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Background
• The Utah Geological Survey reactivated the Basin and Range Province Earthquake 

Working Group (BRPEWG), due to the general lack of other Basin and Range Province 
(BRP)/ Intermountain West (IW) state earthquake working groups and the need for 
effective communication and collaboration in applied earthquake‐hazard research within 
the region.  

• BRPEWG was previously convened in 2006 and 2011, in response to U.S. Geological 
Survey (USGS) National Seismic Hazard Map update issues, and was hosted by the UGS. 

• Part of the highly successful Utah Earthquake Working Groups framework that consist of 
three standing committees created to help set coordinate earthquake‐hazard research in 
Utah.

• Working group intended to be focused on the Intermountain West, not just Utah, and 
help all states deal with earthquake hazards.  We are all in this problem together.



Agenda

8:00 Refreshments

8:00 – 8:30 Welcome and Overview of Meeting

8:30 – 10:00 State Presentations on Technical Issues (3)

10:00 Break (15 min)

10:15 – 11:45  Technical Presentations (3)

11:45 Lunch (1 hour, provided for those who have registered and paid)

12:45 – 2:45 Technical Presentations (4)

2:45 Break (15 min)

3:00 – 3:30 Special Presentations (2)

3:30 – 5:00 Discussion – BRP Earthquake Hazard Issues and Investigation Priorities
See printed agenda for background information.



The State of Seismic Hazard 
Assessment  in Arizona

Philip A. Pearthree
Arizona Geological Survey

Basin and Range Province

Earthquake Working Group
February 2018



• Briefly review historical seismicity and Quaternary 
faults across AZ

• Consider some key issues for seismic hazard 
assessments
– Quaternary faulting

• Mead Slope, Big Chino+, Lake Mary, Hurricane

• Many low-slip-rate faults in the Flagstaff area - cumulative impact on 
probabilistic assessments?

– Historical seismicity
• Evolving detection thresholds, what events included, current broad-

band seismic network

– Geodetic strain rates
• Complications from large plate boundary earthquakes 

• Similar rates across northern and southern AZ; Weird!



• ~100 faults active 
since 2.6 Ma

• concentrated along 
Colorado Plateau 
margin

• highest known slip 
rate ~0.2 m/kyr

• ~14 active since 15 ka

• ~12 faults trenched -
most barely studied

Quaternary 
Faults in AZ



Historical Seismicity in Arizona

 Moderate seismicity 
mainly in northern AZ 
since then

 Absence of seismicity in 
much of SW AZ

1900 to present

 Flagstaff area cluster

~1850 to 1900

 lots of action in N Mexico, 
S California

 a big earthquake in the 
southern Basin and Range

1887 
M7.5

1906 M6.2

1910 M61912 M6.2

M5.3 6/14

M4.7 11/14

 Recent earthquakes shook 
all major pop centers

M4.1 11/15



What is [fairly] new?
 On-going geologic mapping of areas including Q fault zones

• Found one new set of faults, 
• More thoroughly characterized several other fault zones

 New project – Mead Slope fault zone

• Geodesy
• Measurements over past ~20 yrs
• Complications from large plate boundary earthquakes
• Surprisingly similar extension rates across southern and northern AZ

 Enhanced broadband seismic network
• Better coverage to more uniformly detect m~2.5 or greater events
• More accurate locations for moderate events



Most hazardous 
faults in AZ 

• Populations centers –
Phoenix, Tucson

• Mead Slope - Las 
Vegas, Hoover Dam

• Lake Mary - Flagstaff
• Big/Little Chino -

Prescott
• Hurricane - Southwest 

UT
• Many distributed 

faults, NC AZ
• Honorable mention

Algodones, Santa Rita, 
Carefree

Hurricane

Lake MaryBig/Little Chino

Algodones 

300 k?

75 k

100 k

5 M

1 M

2 M
Mead Slope

Santa Rita 

Carefree 



Algodones fault
• NW-trending; margin of 

plate boundary system?

• Near Yuma metro area

• Trenched in early 1970’s; 
evidence of multiple 0.5 –
1.5 m surface ruptures

• Youngest event 11-15 ka

• At least 15 m vertical 
displacement of Plio-
Pleistocene river deposits

• Minimal detectable 
deformation of 50-100 ka 
Colorado R deposits

• Much lower slip rate than 
previously inferred

Yuma

Plio-
Pleistocene 

Colorado River 
deposits

Gran 
Desierto 
dunes



Mead Slope Fault

 Apparently pretty short 
but ends are buried or 
submerged

 Offsets a variety of 
Pleistocene fans by 
increasing amounts

 Essentially in Lake 
Mead, near Las Vegas 
and very near Hoover 
Dam

 Many other Q faults in 
Las Vegas area, few in 
AZ

Las Vegas

Hoover Dam



Mead Slope Fault

• Offsets of latest 
Pleistocene and 
older Pleistocene 
fan by increasing 
amounts

• Displaces young 
fan deposits

• Primarily left-
lateral 
displacement, 
near vertical fault



Lake Mary fault zone

• Fairly high regional 
seismic hazard?
– historical seismicity
– abundant young faults

• Lake Mary fz
– potentially longest, length 

very uncertain, most 
displacement of any fault 
zone in area

• Close to Flagstaff 
pleasantly expanding 
urban area



Lake Mary+ Fault Zone
• 25-km-long impressively 

sharp bedrock 
escarpment

• ~130 m vertical 
displacement of ~6 Ma 
basalt, >0.02 m/kyr rate

• Could link with other 
adjacent fault zones, into 
Flagstaff?

• Max rupture length of 50 
km is reasonable

• Age and length of 
youngest rupture 
unknown

Flagstaff



Many faults in northern AZ

 Some cut Q basalt flows

 More form bedrock scarps

 Faulted alluvium not common

 All likely low slip rates

 But poorly characterized

 Cumulative effect on regional 

seismic hazard?

