison

Fission-Track Southern Salt

Ages : Armstrong et al.,
(Exhumation Iéaekem(;|;¥ o= U4 5> My 2004
Rate) g
Shoreline Jewell and
Deformation Corner Canyon 0.8-1.2 18 ky Bruhn, 2013

Trenching Corner Canyon 06-12-4.0 10 - 6 ky Lund, 2005




Looking Forward

* Can shoreline deformation give
a sense of fault block rotation?

. !—Iow do we account for
isostasy?

» Do stresses imposed from the
lake induce fault motion?

* Do longer term slip rates give
new insight into seismic risk?

STAY TUNED
FOR SOME

EXCITING NE WS'
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Pleistocene Activity
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Displacement Total Time Mean SR SR SR q*;_,«""" -
Interval* Displacement (m)*  Interval' Elapsed Time (ky)' (mm/yr)* (mm/yr)} (mm/yr)* ’
S8-S1 11.5 (9.3-13.9) S9-S1 16.1 (13.2-16.6) (< 17.5) 0.7 0.6 1.1
S7-S1 10.1 (8.3-12.1) S8-S1 10.3 (10.0-12.5) (< 11.6) 1.0 0.7 s
S6-S1 8.9 (7.5-10.6) S7-S1 9.5 (9.2-9.8) (< 10.9) 0.9 0.8 ¥ =
S5-S1 7.8 (6.7-9.1) S6-S1 8.2 (7.9-8.5) (<9.5) 0.9 0.8 1.2
S4-S1 6.6 (5.9-7.6) S5-S1 6.3 (5.9-6.8) (<7.7) 1.0 0.9 13
S3-S1 5.3 (4.7-6.1) S4-S1 39 (3.642) (<5.3) 1.4 1.1 1.7
1
_— 200 250

Machette et al., 1992; DuRoss and Hylland, 2015
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Current Segmentation Model

* Re-evaluation of segment O o G e
boundaries is already — oy >
underway g’ - |

- Based on Late Holocene : &
paleoearthquakes Rupture modes:

Do mature fault zones act as
barriers to, or facilitators of
multisegment rupture?

(1
AN

1. Single-segment
2. Partial-segment
3. Multi-segment (spillover rupture)
4. Multi-segment (two partial-segment ruptures)
' 5. Multi-segment (two full-segment ruptures)
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DuRoss et al., 2016
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pping Appropriate Shorelines

5,

» Shoreline Transects

 ArcGIS Transect tool

« Exactly perpendicular to
mapped features

» Specified Length (200m)
» Specified Distance

* Visual Check

» Heavily modified shoreline
profiles are excluded from
further analysis

Kilometers — Shoreline Transect (200m) _
1 *Map represents slopeshade of 0.5m LIiDAR




Shoreline Deformation

|sostatic Deflection
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Seismotectonic Deformation

Neotectonic Deformation

Figure modified from Currey, 1989
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Utah Quaternary Fault and Fold Database
Status of Updates and New Web Application

Michael Hylland
Utah Geological Survey
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Utah Quaternary Fault Parameters Working Group Meeting
Februaryl10, 2016
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Updates Completed in 2015

Item No. Fault Name Fault No. Update Completed Source of New Mapping

1 Beaver Ridge faults 2464 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)

2 Black Rock Area faults 2461 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)

3 Clear Lake fault zone 2436 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184); Hintze & others, 2003 (UGS Map 195)
4 Clover fault zone 2396 Incorporate new mapping Kirby, 2013 (UGS Map 264DM); Kirby, 2013 (UGS Map 265DM)

5 Cove Fort fault zone 2491 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)

6 Crater Bench faults 2433 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

7 Cricket Mountains (North End) faults 2434 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

8 Cricket Mountains (West Side) fault 2460 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 182); Hintze & Davis, 2002 (UGS Map 184)
9 Deseret faults 2435 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

10 Drum Mountains fault zone 2432 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

11 Faults of Cove Creek Dome 2462 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)

12 Gunlock fault 2515 Incorporate new mapping Hintze & Hammond, 1994 (UGS Map 153); Biek & others, 2009 (UGS Map 242)
13 House Range (West Side) fault 2430 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 186)

14 Kolob Terrace faults 2525 Incorporate new mapping Biek & Hylland, 2007 (UGS Map 221)

15 Little Valley faults 2439 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

16 Maple Grove faults 2443 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184); Hintze & others, 2003 (UGS Map 195)
17 Meadow-Hatton Area faults 2466 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)

18 Mineral Mountains (Northeast Side) fault 2490 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)

19 North of Wah Wah Mountains faults 2459 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 182)

20 Pavant faults 2438 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184); Hintze & others, 2003 (UGS Map 195)
21 Pavant Range fault 2442 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

22 Saint John Station fault zone 2397 Incorporate new mapping Kirby, 2012 (UGS Map 257DM); Kirby, 2013 (UGS Map 264DM)

23 San Francisco Mountains (West Side) fault 2486 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 182)

24 Scipio faults 2441 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

25 Scipio Valley faults 2440 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

26 Snake Valley (South End) faults 1433 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 182)

27 Snake Valley faults 2428 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 186)

28 Southern Oquirrh Mountains fault zone 2399 Incorporate new mapping Kirby, 2012 (UGS Map 257DM)

29 Sugarville Area faults 2437 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 184)

30 Tabernacle faults 2465 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)

31 Vernon Hills fault zone 2406 Incorporate new mapping Kirby, 2013 (UGS Map 265DM)

32 Wasatch fault zone, Levan section 2351i Incorporate new mapping Hylland & Machette, 2008 (UGS Map 229)

33 Wasatch fault zone, Fayette section 2351j Incorporate new mapping Hylland & Machette, 2008 (UGS Map 229)

34 Wah Wah Mountains faults 2483 Incorporate new mapping Hintze & Davis, 2002 (UGS Map 182)

35 Washington fault, Northern section 1004 Incorporate new mapping Biek & others, 2009 (UGS Map 242)

36 White Sage Flat faults 2467 Incorporate new mapping Hintze & others, 2003 (UGS Map 195)
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UTAH QUATERNARY FAULT AND FOLD DATABASE

This database is a compilation of existing information on faults and fault-related folds considered to be potential earthquake sources. The faults and folds in
the database are considered to have been sources of large earthquakes (about magnitude 6.5 or greater) during the Quatemnary Pericd (past 2.6 million years),
these geclegic structures are the most likely sources of large earthquakes in the future.

Locational Accuracy — the locations of faults and folds on the interactive map should always be considered approximations.

Users must understand that the locational accuracy of structures (faults and fold axes) shown on the interactive map varies, and that any inaccuracy becomes
magnified when the map is zoomed in to high levels. In particular, users should pay clese attention to the "Mapped Scale” information in the pop-up windows
for specific structures (see Glossary below map for additional information related to mapped scale).

