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WGUEP AGENDA
Wednesday, February 10, 2010

7:30—-8:00
8:00-8:15

8:15-9:00

9:00-9:30
9:30-10:15
10:15—-10:30

10:30 - 11:00

11:00 —12:00
12:00-1:00
1:00-2:00

2:00—-3:00

3:00-3:15

3:15-4:15

4:15-5:00
5:00

Continental Breakfast

Welcome and I ntroductions

Purpose, Tentative Scope of Work, SSHAC Process, and
Schedule

Overview of UCERF2
| ssues Associated with UCERF2
Break

Discussion on UCERF2

Overview of Wasatch Fault

Lunch

Overview of Forecast M odel | nputs

Overview of Utah Quaternary Fault Working Group Model
Break

Review of Wasatch Time-Dependent Probabilities

Discussion

Adjourn

Bill Lund
| van Wong

Mark Petersen
David Schwartz

M ark Petersen/David
Schwartz

ChrisDuRoss

|van Wong

Bill Lund

Susan Olig




WGUEP AGENDA
Thursday, February 11, 2010

7:30-8:00

8:00-9:00

9:00-9:30

9:30-9:45

9:45-10:45

10:45-11:30

11:30—-12:30

12:30—-3:00

3:00-3:15
3:15-4:00
4:00

Continental Breakfast

Overview of Seismicity Catalog

| ncor por ation of Background Seismicity into For ecast

Break
Overview of Geodetic Data

| ncor por ation of Geodetic Ratesinto Forecast
Lunch

| ssues (integration of geodetic data, segmentation, multi-
segment rupture, recurrence models, etc.)

Break
Path Forward
Adjourn

Walter Arabasz/Jim
Pechmann

Walter Arabasz/Jim
Pechmann

Bob Smith

Bob Smith

| van Wong

All
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Introcuction

e Define Study Region

e Scope of Work



Introduction (cont.)

» The level of information on past earincuakes along ine

Wasztcr fault, aslong witn regionzl SQJSHJJF‘JT/ arnd geodeiic
clata, 1s now JumrJerJrJ/ rooust to provide tne basis for
rmewdng oropaollisiic estirnates of futlre large earincuakes

wWiItnin the Wassaicn Froqt,

» The meinodologies necessary to estimeate propapiliiies

nave peern developed and refined by ine various Cealifornia
Worring Groups, and tneir experience carn now pe applied
in Utar.
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Tirme-Independent Versus Tirme-
Depencdent Mocdels
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Approzacrn (cornt.)

-

An approzcr sirnilar to that taken oy tne various
Californias Worxing Groups will be followed.

We will corivene a series of worrksnogps and rmeeings
over a two-year geriod to review and develop rmodel
cornponenis. A SSHAC Level 2 orocess will ne followed.






ornt.)

(C

7

\
\
\

scope of Wor



=,
(D
(W

/M

(D

(D

2

O

/I
jj

0
w
-
11
O
1
Q)
o
11
11

A
Non-coritroversial ancl/or
insignificant to nazard

B

Significant uncertainty ar
cdiversity, controversial, znd

C
Flignly contentious,

significant to nazard, znd

nignily cornplex

| FACTORS

\4

1

T1 evaluates/welghts moclels based on literature
review arid experience; estirnates cornrnurity
distripution

2

T1interacts with groponents and resource experts to
iclentify issues an d interpretations; estimates
corrrnunity distrioution

3

T1 brings together proponents arid resource experis
for depate and interaction; T focuses depate and
evaluates alternative interpretations; estimates

cornrunity cistripution

experts o interpret and
ssum, avolds inapproprizie
L

| orgrlm/es penel o
eJllrw focuses discu

J' ators; draws picture of
evaluators' estirnate of the cornrnuni r/5 COrMposit 2
distribution; has ultimete responsivility for project
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Approacrn (cont.)
» Four models” will ne Irmplermented in tne forecast
0rocess:
Fault rnocel

forrnatlon rnocel

O
)
—h

1
2
3. Eartnquzare rate model
4

Propapllity rnodel

ertainties in all model input pararneters will be explicitly
trie WGUEP,



alculaite the propabllity of a large
6.5) 111t

earincuare (M = | trie Wasaicn Frorit Reglor
for a range of intervals varying frorn annually to 100
Vears

Trie earinquare propaollities tnat will ne estrmated
elre:

1
2. Total for tne Wasatcn fault

3. Fault-specific for otner rmeajor faulis in ine area
4

Total for tne Wasaicn Front regior.



Procducts (cont.)

» Trie final forecast will undergo a formel internal USGS
review, and will e sent to the Natlonal zarincuzaire

~ -

Prediction Courncll for review arncd cornrent as well,

» Vedia release of trie WGUEPR results will e nandled
py tne UGS, Project res JJ 85 vvJH ne oreﬁmfed CLE
rmeeiings for in
and scientific society meet]nr S,
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Meeting

[L]]

(D

PLJTJODS@

Icikoff: Review WGCEP process and WGUEP scope
of wWork.,

Develoo rupture scenarlios for tne Waszaicr fault,

Develop time-depencdent and independent

recurrence rates for tne Wasatcen fault,
Develoo iirme-independent recurrerice raies for giner
\Wasatcrn Front faults,

Haviaw Qrehmmrrr/ eartricUaie prooanility
calculations.

Review and adoot final resulis.
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Uniform California Earthguake Rupture Forecast 2 (UCERF 2)

Working Group on California Earthquake Probabilities (WGCEP)

National Seismic Hazard Mapping Program (NSHMP)
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WGCEP-2007 Goal:

To provide the California Earthquake Authority (CEA) with a
uniform, statewide, time-dependent earthquake rupture
forecast that uses “best avallable science” and is endorsed by
the USGS, CGS, and SCEC

Uniform California
Earthquake Rupture Forecast 2
(UCERF 2)

Coordinated with the 2007 USGS
National Seismic Hazard Mapping Program
(same time-independent model)
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Primary Authors:

Edward Field U. S. Geologica Survey, Pasadena, CA
Timothy Dawson U. S. Geologica Survey, Menlo Park, CA
Karen Felzer U. S. Geological Survey, Pasadena, CA
Arthur Frankel U. S. Geologica Survey, Golden, CO
Vipin Gupta SCEC/ University of Southern California
Thomas Jordan University of Southern California
Thomas Parsons U. S. Geologicd Survey, Menlo Park, CA
Mark Petersen U. S. Geologica Survey, Golden, CO
Ross Stein U. S. Geologicd Survey, Menlo Park, CA
Ray Weldon SCEC/University of Oregon

ChrisWills CaliforniaGeological Survey

April, 2008

Report also reviewed by both
the National and California
Earthquake Prediction
Evaluation Councils
(NEPEC and CEPEC)
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UCERF Ingredients
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|mportant Lessons from Previous WGCEPSs:

1) Everything takes longer than you expect

2) Therewill be problems with the final model

Thus:

Plan for both the near and long term (e.g., build aliving,
extensible infrastructure that can adapt to new science,

data, or seismic events)

(allowing others to more easily pick up where we |eft off)



UCERF2 Model Construction

X A

Fault Section | nstrumental GPS Paleo Sites Historical
Database Qk Catalog Database Database Qk Catalog
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UCERF2 Model Construction
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Deformation Model 2.1

expert opinion dip rates
from geologic and some
GPSdata

dip rate (mm/yr)
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Unique to Deformation Model 2.1

dip rate (mm/yr)



0001

Unique to Deformation Model 2.2

dip rate (mm/yr)
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Unique to Deformation Model 2.3

dip rate (mm/yr)



]

——— ,omy D€fOrmation Models also

o1 Include shear (Type-C) zones
mmiyr I 8.0 mm/yr

/ Aommiyt

GPS observations
(only some shown)



Earthquake Rate Model

Type-A Faults

Ellsworth B (2003)
Hanks & Bakun (2007)

Faults are assumed to rupture as one or more segments

Magnitude

Fault Area (km)



Earthquake Rate Model
Type-B Faults

These Type-B faults have
the option of being
connected

TFadt Nare Faut Mode Falt Sectons
PalosVerdes |2.1& Palos Verdes
22 Coronado Bank
Newport 21@)& Rose Canyon
Inglewood 2.2 (d?2) Newportnglewoodfshore)
Newpottnglewooditl (o alt?)
SantaMonica |2.1(d) & AnacapBume, alt(bralt 2)
2.2 (d2) Santa Mnica, alt (o at?
Santa Y nez 21& Santa Y nez (West)
22 Santa Y nez (East)
SierraMadre |2.1& Sierra M ad(®anFernang
2.2 SierraMadre
DeathValley [21& Death Valley (Nd@oicamongo)
2.2 Death Valley (No)
Death Valley (Black Mtns Frontal)
Death Valley (So)
Panamint Valle 2.1 & Hunter Mount&aine Valley
2.2 Panamint Valley
LittleSalmon |2.1& Little Salm@Onshore)
22 Little Salm@Cffshore)
Oak Ridge 22 Oak Ridge (Off sharesextension
Oak Ridge (Offshore)
Oak Ridge (Onsor
Pitas Point 22 Pitas Poiftpper)
Venturditas Point
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Earthquake Rate Model

Type-A Faults

Putting it all together ...