Flagstaff

South Rim GC

I-40



Big Chino 
Fault Zone

• ~ 50 km fault zone along SW 
margin of Colorado Plateau

• Geomorph analysis and 
trenching in 1980’s and 
1990’s indicated latest 
Pleistocene faulting, slip rate 
~0.1m/kyr

• New geologic mapping 
revealed more young faulting 
at SE terminus

• Length increase to 65 km? 
implications for M estimates



Big Chino Fault Zone

• 20+ m high fault scarps common, probably middle Pleistocene 
alluvial fans

• Trenching suggests 3 surface ruptures in past ~100 ky, youngest 
rupture ~latest Pleistocene



Little Chino addition

• Roadcut fortuitously discovered during geologic mapping
• Complex faults cut Quaternary deposits, nice buried soils
• Clear evidence for recurrent faulting, most recent event may 

be early Holocene
• Fault interactions uncertain; need for better constraints 

on age of youngest movement on Big Chino fz



Hurricane fault

trench locations

Hurricane fault

 250 km long fault shared by 
Arizona and  Utah

 Impressive fault escarpment, late 
Quaternary faulting

 Primary hazard in bourgeoning 
southern Utah

Southern 
section

Whitmore 
section

Shivwits 
section

Anderson Junction 
section



• Basalt erupted ~850,000 yrs 
ago

• Displaced ~200 m
• Long-term slip rate of ~0.2 

mm/yr

• Displacement of early 
Holocene and Pleistocene 
alluvial surfaces

• 20 m vertical displacement of 
~100 ka Q3 surface

• Slip rate of ~0.2 mm/yr

Hurricane fault



Hurricane fault seismic hazard

• At least 3 sections of Hurricane fault likely 
ruptured in large earthquakes in past 20,000 yrs

• Trenching data and long-term slip rates suggest 
recurrence intervals of 10,000 to 30,000 yrs for 
individual segments

• Individual rupture lengths poorly defined
• Substantial uncertainty for hazard assessments



Enhanced Seismic Network

• Major increase in the number of seismometers in AZ 
since 2000

• All broadband

• Calibrating autodetect methods

• Legacy analog network in northern AZ operated by 

NAU/AEIC



Added seismic stations

2000 2018

Probably detect all EQs >M2.5



Temporary networks – Duncan sequence

 M 5.3 event 30 Jun 2014

 Temporary network deployment      

for ~3 months

 Assistance from PASSCAL

 Delineating structure(s)?



Geodesy

• Rick Bennett, Austin Holland, James Broermann, UA

• Corne Kreemer, Bill Hammond, UNR

• Several networks and campaigns

• Regional measurements over past ~20 yrs, and active 

monitoring



Observed Time-Varying Velocities southwest AZ

Pre-EMC black
2011-2013 blue
2014-2016 white

El Mayor-Cucapah
4 April, 2010 (EMC)
Mw 7.2

P003

P003



ES sites (this study)

Time-invariant velocities used to calculate strain
PBO CORS Campaign



East component of  velocity along lines of  latitude

Longitude

Latitude N38o

Latitude N35o

Latitude N33o

BP

Blue numbers are 
velocity gradients in 
nanostrains/year.

Break point between 
segments is used to 
define deformation 
boundary zone. 

BP

BP

ES sites (this study)
PBO Campaign
CORS

Velocities:



Time-invariant velocity field

3

2

1 m
m

/y
r

0
Velocity
magnitude

Predominately
East-West 
extension



Geodetic interpretations

 Earthquakes along the plate boundary can change the surface velocity 
field in the Southern Basin and Range.

 Time-varying velocities can lead to brief periods of shortening and 
longer term reduction in rates of extension in the Southern Basin and 
Range.

 Time-invariant velocities indicate two deformation domains, a relatively 
lower strain rate eastern domain and relatively higher strain rate 
western domain.

 It is not clear at this time why the discrepancy exists.

This introduces some significant uncertainty into 
previous seismic hazard interpretations



Technical Issues for the Basin and Range:

Gordon Seitz, California Geological Survey

Major Revision to California Guide for Assessing Fault 
Rupture Hazards   Publication 42

Selected Fault Zoning Issues
Examples –

Napa 2014 Earthquake and West Napa Fault

West Tahoe Fault 









Example of surface fault 
rupture from the M 6.0 August 
24, 2014 South Napa 
earthquake.  Displacement at 
this location was about 0.5 
meters (1.6 feet).



Impact of surface fault rupture on a home 
during the November 14, 2016 M 7.8 Kaikoura 
earthquake, New Zealand.  Fault displacement 
at this location was about 10 meters (33 feet) of 
horizontal offset.  Photo credit: Pilar Villamor, 
GNS Science / Earthquake Commission. 2b.  
House damaged by surface rupture during the 
August 14, 2014 M 6.0 South Napa earthquake. 
Total displacement on the fault was less than 1 
foot, yet even relatively modest amounts of 
fault offset required expensive (>$100,000) 
repairs including the replacement of the 
foundation of the house.  Red arrows show 
relative trend of faulting and sense of horizontal 
movement. 







Illustration of projects (red circles) in, outside, or near, an 
Earthquake Fault Zone (EFZ), shown as the yellow shaded area. Site 
A (red circle with letter A) is within the EFZ, Site B is outside of the 
EFZ and Site C is near the EFZ. In this example, Site A would be 
regulated by the A‐P Act and Site B is not regulated by the A‐P Act. 
For Site C the lead agency should be consulted to determine if the 
project is located within the EFZ. The EFZ map is a portion of the 
Hollywood 7.5‐minute Quadrangle Earthquake Zones of Required 
Investigation Map. 



It is worth reiterating that a project located outside of 
an Earthquake Fault Zone is still regulated by the A‐P 
Act if a Holocene‐active fault is found at that site. This 
can happen if a lead agency has established its own 
regulatory zone requiring an assessment of surface 
fault rupture hazard or in a situation where a 
Holocene‐active fault is discovered during a geologic 
investigation for that project. If located outside of an 
Earthquake Fault Zone, age‐undetermined faults are 
not regulated by the A‐P Act. However, the project 
geologist may want to consider all available data and 
provide recommendations regarding whether 
setbacks or other engineered solutions should be 
considered in the placement or design of a structure 
crossing these faults. 

The following concepts are provided to help focus the 
fault investigation: 
1. The fact that a project lies within a designated 
Earthquake Fault Zone does not necessarily indicate 
that a hazard requiring mitigation is present at that site. 
Instead, it indicates that regional (that is, not site‐
specific) information suggests that the probability of a 
hazard is great enough to warrant a site‐specific 
investigation. However, the working premise for the 
planning and execution of a site investigation within an 
Earthquake Fault Zone (EFZ) is that the suitability of the 
site must be demonstrated. This premise will persist 
until either: (a) the fault investigation satisfactorily 
demonstrates the absence of surface fault rupture 
hazard, or (b) the site investigation satisfactorily defines 
the surface fault rupture hazard and provides a suitable 
setback recommendation for its mitigation.







Fault Zoning Criteria 

• A major objective of CGS’s continuing Fault Evaluation 
and Zoning Program is to evaluate the hundreds of 
remaining potentially active faults in California for zoning 
consideration. However, it became apparent as the 
program progressed that there are so many potentially 
active (i.e., Quaternary) faults in the state (Jennings, 
1975) that it would be meaningless to zone all of them. 
In late 1975, the State Geologist made a policy decision 
to zone only those potentially active faults that have a 
relatively high potential for ground rupture. To facilitate 
this, the terms “sufficiently active” and “well‐defined,” 
from Section 2622 of the Act, were defined for 
application in zoning faults other than the four named in 
the Act. These two terms constitute the present criteria 
used by the State Geologist in determining if a given fault 
should be zoned under the Alquist‐Priolo Act. 