Spatial error exists to some degree any time the interactive map is zoomed in to a level that equates to a larger scale than the original mapping. and can be
substantial when viewing structures at high zoom levels that were originally mapped at small scales. Therefore, the locations of faults and fold axes on the
interactive map should always be considered approximations; depending on the ultimate needs of the user, a site-specific investigation by a qualified Utah-
licensed Professional Geologist may be required to accurately locate a fault on a particular site
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Related Information

Utah Quaternary Fault and Fold Dataset — fully
attributed GIS feature class (Utah AGRC)

Quaternary Fault and Fold Database of the United
States (USGS)

University of Utah Seismograph Stations — Utah
earthquake monitoring

National Seismic Hazard Maps (USGS maps and tools)
Utah Seismic Safety Commission — general Utah
earthquake information
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Interactive map currently has its own page within the UGS website (http://geology.utah.gov/resources/data-databases/gfaults/)
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The fault map will eventually be one of several layers that make up a geologic hazards interactive map

Paleoseismic sites, with links to reports and data, will be added as a data layer
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Updates In Progress

Source of New Mapping

Item No. Fault Name Fault No. Update Needed Publication Name Author Comments

1 Great Salt Lake fault zone, Antelope Island section 2369 Incorporate new mapping MP-15-5 BRPSHSIII Proceedings (poster); also see Don Clark  Dinter & Pechmann, 2015 Need to reassign section designation
OFR 644 Tooele 30x60 Clark et al, 2015

2 Great Salt Lake fault zone, Fremont Island section 2369 Incorporate new mapping MP-15-5 BRPSHSIII Proceedings (poster); also see Don Clark  Dinter & Pechmann, 2015 Need to reassign section designation

3 Great Salt Lake fault zone, Promontory section 2369 Incorporate new mapping MP-15-5 BRPSHSIII Proceedings (poster); also see Don Clark  Dinter & Pechmann, 2015 Need to reassign section designation

4 Great Salt Lake fault zone, Rozel section 2369 Incorporate new mapping MP-15-5 BRPSHSIII Proceedings (poster); also see Don Clark  Dinter & Pechmann, 2015 New section; need to create dataset, reassign section designations

5 Long Ridge (Northwest Side) fault 2422 Incorporate new mapping Map 272 Goshen 7.5 McKean et al, 2015

6 Utah Lake faults 2409 Incorporate new mapping MP-15-5 BRPSHSIII Proceedings (poster); also see Don Clark  Dinter, 2015

7 Wasatch fault, Brigham City section 2351d Incorporate LiDAR mapping  OFR 638 Honeyville SFR map Harty & McKean, 2015

8 Wasatch fault, Collinston section 2351c Incorporate LiDAR mapping  OFR 638 Honeyville SFR map Harty & McKean, 2015

9 Wasatch fault, Fayette section 235]j Incorporate LiDAR mapping  OFR 640 Levan/Fayette SFR maps Hiscock & Hylland, 2015

10 Wasatch fault, Levan section 2351i Incorporate LiDAR mapping  OFR 640 Levan/Fayette SFR maps Hiscock & Hylland, 2015

11 Wasatch fault, Nephi section 2351h Incorporate new mapping Map 227 Spanish Fork 7.5 Solomon et al, 2007

12 Washington fault, Fort Pearce section 1004 Rename section MP-15-6 Washington fault study Lund, 2015 Currently "Northern" section

13 Washington fault, Washington Hollow section 1004 Add fault traces Map 242 St George 30x60 Biek et al, 2009 New section; need to create dataset, reassign section designations
MP-15-6 Washington fault study Lund, 2015

14 West Valley fault zone, Granger fault 2386b Incorporate new mapping Map 216 Magna 7.5 Solomon et al, 2007
OFR 624 Baileys Lake 7.5 McKean & Hylland, 2013

15 Carrington fault new Add fault traces MP-15-5 BRPSHSIII Proceedings (poster); also see Don Clark  Dinter & Pechmann, 2015 New fault; need to create dataset

16 Dover fault zone new Add fault traces Map 229 Levan/Fayette segments map Hylland & Machette, 2008 New fault; need to create dataset
MP 97-3 Hayes Canyon 7.5 Petersen, 1997

17 East Cedar Valley fault zone new Add fault traces Map 235 Soldiers Pass 7.5 Biek et al, 2009 New fault; need to create dataset

18 Goshen fault new Add fault traces Map 272 Goshen 7.5 McKean et al, 2015 New fault; need to create dataset

19 Harkers fault new Add fault traces Map 216 Magna 7.5 Solomon et al, 2007 New fault; need to create dataset
Map 219 Copperton 7.5 Biek et al, 2007
OFR 644 Tooele 30x60 Clark et al, 2015

20 South Mountain Marginal fault new Add fault traces Map 264 Saint John 7.5 Kirby, 2013 New fault; need to create dataset

21 Wide Canyon faults new Add fault traces Map 242 St George 30x60 Biek et al, 2009 New fault; need to create dataset

» 14 faults have new, more detailed mapping
* 7 new faults need to be added to the database

Note: Source data being expanded to include open-file mapping and other gray literature




Paleoseismic Investigation within the Traverse Ridge Segment Boundary:
Initial Plans for Summer 2016 Field Work

OV Department of Nathan Toké and Daniel Horns with support from

T ol S Chris DuRoss and the USGS IMW Megaproject
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| Previous Work
| o Usmg existing trenches, UVU students interpret evidence for 2-4 events.
kely Holocene based upon soil characteristics and scarp morphology- (we thmk) |

» Fault zone is characterized by discontinuous surface breaks (>100 of them). e
o Surface breaks range from 15-500 m, most 50-200 m long. i




2014
DuRoss et al.,
Trench

"§-‘ Project Goals

' » Fresh exposures to test interpretation of number of events 2, 3, or 4
%+ Geochronology - radiocarbon and OSL to constrain ages of events.
21 Project Motivation 1

. * Spill over ruptures?
3 « Multi-segment ruptures?
» Segment Boundary ruptures7




Segmented with In-fill Ruptures

Rupture Models

Multi-segment Ruptures

Spill-over Ruptures
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._Trenchln Plan

Refresh existing Ti exposures
~ Achieve a fault-perpendlcular outcrop :
- Aggressively sample the exposures for Carbon and OSL




Spring

May

August 4-5t
August 6-26t
August 315t
September 9th
Fall 2016
2017

Tentative Timeline

Finalize agreement with Draper City

Train students using existing exposures
Re-excavation of the exposures

Field work

Trench review

Close trenches

Geochronology and Logging Compilation
Report Results — UQFPWG, SSA, and Publication
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Table 1. Colluvial Wedge Heights, Displacement Magnitudes, and Estimated Rupture Length,
Salt Lake City and Provo Segment Boundary along the Wasatch Fault - Traverse Ridge, Utah.

3| Est. Rupture Length’

Location Measurement Apparent Height! | True Height® Fault Wall Est. Faulr Sli

South Exp.” |  South Scarp height® < 2 < = 24 m =
.7 | Most Recent Event Min = 0.90 m 0.80 m i =41
Trench-1S South Exp. Miax = 14055 125 m 100/70s | 190/73 w 1.4 m 54 km
Central Exp. | Cenmral Scarp height® - - - - 19m =
Most Recent Event Min = 0.65 m 0.50 m
ench- > 5/75 35/
Hremeh:1C Central Exp. Max=0.75m 0.57 m WIS | Gavele 0.8 m 32 km
Penultimate Event Min=0.45m 0.34m
F - 5/75 « 35/ Y
e Central Exp. Max=0.55m 0.42 m RN o 0.5m 24 km
3" Most Recent
_ kg Min = 0.83 m 0.64 m : :
Trench-1C - Event Mixr=198 = 0.98 m 095/75s | 035/60 e 1.1 m 44 km
Central Exp.
North Exp. North Scarp Height Total Offset =0 m - 264/80 s - 0.0 m -
- . . Min = 0.60 m 0.34m . -
‘ -IN J. -ent® 264/80s | 218/53
Trench -1 V. Old Single Event Max = 0.50 m 0.41 m 64/80 s 18/53 e 0.5 m 24 km

1 — Apparent colluvial wedge height was measured along the plane of the trench wall exposures. Trenches were sloping for safety.

