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Objectives
• Availability of high resolution lidar data has 

expanded greatly in the past decade - great tool 
for characterizing and identifying active faults

• The UGS has been involved in multiple NEHRP 
funded fault mapping projects since 2014

• New mapping made publically available through 
the UGS’s Quaternary Fault and Fold Database 
of Utah and the USGS’s Quaternary Fault and 
Fold Database of the United States, and will be 
used for updates to the USGS National Sesimic 
Hazard Maps (2023?)

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



Special-Study-Zones

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

• Assist local governments with urban 
planning and developing hazard 
ordinances

• Help facilitate understanding of the 
hazard by triggering additional 
surface faulting studies

• Discussion later today!



Wasatch Fault Zone (WFZ) Mapping 

• Recently completed (in press) – UGS 
Report of Investigation 280 (RI-280) 

• Incorporated (early 2020) into the 
Utah Quaternary Fault and Fold 
Database w/SSZ’s

• 10 segments mapped at 1:24,000 
scale (or better) - 39 7.5 minute 
quadrangles

• Identified 60 potential paleoseismic 
sites



Cache Valley Fault Mapping

• Mapping at 1:10,000 scale where 
possible (GIS Data) – PDF Plates at 
1:24,000 scale

• Generate special-study-areas
• Incorporate into the Utah 

Quaternary Fault and Fold 
Database w/SSZ’s

• 13-14 7.5 minute quadrangles



Cache Valley Fault Mapping

• Refining and identifiying 
new fault scarps

• Multiple new possibly 
Holocene-age scarps and 
potential paleoseismic 
sites
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East and West Bear Lake Fault Mapping

• Collaborative project with 
Idaho Geological Survey (Z. 
Lifton)

• One of the few places in the 
Intermountain West (IMW) 
with consistent cross-border 
fault geometry & attributes 
(important topic in 
tomorrow's Basin and Range 
Province EWG meeting)



Oquirrh - Topliff Hills Fault Zones

• 13 7.5 minute quads
• Very fast growing 

urban area
• Utah Valley 

University -
mapping/trenching -
Topliff Hills (next 
talk)



Southern Utah Fault Mapping

• Collaborative with the Arizona Geological 
Survey - Phil Peartree

• St. George - largest population center in Utah 
outside of the Wasatch front, fastest growing 
metro area in the U.S. (2000-2006)

• Hurricane, Washington, and Sevier/Toroweap 
faults

• One of the few places in the IMW with 
consistent cross-border fault geometry & 
attributes (BRPEWG priority)







Additional Mapping

• UGS Mapping Program - Geologic mapping 
around the state of Utah, specifically along 
the Wasatch Front
– Identifying new faults, integrating with 

UGS QFFDB when published
• UGS Hazard Mapping - working on other 

various quads (Moab, etc.)
• Adam McKean’s talk - new traces in Cedar 

Valley





• Little paleoseismic data – earthquake 
timing poorly constrained for LS, non 
existent on FS

• Both segments show evidence of 
Holocene rupture

• LS/FS segment boundary spillover 
• Large discrepancy between geodetic 

and geologic strain rates for southern 
WFZ

• Potential role of salt tectonics 



• Jackson (1991) – single trench excavated near Skinner Peaks
– Evidence for 2 surface-faulting EQ’s
– MRE 1.0 to 1.5 ka, PE prior to 3.1-3.9 ka
– Shallow bedrock encountered in footwall – 
– Jackson logged/sampled Deep Creek exposure; MRE 0.9 to 1.1 ka

• Hylland and Machette (2008) – 31 fault-scarp profiles on the LS, 21 profiles on 
the FS collected C-14 samples from Deep Creek exposure as well as faulted 
fan alluvium near Skinner Peaks Ages corroborate MRE timing at about 1 ka

• Hiscock and Hylland (2015) – performed detailed fault-trace mapping for the 
LS and FS using 0.5-m LIDAR data



• LS - Skinner Peaks South 
Just south of Jackson’s 
trench
Near southern end of 
segment, left-lateral step 
over boundary

• FS - Hells Kitchen South
South central part of 
segment
Several km from range front
QTaf footwall block



• 3-4 meter scarp
• Coarse, volcanic 

derived fan material
• Local bedrock: 

Tertiary 
volcaniclastics/tuffs



• Mapped 5 stratigraphic 
units

• Unit 1: Highly 
weathered tuffaceous 
bedrock exposed in 
FW. 