Type-C Sources

Type-B Faults

Background
selsmicity

—

Quake
rates on
known
faults

Quake
rates
elsewhere



- 1

Earthquake Rate Model
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Earthquake Rate Model
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Earthquake Rate Model
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Maacama-
/ Garberville
~— Shrings spatial
distribution
of the
Death Valley S. ) bU| ge”
Cholame/
/ Imperial
San Cayetano, /
Holser, Onshore
Oakridge,
Northridge, &
Santa Susana
faults?
Log,, of predicted number of M26.5 Log,, of the ratio of the predicted rate of
eventsin 5yrsin each 0.1 by 1.0 degree M=6.5 events divided by that

bin (RELM test format) extrapolated from M=5 using b=0.8
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Earthquake Probability Model

These are modeled astime Type-B Faults
Independent (Poisson)
earthquake sources

P=1-exp™"

where R = earthquake rate
& T = theforecast duration

Type-C Sources Background
selsmicity
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Earthquake Probability Model

Type-A Faults Type-B Faults

An “ Empirical” probability model is also applied
to Type-A & -B Faults

A Poisson model where long-term rates are scaled by any
differences between recent and long-term seismicity rates
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Summary of results:






For the entire California Region

Magnitude
26.7 27.0 275 28.0

30-year
Probability

Average Repeat
Time (years)

>99% 94%  46% 4%

5 11 48 650

~3 M 25 per year

One M=6 every ~1.5 years
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The most important
epistemic uncertainty:
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Significant Changes

 Better representation of faults

» Deformation models w/ SAF-SJF dlip-rate tradeoff and geodetic strain across the Mojave

» Garlock treated as Type-A faullt.

« Two new Type-C zones added to southern California

* Inclusion of more paleoseismic data & more rigorous moment balancing in the development of
Type-A fault-rupture models.

» A more thorough analysis of observed seismicity rates throughout the state of California

* GR b-value=0 option on Type-B faults

* A 10% dlip-rate (or moment-rate) reduction applied to faults to account for off-fault deformation,
smaller earthquakes, aftershocks and foreshocks.

* Inclusion of multi-segment ruptures on the San Jacinto and Elsinore faults (lowering rates and
increasing ave magnitudes)

« Some previously distinct B-Fault sources have been combined into larger sources

» The background seismicity GR distribution is reduced by afactor of 3 above M 6.5

» Self-consistency analysis of conditional time-dependent probability calculations

» Uniform application of conditional, time-dependent probabilities throughout the state

 Division of WGCEP (2003) faults into type A vs B for statewide consistency

 Full coordination with NSHMP

» Deployed in amodular, extensible, living framework that includes analysis tools
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1)

2)
3)

4)

o)
6)

7)

8)

Future Improvements (UCERF3)

Utilize kinematically consistent deformation models that include GPS
observations (& off-fault deformation)

Clarify the distribution of dip during large earthquakes
Interpretation of the “Empirical Model”

Relax segmentation assumptions & include “fault-to-fault” rupture
possibilities (while honoring dip-rate and paleoseismic event-rate data)

Apply self consistent elastic-rebound-motivated renewal models

Include earthquake clustering/triggering effects (more important than
elastic rebound?)

Reduce model complexity

Develop tools to evaluate the loss implications of alternative models (to
honor all logic tree branches and/or to allow scientists to trim branches)



67%

WG 90 (71990-2020)



Working Group 2002 study

We constructed a long-term model for large-earthquake
production in the SFBR

— balances slip rates and plate tectonic rates

— accounts for overlapping ruptures, fault creep, earthquake
Interactions, and other complexities

— provides magnitudes and rates of earthquakes

We then calculated short-term earthquake probability forecasts

— gives probabilities for faults, fault segments, and the Bay
region

— for a range of time intervals and earthguake magnitudes

Results are applicable to hazard and loss calculations, and
scenario planning



Working Group 2002
Oversight Committee and Participants

Michael Blanpied, USGS (co-chair)
David Schwartz, USGS (co-chair)
Norm Abrahamsen, PG&E

William Bakun, USGS Plus contributions
William Ellsworth, USGS from dozens of
William Foxall, LLNL other earth scientists
Thomas Hanks, USGS in government,
Kathryn Hansen, Geomatrix academia, and
William Lettis, Lettis & Assoc. the private sector
James Lienkaemper, USGS |

Mark Petersen, USGS
Paul Reasenberg, USGS
Michael Reichle, CGS






San Francisco Bay Area

Earthquake Model

What goes in...must come out

-Plate Motions

-GPS rates
-Paleoseismology
-Historical Seismicity
-Fault Interactions
-Expert Opinion




Four measures of SFBR rates



San Francisco Bay
Area Faults



2003 Fault Characterization

EARTHQUAKE DATES
Segmentation
Multi-segment ruptures

SLIP RATES
Regional slip budget

Recurrence
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Rupture Rates

Fault segments

Rupture sources









Recurrence model pdf's
Mean=1, Aperiodicty=0.5



Moment Accumulation in the SF Bay Region

Stress Shatlow



Models vs. Historical Data



Time-predictable model

Shimazaki and Nakata, 1980

=il last

Slip rate

Slip last





















San Francisco

Bay Region
Earthquake
Probabilities

Probabllity for one or more DI
M6.7 or greater earthquakes

from 2002 to 2031

USGS Open-File Report 03-214




30-year Probabilities at
Different Magnitude Thresholds

<M6.7  80%-967%
>M6.7 62%
> M7 35%
>M75  10%



30-year Probability of
Rupture, M>6.7



Probabilities for Other Exposure Times






Damaging earthquakes are likely in the coming years and
decades

Moderate-sized (M>6) quakes very likely (80-90+%)
M>7.5 earthquakes less likely but possible (10%)

Potential shaking is strongest along the Bay margins



WGO03 (OFR 03-214)

All faults characterized using same method

Segmentation models; multi-segment ruptures

Uncertainty in segment boundaries, overlapping ruptures, + L
Rupture scenarios weighted by expert groups from available data
Floating (unsegmented) earthquake based on historical seismicity

Recurrence was modeled; slip rates drive recurrence

Recurrence, MRE, and range of P models give time-dependent
probability



UCERF 08 (OFR 07-1437)

Faults modeled as A faults and B faults for statewide consistency;
classification based on level of available recurrence data

A faults: segmented, multi-segment rupture scenarios, fixed
boundaries:recurrence from paleoseismic data: use of MRE;
time-dependent probabilities

B faults: no segmentation ; Mmax from rupture area: 67%
of moment in Mmax, 33% in exponential distribution to M6.5;
recurrence from slip rate; time-independent probabilities

Greenville, Concord-Green Valley, San Gregorio, Mt. Diablo
re-classified as B faults



WG 03 UCERF 08
FAULT 2002-2031 2007-2036
San Andreas 21 21
Hayward-Rodgers 27
Creek
Calaveras 11 7
San Gregorio 10 6
Greenville 3 3
Concord-Green 4 3
VEU Y
Mt. Diablo 3 1
Background 14
Bay Area 62
Cumulative




Products: What are you going to give the public?

Community buy-in: subgroups, broader involvement
Transparency/reproducibility

Review process



Overview of the Wasatch Fault Zone

Chris DuRoss (UGS)

2010 Working Group on Utah Earthquake Probabilities
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Wasatch fault zone

e Length
340 km (straight line)
383 km (surface trace)

e 10 segments
Northern segments
» No Holocene surface faulting
Central segments (outlined in blue)
» Repeated Holocene earthquakes

Southern segments

» Some Holocene faulting, but not
multiple Holocene events(?)

hll-ll II|H

UTAH

Salt'l

! ;:“&ﬂ* C‘n‘




Outline

|. Central segments
o [ault geometry & length
e Paleosaismic data (most recent earthquake [MRE],
recurrence and dlip-rate estimates)
e Questions/issues

Il. Southern segments

[11. Northern segments



Central segments



boundary

e 3560 km long

e Subsurfacedip

— 30-50° (bedrock faults, seismic data)
(Gilbert 1928; Smith & Bruhn, 1984) »

— 60-90° (fault trenching) | __rfﬂg;;kﬁ-j '

» Paleosaismic evidence
— Repeated Holocene earthquakes

— Average repeat time ~300 yr
(~20 earthquakes in 5.6 ky)

(~Wasatch &
fault zone B

| ‘I\j UTAH
i




WFZ earthquake history (~2004)

o Utah Quaternary
Fault Parameters
WG (Lund, 2005)

— Consensus
earthquake times

— Average recurrence
(per segment):
1.3-2.5ky

— Average dip rate

(per segment):
1.1-1.4 mm/yr

Time (thousands of calendar years B.P. [ka])

Q

A Wasatch fault trace map

w
P
= -¢)-r o paleossismic
site

= e
wassh_ W

Ep
e qﬁ“‘:\:_ﬁ/fﬂ;

Brigham City ‘ Weber

fault ;_'-‘_é_.