2 — True colluvial wedge height was calculated by projecting the apparent wedge height (measured along the laid back trench wall exposures) mnto a vertical exposure.

3 — Esumated Fault shp was calculated presunung that colluvial wedge height represents ~60% of total fault slip in an earthquake due to scarp erosion

4 — Rupture lengths were estimated using the empincal equation: Log (average displacement) = -1.99 + 1.24 Log (Surface Rupture Length) from Wells and Coppersnuth, 1994,
5 — See Site map for each trench exposure location

6 — Scarp Heights were extracted from 2m LiDAR data (http.//gis utah gov/data/elevation-terrain-data/2-meter-lidar/)

7 — Trench logging 1s shown in the muddle panel of the poster.

8 — Because there 15 no surface scarp this event 1s likely Pleistocene (preBonneville) age or older.
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Background

(Hansen, 1969,1986, Hansen et
al., 1981; Springer, 2013, 2014;

Springer et al., 2005)

: eaf Rir Hogsback fault : = 2 - ’ _

e e e = ) P N + Laramide uplift of Uinta

¥ - ' ‘ Mts.(70-34 Ma), Formation of
Gilbert Erosion Surface,

1) ' | : broad pediment (34-30 Ma)
; J‘r o s - — J.'-—_n- »:"-- 7S ) e ; i .

* Deposit Bishop conglomerate
from upland to the north
A T e 7 : within south-flowing
(VA ZS soun Fan PRASE T SRaWs * e\ T aun drainages across the
BAT T s T pediments (before and after
29 Ma)

 Renewed tectonic activity on
rangefront faults of Uintas —
tilting to the north and east
(15 Ma)

| Valley fault J . . .
s ) * Normal faulting while Bishop
cgl deposited, northwest
striking faults, northeast-side

Kilometers : d own
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Stratigraphic and Structural Overview of Uinta Mountains and
Northern Uinta Basin

Q | Cuaternary deposits Zuog | Outiaw Trail formation
Tu |Volcanic rocks Zub | Diamond Breaks formation ﬁ
Ti | lgneous intrusive rocks - Mutual Formation - Mt Watson Formation - Jesse Ewing Canyon Fomation
Czy | Dligocene-Miocene rocks Zmf | Mineral Fork Tillite Dead Horse Pass formation “ Red Creek Quartzite —— normal faults
— thrust-reverse faults
Czo | Paleocene-Eocene rocks Zb | Big Cottorwood Group - Red Castle formation, lower m Little Willow Serizs
— — —7— _ Burled faults
Mesozoic rocks Uinat Mountain Group, undivided - Crouse Canyen formation Farmingten Canyon Complex
...................... concealed faults

- Paleozoic rocks - Red Pine Shale Zum | Moosehorn Lake formation anticling

Slide from Doug Sprinkle (2013, presentation at AAPG)
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Questions:

e |s Pot Creek fault active?

» If yes, what type of motion
and what is the recurrence
interval/slip rate?

Previous Interpretations / New thoughts
* Previous studies considered this fault inactive (Piety and Vetter, 1999) or
unlikely to be active (50%) (Wong et al., 2000).

 Inactive interpretation in part based on unlikely orientation (northwest
striking) of a normal fault in what ‘should’ be east-west extension.
« Data points sparse in this region and is it possible this is a transition
area between the east-west extensional stress region to west and
northeast extension in western and southwestern Colorado.



Questions:

e |s Pot Creek fault active?

» If yes, what type of motion
and what is the recurrence
interval/slip rate?

Previous Interpretations / New thoughts
 Hansen et al. (1981) and Hansen (1986) interpreted Pot Creek fault as
a Tertiary Normal fault. Could the unexpected orientation be because

this is a reactivated fault?

 Hansen (1986) and Sprinkle (2005) both reported suspected normal
faulting that cut probable Quaternary deposits along the Pot Creek

fault.



Questions:

e |s Pot Creek fault active?

» If yes, what type of motion
and what is the recurrence
interval/slip rate?

Observations that suggest Quaternary activity

(Liu and Piety, 2015)

« Topographic expression along the fault for ~30 km

* Inset surfaces with progressively less offset at scarps and less incision
Into the surfaces

« Drainages appear disrupted: bend at the fault and have been abandoned

» Alternating north and south-facing scarps along same lineament

« Apparently right-laterally offset surfaces
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Pot Creek fault (yeIIow arrows)
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Pot Creek fault looking southeast
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Age of nghest Pledmont Gravel

Slide from Doug Sprinkle (2013;

presentation at AAPG)

Piedmont gravel deposited on
Bishop Conglomerate

Mapped on Diamond Plateau,
Yampa Plateau, and outliers in
Ashley Valley

U-series age obtained from
innermost layer of laminated
carbonate rind on boulders

Age is 173+4 ka to 187%11 ka

Approximates depositional age
of gravel
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Conclusions — Tentative and Preliminary

o Surfaces are Quaternary
— Inset surfaces appear to be cut by modern (though abandoned) north-directed
drainages
— Surfaces are likely pediments cut into the Bishop cgl, with re-worked Bishop cgl
gravels overlying the erosional surface
— Age of surfaces along Pot Creek unknown, but presumed some may be similar in age
to those identified and dated by Sprinkle et al. (2013).

* Faultis presumed Quaternary-active based on:

— geomorphic expression
— different scarp heights and amount of incision of progressively inset surfaces
— Recurrence Interval is long and/or surface displacements small /event (broad scarps)

o Faultis right lateral strike-slip or trans-tensional based on:
— Alternating south and north-facing scarps across same lineament
— Relatively straight trace
— Possible correlative surfaces across the fault with apparent right-lateral offset

e More Work is needed
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HISTORIC LOW OF THE LAKE EXPOSES MORE
AND MORE OF THE GSL FAULT ZONE

North and south differ by ~2 ft
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NORTHERN UTAH’S FAULT ZONES

» Methods

Compilation of existing
mapping and field analysis

Mapping on Google Earth
Bing images
Targeted field work

GSL: GOOGLE imagery from
low water years. Especially
6/2015, 8/2014, 10/2011,

5/2010, 8/2009, 9/24/2006

» Methods

Consideration of
bathymetry of Baskin
and Allen (2005) and
Baskin and Turner
(2006).

Compared with
reflection seismic and
analysis of Dinter and
Pechmann, 2014,
2015



PRIOR WORKS SHOWS 4 SEGMENTS

Baskin’s bathymetry and
Dinter and Pechmann’s
reflection seismic work show 4
clear segments

» Antelope Island
» Fremont Island
» Promontory

» Rozel

On following ALL bathymetry is
from Baskin’s two maps

Dinter and Pechmann, 2015 UQFPWG

Carrington
Island

Major Faults and
Segment Boundaries,
Great Salt Lake
South Arm

Bathymetic contours from
Baskin and Allen (2005) and

Baskin and Turner (2006);

N.Oquirrhf
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NORTH HALF

» Promontory

» Rozel

» North Promontory fault
at red arrow is probably
the north 70 km of GSL
fault

Dinter and Pechmann, 2015
UQEPWG
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Low stand of Great Salt
Lake at 4190.8 ft
exposes the GSL fault in the |
northwest arm of the lake |