• Units 2-5: Sandy fan 
gravels, several 
prominent buried soil 
horizons.









• 3 main west-dipping fault traces
• 4.4-m wide zone of tilted, overturned, 

and sheared blocks of strata
• ~2.6-m vertical offset across fault zone



• Mapped 4 stratigraphic units
• Unit 1: post-Bonneville 

highstand loess 
• Units 2-4: Coarse fan deposits



• 1-2 meter scarp
• Carbonate-derived fan 

material
• Tertiary bedrock (North 

Horn, Flagstaff, Colton, 
Green River formations), 
Cretaceous Indianola 
Group







• 1-2-m wide zone of deformation
• 2 main west-dipping traces
• 1 anthithetic and warping of HW 

into main fault





• SPS - 12 RC, 7 OSL
• HKS - 5 RC, 5 OSL

RC samples processed by PaleoResearch Inst., Golden, CO 
and analyzed by NOSAMS Lab, Woods Hole, MA
OSL samples processed/analyzed by USGS lab, Denver, CO











• LS single-event scarp
–    MRE 1.6 ± 0.1 ka; PE >16.3 ± 2.4 ka
– Recurrence 14.7 ± 2.5 ky
– Slip Rate 0.20-0.28 mm/yr

• FS HKS single-event scarp; secondary evidence for scarp forming PE
– MRE 5.4 ± 0.1 ka; PE 11.2 ± 1.4 ka
– Recurrence 4.6 to 7.3 ky
– Slip Rate 0.17-0.33 mm/yr

• Trenched scarps likely Basin and Range extension rather than salt tectonics

– Moab area faults (Guerrero and others, 2015)

– High slip rates, short recurrence times

– High per event displacements for fault length



Adam McKean, Adam Hiscock, Christian Hardwick, and Will Hurlbut 

East Cedar Valley fault zone:
New fault strands and younger events





Quaternary fault and fold database New mapping



Outline

• Review evidence for East Cedar 
Valley fault zone and western fault

• Introduce Cedar Valley Lake

• Review new fault strands

• Conclusions



New Gravity Data



North-south trending normal fault on the 

eastern margin of the valley is a conduit for 

fault-parallel groundwater flow and a 

barrier to groundwater flow across the fault. 

Jordan and Sabbah, 2012

Groundwater
Evidence
For Faulting

Potentiometric Surface Map of Cedar Valley Study Area, 
March 2005 (Jordan and Sabbah, 2012)



Warm groundwater found along concealed 

East Cedar Valley fault zone, likely 

circulating up from depth along the fault 

damage zone.

“The area east of Eagle Mountain town 

center has the most elevated groundwater 

temperature, having four wells less than 540 

feet (165 m) deep in which water 

temperatures range from 23.5 to 29.1°C 

(74.3–84.4°F).”

Jordan and Sabbah, 2012

Groundwater Evidence
For Faulting



5140 ft. (1567 m) Lake Bonneville 
Highstand

Bonneville Flood
• 4985 ft. (1519 m) Cedar Valley 

North Threshold (NT) (Cedar 
Pass)

• 4950 ft. (1509 m) Cedar Valley 
South Threshold (ST) (near 
Goshen Pass)

• 4940 ft. (1506 m) Cedar Valley 
South Threshold (ST) (near 
Goshen Pass)

4900 ft. (1494 m) Cedar Valley 
Lake (CV) 

4775 ft. (1455 m) Provo Shoreline

ST

CV

ST

NT

CV

Cedar Valley 
Lake

Oviatt and 
Jewell, 2016



Offset of pre-
Bonneville 
Deposits

Goshen Pass quadrangle Soldiers Pass quadrangle



AR-1

Offset of pre-
Bonneville 
Deposits



Offset of 
Oligocene-
Eocene Volcanic 
and Bonneville 
Deposits



Profile 3 

Profile 5 



Offset of Cedar 
Valley Lake 
Gravel Bar



AR-2

AR-3



Offset of Cedar 
Valley Lake and 
Younger Eolian 
Deposits

AR-4



Potentially similar to the surface rupture 
caused by the 1934 Hansel Valley Earthquake?