Sufficiently active. A fault 
is deemed sufficiently 
active if there is evidence 
of Holocene surface 
displacement along one or 
more of its segments or 
branches. Holocene 
surface displacement may 
be directly observable or 
inferred; it need not be 
present everywhere along 
a fault to qualify that fault 
for zoning. 

Well‐defined. A fault is considered well‐
defined if its trace is clearly detectable 
by a trained geologist as a physical 
feature at or just below the ground 
surface. The fault may be identified by 
direct observation or by indirect 
methods (e.g., geomorphic evidence or 
geophysical techniques). The critical 
consideration is that the fault, or some 
part of it, can be located in the field 
with sufficient precision and 
confidence to indicate that the 
required site‐specific investigations 
would meet with some success. 







Tahoe Basin Fault Behavior and Surface Rupture Zoning of 
the West Tahoe Fault
Gordon Seitz, CGS, Menlo Park



• Is more data always better ?
• Yes, but ....
• Not all data contributes equally to zoning
• lidar and to some degree seismic profiles 
add objectivity 







40
Gully on the south slope of the right‐lateral moraine (Qti) of Emerald Bay. This gully has formed along a low 
of the moraine crest.  Merging of crests focusing the flow of surface drainage and or primary glacial 
deposition is interpreted to have formed this limited extent feature. Moraine crests to the north are 
continuous.  Long profiles along the moraine crest are consistent with primary glacial deposition.  Howle et 
al. (2012) interpreted this feature as a Quaternary active fault.

41 
Well‐defined east‐facing scarp in Qti till and across three moraine crests.  This fault may extend into Emerald 
Bay, however it was not observed in a 3d seismic grid (Maloney et al. 2014) and the Emerald Bay right‐lateral 
moraines do not exhibit faulting along this trend. To the north this fault trends offshore and may connect with 
the primary WTF (Dingler et al., 2009), though the primary strand may well be further east.

42
Older generation of debris slides of Qti moraines, truncating the moraine crests.

43
Debris flows on the south slope of the left‐lateral Qti moraines , some postdating 42.

44
Inset alluvial/colluvial range front apron or debris cone between bedrock highs.  The relatively low angle slope 
of the inset surface combined with a possible head scarp is also consistent with an old landslide at least pre 
Qti. The possible head scarp elevation matches the adjacent large slides to the north fairly well (45 and 49).

45
Well‐defined large rotational slide scarps. Characteristic arcuate shaped scarp with an inset down‐dropped 
slide mass. Howle et al. (2012) indicates these scarps as:” scarps along base of over‐steepened range front” 
and attributes them to active faults (Howle et al.2012; fig 5). 

46
Multiple smaller rotational slides within the larger slide mass.

47
Debris flows

48
Elevated shelf is consistent with an offshore West Tahoe Fault north of the section 2 to section 3 step over.

Fig. modified from Howle et al. 2012



Feature #49 in Fault Evaluation Report

‐ was previously mapped and interpreted to be 
an active fault (Howle et al., 2012).

‐ CGS evaluation concludes it does not meet 
the State active fault criteria, in fact it’s a 
landslide and not a fault.

‐ In our fault evaluation we used the latest 
higher resolution Lidar data set.









Multiple Holocene‐Age Events on the Easternmost Surface Rupture of the August 24, 
2014 South Napa Earthquake

Gordon Seitz, California Geological Survey, Menlo Park; Carla Rosa, United States Geological Survey, Menlo Park; Kevin Ryan, Ryan Consulting, Orinda, California.
Gordon.Seitz@conservation.ca.gov























Conclusions

•   On this easternmost surface rupture trace E, previous displacements during the past 15 ka were significantly larger.

•  3 events predating 2014 were recognized: Event 2: 4 ka, Event 3: 6.5 ka, and Event 4: ~14 ka.

• The 2014 right lateral displacement was 6 cm with 1 cm down to the east.  Using this ratio the cumulative slip is about 6 m, 
which results in single event offsets in the few meter range, larger than any 2014 displacements along the primary tectonic 
trace A.

•   The slip rate over 15 ka is 0.4 mm/yr.

•  The weak tectonic geomorphic fault signature, apparently inconsistent with the paleoseismic rate may be due to low 
cumulative displacement.  A related older sub parallel fault to the west may have been the more active structure in the past.

•  This study has important implications for surface rupture hazard assessments, and helps place limits on the ability to 
recognize surface rupture potential. It also highlights the value of post‐earthquake investigations including the mapping of 
minor cracks as indicators of active faults. 



Update and Issues Facing 
Earthquake Research in Colorado

Matt Morgan
Deputy Director

Geologic Hazard, Mineral Resources and Geologic 
Mapping Program Manager



Seismometer Locations



Seismometer Installation



Cheraw Fault Trenching



USGS Trench, 1994‐95

Fugro/CGS/USGS
Trenches, 2016

?

?

0 6
km

N

Cheraw Fault



Cheraw Fault Trenching

Mark Zellman, BGC Engineering



Cheraw Fault Trenching

Mark Zellman, BGC Engineering



Cheraw Fault Findings
• Increased length of fault to ~60 km; 

additional segments may exist
• Complex fault, multiple steps; deformation in 

recent trenches on left‐stepping ramp
• Nussbaum Alluvium at the Haswell site is 

deformed and its basal contact is vertically 
offset at least 5 to 6 m, and most likely about 
9 m

• New ages, deformed sediments are much 
younger than previously known ‐ deposition 
of units within the Nussbaum Alluvium 
spanned an age range from at least 126 ka to 
>>160 ka

• Deformed stratigraphy and age constraints 
from luminescence dating suggest that this 
slip on the Cheraw fault occurred after ~126 
to 159 ka, yielding a minimum vertical slip 
rate of ~0.06 to 0.07 mm/yr since that time

‐Zellman and Ostenaa, 2018

Mark Zellman, BGC Engineering



Quaternary Fault Database Update

• USGS funded
• Last updated in 1998
• Fault traces using 24k 
and 100k maps, LiDAR

• Updating the full 
“legacy” database –
CGS could take 
ownership



Earthquake Reference Collection (ERC)

• Contains 550 
papers, consultant 
reports, abstracts, 
maps, theses

• Search by Author, 
Title, Year

• Will be updated 
with more user‐
friendly interface, 
keyword search, 
and index map