ROZEL fault AND
PROMONTORY segment

This unusual event spurred
my research

And explains my completely i
different topic

Next slides are from Rozel
fault near Spiral Jetty

Google earth

Image Lanasat




EXAMPLE OF A SMALL FAULT IN EN ECHELON
ARRAY, LOOK EAST

~ Up, footwall

vt - 2 ~ —— -

Note partial polygon



VIEW ALONG
STRIKE OF A
MODEST-SIZED
ESCARPMENT.
LOOK SSE

Look SSE




VIEW ALONG STRIKE OF A SMALL FAULT.
LOOK NNW




PLATFORMS IN FOOTWALL OF FAULTS ARE
EXCEPTIONALLY WIDE, FLAT, AND COVERED BY
STROMATOLITES

Look East

e




In south arm, the GSL fault
Is visible through water

o

© 2015 Google

40°55'18.19" N 112°18'57.08" W elev 1280 m

Fault mapping through water



Two faults are in
this scene

Sy
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Sometimes deeper water is lighter in color

than shallow water-S of Antelope Island

300 m © 2015 Google
Google'earth

| 1997 | 40°48'08.51" N 112°11'26.53" W elev 1280 m

It 2.65km I




Wavy fault trace

© 2015 Google

Google'earth
|

@ | 1997 | 40°48'18.52" N 112°11'13.82" W elev 1282 m Eyealt 265km J




Resulting map pattern
(orange) shows more
complexity than
original (white)

Several NE-striking
fault splays

~1.5 km wide wave-cut
platform between the

fault trace and hard
bedrock

ANTELOPE ISLAND
SEGMENT IS 32 KM
LONG

Y. <%

| white=Quaternary database

f— T -~ —————e————— —_— _—

BALT

' Antelope Island segment, a different option |




Fremont Island
has a significant
bedrock step at
1ts SW margin
that is probably
a normal fault

This trace is
either an
addition or
relocation

WT —_
Fremont segment, a different option

Janecke, in prep.
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Microbial mounds are on the footwalls of all faults.

Dead ones are wh

L

te and covered by salt,

1

1IVEe ONES are greci
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due to cyanobacter

Look East Dec 5, 2015
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DESICCATION-RELATED POLYGONS LIKE THIS
ONE ARE PROBABLY THEIR SUBSTRATE
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Polygonal mounds -
green dot are more
numerous in north
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SEEPS,
SPRINGS AND
DISSOLUTION
OCCUR ALONG
FAULTS

Microbial
colonies change
their geometries
in fault zones

Different
cyanobacteria?

o]



BROWN WATER SHOWS THERE ARE NO

BRIGHT SALTS WITH POLYGONS

n.uml.-' 3o :

. »

d&o&qﬂ.\l‘ ¥,
vho ..‘ .“\ﬁ..a’..

115m

K
3
3




An example of fault-related mound, north arm
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Note thin onion skin layers within this mound along fault zone



MOST MICROBIAL MOUNDS ARE GRANULAR AND COARSE
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Fig. 14. Saismc-reflection profiles (7 kHz) showing inferred bioherm mounds (shaded) atop fault planes. Location shown in Fig. 2.




Promontory segment
may be more related to
the North Promontory
fault than the Rozel
fault

» Promontory segment
has NE and NW striking
sections

» Database map differs a
lot from that of Dinter
and Pechmann, 2014,
2015

» My map is quite similar
to D and P’s

» |t also matches
bathymetry well

I 10 km

Faults

Name: North Promontory fault
Collaborator: Utah Geological Survey

Age: <15,000 Slip Rate: <0.2 Sense: N
Strike: 187 Direction: West Length (km): 7.4

T~ e
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Promontory segment = Bay;.fff; o e,
may be more related tc:. =

the North Promontory
fault than the Rozel

fault GREAT
SALT

» Promontory segment NS “*‘\ &
has NE and NW striking f \\\Rozelaay
sections
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lot from that of Dinter NORTH ARM
and Pechmann, 2014,
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PROMONTORY
SEGMENT:

Steps, parallel strands and other
details of the fault trace are
emerging from the lake

Overall, little change from most
recent map

No connection with the Rozel fault in
NW

The footwall platform of the
Promontory fault is very wide 4.6 km

It is also one of narrowest at Indian
Cove

Is there second fault near bedrock,
as in Quaternary database?

Seeps and mounds hint at other
faults near bedrock




Google earth
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Rozel fault and Hansel Valley fault

ROZEL FAULT
[S ROUGHLY 40
KM LONG

MAROON LINES ARE
STRANDS OF HANSEL
VALLEY FAULT ZONE,

It dips east

Black Rock is also sliced
and diced

White salt on footwall

platform defines the
position of the Rozel fault

extremely well

It matches bathymetry
fairly well

with interesting structural
differences



THE MOST COMPLEX PART OF THE ROZEL
FAULT ZONE IS IN SOUTH (EARLIER FIELD
SHOTS WERE HERE)




THE FAULT IS EFFECTIVELY EXPOSED AT
SPIRAL JETTY
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Updates Reac 3l
‘@
X
beach
Location: 41.43352, -112.67399
Elevation: 4,194.17
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EAST AND WEST DIPPING STRANDS
FLUID AND HYDROCARBON SEEPS PRODUCE
DARK SMUDGES

N
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Imagery Date: 8/16/2014 lat 41.406695° lon -112.663682° elev Om eyealt 6.

QUASI-EN ECHELON FAULTS



SOME IMPLICATIONS
The GSL fault probably connects to 70
km long North Promontory fault

Rozel fault is a separate structure
composed of many small displacement
faults. This style may be related to the
Rozel Pt. volcanic field

GSL fault is quite curvy, like the Oquirrh (
fault, with both NW and NE-striking
parts

Wave cut platforms are wide an 2

enigmatic. Most are 1-3 km wide and
range to 4.6 km. They require LONG
periods of planation.

Does this imply that GSL flt is a low-slip
rate fault with Holocene reactivation? =
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¥ Provo level of Lake Bonneville
and 4775 ft (1446 m) shoreline
south of deltas

Lake Bonneville at its
highest shoreline

X Paradise

Janecke and Oaks,
2011



Is a smgle trace an
accurate
|representation of the
East Cache fault?

Geologic map
of Evans et
al., 1996

Lowe and
Galloway,
1993.



MCCALPIN'S MAP MISSED SOME TRACES

Look SSE

o > T

Figure 126 ~ Oblique aerial photo of the East Cache fault looking south along the base of the Bear F
scarp, marked on our main panoramic view as a red line that crosses the golf course, can be seen on this pic

Hintze, 2005, Utah’s spectacular Geology Book



East Cache fault was
temporarily exhumed by
Rocky Mtn power company
near Logan Country Club
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100,000 PEOPLE LIVE IN CACHE VALLEY AND THE NW-TRENDING SCARPS
PERSIST TO THE UNIVERSITY. THEY NEED TO BE INVESTIGATED FOR
POSSIBLE TECTONIC ORIGIN

@ GoogleEarthPro File Edit View Tools Add Window Help AT ® D 3 T W) 30%[%>r WedJan13 9:56 PM Susanne
Google Earth Pro
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New Data on Holocene Offsets and
Slip Rates for the Oquirrh Fault from
DEMs Made with Structure-from-
Motion Methods

Michael Bunds, Jeremy Andreini, Michael Arnold, Kenneth Larsen, Andrew
Fletcher, and Nathan Toké

Department of Earth Science, Utah Valley University
michael.bunds@uvu.edu



First, a traller....