-

Salt Lake City

B

SLCE

: ~9.0 (shortly

after 8.5-9.9)

SLCS

BC4
5.85 + 0.25

~7.5
{=5.1-5.3, <B.8-9.1)

T

no data

SLC4

f

no data

532075

iSLC3

W2

i SLC2

13.95+0.55

| P2

N3
|>3-.9 £ 0.5,

i<5.3 + 0.7

N2

L2
| early Holocene/
| latest Pleistocene

1~39+05

| 285+ 085

| 245 + 0,55

0.95 + 0.45

L P1

{ 064035

o & e &
LC SFIDG AF RCP

Paleoseismic sites

a & &
HG MP WG

Time (thousands of calendar years B.P. [ka])




New WFZ investigations (2004—present)

* 3 published trench reports
— Weber segment (1)
— Nephi segment (2)

* 5 completed, but unpublished studies
— Brigham City segment (3)
— Provo segment (1)
— Nephi segment (1)

e 2 upcoming studies
— Salt Lake City/West Valley fault zone (1)
— Nephi (1)



Brigham City segment

. Salt Lakem

City

{(~\Wasatch
fault zone

UTAH




Brigham City segment

e Length
— 36 km (straight line)
— 40 km (trace length)

Segment boundaries @W@gﬁWﬂ/”c’n “\ soﬁen f:anmq =5

l::ntg,r"§l~ Bux Elder C'myon %Y/
' o T

(Personius, 1990)
— North: range-front reentrant

— South: 1.5 km left step with
Weber segment, Pleasant
View salient




Paleoseismic Studies

o Paleoseismic studies
(north to south)

— Hansen Canyon
(DuRoss et al., in prep [2008])

— Kotter Canyon
(DuRoss et al., in prep [2008])

— Bowden Canyon
(Personius, 1991)

— Box Elder Canyon
(McCalpin & Forman, 2002

— Pearsons Canyon
(DuRoss et al., in prep [2008])

— Pole Patch
(Personius, 1991)

KONTERICANYON / _\ Boﬁien Canyon .{;J__i—'f.f P J
@EE §ngha ; 3

g

Hﬂ.‘M CcITY _.‘ $

L

/B RIG

l::ntg,r"§l~ Bux Elder C'myon %Y/
' o T



Pal eoseismic data (~2004)

e Earthquaketiming & recurrence
— MRE: 2.1 ka (Box Elder Canyon only)

— Six Holocene earthquakes,
average recurrence: 1.3 ky

e Displacement and dip rate

— 1.7£0.8m (1o) / event (5 observations)

— Interval dip rates: average 0.8-1.9 mm/yr
(BC5-BC2)
— Average dlip rates.
e 0.2-1.4 mm/yr (post-Provo [<14 ka])
e 1.5-1.6 mm/yr (post Bonneville [<17 ka])

UQFPWG (Lund, 2005)

BC1
BC2
BC3
BC4
BC5
BC6
BC7

2.1+ 0.8ka
3.45+ 0.3 ka
4.65 + 0.5 ka
5.95+ 0.25 ka
7.5+ 1.0ka
8.5+ 1.5ka
>148+ 1.2,
<17 ka

Hol ocene recurrence:

0.5-1.3-2.8 ky
Holocene dlip rate:

0.6—1.4—4.5 mm/yr




Pal eosei smic data (2008) §

e Hansen Canyon
MRE: 1.94.8 ka
Displacement: 0.6-2.5m

o Kotter Canyon
MRE: 2.2-2.7 ka (26--OxCal)
— 2 event: 3.2-3.8 ka (20--OxCal)
Displacement: 0.7-1.9 m/ event

e Pearsons Canyon
MRE: 1.1-1.3 ka (~2c--OxCal)
Displacement: 0.1-0.8 m




Comparison with previous data

o

e Timesince MRE:

— ~2 kaon the northern
segment (Hansen,
Kotter, & Box Elder
Canyons)

— 1.1-1.3 kaon the
southern segment
(Pearsons Canyon)

I

BC2 3.2-38

3.45+£0.3

w

Qo
(0
o

Y
O
7))

©
=
4]
wn
=
@)

b =

=
)

£

—

e Extent of 1.1-1.3-ka
rupture? Spillover
from Weber segment
earthquake W2?

KC/HC BCPD PC PP|GC EO
RC




Comparison with previous data

1110 + 349
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Segmentation
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segment rupture in Weber segment
earthquake W2 (1.1 £ 0.4 ka)?



Brigham City summary
e Early Holocene record (BC7-BC5) from Box Elder Canyon

* Farly consistent mid-late Holocene record (BC4-BC2) from
Kotter, Box Elder, and Pole Patch

e 2008 data support MRE at ~2 ka on northern part of segment

* 1.1-1.3-ka earthguake on southern segment — partial rupture
related to Weber segment earthquake?
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Weber segment
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....-.-
Howey

e Length
56 km (straight line)
61 km (surface trace)
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Segment Boundaries 2

(Nelson and Personius, 1993) : \\
North: Pleasant View 2 \

4

salient 248
South: 2 km right step with

Warms Springs fault (Salt
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Pal eoseismic studies

Rice Creek
(DuRoss et al., 2009)

Garner Canyon
(Nelson et al., 2006)

East Ogden
(Nelson et a., 2006)
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Pal eoseismic data (~2004)

« Earthquake timing and recurrence
— MRE: ~0.5 ka (partial rupture?)
— 34 Holocene earthquakes per site
— Multiple earthquake-correlation
possibilities
— Poorly constrained recurrence
(~1.1-1.6 ky depending on event W1)

e Displacement and dlip rate

— 2.1+ 1.3m(1c)/ event (10 observations;
max: 4.2 m)

UQFPWG (Lund, 2005)

W1
W2
W3
W4
W5

0.5+ 0.3ka(?)
0.95+ 0.45ka
3.0+ 0.7 ka
45+ 0.7 ka
6.1+ 0.7 ka

Hol ocene recurrence:

0.5-1.4-2.4 ky
Holocene dlip rate:

0.6-1.2-4.3 mm/yr

— Average interval dip rates. 0.9-1.9 mm/yr (W5-W2; Kaysville):
— Longer-term dlip rates. 1-3 mm/yr (post-mid-Holocene), 0.8-1.7 mm/yr

(post-Provo)




Rice Creek (2007)

* 6 Holocene earthquakes
(DuRoss €t al., 2009)

RC1: 0.5-0.6 ka (20)
RC2: 0.8-1.4ka
RC3: 1.8-3.7 ka
RC4: 3.7-5.4ka
5.5-7.5ka
>8-10 ka
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salient

~ Pole Patch

TRENCHESITE
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| EXPLANATION

Tirning of Most Recent Surface Rupture

Latest Quaternary (<15.000 years)
= Mid to Late Quatern: ot 100 years)
Quaternan, ¥ (< 1 600 000 years)




Integrating Weber segment pal eoselsmic data

Rice Creek

am 1

1000 2000

ol Garner Canyon
- / GCH GC2 GC3 Gea
0 <7 y—! L— :

0 1000 2000 3000 4050 5000

-
£
v
£
L
o
=
£
=
o
2
&
a

o
=
o

East Ogden A MEan  — s

EQ3

Kaysville

'\ K2
Fat | Fat _(—4‘1‘:’(:«_ T —— e R W
1000 2000 3000 4000 5000
calyrB.P.




Correlation of site pdfs
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Weber segment results

e DuRosset al., in prep
— W1 0.5+ 0.2 ka(20)

W2 1.1+0.7 ka
W3 3.1+ 0.8 ka
W4 4.1+ 0.9ka
W5 6.3+ 1.2ka

Recurrence: 1.5+ 0.9 ky (10)
(0-3.3 ky--20)

— Sliprate: 2.0 £ 1.3 mm/yr (10)
(04.6 mm/yr--20)

e UQFPWG
— Recurrence: 1.4 ky
(0.5-2.4--20)
— Slip rate: 1.2 mm/yr
(0.64.3--20)
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Weber segment summary
 New method to integrate Weber segment paleoselsmic data

* Revised paleoearthguake parameters
— MRE: 500-yr; older earthquake times similar to UQFPWG

— Recurrenceis poorly constrained (1.5 £ 0.9 ky--10):
e Short (~0.5-1 ky) intervals between W2-W1 & W4-W3
* longer (~2 ky) intervals between W3-W2 & W5-W4

— Mean interval dip rateis 2.0 £ 1.3 mm/yr (1c) — consistent with site
estimates (~1-3 mm/yr).

e Only single trench site for southern ~45 km of segment




Salt Lake City segment
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Salt Lake City segment

. Length

— 39 km (straight line)
— 46 km (surface trace)

40°45'N
]

e Segment Boundaries
(Personius and Scott, 1992)

— North: Salt Lake City
salient

— South: change in fault strike
east of Traverse Mountain
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Salt Lake City segment

e Subsections
— Warm Springs fault (7—10
km)
— East Bench fault (12 km)
— Cottonwood fault (20 km)

40°45'N
]