Technical Issues

• Q‐Faults are not fully characterized
– Mapped in the 70s‐90s, only a handful have reliable 

absolute ages, most ages assigned by soils and height in 
landscape

– Paucity of trenches
– Poorly constrained ages of Q deposits

• More ages are needed
• Lidar coming, but slowly, 32% of the state is covered
• Cross‐border coordination, could help on Lidar 

collection, geo mapping, proposals for funding
• Things move S‐L‐O‐W



Non‐Technical Issues

• Funding‐Little (none) internally; externally, money 
available for outreach but not science

• More pressing projects (Debris flows, Landslides, 
Hydro, Minerals)

• Lack of available technical staff



Conclusions

• A small amount (<20k) of funding goes a long way in 
Colorado

• Lidar and geochron are first steps to make faster 
progress > larger, detailed projects

• More public outreach, make our science 
understandable

• Cross‐border coordination



Technical Issues Facing 
Idaho

2018 Basin and Range Province Earthquake Working Group
February 15, 2018

Zach Lifton
Idaho Geological Survey



Idaho Fault Priorities

• Lost River*
• Squaw Creek*‐Jakes Creek‐Big Flat
• E & W Bear Lake
• Sawtooth*‐Boulder Front
• Owyhee
• Beaverhead*
• Lemhi*

*Priority faults suggested at BRPSHS III (2014)



Idaho Fault Database

• Current ID database vs USGS database
• USGS is more up‐to‐date
• USGS line work is more detailed
• ID includes some faults that are not included in USGS

• What standard to meet to include in USGS database? 
• IGS is working on updating the fault database

• Better imagery (Google Earth, etc.)
• More LiDAR available and more coming soon
• Working toward a more modern model (perhaps following 
UCERF3 database)

• More parameters
• Defined uncertainties





Old IGS database

New mapping



LiDAR Data 
Availability

• Current coverage
• New datasets
• Forthcoming 
datasets



Soda Springs Earthquake 
Sequence
• Began Sept. 2, 2017
• 9 foreshocks up to M4.1 
in preceding 30 min

• M5.3 mainshock
• >1900 locatable 
aftershocks:
26 > M4.0

• UUSS and USGS deployed 
8 temporary stations

• Source fault is not clearly 
known







From USGS, 2017

InSAR interferogram



New Mapping in SE Idaho

• STATEMAP funded
• Covers part of E. Bear 
Lake fault

• Additional work being 
done by UGS on 
north end of Wasatch

• Current FEMA 
proposal to map 
active faults with new 
lidar



Paleoseismology

• Older trenches:
• Lost River fault: 12 trenches (1969‐1995) 
• Lemhi fault: 11 trenches (1969‐1992)
• Squaw Creek and Jakes Flat: 1 trench each (1983)
• Owyhee fault: 1 trench (1997)
• West Bear Lake fault: 1 trench (1989)
• East Bear Lake fault: 2 trenches on Utah side (1990)

• Sawtooth fault:
• Glenn Thackray and others at ISU (Thackray et al. 2013 Geology; 
Johnson 2009 thesis) have done mapping, hand trenching, and lake 
coring

• Small portions of fault covered by lidar; fault is not completely mapped
• Length of rupture, possible segmentation is unknown
• Relatively high slip rate: 0.5‐0.9 mm/yr
• 2‐3 post‐14 ka events; ~4100 yr BP and ~7500 yr BP



Idaho Cross‐Border Fault Issues

• Washington
• Spokane fault

• Montana
• Several faults on either side of the border that may 
affect the other state (e.g. Beaverhead fault, Bitterroot 
fault)

• Seismicity in Helena and Kalispell areas
• Lewis Clark fault zone (including Hope fault)



Idaho Cross‐Border Fault Issues

• Wyoming
• Teton and Grand Valley faults

• Utah
• Bear Lake faults
• Cache Valley faults
• Northern end of Wasatch fault
• Large EQ may have more impact on Utah than Idaho



Idaho

Utah
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Idaho Cross‐Border Fault Issues

• Nevada
• M5.9 Wells EQ was widely felt in southern Idaho
• Many faults in Nevada have not been mapped on the 
Idaho side of the border

• Oregon
• Pine Valley fault
• Cottonwood Mountain fault



Idaho

Nevada
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Update and Issues Facing 
Earthquake Research in Colorado

Matt Morgan
Deputy Director

Geologic Hazard, Mineral Resources, and Geologic 
Mapping Program Manager



Seismometer Locations



Seismometer Installation



Cheraw Fault Trenching



USGS Trench, 1994‐95

Fugro/CGS/USGS
Trenches, 2016

?

?

0 6
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N

Cheraw Fault



Cheraw Fault Trenching

Mark Zellman, BGC Engineering



Cheraw Fault Trenching

Mark Zellman, BGC Engineering



Cheraw Fault Findings
• Increased length of fault to ~60 km; 

additional segments may exist and increase 
length to 80 km

• Complex fault, multiple steps; deformation in 
recent trenches on left‐stepping ramp

• Nussbaum Alluvium at the Haswell site is 
deformed and its basal contact is vertically 
offset at least 5 to 6 m, and most likely about 
9 m

• New ages, deformed sediments are much 
younger than previously known ‐ deposition 
of units within the Nussbaum Alluvium 
spanned an age range from at least 126 ka to 
>>160 ka

• Deformed stratigraphy and age constraints 
from luminescence dating suggest that this 
slip on the Cheraw fault occurred after ~126 
to 159 ka, yielding a minimum vertical slip 
rate of ~0.06 to 0.07 mm/yr since that time

‐Ostenaa and Zellman, 2018
Mark Zellman, BGC Engineering; Lidar
CGS



Quaternary Fault Database Update

• USGS funded
• Last updated in 1998
• Update fault traces and 
trenches using 24k and 
100k maps, LiDAR, 
consultant reports

• Updating the full 
“legacy” database –
CGS could take 
ownership
Image at right: 24k geologic map showing Rampart Range fault (green lines) 
compared to trace of fault from 250k map (red line). Green triangles are 
relocated trench locations; compare to prior location (red dot).



Earthquake Reference Collection (ERC)

• Contains 550 
papers, consultant 
reports, abstracts, 
maps, theses

• Search by Author, 
Title, Year

• Will be updated 
with more user‐
friendly interface, 
keyword search, 
and index map





Technical Issues

• Q‐Faults are not fully characterized
– Mapped in the 70s‐90s, only a handful have reliable 

absolute ages, most ages assigned by soils and height in 
landscape

– Paucity of trenches
– Poorly constrained ages of Q deposits; need more ages!