Dr. Pack looking at scarp, photograph by Smith, R.B. 

Fault scarp 3 miles NE of Kosmo, photograph by Smith, R.B. 



Conclusions
• Another example of lidar’s value for fault mapping 

and for identifying pre-historic small offset  
earthquake surface fault ruptures

East Cedar Valley fault zone
Northern 

• Multiple lines of evidence for a concealed fault
Central 

• Confirmation of scarps in pre-Bonneville deposits
South

• New mapping shows scarps in both pre-Bonneville 
and Bonneville age deposits

Queried intrabasin fault
• New mapping shows a scarp in both Bonneville 

age deposits and younger eolian deposits
Western fault

• Suspected concealed fault confirmed by gravity 
data, likely pre-Quaternary structure



Thank you



A Field Test of Portable OSL—Using 345 
Samples from the Deep Creek Colluvial 

Wedge Exposure to Explore Earthquake-
Timing Uncertainty

Christopher DuRoss, Harrison Gray, Ryan Gold, Sylvia Nicovich, Shannon 
Mahan, Michael Hylland, Emily Kleber, Adam Hiscock, and Greg McDonald

Utah Quaternary Fault Parameters Working Group, February 2020



Motivation

Accurate models of earthquake probability and 
hazard rely on high-quality paleoseismic data    
(e.g., earthquake timing, recurrence, slip rate).

However, these records can be spatially/temporally 
incomplete. For example, based on few 
paleoseismic sites, surface-rupturing earthquakes, 
and/or constraining ages. 

Working Group on 
Utah Earthquake 
Probabilities (2016)



Principal Questions

We set out to test several aspects of normal fault colluvial sedimentation and 
surface burial using geochronology: 

1. Are we able to separate the signal of colluvial-wedge progradation over a 
surface soil from the noise of age scatter?

2. Does soil age from charcoal positively correlate with depth within a soil A 
horizon?

3. How does number of samples (and their stratigraphic context) affect 
earthquake-timing uncertainty? 



Optically Stimulated Luminescence

OSL: Date the last time 
sediment (quartz grains) 
was exposed to light
Luminescence signal is reset 

during transport and 
exposure to sunlight

After burial, ionizing energy 
from surrounding sediment 
is stored (electrons trapped)

This energy (luminescence) 
can be released and 
measured in the laboratory

Age = measured energy 
(equivalent dose) / Dose rate



Deep
Creek

Clear 
expression of 
Holocene 
surface faulting

Holocene 
alluvial-fan 
gravel and 
Wasatch fault 
exposed



X



x



Previous Work

Jackson (1991) Hylland & Machette (2008)

A faulted soil A horizon buried by colluvium suggests a single 
surface-faulting earthquake
Vertical displacement: 1.8 m

Timing: < ~1000 yr



X



X

AF

CW - W

CW - D

CW – W: Colluvial wedge wash facies
CW – D: Colluvial wedge debris facies
A: Soil A horizon
AF: Alluvial-fan gravel

A

A

AF

AF

AF



X



OSL:
~345 samples 

for portable 
OSL

6 full OSL 
samples

Radiocarbon 
(charcoal 
separation)

10 samples of 
buried A 
horizon

10 samples of 
colluvial 
wedge





Luminescence (photon hits on reader)

blue = young, red = old
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Luminescence (photon hits on reader)

blue = young, red = old



Luminescence (photon hits on reader)

blue = young, red = old

14C

OSL



From here...

Process full OSL and 14C ages

Calculate earthquake timing 
using multiple combinations 
of ages

Explore implications for: 
1. the sampling and dating of 

paleoseismic exposures, 

2. the use of portable OSL in the 
field, and 

3. how sample quantity and 
stratigraphic context influence 
estimates of earthquake-
timing uncertainty.



Topliff Hill Paleoseismic Site:
Six Events since 69.3 ka on the Topliff Hills Fault

UVU Faculty: Nathan Toké¹, and Michael P. Bunds¹ 
UVU Students: Rachel Richards¹, Alex Tolman¹, Brigham Whitney¹, and Sally Ward¹

The USU Luminescence Lab: Tammy Rittenour² and Carlie Ideker²

¹Department of Earth Science, Utah Valley University
²Department of Geology, Utah State University



● 25 km-long, west-

dipping fault

● Linked to South 

Oquirrh Mountains 

fault (SOMF)?