 West Valley fault zone
(WFV2)
— Granger fault
— Taylorsville fault

— Zone of faulting: 16 km by
1-6 km




Salt Lake City segment

e Paleoseismic studies

SLCS

Dry Gulch/South Fork Dry
Creek (Black et al., 1996)

Little Cottonwood Canyon
megatrench (McCalpin, 2002)

45'N

40

\WAYA 4
Trenches & borehole studies

(Keaton and others, 1987; Keaton
and Currey, 1989)

Geotechnical studies

e Proposed sites (UGS USGS) . —— @:@@m : -“";jffgﬁ
roposed site (2010) _,.' m& j e ..-ﬁ; &
[ NEHRP trench (WVFZ) (85 @W@Eﬂ‘ 1;,'
| Consultant trench (WVFZ) { i ?q '__‘
o AR - [ PR T A T =y

0 10 km N

| 1 L 1 1 |
3 E T

40°30'N
[




Paleoseismic data (SLCS)

« Earthquake timing and recurrence UQFPWG (L und, 2005)
— MRE: ~1.3 ka — SLC1 1.3x0.65ka
— Post-mid-Holocene recurrence: _ SLC2 245+ 055ka
1.3+ 0.4 ky (<5.3ka) - 3' - . 0'55 y
— Early Holocene/latest Pleistocene - o9 = Bov
recurrence: ~2—8 ky (5-17 ka) - SLC4 53+0.75ka
— SLCSdatalimited to Cottonwood fault | — SLC5 ~7.5ka(<8.8-9.1

ka, but >5.1-5.3 ka)

. Displacement and slip rate - SLC6 ~9ka(<9.5-9.9 ka)

— Per-event displacement: 1.5-2.5m y -G Lika
(single observation) — SLC8(?) 1/-20ka

— Interval dip rate: ~1-2 mm/yr (SLC3— — Holocene recurrence:
SLC1) 0.5-1.3-2.4 ky

— Longer-term S|Ip rate: 0.7-1.6 mm/yr — Holocene S||p rate:
(<15-17-ka; Bells Canyon moraine) 0.6-1.2*—4.0 mm/yr

*Based on dlip-rate data for the Weber and Provo segments



Paleoseismic data (WVFZ)

« Earthquake timing and recurrence

— Timing data from geotechnical trench sites UQFPWG (L und, 2005)
 MRE: shortly(?) after ~1.3-1.7 ka _
— Holocene recurrence:

o _ N . -
2"d event: shortly(?) after ~1.9-2.4 ka insufficient data

— Holocene dip rate:
— Recurrence: 1.8-2.2 ky (fault zone) 0.1-0.4-0.6 mm/yr

e 6-7 eventsin 13 ky
« Timing of individual events unknown

e Displacement and dip rate
— Per-event displacement (Taylorsville fault): ~0.5-1.5m

— Average dip rate: 0.5-0.6 mm/yr (fault zone) based on trench and
borehole studies




Salt Lake City segment summary

o SLCS-no earthquake-timing data for East Bench or Warm
Springs faults

— Single (poor quality) per-event displacement estimate
— Limited Holocene dlip-rate data

— Long recurrence intervals in early Holocene/latest Pleistocene?
— Step-over zones between these subsections?

 WVFZ — Holocene surface faulting, but independent source?
— Timing data from geotechnical studies
— Recurrence between earthquakes?
— Relation to SLCS generally unknown

e 2010 trenching (UGS and USGS)
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Provo segment

e Length
— 59 km (straight line)
— 70 km (surface trace)

e Segment Boundaries
(Machette, 1992)

— North: Traverse
Mountain/Fort Canyon

— South: overlapping, ~5-10-
km wide right step with
Nephi segment

@l | Utah Lbke

faults & folds




Provo segment

e Paeosasmic studies

— American Fork
(Machette, 1988; Machette et
al., 1992)

Rock Canyon
(Lund and Black, 1998)

Hobble Creek
(Swan et al., 1980)

Mapleton

(Lund et al., 1991)

M apleton megatrench
(Olig et al., in progress) |
Water Cyn/Woodland Hills @eh W)
(Ostenaa, 1990 [abs])

@l | Utah Lbke
faults & folds




Pal eoseismic data (~2004)

« Earthquake timing and recurrence
— MRE well constrained to ~0.6 ka

— Recurrence estimate: 2.4 + 0.3 ky
(P3—P1)

e Displacement and dip rate

— 292 0.9m (1c) / event (8 observations,
max: ~3-5 m at Mapleton megatrench)

— Interval dip rates?
— Avqg. Holocene dlip rate: 0.5-1.4 mm/yr

— Longer-term dip rate: 0.2—-0.8 mm/yr
(post Provo), 0.8-2.7 mm/yr (post
Bonneville)

UQFPWG (Lund, 2005)

P1 0.6+0.35ka
P2 2.85%0.65ka
P3 5.3x0.3ka
Hol ocene recurrence:

1.2—2.4-3.2 ky
Holocene dlip rate:

0.6—1.2—-3.0 mm/yr




Pal eosel smic data (M apleton megatrench)

o Earthquake timing
— 4-5 earthquakes after ~6 ka
 MRE: 0.5+ 0.15 ka
e Second event at ~1.6 not
Identified in previous studies
— 7-10 (possibly 11+) earthquakes
<13 ka

« Earthquake recurrence

— Average mid-late Holocene:
1.45 + 0.25 ky

— Average Holocene (<13 ka):
1.4-2.1 ky

— UQFPWG consensus recurrence
Interval: 2.4 (+0.8, -1.2) ky

- - . B, " iy agkh
= ' - = Sl Tee N a thiem il ;

Mapleton megatrench; view to the east




Comparison with previous data/summary

Post-mid-Holocene record | T R
. i | Olig et al.
Wel I COnS[raI ned (in progress) i no data
— P1 ~05-0.6ka | | L PorE | ;
— P3 ~3ka sLca P3 . i
— P5 ~53-6.1ka | P4? —— ‘
| § 4.5-5.1 |
| | !
;SLCB E N2 i
Extent of second event | | |
|
~ ? | i
( 16 ka) ' | | P2 1 854 55 '
 SLC2 | | ’
No significant changein [ |
average recurrence over .  Pz2EE |
the Holocene N1
| | P1
o 0.35-0.657
Lc S&FID'G AF RCP  HC MP uﬁ:;,_ s NC WE ReN
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Paleoseismic sites
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Nephi segment

e Length
— 38 km (straight line)
— 43 km (surface trace)

e Segment boundaries
(Machette, 1992; Harty et al., 1997)

— North: right step with Provo
segment

— South: 15 km gap in Holocene
surface faulting (5 km gap in
Quaternary surface faulting)

e Subsections
— Northern strand (12 km)
— Southern strand (25 km)
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Nephi segment

Pal eoseismic studies

Spring Lake

(Danny Horns, in prep [2007])
Santaguin

(DuRoss et al., 2008)

North Creek
(Hansen and others, 1981)

Willow Creek
(Machette et al., 2007)

Red Canyon
(Jackson, 1991)

o V| UTAR
nj\ | LAKE

Mapleton

megatrench® %

PROVO SEGMENT

NEPHI SEGMENT




Pal eoseismic data (~2004)

« Earthquake timing and recurrence

— Poorly constrained earthquake times:
e N1(MRE): <1.0ka
 N2: either ~1.3-1.7 kaor ~4 ka
* N3: <5 ka (indirect evidence / age control)

— Recurrence: poorly constrained (04 ky)
— Datalimited to southern strand

e Displacement and dip rate

— 2.0+ 0.6 m (1c) / event (6 observations)
— Avqg. Holocene dlip rate: 0.5-1.2 mm/yr

UQFPWG (Lund, 2005)

— N1 <1.0+0.4Kka
possibly 0.4 £ 0.1 ka

— N2 ~39+0.5ka

— N3 >39+05ka
<63+ 0.7 ka

— Holocene recurrence:

1.2—2.54.8 ky

— Holocene dip rate:
0.5—1.1-3.0 mm/yr




Nephi segment (Northern strand [2005 2007])

‘f s
—

—

e Santaguin
(DuRoss et al., 2008)

— MRE: 0.35-0.6 ka (20)
— Displacement: 2.8-3.2 m=

— Slip rate: 0.5 mm/yr
(<17 ka)

e Spring Lake
(Horns et al., in progress)

MRE: <2.5-2.7 ka

— 2 event: <3.5-3.6 ka
Displacement: ~2-3 m




Nephi segment (Northern strand [2005])

Willow Creek (Machette et al., 2007)

e Three earthquakesin
<2.5ka
— P1:0.14-0.34 ka
— P2:1.1-14ka
— P3:15-23ka

* Recurrence & dip rate

— Average recurrence
~0.8-1.2 ky

— Slip rate: 2.6 mm/yr Willow Creekite; view to the east
(6 m/ 2.3 ky)




Comparison with previous data

Nephi segment | L2
i early Holocene/

Dlig et al. i | latest Pleistocene

» Threeearthquakesin 2.5 Ky RS - roca
(previousy ~5 ky) P52 |

4.95-6.1

e Correlation of events?
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Comparison with previous data

Nephi segment | L2
! i early Holocene/
Dlig et al. | | latest Pleistocene

* Threeearthquakesin2.5ky B8 - ocas
(previousy ~5 ky) P52 |

4.95-6.1

e Correlation of events?