• Faults of priority: Williams Fork, Frontal, Ute Pass, 
Rampart Range, Golden

• Lidar coming, but slowly, 32% of the state is covered
• Cross‐border coordination, could help on Lidar 

collection, geo mapping, proposals for funding



Non‐Technical Issues

• Funding‐Little internally; externally, money 
available for outreach but not science

• More pressing projects (Debris flows, landslides, 
hydrology, minerals)

• Lack of available technical staff



Conclusions

• A small amount (<20k) of funding goes a long way in 
Colorado

• Installing additional seismometers
• Lidar and geochron are first steps to make faster 

progress, start small > larger, detailed projects
• More work needed on Williams Fork, Frontal, Ute Pass, 

Rampart Range, Golden faults; Cheraw study on‐going
• More public outreach, make our science understandable 

and research funding easier to justify
• Cross‐border coordination very important



Recent Montana Happenings

Mike Stickney

Montana Bureau of Mines and Geology
Butte, Montana
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MBMG USGS



7/17/2017 M 4.7 7/6/2017 M 4.4 10/19/2017 M 4.4 7/6/2017 M 4.3

7/8/2017 M 4.3 7/6/2017 M 4.0 10/15/2017 M 4.0 1/7/2018 M 3.9





Seismic hazard (USGS) and earthquakes since 1982 (MBMG)

Bitterroot
Fault



USGS Quaternary Fault and Fold Database MBMG scarp mapping from LiDAR
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Ward Creek fan



Ward Creek Fan North
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Change in County Population 1960-2010





Questions / Comments



















Montana Earthquakes M ≥ 5



Bitterroot Fault looking south
98 km long

















Rich D. Koehler
Nevada Bureau of Mines and Geology

University of Nevada, Reno

State Presentations on technical Issues facing the Basin & Range
Nevada

2018 Utah Quaternary Fault Parameters Working Group 
Wednesday, February 14, 2018 

Salt Lake City, Utah



• Earthquake geology and paleoseismic research
• Quaternary research (alluvial fan timing)
• Engineering geology
• Participation in Nevada Earthquake Safety Council (NESC)
• Participation in the Western States Seismic Policy Council (WSSPC)
• Earthquake awareness talks to the public
• Rapid response to hazardous geologic events (floods, earthquakes, landslides)

The main focus of natural hazards studies and outreach at NBMG



Efforts to further the goals of the program and contribute to the mission of NBMG

Continuous or cyclic fan deposition?

Implications for:
Earthquake hazards
Debris flow frequency
Evaluation of climate change

• A new Quaternary geology and Geologic Hazards laboratory is being established
• Collaborations with the Nevada Seismological Laboratory
• Collaborations with the E.L. Cord Luminescence Laboratory at Desert Research Institute
• Sponsoring new graduate student research (Fall, 2017) 
• Teaching in the Department of Geological Sciences and Engineering (field methods, field camp)



Earthquake hazards Flood Risk Management

Landslide Mapping Geologic Mapping

New 3DEP lidar will greatly benefit the natural hazards program



2018 Working Group on Nevada Seismic Hazards

Faults included in the 2014 
National Seismic Hazards map

Peak ground acceleration
2% in 50 years

• review earthquake hazard research
• provide insight related to technical issues and uncertainties
• identify priorities for future research benefit the National Seismic Hazard Map
• improve time‐independent forecasts of future earthquake occurrence
• improve estimates of the ground motions 

Main objectives



2018 Working Group on Nevada Seismic Hazards

Reno focus area Las Vegas focus area

Additional studies in Vegas (dePolo)



Fred’s Mountain fault zone

• Age of offset surfaces

• Reconnaissance slip rate

• Calibration of rates used in 
the NSHM



Statewide Challenges

• Resolving border faults

• Developing a Nevada
database

• Database maintenance



Quaternary fault databases

Alaska Utah

Nevada



Continuity between paper products and digital database



Peavine Creek fault

Review of unpublished 
archival data form NBMG files

New lidar 2018



Other challenges

• Low rates of deformation

• Encroaching development



Faults in proximity to Las Vegas

9 faults included in NSHM

Challenging faults currently being investigated:

• Frenchman Mountain fault

• Eglington fault

• Las Vegas Valley fault system



Eglington fault



Frenchman Mountain fault

EQ3: 43.3 – 53.5 ka; EQ2 : 24.6 – 28.8 ka; MRE: ??
Slip rate: ~0.03 mm/yr



Rapid response to emergencies
Rain on snow flood, January 2017

The night before

Morning of the flood

Communication of the location
of damage and safety concerns
to local officials, USGS, FEMA



Rapid response to emergencies
Hawthorne earthquake, 2017

Nine‐mile ranch



Rapid response to emergencies
Hawthorne earthquake, 2017

Geologic effects include rock fall, sand blows, 
and lateral spread.  No surface rupture.



Thanks!



EARTHQUAKE HAZARDS IN NEW MEXICO
Cross-border fault issues and investigative priorities

Andy Jochems, Dan Koning, and Dave Love

New Mexico Bureau of Geology & Mineral Resources
New Mexico Institute of Mining & Technology



Population density and Quaternary faults

162 Quaternary faults (Class A+B)
• 19 Latest Quat. (<15 ka) faults

35 trench sites (16 faults)



Historical seismicity in relation to faults

162 Quaternary faults (Class A+B)
• 19 Latest Quat. (<15 ka) faults

35 trench sites (16 faults)
Instrumental record (1962-2009) + select older events
(Pearthree et al., 1990; Sanford et al., 2002; Pursley et al., 2013)



1906 Socorro

1887 Sonora

DuBois and Smith (1980); MMI

Courtesy of Smith family Reid (1911); Rossi-Forel

Olsen (1979); 
Rossi-Forel

1918 Cerrillos





1:12,000







Fault or fault zone Length
(km)

Most recent 
rupture

Recurrence
interval

Slip rate 
(mm/yr) Refs

Arizona-New Mexico

Alma Mesa 15 Early Pleist (?) ? ≤ 0.02 Houser et al. (1994)
Menges & Pearthree (1983)

Guadalupe Canyon 5 Early Pleist (?) ? ≤ 0.02 Machette et al. (1986)
Menges & Pearthree (1983)

Rimrock 10 Late Pleist ? ≤ 0.025 Machette et al. (1986)

Colorado-New Mexico

Mesita 29 15-25 ka ? ≤ 0.1 Personius & Machette (1984)
Thompson & Machette (1989)

Southern Sangre de Cristo
(San Pedro Mesa sect.) 24 Late Pleist ? 0.075-

0.1
Ruleman & Machette (2007)
Thompson & Machette (1989)

Texas-New Mexico

East Franklin Mountains 45 8-17 ka 9-22 kyr 0.1-0.3 Keaton & Barnes (1996)
McCalpin (2006)