« Grandview Peak and Legend
White Pine Landslides [l KESEETFL

e Funded and Watershed
. Study areas
working CRN
ages to test
whether they may
be seismically —
induced

/ ~White Pine
i

¥ i

Basemap hitpfigis. utah.gowideveloperbase-maps/
Fault Data hitp:Vgeology.utah. gowmizp-pub/mapsigiss




Grandview Peak Landslide Earl

Results
7 -

y 4

T

 Work of Nick Butterfield
(UVU student)

* Modeled volumes:
e Deposit (18 x 10° m3)
e Source (16 x 10° m?3)

e Landslide-dammed
floodplains (LDFs)
3 m3 :
(583 x 10° m3) 7 (7, il
* No overland flow across . Deposit
deposit ' S & -

~
= é

¥ 1 Kilometers




Grandview Peak Landslide Early Results

f

- #3 o
 Estimated age, based 7

on time to fill LDFs,
applying basin-wide
erosion rates for
Wasatch of Stock et al.
(2010)

* 499 ybp min age
(0.17 mml/yr
erosion rate)

«1211 ybp max age

(0.07 mml/yr
erosion rate)




Oquirrh Fault Regional Sett

e
e e -

INg

el oo B
- — e

Oquirrh Fault is west-
dipping normal fault on
west side of Oquirrh
Mountains

Probably contiguous
with Great Salt Lake
Fault, making second
longest fault systemin & @ C G &
Utah _ / CR AR

i@Saithrake City, -

7

' 2 Google Earth image; Faults from USGS fault and fold database




Oquirrh Fault

* Borders Tooele, Stansbury Pk.
» Three sections
» Southern Oquirrh Fault lies to south
 Local compound scarps
* Mapped and trenched in 1992/1993
 Lund, Olig, Solomon, et al., (1996)
» Two trenching sites
* Most Recent Event
* 4300 — 6900 ybp (**C yrs)
«2.0-3.3mNVD
» Penultimate Event
« 20,300 — 26,400 ybp
*1.9-2.9mNVD
» Possible Antepenultimate Event
* Pre — 32,800 ybp




Project Goals

» Construct accurate, high-resolution
DEMs along Oquirrh Fault

 Measure offset of shoreline features

* Bench elevations in hanging wall
and footwall

e Scarp heights
« Explore future trenching sites
e Student class projects




DEM Construction Methods: Aerial Imagery and
Structure from Motion (SfM)

* Aerial imagery from quadcopter
» Processed with SfM (Agisoft Photoscan) to generate a point cloud
» Georeferenced with ground control points imaged in photographs and surveyed with RTK

GPS
» Checkpoints on bare ground surveyed with RTK GPS used to assess DEM accuracy

Blue squares
are locations
where
photograph was
taken from UAV.

SfM software
determined
locations of the
photos.




Oquirrh Fault DEM

 Constructed in two parts
» Spans ~ 3.9 km of Bonneville shoreline
* North, made fall 2015

5 cm DEM

« Sony A5100 camera (24 Mpixel)

« 2.9 cm average ground resolution

5.8 cm vertical RMS error relative to 63
checkpoints

« ~2.5 km of Bonneville shoreline, 1.87 km?2
» South, made fall 2014

«10 cm DEM

» GoPro camera (12 Mpixel)

*4.1 cm average ground resolution (photo
pixels)

* 9.5 cm vertical RMS error relative to 43
checkpoints

»~1.7 km of Bonneville shoreline, 0.85 km?




Northern Area Point Cloud Screenshot

poinks: 779,309,849




Oquirrh Fault DEM

 Set of profiles across highstand bench
» Set of profiles across scarp

* Some follow sub-Provo shoreline
features

» Some perpendicular to scarp




Highstand Bench

» On profiles, linear sections of wave-cut
face and bench fit with lines

* Intersection of lines considered to be
bench height

Lzl g Profile 2.21

y =-0.6088x + 1614.6
R2=0.9998

y = -0.0781x + 1595.1
R2 = 0.998

bench
height
1570 . . .

0 20 40 60 80 100 120
Distance along profile (m)

1615 -

Profile 3.1
1610 -

—~ 1605 A

=

o2}

o

(@)
L

y =-0.4846x + 1627.1
R2 = 0.9995

1595 +

Elevation (m

1590 +

bench _—7
15851 height

1580 T T T 1
0 50 100 150 200

Distance along profile (m)

y =-0.0888x + 1596.1
R2 = 0.9984




Highstand Bench

* Hanging wall average = 1588.83 m
 Footwall
e Far north average = 1591.83 m

* 1591.66 if three points are excluded
(possible bench modification by
deposition)

» Gradient may reflect ramp, transfer of
displacement to western scarp

 Post-highstand displacement = 2.83 — 3.0 m

\ Bonneville Highstand Bench Elevations
1592.5 -

1592 -
y =-0.0025x + 1592

1591.5 R2=10.7899

1591 A
1590.5 “
1590 A

Elevation (m)

1589.5 -
1589 -

1588.5 -

1588 T T T 1 T 1 T
-250 250 750 1250 1750 2250 2750 3250
Distance from profile 1 (m)




Elevation (m)

1425

1420

1415

1410

Scarp Heights

» On profiles, linear sections on footwall,
hanging, and scarp face wall fit with

» Elevation difference between lines at
midpoint of scarp taken as NVD

Sub-Provo Profile 4

R2=0.9977

R2 =0.9995 $

R?=0.9928

Distance along profile (m)



Scarp Heights

* Provo Bench offset = 3.25 m NVD
e Sub-provo bench 1 =2.72 m NVD
* Lower levels 5.61 — 9.28 m

» Transgressive shorelines???

N Provo and Sub-Provo Age Scarp NVD

=
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J

Vertical scarp height (m)
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Scarp Heights

 Scarps across sub-Provo
shorelines probably compound

. "_' : i : Rk ‘ .. .,':,,__;.,,_v.;._\*u : %
* Deflected shorelines L did L NG 03

e Scarp shape

1440
Sub-Provo Profile 5
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Scarp Heights

» Capturing MRE, PE and
Antepenultimate event?

Provo and Sub-Provo Age Scarp NVD

N 3 events? S
10 -
N l \
— g IMRE & PE
£ _ |/ modified MRE & PE
S 5 - MRE only
34 | |
S 3
g 5
1 -
0 T T T T T T T ]
(0] 100 200 300 400 500 600 700 800

Distance along scarp (m)



Displacement Summary

* MRE
 Highstand offset 2.83 — 3.0 m
* Provo level offset 2.98 m
e Average = 2.94 m
e Post Provo bench,

* < 14,400 ybp (Godsey et al.; Miller et
al.)

- PE

* (6.68 to 5.61) minus (2.83 to 3.0) =
2.61 — 3.85m, 3.1 average

» Post transgressive shorelines, pre-
highstand

«~23,000 to 18,000 ybp (oviatt)
* Antepenultimate
«1.3-3.8 mNVD?
* Pre ~23,000 ybp




Correlation with Trenching

treg@@s this study
e Results are Wl

consistent with
hypothesis that
events dated in
trenches to
north produced
ground rupture
In study area

«~11 km of fault
trace spanned
by trenches and
this work
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» Southern strand (above Bonneville
bench) extends to north

* Relay between western and
eastern strands
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MOVlng South ISOS‘tatIC Reboundf) s Kilometers

Bonneville Highstand Bench Elevation

Elevation (m)
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Future

*Extend DEM to north?
(Possible class project next
fall)

»Get better data for benches to
south and Stockton Bar? But
how to filter rebound signal?