— Northern and Southern strand
MREs (N1? ~0.3-0.5 ka)

— Spring Lake MRE and and
Willow Creek 31 event
(N3?~1.5-2.5ka)
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Nephi segment summary

e Recent (2005-2007) studies improved late Holocene
earthquake history

 Remaining questions
— Correlation of most recent earthquakes across segment?
— Most recent earthquakes clustered in late Holocene?
— Early-mid Holocene record?

e Upcoming study: Danny Horns (Utah Valley Univ.) —
trench ~1 km north of Spring Lake site (summer, 2010)




Southern segments



L evan segment

e Length
— 30 km (straight line)
— 32 km (surface trace)

e Segment boundaries
(Hylland and Machette, 2008)

— North: gap in surface faulting

— South: 5-km-wide | eft step
with Fayette segment

. SKinnerPeaksg=s |« =
II i




L evan segment

e Paeosasmic studies:

— Pigeon Creek
(Crone, 1983; Schwartz and
Coppersmith, 1984)

— Deep Creek (natural

exposure) (Schwartz and
Coppersmith, 1984, Jackson,
1991)

— Skinner Peaks
(Jackson, 1991)

. SkinnerPeaks =t
|I o




Pal eoseismic data

e Earthquaketiming & recurrence
— MRE (L1): close(?) maximum of ~1.0 ka
— L2: older than 6-11 ka (7300 “CyrBP for

charcoal from debris flow that post dates
second event)

— Hylland and Machette (2004): scarp-
profile evidence for two surface-faulting
earthguakes on southern 15 km of segment

e Displacement and dip rate
— Displacement per event: ~1.5-2.2 m
— Slip rate: Deep Creek <0.2-0.4 mm/yr

— Scarp-diffusion-based dip rate: 0.3-0.5
mm/yr for southern segment

UQFPWG (Lund, 2005)

— L1 shortly after 1.0 +
0.15 ka

— L2 unknown but likely
early Holocene to latest
Pleistocene (partia
segment rupture)

— Holocene recurrence:
>3 and <12 ky

— Holocene dlip rate:
0.1-0.6 mm/yr




Fayette segment

e Length
— 18 km (straight line)

 Surface faulting
(Hylland and Machette, 2008)

— Pleistocene(?) (northern
strand)

— Latest Pleistocene
(southeastern strand)

— Holocene (southwestern
strand)

o Sliprate: <0.1 mm/yr (<100-

250 ka) (Hylland and Machette,
2008)




Northern segments



Collinston segment

2 2 Clatkston|Mtn. % '.

i Length _. segment
— 25-30 km (straight line) e
— 3037 km (surface trace)

» Surface faulting

— Faulting predates
transgressive phase of Lake
Bonneville? (~30 ka)

e Segment boundary

— North: 7 km left step in late
Pleistocene faulting at east-
west “ Short Divide” fault

— South: range-front reentrant;
overlap Brigham City
segment

" Brigham i b s
City.
segment




Clarkston Mountain
segment

e Length
— 17 km (straight line)
— 19 km (surface trace)

« Surface faulting

— No post-Bonneville surface
faulting

— Slip rate: <0.1 mm/yr
(<18 ky) (Hylland 2007)

e Segment boundary

— North: bedrock spur near
Woodruff

— South: 7 km left step

” L ey e VIR
g~ - ©2010/Googler LN
li|mage USDA Farm Seivice Agency. )
. ImageState of Utah = . E
Image ©,2010 DigitalGlobe' e 2 i




Malad City segment

e Length ,_ :
17-40 km (straight line) B i
(Machette et al., 1992; USGSE )
Fault and Fold Database) -

— No post-Bonneville (<17 ka) 5
surface faulting - fhﬁ-’r
Scarps on late Pleistocene(?) SOy
alluvium

» Surface faulting f/
’ ":;*;'

Segment boundary

South: bedrock spur near
Woodruff
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Fault Moclel

e Secilorn narre

e ot frace

* Average dip

e Average upper seisrogenic deptr
e Average lower seisrnogenic depin
e Average long-terrm slip rate

e Average aseismic slip factor

e Average rage



Deforrneation Mocdels

e Tne deformetion rmodels were derived orirnearily
frorn geologically-esiimated faul *

(D
)

L slip rates.

(—
(D)

l‘

e |1 some ¢ Cases, geodeiically-consirained slip raies



Tne daia and model analysis require conversion of
selsmic mornent release M, to eartnuzaie
reagnitucle M (for cornparisons petweer ooserved
and rmoclel erlrrmr]urmw) and to fault area A and
average fault slip D (for compearisons witn geologic
and geodetic slip raies).
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Mornent Balancing
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OVERVIEW
OF THE
UTAH QUATERNARY FAULT
PARAMETERSWORKING GROUP
MODEL

DETERMINING
CONSENSUS RECURRENCE-INTERVAL
AND
VERTICAL SLIP-RATE ESTIMATES
FOR
UTAH'SQUATERNARY FAULTS




UTAH QUATERNARY FAULT PARAMETER
WORKING GROUP

+ Funded by NEHRP/UGS

e Convened and administered by the Utah Geological
Survey

o Patterned after seismic-hazard-evaluation initiatives
In California (Working Group on California
Probabilities, 1988, 1990, 1999)

 Working Group memberswer e subject-matter
expertswho served in a volunteer capacity



WORKING GROUP
GOALS

Critically evaluate Utah’s Quater nary fault paleoseismic
trenching data.

Establish consensusrecurrence-interval and/or vertical
dip-rate estimates with appropriate uncertainty limitsfor
faultswherethe data are per missive.

| dentify critical gapsin Utah’s paleoseismic database and
recommend/prioritize faultsrequiring further study to
ensure Utah’s earthquake hazard isadequately
characterized.

Make Working Group resultsavailable to user
communities and the general public.



NEED FOR CONSENSUS VALUES

Consensusrecurrence-interval and vertical dlip-rate estimates

arecritical in four areasdirectly related to reducing losses from
earthquakesin Utah.

1. Updating the National Seismic Hazard Mapsfor the Utah
region

2. Characterizing seismic sour ces

3. Performing probabilistic seismic-hazard analyses

4.  Providing peer-reviewed consensus data for other
fault-related resear ch/applications



ORIGINAL WORKING GROUP MEMBERS

GROUP 1
Suzanne Hecker —USGS
Michael Hylland — UGS
William Lund — UGS
Michael Machette— USGS

James M cCalpin —- GEO-HAZ
Consulting

Alan Nelson —USGS
Susan Olig—URS Corp.
Dean Ostenaa — USBR
Stephen Personius— USGS
David Schwartz — USGS

GROUP 2
Craig dePolo—NBM G
Kathleen Haller —USGS
Philip Pearthree— AZGS
James Pechmann — UUGG
Mark Peterson — USGS
Robert Smith —UUGG
lvan Wong — URS Corp.




UTAH' SPALEOSEISMIC TRENCHING
DATABASE

o 212 Quaternary faults or fault sectionsidentified in Utah
(Hecker, 1993; Black and others, 2003).

e 33(16%) had some or all of the following paleoseismic
trenching data: earthquake timing, mean repeat time,
displacement per event, cumulative displacement, vertical
dip rate.

« Available paleosaismic sour ce documents included more
than 60 published papers, abstracts, gover nment studies,
and geotechnical reportsrepresenting the work of more
than 40 investigators over a period of morethan 30 years.



Utah Q Faultswith Paleoseismic Trenching Data

Bald Mountain fault

Bear River fault zone

East Bear Lake fault

East Cache fault zone

East Great Salt Lake fault zone
Fish Springs fault

Hansel Valley fault

Hogsback fault

Hurricane fault zone

James Peak fault
Joes Valley fault zone
M organ fault zone
Northern Oquirrh fault zone
North Promontory fault
Southern Oquirrh Mountains fault zone
Strawberry fault
Sugarville area faults
Towanta Flat graben
Wasatch fault zone
Brigham City segment
Weber segment
Salt Lake City segment
Provo segment
Nephi segment
L evan segment
Washington fault zone
West Cache fault zone

West Valley fault zone



ORIGINAL UQFPWG PROCESS

Working Group Coordinator reviewed the paleoseismic
sour ce documents and prepared a summary data form for
each fault/fault section.

Working Group membersreviewed the summarized data.

Three meetings were held to jointly evaluate the trenching
data and establish consensusvertical dip-rate and
recurrence-interval estimates.

Prepared afinal technical report for the USGS, released a
UGS publication presenting working group results, and

presented working group resultsto professional groups and
societies.