Hueco 116 Mid Pleist ? ≤ 0.05 Collins & Raney (1991, 1997)



Fault or fault zone Length
(km)

Most recent 
rupture

Recurrence
interval

Slip rate 
(mm/yr) Refs

Mexico-New Mexico

Camel Mountain 47 Mid-Late Pleist
(?) ? ≤ 0.04 Reeves (1969)

Seager (1995)

East Potrillo 31 Late Pleist ? ≤ 0.1 Cervera (2006)
Seager & Mack (1994)

Lang Canyon 1 Mid Pleist ? ≤ 0.01 Vincent & Krider (1997)

Mastodon 14 Mid Pleist ? ≤ 0.01 Hawley & Lozinsky (1992)

Mount Riley 37 Early-Mid Pleist
(?) ? << 0.2 Seager (1995)

Seager & Mack (1994)

Sierra Palomas 14 Mid Pleist (?) ? ≤ 0.01 Seager (1995)
Seager & Clemons (1988)

West Robledo 103 Early-Mid Pleist
(?) ? ≤ 0.01 Seager (1995)

Seager et al. (1987)



Induced seismicity in NM
Raton Basin Dagger Draw



Recent paleoseismic studies
Calabacillas Fault, Albuquerque Basin
McCalpin et al. (2011)–GSA Special Paper 479

• 34 km long

• MRE ~14 ka

• RI 9-20 kyr

• Potential for GPR to locate faults 
buried by Holocene sediment



Recent paleoseismic studies
• In 2016, two paleoseismic trenches were excavated across an antithetic fault of the Pajarito fault 
system (PFS). The Pajarito fault system serves as the master fault for a Rio Grande rift basin called the 
Espanola Basin. The fault lies directly adjacent to the Los Alamos National Laboratories (LANL).
• LANL has commissioned a multi-year paleoseismic investigation of the Pajarito fault system
• LANL PFS project team includes Emily Schultz-Fellenz (LANL PM), Rick Kelley, Richard Lee, and 

Giday WoldeGabriel among others.
• The paleoseismic effort is spear-headed by Lettis Consultants International, Inc. (LCI) – LCI’s 

includes a notable group of paleoseismologists working with the LANL PFS Team spearheaded by 
Robert Givler.

• The 2016 trenches exposed middle to late Pleistocene to mid-Holocene deposits.
• Geochronology (OSL and paleomagnetic samples), coupled with pedogenic analysis, indicates 

limited Holocene deposition, consistent with local geologic mapping.
• Based on the trench exposures and initial age-dating information, the PFS Team preliminarily 

interprets several Pleistocene events as well as a single Holocene event on the antithetic fault zone 
of the PFS. In 2018, the project team plans to excavate additional paleoseismic trenches at separate 
locations along the PFS.



LiDAR Acquisition
• Shaded relief: flown, available

• Red shade: flown, available spring 
2018

• Hachured: to-be-flown, available 
spring 2019 (FEMA, MRCoG, NRCS, 
USFS)

>50% of state will have LiDAR 
coverage by 2020 (mostly QL2)

rgis.unm.edu



New Mexico fault priorities
Ranking
(previous) Fault or fault zones*

Most
Recent 
Rupture

Slip rate 
(mm/yr)

Estimated
Affected 
Population (min)

1 (2) Rincon (Mid?) Holo <0.4 ~1 million

2 (2) Other Albuquerque-area faults
(incl. Hubbell Spring system)

Mid Pleist-
Holocene <0.2 - 1 ~1 million

3 (nr) Mesilla Basin Late Pleist <0.2 100-150k

4 (nr) San Andres Mountains 
(southern section) 5-15 ka? <0.2 100-150k

5 (nr) Alamogordo 
(Three Rivers section) Holocene? <0.2 50-150k

Other
priorities

(a) Pursue funding
(b) Refine mapping using new LiDAR datasets
(c) Update seismic array

*In addition to proximity to population corridors, all faults are near military and/or 
national lab facilities.



Issues and challenges 

• Personnel / expertise
• Land access
• $$$
• Public awareness



Andy Jochems
NM Bureau of Geology & Mineral Resources

(575) 835-6213
Andy.Jochems@nmt.edu

Thank You—Questions?





• Hillshades = flown, available

• Red shade = flown, available 
2018

• Black, red outline = to-be-
flown by NRCS, MRCoG, USFS 
2018

• Gray hachure = to-be-flown 
by FEMA

44% of state will have 
LiDAR coverage after 

2018 (mostly QL2)



Bill Burns, 2018

Bill Burns, Ian Madin, and Jason McClaughry



Bill Burns, 2018

1) Use lidar to map young fault features

2) No lidar? Use regional/air photo 
structure from motion (SFM)

3) Coseismic landslides

4) EQ Damage and loss analysis

OUTLINE



Bill Burns, 2018Ian Madin, GSA 2017 Session 210‐11, 10/24/17

OLC lidar project areas 
are defined by the shared 
interest of Consortium 
funding partners.  

Virtually none of the data 
were collected primarily 
to support geologic 
research or to target 
young faulting.



Bill Burns, 2018

This map shows all of the young fault 
features mapped to date during 
review of OLC lidar data.  In virtually 
all cases, previous studies had not 
identified young fault features in these 
areas.

We mapped scarps that cut young 
surficial materials, or that had a sharp 
appearance in bedrock or older 
surficial materials.  The majority of the 
areas have been visited briefly in the 
field to confirm the presence of young 
faulting.

The lidar also covers several faults 
listed in the USGS database as < 15ka 
in age, but none of those shows any 
evidence for recent faulting.

Ian Madin, GSA 2017 Session 210‐11, 10/24/17

Legend
lidar_faults

USGS_Faults < 15,000

OLC Lidar Available

In-Progress Lidar Projects



Bill Burns, 2018

Multorpor Mountain Fault
•Scarps extend 12 km and offset 20 ka glacial 
deposits 8‐9 m. Defines a graben with the Twin 
Lakes Fault.

Twin Lakes Fault
• Extends 17 km with scarps 1‐2 m high in post 
glacial colluvium

Blue Ridge Fault
• Extends over 12 km in steep glaciated 

terrain with scarps 1‐2 m high in glacial 
deposits.

Ian Madin, GSA 2017 Session 210‐11, 10/24/17



Bill Burns, 2018Ian Madin, GSA 2017 Session 210‐11, 10/24/17

Blue Ridge fault trench 
shows single event 
with 1.8 m of slip at 

about 13.5 ka



Bill Burns, 2018

The White Branch fault zone consists of dozens of 
scarps which range up to 12 m in height and which 
cut moraines of Suttle Lake age, approximately 
20,000 years old.