Grandview Peak Lapdsllde Earlv Results

 Work of Nick Butterfield
(UVU student)

* Modeled volumes:
e Deposit (18 x 10° m3)
e Source (16 x 10° m?3)

» Landslide-dammed
floodplains (LDFs)
(583 x 103 m?3)
* No overland flow across
deposit
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DEM Accuracy and Photograph Resolution

 DEM vertical accuracy (RMS error) typically 3 to 10 cm

 RMS error increases with ground sample distance (GSD,; linear
dimension of ground area covered by photograph pixels)

« Camera/ lens less important than GSD

 Minimum RMS error limited by GCP and checkpoint measurement
accuracy (RTK GPS)

DEM error and Photograph GSD

[E
o

Red = GoPro
Green = Sony 24 Mpixel

RMSerror (cm)
(@) = N w AN (63} (o] ~ o (o]

0 0.5 1 () 2 2.5 3 3.5 4 4.5
Ground Sample Distance (cm)




Number of GCPs and DEM Accuracy

DEM error plotted against # GCPs used Average normalized error for four test
to build DEM (using same photos) sites
0.5 14
0.45
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S
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Green = DEM RMS error

Orange = misfit of individual surveyed
checkpoints

Doublespring Pass Site (Lost River Fault, ID)



DEM Accuracy Summary

e 3to 10 cm RMS error easily obtainable
e comparable to USGS Level | specification airborne LIDAR
* GSD (photograph resolution) important
At ~ 1.5 cm GSD, RTK GPS insufficient to achieve best DEM
accuracy
* 5 to 8 GCPs sufficient to achieve ~ 80 % of best possible accuracy for
given GSD
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Looking South....

* Bonneville highstand to south
« 2 m autocorrelated DEM
« Unmodified morphology difficult to
find
* Two data points
« Wavecut bench =1591.4 m

e
S

» Top of spit at Stockton Bar =
1590.0 m (depositional surface)
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Equipment

e Three DJI Phantom 2
guadcopters

« Multiple batteries, generator
for charging in the field

e Sony A5100 Cameras
o 24 Mpixel
 APS-C sensor

e Four 64 GB, dual GPU
workstations
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Forecasting Large Earthquakes
Along the Wasatch Front

lvan Wong
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WGUEP

The Working Group on Utah Earthguake Probabilities
was formed in late 20009.

Funded by the USGS through the NEHRP external
grants program for 3 years and the Utah Geological
Survey.

The final report will be released on 18 April 2016.




WGUEP Members

Ivan Wong, URS (Chair)
Bill Lund, UGS

Mark Petersen, USGS
Tony Crone, USGS
Walter Arabasz, UUSS
Chris DuRoss, USGS
Mike Hylland, UGS

Nico Luco, USGS

Susan Olig, URS

Jim Pechmann, UUSS

Steve Personius, USGS FHE UNIVERSITY OF o
. Department o
David Schwartz, USGS Geology & Geophysics

Bob Smith, UU
Patricia Thomas, URS

; Assistance from Steve Bowman, UGS
|
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Introduction

The WGUEP calculated the probability of moderate to large
earthquakes (M = 5.0) in the Wasatch Front region for a
range of intervals varying from annually to 100 years.

Time-dependent and time-independent earthguake
probabilities that were estimated are:

Segment-specific for the 5 central segments of the Wasatch fault.

Total for the Wasatch fault central segments and the whole fault
Including the end segments.

Segment-specific and fault-specific for the Oquirrh-Great Salt Lake
fault.

Time-independent fault-specific for all other faults in the Wasatch
Front.

Time-independent for background earthquakes (M 5.0 to 6.75).

Total for the Wasatch Front region.
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Introduction (cont.)

The WGUEP report has been reviewed by a USGS panel led by
Rich Briggs and Is awaiting Director approval. The report Is
undergoing review and editing by the UGS and will be
published as a UGS Miscellaneous Publication.

A media release Is scheduled for 18 April to coincide with the
Utah ShakeOut event. Results will also be presented at

meetings for the general public and at professional and
scientific society meetings.
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Scope of Work

Time-dependent probabilities were calculated for Wasatch
and the Great Salt Lake fault zones where the data is
available on the expected mean frequency of earthguakes
and the elapsed time since the most recent large
earthquake.

Even for these faults, significant weight was given to the
time-independent model.

Where such information is lacking on less well-studied
faults, time-independent probabilities were calculated.

Epistemic uncertainties in all input parameters were
explicitly addressed by the WGUEP using logic trees.
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Segments of
the Wasatch
Fault Zone
(WF2) In
Southern
ldaho and
Northern Utah




Single-Segment Rupture Model for the
Central WFZ
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Intermediate Rupture Models for the
Central WFZ

A — B4+WS5, B3+W4
and S2+P3

B — P3+N3 in place of |
S2+P3 |

C — B4+WS5 and
B3+W4




Multi-Segment Rupture Models for the
Central WFZ
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Generalized Logic Tree for Calculating the
Recurrence of the Central Segments off WEZ

RUPTURE RUPTURE SEISMOGENIC RECURRENCE
MODEL SOURCE THICKNESS

Brigham City

Segmented Salt Lake City *
(0.70)

Multi-segment A . ETruncat?_d |
(0.05) Xponentia

Multi-segment B
(0.05)

Multi-segment C
(0.075)

Brigham City + Weber

* Need to consider coseismic rupture

Minimum Salt Lake City + Provo with West Valley fault zone

(0.025) ** Floating M 7.6

Provo + Nephi

Unsegmented (floating) **
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Segments of the Oguirrh-Great Salt Lake Fault
Zone

O-GSLFZ SEGMENTS
Rozelle (RZ) — 25 km
Promontory (PY) — 25 km
Fremont Is. (FI) - 25 km
Antelope Is. (Al) — 35 km
No. Oquirrh (NO) — 30 km
So. Oquirrh (SO) — 31 km
Topliff Hills (TH) — 26 km
East Tintic (ET) — 35 km

-Eact Graat Tait Laks fault Tone:
Creat Saf Lake, Footmde Segment
il




“Other” Faults/Fault Segments In the Wasatch Front
Region Retained in the WGUEP Probabilistic Earthquake
Forecast

Bear River fault zone Morgan fault
Broadmouth Canyon faults® Northern section®
Carrington fault Central section’
Crater Bench fault? Southern section®
Crawford Mountains (west side) fault North Promontory fault
Curlew Valley faults Porcupine fault
Drum Mountains fault zone? Pavant Range fault*
East Cache fault zone Reactivated section Absaroka thrust fault
Northern segment Red Canyon faults’
Central segment Rock Creek fault
Southern segment? Scipio fault zone”
East Dayton — Oxford faults Scipio Valley faults’
Eastern Bear Lake fault Skull Valley (mid valley) faults
Northern segment Snow Lake graben
Central segment Stansbury fault
Southern segment Stinking Springs fault
Gunnison fault Strawberry fault
Hansel Valley fault® Utah Lake faults
Hansel Valley (east side) faults® West Cache fault zone
Hansel Valley (valley floor) faults® Clarkston fault
James Peak fault* Junction Hills fault
Joes Valley faults Wellsville fault
Little Valley faults West Valley fault zone
Main Canyon fault Granger fault
Maple Grove faults’ Taylorsville fault
Western Bear Lake fault

e e m
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Accomplishments

Characterized end segments of Wasatch fault and other
faults in Wasatch Front.

Characterized all other “significant” faults in the Wasatch
Front.

Developed model for coseismic rupture of antithetic faults
SLC Segment/West Valley (0.75/0.25)
Provo Segment/Utah Lake (0.5/0.5)
Hansel Valley/North Promontory (0.4/0.6)
Western/Eastern Bear Lake (0.5)/0.5)

Compiled new consensus historical catalog through 2012 for
the Wasatch Front.
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Accomplishments (cont.)

Developed a methodology to estimate Mmax.