● Utah’s second 

longest Fault system, 

>250 km length

● Within 40 km of the 

Wasatch front

Topliff Hills Fault

Topliff Hills Fault





Scarp Height Profiling

best fit line to hanging
wall ground surface

best fit line to foot
wall ground surface

best fit line to hanging
wall ground surface

wall ground surface
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Explanation

Topliff Hill Site – Trench 1

South Wall

North Wall

15: 49.8 +/- 19.5 ka

Correlative Fan Units?

8-9 m 

offset

Footwall 

Event 2

Footwall 

Event 1

MRE

PE
APE
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Bonneville Highstand shoreline
vertical displacement = 2.1 ± 1.0 m

Hangingwall Mean:
1576.5± 0.6 m

Footwall Mean:
1578.6 ± 0.4 m

Shoreline Profiling
Profiling:

Blue lines 

= Shorelines

Green lines

= Scarps

Probably 2 - 4 m from trench displacements



Topliff Summary

● Evidence for 6 events 

● 0.5 – 2.5 m event                           
(2 m average)

● 3 post-Bonneville events

● No events coincident with lake

● 3 events from 40 - 70 ka

● Mean recurrence: 10 ka/event

● Recurrence range: 6-22 
ka/event

● Slip rate: 0.1 - 0.2 mm/a

Topliff

Hills 

Fault

N.Oquirrh

Fault

S. Oquirrh 

Mtns Fault
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Optically Stimulated Luminescence (OSL) is 

used to date the last time quartz sediment 

was exposed to light. The collected 

sediments are exposed to blue-green light 

and trapped electrons are released and 

emit a photon of light. The time is 

calculated by dividing the  equivalent dose 

(natural luminescence of a sample) by the 

environmental dose rate.

Age (kyr) = Equivalent Dose (Gy) / Dose 

Rate (Gy/kyr)

More information available at usu.edu/geo/luminlab

Mallinson, D., 2008.  A Brief Description of Optically Stimulated Luminescence 
Dating, http://core.ecu.edu/geology/mallinsond/OSL

OSL Sampling



USGS Earthquake Geology 
Intermountain West (IMW)
Ryan Gold, USGS Intermountain West Regional Coordinator

Photo credit: Chris DuRoss



USGS National Seismic Hazard Model 2023
• Factored into building codes 

and impacts billions of 
dollars in construction

• Impacts insurance rates

• Guide for emergency 
planning

• 2023 update process 
underway. Current focus 
(2020) on source fault 
model. More details 
tomorrow.



USGS - Ongoing Research and Collaboration in IMW

• Wasatch Front (UGS, UVU)

• Teton Range (BoR, USFS, 
WGS, Univ. of ID, BGC)

• Las Vegas (NBMG, UNR, 
UNLV)

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

• Walker Lane (NBMG, UNR)

• Borah Peak, Idaho (UVU, 
IGS, UGS)

• Ridgecrest (CGS, SoCal, 
UNR)

Intermountain West
region

Tetons

Wasatch
Front

Borah Peak

NE Calif.

Reno/Tahoe

Las Vegas

Ridgecrest
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USGS External Grants Program, FY2019 (last year)

• $4.3M competitive 
research grants funded

• 212 Proposals received, 
66 funded (31% success 
rate)

• IMW funded 9 
proposals ($519k)
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IMW External Grants 2020 (in progress)
• IMW received 17 proposals (down 

from 23 proposals in FY19). 

• Total request $750k. Best case 
scenario: $433k will be funded.

• Average proposal in fund/fund if 
possible category: $43.3k (FY20), 
down from ~$57.7k in FY19.

• FY20 Federal budget passed (Dec 
2019).

Funding by state
• NV: 1 grant funded; 3 in “hold” status

• UT: 0.5 grant funded

• ID: 1 grant in “hold” status

• AZ: 0.5 grant funded grant in “hold” 
status

• MT: 1 grant in “hold” status

• CO: 1 grant funded

• IMW general: 1 grant funded

• Meetings/Workshops: 1 grant funded 



External Grants – guidance going forward (FY21)

• Look for program announcement in March 2020. 