The scarps define a complex graben, which extends 
at least 18 km N‐S and 10 km E‐W. Based on the 
height of scarps across several transects, the 
estimated normal fault extension for this system 
ranges from 4 to 16 m. 

Ian Madin, GSA 2017 Session 210‐11, 10/24/17



Bill Burns, 2018Ian Madin, GSA 2017 Session 210‐11, 10/24/17

Lidar view and photo of 12 m high 
scarp in ~ 20 ka recessional moraines

E and W‐facing scarps in southern 
portion of White Branch fault zone



Bill Burns, 2018

•NW‐trending west‐side‐down normal 
fault extends > 7km across lidar coverage

•2‐3m offset in colluvium on 20 degree 
slope

Ian Madin, GSA 2017 Session 210‐11, 10/24/17



Bill Burns, 2018



Bill Burns, 2018Ian Madin, GSA 2017 Session 210‐11, 10/24/17

• Cursory review of the large, high quality lidar dataset collected by the Oregon 
Lidar Consortium has identified dozens of previously unrecognized young faults. 

• None have been studied in significant detail.
• Somebody ought to do that, it could be you!
• View and download lidar data at http://www.oregongeology.org/lidar/index.htm
• Email Ian.Madin@Oregon.gov for fault GIS data.



Bill Burns, 2018Jason McClaughry, Draft, 2018



Bill Burns, 2018Jason McClaughry, Draft, 2018



Bill Burns, 2018

Dataset
USGS 10m 

DEM
City PDX 

Data
Stereo-Pair Aerial 
Photograph (1973) LIDAR

Time (hours) 6 10 21 37
Smallest Landslide (Square Feet) 1,151,610 57,373 21,730 862

Smallest Landslide (Square Meters) 106,988 5,330 2,019 80
Largest Landslide (Square Feet) 77,593,943 77,682,394 65,109,813 64,511,123

Largest Landslide (Square Meters) 7,208,710 7,216,927 6,048,897 5,993,277

Total Number of Landslides 11 34 31 211
Time (hours) 8 11 10 39

Smallest Landslide (Square Feet) 373,428 18,231 87,308 298
Smallest Landslide (Square Meters) 34,693 1,694 8,111 28

Largest Landslide (Square Feet) 3,328,046 32,837,973 10,322,765 997,173
Largest Landslide (Square Meters) 309,185 3,050,746 959,016 92,640

Total Number of Landslides 6 69 18 151
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Burns, W. J., 2007, Comparison of remote sensing datasets for the establishment of a landslide mapping protocol in Oregon. AEG Special Publication 23: Vail, 
Colo., Conference Presentations, 1st North American Landslide Conference.



Bill Burns, 2018Burns, W. J., 2007, Comparison of remote sensing datasets for the establishment of a landslide mapping protocol in Oregon. AEG Special Publication 23: Vail, 
Colo., Conference Presentations, 1st North American Landslide Conference.



Bill Burns, 2018

Past Landslides Future Shallow
Landslide Areas

Future Deep
Landslide Areas



Bill Burns, 2018

Douglas County

Burns, W.J., Herinckx, H.H., and Lindsey, K.O., 2017. Landslide inventory of portions of northwest Douglas County, Oregon, Oregon Department of Geology and Mineral Industries, Open‐File Report O‐17‐04. 



Burns, 2017

Douglas County

BLM Land, North of the 

Umpqua River

2009 photo

Burns, W.J., Herinckx, H.H., and Lindsey, K.O., 2017. Landslide inventory of portions of northwest Douglas County, Oregon, Oregon Department of Geology and Mineral Industries, Open‐File Report O‐17‐04. 



Burns, 2017

Douglas County

Lidar 1m Bare Earth Slope

Burns, W.J., Herinckx, H.H., and Lindsey, K.O., 2017. Landslide inventory of portions of northwest Douglas County, Oregon, Oregon Department of Geology and Mineral Industries, Open‐File Report O‐17‐04. 



Burns, 2017

Douglas County

Bare Earth Slope & DEM 

Elevation Color Ramp & 3ft 

Contours

Burns, W.J., Herinckx, H.H., and Lindsey, K.O., 2017. Landslide inventory of portions of northwest Douglas County, Oregon, Oregon Department of Geology and Mineral Industries, Open‐File Report O‐17‐04. 
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Douglas County

Bare Earth Slope & DEM 

Elevation Color Ramp & 3ft 

Contours & Landslides

Burns, W.J., Herinckx, H.H., and Lindsey, K.O., 2017. Landslide inventory of portions of northwest Douglas County, Oregon, Oregon Department of Geology and Mineral Industries, Open‐File Report O‐17‐04. 



Bill Burns, 2018Burns, W.J., Herinckx, H.H., and Lindsey, K.O., 2017. Landslide inventory of portions of northwest Douglas County, Oregon, Oregon Department of Geology and Mineral Industries, Open‐File Report O‐17‐04. 
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• Historic or active (movement <150 years): The landslide appears to be 
currently moving or to have moved within historic time or historic data 
has identified the landslide as having moved in the last 150 years. 
Landslide features generally sharp and clear 

• Prehistoric or ancient (movement >150 years): Landslide features are 
slightly to strongly eroded or covered with younger deposits. Features 
may be subdued and indistinct

Burns, W.J., Madin, I.P., 2009. Protocol for Inventory Mapping of Landslide Deposits from Light Detection and Ranging (lidar) Imagery, Oregon Department of Geology and Mineral Industries, Special Paper 42 
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~53,000  Landslides
SLIDO Database

Burns, W.J., 2014, Statewide Landslide Information Database for Oregon, release 3.2: Oregon Department of Geology and Mineral Industries
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41,029
12,095

Burns, W.J., 2014, Statewide Landslide Information Database for Oregon, release 3.2: Oregon Department of Geology and Mineral Industries
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Landslide
Hazard

AssetsRisk

EQ, Flood, Wind



Bill Burns, 2018

Purple=Commercial
Green=Public
Yellow=Residential

Burns, W.J., Mickelson, K.A., Jones, C.B., Pickner, S.G., Hughes, K.L., Sleeter, R., 2013. Landslide hazard and risk study of northwestern Clackamas County, Oregon: Oregon Department of 
Geology and Mineral Industries, Open‐File Report O‐13‐08



Bill Burns, 2018Burns, W.J. and Mickelson, K.A., 2013. Landslide Inventory, Susceptibility Maps, and Risk Analysis for the City of Astoria, Clatsop County, Oregon: Oregon Department of Geology OFR O‐13‐05
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Landslides induced by 
earthquake cause as 
much damage as 
earthquake itself