DATA [SSUES

 Data adequacy
— Wasatch fault zone
— Other Quaternary faults
e Sourcesof uncertainty
— Numerical ages; >300 “C and luminescence ages
— Relative ages; Lake Bonneville chronology and soils
— Earthquake timing and uncertainty limits
— Net-dlip measurements
— Investigation limitations; trench depth, completeness
— Incomplete documentation



CONSENSUS PARAMETER VALUES

o Utah’spaleosaismic trenching data generally are not
sufficient to permit rigorous statistical analysis, or to
constrain uncertainty (+) within rigidly quantifiable
bounds.

e TheWorking Group relied upon the expertise and
collective judgment of itsmembersto arrive at consensus
fault parameter estimates.

e TheWorking Group “kept in mind” ~two sigma (5" and
95t percentile) error limits when assigning upper and
lower limitsfor their preferred recurrence-interval and
dip-rate estimates.



WASATCH FAULT CONSENSUSVALUES

Parameter

Preferred
Recurrence
Interval

(yr)
F-’reac red

Vertn%l Sip

Rate

(mml/yr

Brigham
City

Z 2100+800
Y 3450+300

X 4650+500

1050 ||[ff

V a IIEIﬂI% Hmﬁ . 0
U 850011500

T >14,800,

<17,000

2800
1300
500

Salt Lake

Weber Provo Nephi L evan

2500 2400 3200 4800 12 ky
1400 1300 2400 2500
500 500 1200 1200 3ky

4.3
1

ge.

(i




EXAMPLE CONSENSUSFAULT PARAMETERS

Par ameter Eastern Bear Lake FZ Bear River FZ Hurricane FZ JoesValley FZ

Minimum of 4
earthquakesin

'V >3146, <39+3 ka
U >39+3 ka, but just

Preferred
Recurrence 3-8-15 kyr 1-100 kyr 5-50 kyr 5-10-50 kyr
| nterval

JVFZ formsa




FAULTS IDENTIFIED FOR ADDITIONAL
PALEOSEISMIC INVESTIGATION

Cedar City/Parowan monocline
Clarkston fault, West Cache fault zone
Collinston & Clarkston segmentsWFZ
Eastern Bear L ake fault

East Cache fault zone

East Great Salt L ake fault zone

Enoch graben/Red Hills faults

Faults beneath Bear Lake

Faults beneath Utah L ake

Gunnison fault

Hurricane fault zone

L evan segment WFZ

Nephi segment WFZ

Scipio Valley faults
Sevier/Toroweap fault

Wasatch Range back-valley fault
Washington fault zone

Weber segment WFZ

Weber segment “megatrench”
West Valley fault zone



RESULTSOF INITIAL UQFPWG
PROCESS

Paleosaeismic-trenching data are only available for 16% of Utah’s
Quater nary faults.

Earthquaketiming and recurrence for the central segments of the
WFZ were considered compar atively well understood to the middle
Holocene —less so for older earthquakes,; data for the remaining
Quaternary faultswerelimited and often poorly constrained.

Limited data precluded rigorous statistical analysisand required use
of a“ Consensus Process’ that employed expert opinion to establish
preferred fault parametersand ~ two sigma ranges.

The new consensus parameters now represent the “ best available’
data for Utah, but asone Working Group member commented:



So, by 2004 Utah had established consensus dlip-
rate and recurrence-interval values using chiefly
expert opinion and “ best available data” for those
Quaternary faults with paleoseismic trenching
data. We also had established a list of Quaternary
faultsthat required further study todo“a
minimally acceptable job of characterizing
earthquake hazard in the state.”



UQFPWG MODEL TODAY

One of three (now four) UGS earthquake-hazard standing
committeesthat helps set and coordinate Utah’s
earthquake-hazard r esear ch agenda.

Remains broadly based with representation from state and
federal government, academia, and private industry.

M eets annually (since 2005) to review ongoing
paleoseismic research in Utah, and to update the Utah
consensus dlip-rate and recurrence-interval database as
necessary.

Provides advice/insight regarding technical issuesrelated
to fault behavior in Utah.

Reviews and prioritizes Utah Quaternary faultsthat
requirefurther paleoseismic study.



— UQFPWG
QUATERNARY
FAULT STUDY
PRIORITY
LIST

Cedar City-Parowan monocline/ Paragonah fault™ 10

gr aben 11

Clar kston fault*

Enoch

* | ncluded on Utah NSHM

Gunnison fault 17

Scipio Valley faults 18

Faults beneath Bear L ake 19

Eastern Bear L ake fault 20 —_—

Carrington fault (Great Salt L ake) Added 2007 — Added to the priority ||St
Provo segment WFZ — penultimate event Added 2007 SI nce 2005

Rozelle section — Great Salt L ake Fault Added 2007




2010 HIGHEST PRIORITY FAULTSFAULT SEGMENTSFOR STUDY

Fault/Fault Section Priority Investigation Status Investigating I nstitution
Northern Salt L ake City segment WFEZ 1 Study funded (NEHRP) UGS/USGS
West Valley fault zone 2 Study funded (NEHRP) UGSUSGS
Penultimate event Provo segment WFEZ 3 Trench site reconnaissance UGS
Washington fault zone 4 Two trenching studies ongoing UGS/SimonsBymaster
Rozelle section, Great Salt L akefault 5 No activity

OTHER PRIORITY FAULTS/FAULT SEGMENTSREQUIRING FURTHER STUDY

Fault/Fault Section Original UQFPWG

Investigation Status

Investigating I nstitution

Priority
Cedar City-Parowan monocline/ Paragonah fault 10 No activity
Enoch graben 11 Earth fissure study UGS
Clarkston fault 13 No activity
Gunnison fault 17 No activity
Scipio Valley faults 18 No activity
Faultsbeneath Bear L ake 19 No activity
Eastern Bear L akefault 20 No activity
Bear River fault zone 2007 Trenching study USGS

FAULTSFAULT SEGMENT ST

UDIESCOMPLETE OR ONGOING

Fault/Fault Section Original UQFPWG

Investigation Status

Investigating I nstitution

Priority
Nephi segment WFZ 1 Ve Spec'?ﬂj;‘gg&%“;f d?/ e 2 sy UGS/USGSIUVU
Weber segment WEZ — most recent event 3 UGS Special Study 130 UGS/USGS
Weber segment WFEZ —multiple events 4 UGS Special Study 130 UGSIUSGS
Utah L akefaults and folds 5 Ongoing UUGG
Great Salt L ake fault zone 6 Ongoing UUGG
Coallinston and Clarkston M ountain segments WFZ 7 UGS Special Study 121 UGS
Sevier/Toroweap fault 8 UGS Special Study 122 UGS
East Cachefault zone 12 Ongoing Usu
Wasatch Range back-valley faults 14 Ongoing USBR
Hurricanefault zone 15 UGS Special Study 119 UGS
L evan segment WFZ 16 UGS Map 229 UGS
Brigham City segment WFZ — most recent event 2007 Ongoing UGSIUSGS




QUESTIONS?



Time-Dependent Earthguake

Recurrence Stuadies, Aleong, the
\Wasatch Eronit; Utah

Susan Olig
Seismic Hazards Group
URS Corporation
1333 Broadway, Suite 800
Oakland, CA 94612

WGUEP Meeting, Salt Lake City, UT

9 February 2010



Questions to Consider

Do surface-faulting earthquakes occur randomly in space and
time on individual fault segments or is their recurrence
modulated by some type of cyclic behavior?

What models will best fit observed fault recurrence behavior?
Are surface faulting earthquakes clustered in space or time?
Is there contagion behavior between segments?

Are there multisegment or partial multisegment ruptures?

What is our time period of interest?



Input Needed to Calculate Time-Dependent
Recurrence Intervals or Earthguake

Probanbilities

® Elapsed Time (time since the most recent
event)

® (Coefficient of Variation (measure of

periodicity)
cov=2
U



Previous Time-Dependent Studies

® QOlig et al. (1999); Wong et al (2002); Olig et al. (2005);
Wong et al. (2009)



Wasatch Fault Zone

After Machette et al., 1992

® McCalpin and Nishenko
(1996)

— All central segments
® McCalpin (2002)
— SLC Segment (Megatrench)

® Olig/Wong et al. (1999-
2009)

— BC, SLC, and Provo
Segments



Cluff et al (1980) — Highlights

— elapsed time

— holding time (based on seismological and geologic rates)

— size of most recent earthquake (M 2 6.5)



Cluff et al. (1980) — Lessons Learned




Cluff et al (1980) — Lessons Learned (cont.)