A faults (segmented with 2+ paleoseismic sites):
45% Mo (Hanks and Kanamori)

45% SRL-c (Stirling)

5% SRL (W&C-all)

5% W-SRL (Wesnousky)

B faults (segmented, but limited D data): C faults (not segmented, limited D data):
60% SRL-c (Stirling) 50% SRL-c (Stirling)
40% SRL (W&C-all) 50% SRL (W&C-all)

We have adopted a background earthquake Mmax of M
6.75 = 0.25. USGS recurrence approach (e.g., recurrence
models) Is being used.

Fault dip uncertainty adopted is 50 + 15 degrees.
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Accomplishments (cont.)

Seismogenic crustal depths (km):
East of WFZ 12 (0.1), 15 (0.7), 18 (0.2)

West of WFZ 12 (0.2), 15 (0.7), 18 (0.1)

We compared moment rates derived from available
geodetic, historical seismicity, and paleoseismic data.
There Is general agreement betweeen the rates given the
uncertainties. A discrepancy exists between the rates at
the southern end of the Wasatch fault.

The geodetic data was used as a constraint on regional
moment rates but not to estimate slip rates.
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Results

Stay Tuned on 18 Apiril.
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« The Utah Geological Survey and Western States Seismic Policy Council
convened the third Basin and Range Province Seismic Hazards Summit
(BRPSHSIII) in Salt Lake City, Utah, on January 12-17, 2015.

e Basin and Range Province Seismic Hazards Summits are held at
approximately decadal intervals to “take the pulse” of earthquake-hazard
research and mitigation in the Basin and Range Province.

« BRPSHSIII brought together geologists, seismologists, geodesists,
engineers, emergency planners, and policy makers to:

(1) present and discuss the latest seismic-hazard research in the Basin
and Range Province,

(2) toevaluate the implications of that research for earthquake-hazard
reduction and public policy, and
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BRPSHSIII Included Seven Technical Sessions (42 speakers -
47 presentations) and 14 Poster Presentations

Technical sessions included:
TS-1 Perspectives and Overview of User Needs
TS-2 M., Issuesin the Basin and Range Province
TS-3  Ground Motions from Normal-Faulting Earthquakes

TS-4 Fault Segmentation and Rupture Patterns in the Basin
and Range Province

TS-5 Earthguake Engineering and Risk Mitigation
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BRPSHSIII Also Included

e A pre-summit short course titled Characterizing Hazardous
Faults — Techniques, Data Needs, and Analysis,

o A pre-summit U.S. Geological Survey workshop titled
Evaluation of Hazardous Faults in the Intermountain West
Region,

o A post-summit field trip titled Salt Lake City’s Earthquake
Threat and What is Being Done About It, and

e The AEG Richard H. Jahns Distinguished Lecture in
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BRPSHSIII Proceedings Volume

UGS Miscellaneous Publication 15-5
http://geology.utah.gov/map-pub/new-maps-publications/

« Available technical session PowerPoint presentations,
most with an accompanying abstract or short paper,

« Available poster presentations (10),
e The short-course manual,
e The field-trip guidebook,
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BRPSHSIII Surfaced Seismic-Hazard
Questions, Needs, and Recommendations

Discussion periods following each BRPSHSIII technical session and the
wrap-up session surfaced questions, unmet needs, and recommendations
regarding seismic-hazard investigation, mitigation, and public policy in the
Basin and Range Province.

1. Isinvesting in Earthquake Early Warning (systems) more important/practical
than continued earthquake hazard map refinement?

2. The U.S. Geological Survey (USGS) National Seismic Hazard Maps do not
Incorporate the timing of the most recent earthquake on the fault sources used
to prepare the maps (time independent), and therefore do not accurately portray
the current probabilistic hazard represented by those faults.

UTAH GEOLOGICAL SURVEY geology.utah.gov




BRPSHSIII Surfaced Seismic-Hazard
Questions, Needs, and Recommendations

4. Recommend that the USGS and Basin and Range Province state geological
surveys emphasize mapping and paleoseismic investigations of faults in and near
urban areas, even where perceived probabilistic hazard is low because the faults
have low slip rates.

5.  Recommend developing a Unified Geologic Hazard Code minimally at the state
level, but preferably at the national or international level similar to the
International Building Code and the International Residential Code that could
serve as an objective, standardized ordinance for all jurisdictions with potential
geologic hazards (including earthquake hazards).

6. There is a need to develop new, self-consistent magnitude regressions that
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BRPSHSIII Surfaced Seismic-Hazard
Questions, Needs, and Recommendations

7. Geologic observations of the variability of displacement at a point on a fault from
a global dataset have a coefficient of variation (CV) of 0.5. Forward modeling of
displacement-at-a-point variability using the Youngs and Coppersmith (1985)
characteristic earthquake model yields results consistent with the global data set.
Using the Gutenberg-Richter distribution with large M., yields CV values
significantly larger than observed, and does not support the use of a large
M.« eXponential model for probabilistic seismic-hazard analysis to describe the
distribution of magnitudes on a fault in the Basin and Range Province or globally.

8. The Enhancement of Next Generation Attenuation Relationships for Western US
(NGA-West2) ground-motion-prediction models used to estimate ground-shaking
hazard suffer from a lack of normal faulting strong-motion data not only from the
Basin and Range Province, but globally. Hence, there may be considerable
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BRPSHSIII Surfaced Seismic-Hazard
Questions, Needs, and Recommendations

9. The hanging-wall effect contained in the NGA-West2 ground-motion models is a
significant factor in estimating the seismic hazard in the Basin and Range
Province because many urban centers are in the hanging wall of normal faults.
Accurately capturing this effect in ground-motion models is critical particularly
for bending faults which includes most normal faults.

10. Segmentation of faults in the Basin and Range Province is physically based
(earthquake timing, fault structure, rupture kinematics) and provides the best
approach for modeling earthquake rupture on long Basin and Range Province
faults.

11. Surface faulting in the Basin and Range Province is typically regulated over the
Holocene Epoch (past ~ 11 kyr), which is as much as an order-of-magnitude longer
recurrence interval than is used to mitigate other dangerous and destructive
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BRPSHSIII Surfaced Seismic-Hazard
Questions, Needs, and Recommendations

12. Acceptable risk is a concept used by architects and structural and geotechnical
engineers for engineering design to reduce risk to an acceptable level. Structural
and geotechnical engineering mitigation solutions for surface faulting should be
permitted if they demonstrate adequate safety factors.

13. How much paleoseismic information (earthquake timing, recurrence,
displacement) is required to adequately characterize fault activity for
performance-based (engineering) surface-faulting mitigation for the predominantly

long recurrence interval (1000 plus years), normal-slip faults typical of the Basin
and Range Province?

14. In property rights states (most if not all Basin and Range Province states) when a
city or county approves a project, it accepts future liability (tax payers pay for
developers mistakes). Recommend that jurisdictions in the Basin and Range
Province with potential geologic hazards adopt laws, ordinances, and regulatory-
review requirements to reduce future damage from geologic hazards.
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2017 Fault Investigation Priorities Discussion
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UQFPWG Priorities

Utah Fault or Fault Segment
Additions

Nephi segment, Wasatch fault zone?3

West Valley fault zone?3

Weber segment, Wasatch fault zone?® — most recent event

Weber segment, Wasatch fault zone?? — multiple events

Utah Lake faults and folds®

Great Salt Lake fault zone??

Collinston and Clarkston Mountain segments, Wasatch fault zone?

Sevier and Toroweap faults?3

Washington fault zone? (includes Dutchman Draw fault?)