• Proposal dues in ~May 2020. 

• Panel meets in August – please contact me (rgold@usgs.gov) if you’d 
be interested in serving and won’t have conflict of interest (e.g., 
submitting a proposal this year or from an institution submitting 
proposals).

• USGS letters of commitment.

• Panels scrutinize history of publishing USGS-funded research.

mailto:rgold@usgs.gov


Updates to Utah geology input data 
for 2023 USGS National Seismic 

Hazard Model 

Alex Hatem, Ryan Gold, Rich Briggs, Ned Field, Peter Powers, Camille Collett

USGS-Golden, CO



Motivation

• USGS plans to release an update to 
U.S. National Seismic Hazard 
Model (NSHM) in 2023

• Geologic inputs have not been 
updated for NSHM since 2014, 
despite a map release in 2018

• Poorly organized geologic data for 
inputs to deformation model

Petersen et al., 2019



Goals

• Provide NSHM group with most 
up-to-date knowledge of 
earthquake geology across the U.S.

• Organize geologic data into a 
useable, shareable format

• Create a database of what is known 
along active faults nationwide

Petersen et al., 2019



Our objectives

1. Bring the rest of the country up 
to California (UCERF3) standard 

2. Add recent studies to dataset
3. Densify fault network & reassess 

fault geometries



UCERF3 & WGUEP 2016 headers



NSHM 2014

Example: East Cache fault zone

No metadata fields for NSHM 
“hazfaults” included in source 
parameter page

Some geologic info 
embedded in comments 

(not for all faults and 
inconsistent inclusion 

of data & refs)



Our timeline

• Time is tight, but we will do what we can
• This will hopefully become a regularly updated 

database, so what is not included this time will be 
considered in future iterations



What data do we need to achieve 
these goals?

• Geologic slip rates

• Paleoearthquake data

• Slip per event estimates

• Fault geometries

….and metadata!



How can you contribute/get involved?

• Microsoft form is accessible online for all agencies

• Flexibility in how to get your data to me 
• form is not the only vehicle!



General fault info



Geologic data fields within form

• Slip rates
• Time interval, dating method, uncertainty in measurements, how many 

EQ intervals included in each rate, ratings, etc…

• Paleoearthquakes
• Oxcal input files, number of events, depositional hiatuses, ratings, etc…

• Slip per event
• Show your work!



Citation information

• Willing to accept anything 
for internal review, but 
unpublished/unreviewed 
work may not be included 
in the final database

• Our preference is peer-
reviewed articles

• Because USGS is a public 
entity, all data should be 
available to the public



Overall interpretation

• Attempt to capture the 
nuance in geologic data 
that may not be well-
expressed otherwise in 
the form 
questions/publication on 
this site



Importance of 
database science

• Apparent sampling bias of 
slip rates in California as 
sampled by Dawson and 
Weldon, 2013 for UCERF3
• Does this bias matter for 

hazard calculations?

• How does hazard change 
when using similarly aged

 Conduct sensitivity analyses 



Importance of site-specific data

• Capture changes in geologic behavior along faults 
measured as points on a line

Example for why this matters:
Potential to highlight non-geometric segmentation 

(could be expressed as slip rate gradients along strike)



State of Utah data



USGS Qfaults:

thin black lines

USGS NSHM 
faults (‘hazfaults’):

thick blue lines

USGS 
‘site_investigations’:

white dots

USGS reviewed 
‘paleo_sites’:

aqua stars

USGS ‘paleo_sites’ 
ID’ed/to be 
reviewed:

yellow diamonds

WGEUP modeled 
faults incl. as 
Qfaults: 

orange highlights

Faults of concern 
(Lund, 2005; 
WGUEP 2016):

pink lines



Room for 
improvement

• Focus on improving 
USGS NSHM faults to 
match WGUEP 
modelled faults

• Utilize state knowledge 
in national model



Contributions are 
welcome from now 
until May 29, 2020!

Alex Hatem
ahatem@usgs.gov
303-273-8474

mailto:ahatem@usgs.gov
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