500 yrs In next 50 yrs

2 segments 2,000 yrs 80% of M =6
g y = _
Rest 500 yrs In next 50 yrs

Longer elapsed timeyields higher probabilities



McCalpin and Nishenko (1996)

® Considered the
record complete for
past 5.6 ky

® Conducted group and
segment specific
analyses

® Compared Poisson,
Lognormal, and
Welbull probabilities

URS



Comparison of Conditional Probability Estimates
Along Central WEZ Segments

(From McCalpin and Nishenko (1996)

» URS



Cumulative Weibull Plot for Central WEZ
Group Analysis for Past 5.6 ky

(From McCalpin and Nishenko (1996)



Cumulative Weibull Plot for Central WFEZ
Comparison of Twe Subgroups (Bimodal Behavior)

(From McCalpin and Nishenko (1996)

2 URS
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Analysis of Synthetic Paleoseismic Records
Generated With WEZ Parameters

(From McCalpin and Nishenko (1996)

clustering could
easily be
produced by
chance patterns
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McCalpin (2002)
Salt Lake City: Segment

paleoseismic record for time- dependent
probability estimates (more representative
of future behavior)

Best estimate for COV = 0.36 (McCalpin
and Slemmons, 1998)

Estimated = 17% chance of surface-
faulting earthquake occurring on the SLC
segment in the next 100 years



Olig et al. (1999) - Wong et al. (2009) —Approach
Similar tor 1999 Working Group on California
Earthguake Probahbilities

® Time period of interest - 50 years

® (alculated conditional probabilities and
equivalent Poisson recurrence intervals (or
Time-dependent recurrence intervals)

5 URS



Olig et al. (1999) - Wong et al. (2009) - Highlights

and COV as to sensitivity of time-dependent-
earthquake probabilities

® Time- dependent recurrence intervals much
shorter for BCS and SLCS and longer for PS

® Shorter term paleoseismic record preferred for
estimating average recurrence (more reliable,
complete, representative of behavior, and has
better constrained ages), and it does support
periodic behavior (best estimate COV 0.4) URS

16



Olig et al. (1999); Wong et al. (2002)

Brigham City Segment

Salt Lake City Segment

EVENT

Aget2c
(cal yr BP)

EVENT

Age t2¢
(cal yr BP)

Z

Z

(most recent) 2,130 £800 (most recent) 1,300 + 650
Y 3,450 = 300 Y 2,450 = 550
X 4,650 + 500 X 3,950 = 550
W 5,950 = 250 W 5,300 = 750
\Y 7,500 £ 1,000 \Y ~7,500
U(?) 8,500 + 1,500 U 9,300 + 500
T ~16,500 T ~17,000
S (?) 17,000 to 20,000

Data Sources:

McCalpin and Nishenko (1996), Black et al. (1996), McCalpin (2002),
McCalpin and Forman (2002), UQFPWG-Lund et al. (2004)

(vs Olig et al., 2005 and Wong et al., 2008 used UQFPWG consensus
values with updates for Provo segment)

17

URS



COV Values

Normal faults: 0.35

° McCalpin and Nishenko (1996): 0.66 (WFZ analysis) but
used 0.21-0.5

® Wong et al. (2002): 0.16 — 1.0 (WFZ analysis) but used 0.5
0.2

® Wong et al. (2008): 0.42
Monte Carlo analysis of UQFPWG values + Provo segment

data (used preferred 0.4, 0.3 -0.7)
URS

18



Time-Dependent Recurrence Parameters

19

Salt Lake City Segment:

Brigham City Segment:

Shorter Record

Longer Record

Shorter Record

Longer Record

(past 6 ka) (past 17 ka) (past 9 ka) (past 17 ka)
Mean Recurrence 1,333 years 2,617 years 1,279 years 2,396 years
Elapsed Time 1,300 years 1,300 years 2,125 years 2,125 years
Coefficient of 0.3 0.5 0.7 0.3 0.5 0.7 0.3 05 ]| 07 ] 03 0.5 0.7
Variation
Conditional
Probabilities (%) 11 7 6 <1 <2 2 16 9 6 5 4 3
Time-Dependent 450 | 650 | 850 | 9,60 | 2,900 | 2,200 | 300 | 550 | 800 | 950 | 1,250 | 1,50
(Equivalent Poisson) yrs yrs yrs | Oyrs yrs yrs yrs yrs | yrs | yrs yrs O yrs
Recurrence Intervals

UQFPWG Recurrence
Interval Distribution

1,350 (500 — 2,400) yrs

1,300 (500 — 2,800) yrs
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Time Dependent Recurrence Intervals for the

Brigham City Segment

Preferred
(weighted 0.6)

Maximum
(weighted 0.2)

Minimum
(weighted 0.2)

Elapsed time (yrs)?! 2100 2100 2100
Mean recurrence (yrs)?! 1300 2800 500
COV?2 0.4 0.7 0.3
Time-dependent (or

equivalent-Poisson) 430 1850 120

recurrence interval (yrs)3

1 From Lund (2005)

(From Wong et al. 2006)

2 Range from WGCEP (1999) but the preferred value is based on a COV of 0.42 calculated for this study

using Wasatch fault data (see text for discussion).
3 As per recommendations of the UQFPWG, these values were rounded to the nearest half century for our

probabilistic analysis.




Time Dependent Recurrence Intervals for the Salt

Lake City Segment

Preferred
(weighted 0.6)

Maximum
(weighted 0.2)

Minimum
(weighted 0.2)

Elapsed time (yrs)?! 1300 1875 1300
Mean recurrence (yrs)?! 1300 2400 500
COV?2 0.4 0.7 0.3
Time-dependent (or

equivalent-Poisson) 555 1875 107

recurrence interval (yrs)3

1 From Lund (2005)

(From Wong et al. 2006)

2 Range from WGCEP (1999) but the preferred value is based on a COV of 0.42 calculated for this study

using Wasatch fault data (see text for discussion).
3 As per recommendations of the UQFPWG, these values were rounded to the nearest half century for our

probabilistic analysis.

24




Time Dependent Recurrence Intervals for the Provo

Segment

Preferred
(weighted 0.6)

Maximum
(weighted 0.2)

Minimum
(weighted 0.2)

Elapsed time (yrs)?! 550 550 550
Mean recurrence (yrs)?! 1450 2800 500
COV?2 0.4 0.7 0.3
Time-dependent (or

equivalent-Poisson) 5080 10,160 140

recurrence interval (yrs)3

1 From Lund (2005)

(From Wong et al. 2006)

2 Range from WGCEP (1999) but the preferred value is based on a COV of 0.42 calculated for this study

using Wasatch fault data (see text for discussion).
3 As per recommendations of the UQFPWG, these values were rounded to the nearest half century for our

probabilistic analysis

25
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Summary of  Lessons Learned From Previous
Time- Dependent Studies

and mean recurrence

L Shorter (6 to 8 ka) paleoseismic record are more
reliable for estimating mean recurrence (more
representative of future behavior and more complete)

® COV appear to be stabilizing at = 0.4

® May want to consider models that incorporate
earthquake size, multisegment ruptures, contagion or
clustered behavior



Discussion ofi Questions to Consider

® Do surface-faulting earthquakes occur randomly in space and
time on individual fault segments or is their occurrence
modulated by some type of cyclic behavior?

e What models will best fit observed fault recurrence behavior?
® Are surface faulting earthquakes clustered in space or time?
® |s there contagion behavior between segments?

® Arethere multisegment or partial multisegment ruptures?

e \What is our time period of interest?

. URS



Coefficient of Variation (COV)

¢ COV=—
U

e Small COV (<0.3) = very periodic behavior
(recurrence intervals are relatively consistent)

VErsus

Large COV (> 1.0) = not periodic behavior
(recurrence intervals vary considerably)

28



29

Hazard Results

Peak Horizontal Ground Accelerations (PGA)

Site for 2,500-year Return Period
(Elapsed time of : Shorter Longer
dominant fault | Poisson Ul COVO.3 | COVOS | COVO.7 1 5o 0hseismic |Paleoseismic
segment) Model Dependent | (shorter | (shorter | (shorter Record Record
Model record) | record) | record) (COV=05) | (COV=05)
Brigham City
(~2,360 yrs) 0.57 ¢ 0.76 ¢ 0.93 ¢ 0.77 ¢ 0.69¢g 0.77 ¢ 0.69 ¢
Salt Lake City
(~1,230 yrs) 0.65¢ 0.68 ¢ 0949 0.84¢ 0.78 ¢ 0.84¢ 0.55¢
Provo
(~620 yrs) 0.54¢ 0.36¢g 0.34¢ 0.35¢g 0.44 ¢ NA NA

(From Olig et al. 2001)
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Generalized
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Joungs 2t al. (1987, 2000)

Fault-specific recurrence modeling

| for Wasatch fault

“independent events
from a 15-km-wide
corridor” along the

fault. 1962—-1986

Regional b-values Fault-specific b-values
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Cnang < Smitn (2002

9

“Wasatch fault
Seismicity”

N =43 eqgs = M3
1962-96
b=0.76



Characteristic (0.7)
Max Mag (0.20)
Exponential (0.1)

(33 yrs/event)

Wasatch fault
. PSHA model

Wong 2T al.
(2002)
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Overview of the University of Utah
Earthquake Catalog

by

James C. Pechmann and Walter J. Arabasz
University of Utah, Salt Lake City, Utah



»> 1907
»>1939

. Hirst seismographs on University of Utah campus

to 1950s. Stations at University of Utah and Utah
State University

»1960s. Skeletal statewide network of five stations

»1974:.
»>1981.
» 1997
»2000:

»> 2009

Regional telemetered net (~50 stationsin 1978)
Digital recording
-irst UUSS broadband digital telemetry station