Cedar City-Parowan monocline® and Paragonah fault??

Enoch graben?

East Cache fault zone??

Clarkston fault>?

Wasatch Range back-valley faults (includes Morgan fault? and Main Canyon fault3)

Hurricane fault zone?3

Levan segment, Wasatch fault zone??

Gunnison fault®

Scipio Valley faults®

Faults beneath Bear Lake

Eastern Bear Lake fault zone??

Bear River fault zone??

Brigham City segment, Wasatch fault zone?3 — most recent event

Carrington fault, Great Salt Lake fault zone?

Provo segment, Wasatch fault zone?2 — penultimate event

Rozelle section, East Great Salt Lake fault

Salt Lake City segment, Wasatch fault zone?3 — northern part

Warm Springs fault/East Bench fault?? subsurface geometry and connection

Brigham City segment, Wasatch fault zone?3 rupture extent (north and south ends)

Northern Provo segment, Wasatch fault zone?? — long-term earthquake record

Taylorsville fault, West Valley fault zone?®

Hansel Valley fault??®

Acquire new paleoseismic information to address paleoseismic data gaps for the five central segments of the Wasatch fault zone.

Use recently acquired LiDAR data to more accurately map the traces of the Wasatch, West Valley, and Hurricane fault zones, and search for and map as appropriate previously undiscovered
mid-valley Quaternary faults.

Acquire high resolution aerial imagery (LiDAR, Structure from Motion, etc.) and map high-risk (chiefly urban) Utah hazardous faults. Identify future paleoseismic trench sites.




Included In

Utah Fault or Fault Segment
Utah Hazus

Beaver Basin intrabasin/eastern margin faults Yes

Crater Bench/Drum Mountains fault zone Yes

Crawford Mountains (west side) Yes

Cricket Mountains fault (west side) Yes

Fish Springs fault Yes

House Range (west side) fault Yes

Joes Valley fault zone Yes

Little Valley faults Yes

Malad segment, Wasatch fault zone Yes

Mineral Mountains (west side) faults Yes

North Promontory fault Yes

Oquirrh fault zone Yes

Oquirrh-Southern Oquirrh Mountains fault zone Yes

Parowan Valley faults Yes

Pavant/Tabernacle/Beaver Ridge/Meadow-Hatton/White Sage Flat faults Yes

Porcupine Mountain faults Yes

Scipio/Pavant Range/Maple Canyon/Red Canyon faults Yes

Skull Valley faults (southern part) Yes

Snake Valley faults Yes

Snow Lake graben Yes

Stansbury fault zone Yes

Strawberry fault Yes

Wah Wah Mountains (south end) Yes

West Cache fault, Wellsville section Yes

Western Bear Lake fault Yes
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Fault or Fault Segment

Nephi segment, Wasatch fault zone>

Granger fault, West Valley fault zone>¢

Weber segment, Wasatch fault zone>® — most recent event

Weber segment, Wasatch fault zone>¢ — multiple events

Utah Lake faults and folds®

Great Salt Lake fault zone>®

Collinston and Clarkston Mountain segments, Wasatch fault zone®
Sevier and Toroweap faults®®

Washington fault zone®

East Cache fault zone>®

Wasatch Range back-valley faults
Main Canyon fault®
Hurricane fault zone>¢

Levan segment, Wasatch fault zone>¢

Brigham City segment, Wasatch fault zone>¢ — most recent event
Bear River fault zone>®

Salt Lake City segment, Wasatch fault zone>® — north part

Hansel Valley fault zone>®

Nephi segment, Wasatch fault zone>® — long-term earthquake record

Provo, Salt Lake City and Nephi segments, Wasatch fault zone>® segmentation

Flat, Maple, and Corner Canyons, and Alpine sites

Using LiDAR to map portions of the Hurricane®¢, Wasatch®¢, and West Valley>*® fault zones

Acquire high resolution imagery and map Utah hazardous faults.
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2007
2007

2009

2011

2012

2012

2014

2015

Investigations
Status?3 (as of 12/2015)

UGS Special Study 124 and 151

USGS SI Map 2966
UGS FTR Report

UGS Special Study 149

UGS Special Study 130

UGS Special Study 130

UUGG FTR Report
UUGG FTR Report

UGS Special Study 121
Map: UGS Open-File Report 638

UGS Special Study 122

UGS Miscellaneous Publication 15-6 (in press)

USU FTR Report
No activity

UGS Miscellaneous Publication 10-5

UGS Special Study 119

UGS Map 229
Map: UGS Open-File Report 640

UGS Special Study 142

Ongoing

UGS Special Study 149

McCalpin (1985), Robinson (1986), McCalpin and others (1992)

UUGG ongoing

UGS FTR Report

USGS work ongoing
UGS FTR Report

UGS Open-File Reports 638 and 640
Additional work ongoing

Two proposals awaiting funding

Institution®

UGS/USGS

UGS/USGS

UGS/USGS

UGS/USGS

UUGG/BYU
UUGG

UGS
UGS
UGS

usu

USBR
UGS

UGS

UGS/USGS
USGS/UGS

UGS/USGS

UUGG

UGS/USGS

USGS/UGS

UGS

UGS/State of Utah




Investigations

Fault or Fault Segment (Not in Priority Order) Status (as of 12/2015)12 institution

Nephi segment, Spring Lake and North Creek sites: UGS

UGS/USGS
FTR Report, Special Study ongoing /

Acquire paleoseismic information to address paleoseismic data gaps for (1) the five central segments of the NI 7I{ull A HE a@=To\ el B -EUUATCRYO] To{o] (o -V ICRY IS
Wasatch fault zone, (2) the Oquirrh fault zone, and (3) the East and West Cache fault zones. Examples of Report
paleoseismic data to acquire include extent of surface-faulting rupture, earthquake timing, displacement,
and subsurface fault geometry.

USGS/UGS

Salt Lake City segment, Corner Canyon site: ongoing UGS/USGS

Provo segment, Dry Creek and Maple Canyon sites: USGS

USGS/UGS
ongoing, UGS FTR Report /

Use recently acquired LiDAR data to more accurately map the traces of the Wasatch, West Valley, and UGS Open-File Reports 638 and 640
Hurricane fault zones, and search for and map as appropriate previously undiscovered mid-valley The UGS is currently mapping portions of the Hurricane,
Quaternary faults. Wasatch, and West Valley fault zones.

Acquire earthquake timing information for the Utah Lake faults to investigate the relation of earthquakes
on that fault system to large earthquakes on the adjacent Provo segment of the Wasatch fault zone No activity
(independent or coseismic ruptures, fault pairs?).

Acquire high resolution aerial imagery (LiDAR, Structure from Motion, etc.) and map high-risk (chiefly

T I iting fundi UGS/State of Utah
urban) Utah hazardous faults. Identify future paleoseismic trench sites. cefs R s ey /State of Uta

Investigations

Fault or Fault Segment UQFPWG Priority?!

Status (as of 12/2015)2 Institution

Cedar City-Parowan monocline and Paragonah fault3* Map: UGS Map 270 UGS

Enoch graben’ Map: UGS Open-File Report 628 UGS

UGS Special Study 98

Clarkston fault, West Cache fault zone3* . N - .
Fault trace mapping proposal submitted, awaiting funding

Gunnison fault* No activity

Scipio Valley faults* No activity

Faults beneath Bear Lake No activity

Eastern Bear Lake fault zone? Fault trace mapping proposal submitted, awaiting funding

Carrington fault, Great Salt Lake fault zone* No activity

Rozelle section, Great Salt Lake fault zone*3 No activity
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