Real-time earthquake information system,
Including urban strong-motion network

. 236-station regional/urban network (176 in Utah),
194 operated by UUSS




Seismic Stations in Utah Region: 1966




UUSS Network
December 2001




University of Utah Seismograph Stations (UUSS)
Earthquake Catalog

Historical Catalog: 1850 - June 1962
—M ostly based on felt reports

—Some instrumental locations and magnitudes from
the U.S. Coast and Geodetic Survey, others

Instrumental Catalog: July 1962 - present

—From analog records (photographic paper,
or film): July 1962 -1980

—From digital records: 1981 - present



Magnitudesin the UUSS Earthguake Catalog

e Historical Catalog: 1850 - June 1962

—M ost magnitudes (M) estimated from maximum
Modified Mercalli Intensity (INT) using

M =(2/3) INT + 1 (Gutenberg and Richter, 1956)

* |nstrumental Catalog: July 1962 - present

—Preferred magnitudeislocal magnitude, M, ,
determined from maximum peak-to-peak
amplitudes on Wood-Ander son seismograms

—Thevast majority of the magnitudes are coda
magnitudes, M ., determined from signal
durationson short-period vertical records



M M,

east-west component

Synthetic Wood-Anderson seismograms
for Crandall Canyon main shock

north-south component






Short-Period Vertical-Component Record
Station MLI, ML 3.8 Utah Earthquake, 6/28/1990




M Calibrations

From Griscom and Arabasz, 1979




M Calibrations

Data: 1981 - 2001 Data: 1995 - 2001










M (UUSS) vs. M,
January 1981 - June 2003




Conclusions (Part 1)

The magnitudesin the UUSS historical catalog, 1850- June
1962, are mostly calculated from maximum intensities and
therefore haverelatively large uncertainties.

The UUSS instrumental earthquake catalog is expected to
have a certain amount of heter ogeneity (like most catalogs)
dueto changesin station distribution and instrumentation.

We consider the magnitudesin the instrumental catalog,
July 1962 - present, to be generally quitereiable—
especially since 1981.

The UUSS local and coda magnitudes arein reasonably
good agreement with moment magnitudes deter mined by
others.



UUSS Networ k
September 2009
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cdies of tne Wasaicn Fault, Utan, witn Irplications for Norrnel
Fault Benavior and Eart lquake rlezards

> Ugdatiea on tne Wasaicn GPS network

> GPS rmeasurerments of ine velocity and strain raie
> Wasaiicn fault benavior in e western U.S, frarnework

> Irmplications for gartncuaice nazard

ropert B. Smith, Chrisiing M. Pusias, and Wu-Lung Crang
Depzrirnent of Geology and Geophysics
University of Utan

Supporied by ing USGS NEFIRP
UGS, frlJlfl,Jl-'.Jl’llVJ,Jfl"‘ 2
Ezrthscope NSF Prograrms



Now what is all this
space technology
about!

You know we've
always depended on
faults and seismology!



GPS Deformation C

Fligh deformeation raies correlzte with
> Seizrnically sctive aress

> Regions of incressed seismic nazerd

11
)

Correlates Witn Earincguake rlazards

Requires integration into nazard rmodeling

> [rproving geodetic daia ser

> Deformation dzia avzilzole wiiere palegeartnguaice
INfo. not well-Kriown



QuickTime™ and a
decompressor
are needed to see this picture.



rrrrrrrrr

N
@& 9P 2R R —‘ —‘ [y
S ’7\:1 ! L H L )
= s N L =/ o = g






EarthScope extensional tectonics
GPS stations in red

\WasatCh fault zone,

40 PBO stations,
*15 UU stations
*Value, ~$6Million



Lynch and Smith , 2000

Low velocity upper-crust extends east of the Wasatch fault
and is coincident with the Wasatch back basins
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Data recorded and transrnitted
caily

30-zecond recording raie

s 55 oerranent staiions (Univ of
Utan and P20O)

slnstalled as part of the
“Tectonic extensional regirme”
EarinsScope or ogreur

sTotal resgurce ~86M

> 90 carmpzaign, termparary
tations

Processed data oroducts

> Daily position solutions

/1

» Sjtavelgaliies



S derived ground velocities, N io

U2



3 mm/yr

2.3 mm/yr

3 mm/yr







3 mmlyr

2.4 mml/yr
e ——

283 mm/yr

3imml/yr







Deforrnation Fates across tne Wasaicn

Monitoring of Weszich fauli : : : :
s Carnpzign GES: 1992-2003 How isthe USGS going to deal with this

s Bermznent GRS 1996-2010 descrpancy!!









Diziriouiion of Deforrnat]or

Continuurn finite lerment deformetion modeling
> Intergolate sirain reie tznsors end rmagniiucles
> Mleagnitudes reflect seizmic belts, tectonic blocks

> Waszich cornperzole to Y ellowstone Flaiea
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History of earthquakes Wasatch fault earthquake history

and earthquake loading



Crouncd deforrratl on of norrrel-fanltine
1S not norrrey !
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Valley Mtn

(Smith and Arabasz, 1991)
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Two largest and most recent Interrmounizin earincuakes exniolte
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| strong
stress corliagior
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Moclels of Contemporary Wasaich fault deforrmeiiiorn --
loading of a ducille layer inat in turns loads i
selsrogernic layer
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Chang et al. [2006, in preparation]



it Loziding Models of Waszicrn Fault GRS Moilons
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Falt [ozdding rmodels

> Lociced orittle [ayer

> Creeping ductile leyer, loading the overlying orittle [zyer

srFlighn rates on low angle cregping structura convert to lower raies on avertical fault 2

surrece.
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Building mountains witn norrnal faulting
(elasiic) and post seismic deformation (visco-elasi

ic)



Growing mounizins and droopping valleys

QuickTime™ and a
H.264 decompressor
are needed to see this picture.






Time depencder
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Source Fault name Recurrence Model
type
TypeA BC,WB, SLC, (2) From paleoearthquake recurrence rate:
PV, NP Lognormal distribution (cp = 0.5)"
(2) Including geodetic earthquake moment rate:
W M, +uLWV,
seismic 2
A
N(6.6,m,)=—2c—
C,(6.6,m,)
Type B LV, EC, HV, NO, (2) From geologic earthquak e moment rate:
SB, MC, PM, FI,

Al, EBL, BR, RC.

seismic —

ME e = M,

NE_
N@-ﬁ"hﬁﬁ

N(3.0) =3.2x 107%™ 39 _1 2x10°°

> M,
N(66, 7.2) =m
N(6.6,7.2) =0.0020
- =M
N(3.0,6.5) :W
_ Zll\)(s/:‘snm
N(6.67.2) = C,(6.6,7.2)

All types Geologic earthquake moment rate of each fault:
I\Xf = LW,V

M, = 2uLW,H ¥

j:z 1Oa—bm .10%™°dm
T™ 10 m
m

Co(m,m,) =

N(m) =10"""

N(m,m,) =10*(10™"™ —10"""2)

N(m) =10*"" —N(m,)




Strain rate from historic seismic moment rate ~ 1 to 4 nstrain/yr [Eddington et al., 1987]
GPS horizontal strain rate =24 = 6 nstrain/yr [Chang et al., 2006]



Cornpariiive Mornerni Release Raies

Meesure energy of deformation

» GPZ totzl marment relesse
 FliZtoric earthiquakes: earthiquake recurrernice rate
o Fault zlip rates: fault lip race frorm trenching

A Big Deficit!
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Straln Rate Flel

> Continuurn rnocel solves for st
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— Contractiorn-+shnesar in Eastern Snake River Plain
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— Clockwize rotation of velocit

U2

— Optain extension at Yellowstone Plateau and Basin-Rarng
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train rates and velocities on a grid

D



Geologic moment rate

I\7{f = ULW: V,

Geodetic moment rate

M, = 2uLW H &

W, - ZI\M
N(3.0,6.5) = geodetic area
C,(3.0,6.5)

selsmic 2

NrA
N(B.6M,)= (gfg"r:w




Chang and Smith [2002]



Some key topicsin new Utah PSHAs and other things



Of course we know that we have to integrate all
hazard contributions: 1) fault slip rates, 2)
seismicity, and 3) contemporary deformation.

Do you think hazard specialists will know how?
After all it is the safety of Utah that is at stake.

The end
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Block Diagrarr: 60° Norrnzal Fault



Move:
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fe ancd Sires

QuickTime™ and a
YUV420 codec decompressor
are needed to see this picture.
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Utah Ground Shaking Working Group, 2/8/2010
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Simulation result from Model
C, simplified layered model
(velocity increase from free
surface to 1km depth on the
hanging wall side), top
column is the rupture
snapshot.

Figure on the right is the
shear stress drop due to the
rupture.

Utah Ground Shaking Working Group, 2/8/2010









All data arerecorded and
transmitted in realtimeto the Univ
of Utah and PBO

recording rate

processing

output as velocities

All GPS data are available at Univ
of Utah

http://www.mines.utah.edu/~ggcmpsem/UUS
ATRG/

GPStimeseriesare available at the
EarthScope website:

GPS/time_series.html
http://facility.unavco.org/data/data.html




—
~
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