Loss ratio nearly 
doubled!N
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Burns, W.J. and Mickelson, K.A., 2013. Landslide Inventory, Susceptibility Maps, and Risk Analysis for the City of Astoria, Clatsop County, Oregon: Oregon Department of Geology OFR O‐13‐05
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BASIN AND RANGE PROVINCE 
EARTHQUAKE WORKING GROUP

Utah Update
Thursday, February 15, 2018

Utah Geological Survey 
Geologic Hazards Program



•Wasatch Front
•Nearly 80% of Utah’s population lives within 15 miles of the Wasatch fault
•More than 75% of Utah’s economy is concentrated in Salt Lake, Utah, Davis, 
and Weber counties

•Infrastructure
•Numerous utilities and transportation corridors cross, or are very near to 
the fault
•Many brick or block buildings are unreinforced masonry and susceptible to 
considerable damage or collapse

Fault Fault Fault Fault Fault Fault Fault Fault Fault Fault Fault Fault Fault Fault Fault



Utah Geological Survey (UGS)

•UGS is ~70 full time employees 

•2 offices: Salt Lake City and Cedar City

•Where does our funding come from?

•State general funds 

•Mineral severance taxes on Federal 
land

•Grants/contracts

•Federal agencies, state agencies, 
local government

Our main office at 1594 N. Temple, Salt Lake City



Utah Geological Survey (UGS)

•Programs within UGS:   

•Geologic Hazards Program (10 
FTE)

•Geologic Mapping Program

•Groundwater and 
Paleontology Program

•Energy and Minerals Program

•Geologic Information and 
Outreach Program

Our main office at 1594 N. Temple, Salt Lake City





Historic Seismicity

• f



1999/2011+ Sherwood Hills Landslide

February 2010 Rockville Rock Fall

Utah Geological Survey –
Geologic Hazards Program

• Respond to geologic hazard 
emergencies and provide 
unbiased, scientific advice to local 
governments and incident 
commanders.

• Investigate and map geologic 
hazards in urban and other areas 
(publish and distribute PDFs and 
GIS spatial data).

• Provide geologic hazard related 
technical outreach, educational 
outreach, and information to 
inform Utah about hazards.



Hazards Response

Response
• Urban landslides 
• Debris flows
• Rock falls
• Flooding

Monitoring
• GPS monitoring
• Groundwater well database
• Field invesigations



368 West Main Street, Rockville Residence September 29, 2010, Before Fatal December 21, 2013, Rock Fall



December 12, 2013 Rockville Rock Fall (With Two Deaths) 



https://ussc.utah.gov



1999/2011+ Sherwood Hills Landslide

February 2010 Rockville Rock Fall

Utah Geological Survey –
Geologic Hazards Program

• Respond to geologic hazard 
emergencies and provide 
unbiased, scientific advice to local 
governments and incident 
commanders.

• Investigate and map geologic 
hazards in urban and other areas 
(publish and distribute PDFs and 
GIS spatial data).

• Provide geologic hazard related 
technical outreach, educational 
outreach, and information to 
inform Utah about hazards.



Geologic Hazard Mapping 
Program
• Intend to provide information on the 
type and location of critical geologic 
hazards that may impact existing and 
future development.

• Incorporate available site‐specific 
geotechnical consultant investigation 
reports, previous UGS geologic‐hazard 
studies, new UGS mapping, Natural 
Resources Conservation Service soil 
data, and field data.



Geologic Hazard Mapping 
Program
Finish report includes
• Detailed write up of process.
• 1:24,000 scale maps highlighting 
hazard potential based on geologic 
deposits and interpretation.

• GIS data for each map.



UGS Paleoseismology of Utah Series

• Many NEHRP Final Technical Reports (FTR) are not easily 
accessible.

• 2000‐current: Available on USGS website
• Prior to 2000: Very limited availability

• 28 paleoseismic related report and 
report compilations

Volume 28 
(most recent)





Lidar in Utah

• 2011 to 2017‐ 6848 sq. mi.
• 2018: ~15,000 sq. mi 
• Multi‐agency partnerships 
are key to lidar acquisition 
success in Utah.

• Data is extensively reviewed 
in house.



NEHRP funded Wasatch 
Fault Zone Mapping

• Detailed mapping using high‐
resolution lidar

• This project
• Remaining 8 segments
• 35 7.5‐minute quadrangles in 
Utah; additional 5 quads in 
Idaho

• Delineate surface‐fault‐rupture 
hazard special study areas

• Identify potential paleoseismic 
investigation sites

• Mapping will be incorporated 
into the UGS Utah Quaternary 
Fault and Fold Database



For well‐located faults
250 feet on footwall
500 feet on hanging wall

For moderately well‐located and inferred faults
1000 feet on either side of fault trace



NEHRP Funded 
Levan/Fayette Trenches

• Evidence for 2 earthquakes at the 
Skinner Peaks Site (Levan Segment)

• Evidence for 1 earthquake at the 
Hells Kitchen Canyon Site (Fayette 
Segment)



Earthquake 
Probabilities 
• Probabilistic earthquake forecast 
from the working group for Utah 
earthquake probabilities (WGUEP).

• (1) combined time‐dependent and 
time‐independent probabilities of 
large earthquakes for the five 
central segments of the WFZ and 
two segments of the Great Salt Lake 
fault zone

• (2) time independent probabilities 
for less well‐studied faults.

• (3) estimates of the time‐
independent probabilities of 
background earthquakes not 
associated with known or mapped 
faults in the moment magnitude 
(M) 5.0 to 6.75 range.



Earthquake 
Probabilities 

• Result of the working group for 
Utah earthquake probabilities 
(WGUEP).

• 43% probability of at least one 
M6.75 or greater earthquake in 
the next 50 years.

• At least 22 surface fault 
rupturing earthquakes between 
Brigham City and Nephi in the 
last 6,000 years.



1999/2011+ Sherwood Hills Landslide

February 2010 Rockville Rock Fall

Utah Geological Survey –
Geologic Hazards Program

• Respond to geologic hazard 
emergencies and provide 
unbiased, scientific advice to local 
governments and incident 
commanders.

• Investigate and map geologic 
hazards in urban and other areas 
(publish and distribute PDFs and 
GIS spatial data).

• Provide geologic hazard related 
technical outreach, educational 
outreach, and information to 
inform Utah about hazards.



https://geology.utah.gov



New Q-faults Database interface



New Q-faults Database interface



https://geodata.geology.utah.gov/





UGS Aerial Imagery 
Collection

• 96,443 individual 
photographs.

• Over 230 datasets.
• 1935 to present

https://geodata.geology.utah.gov/imagery



https://geodata.geology.utah.gov/imagery



https://quake.utah.edu



• Engineering Geology Reports 
(2016)

• Surface‐Fault‐Rupture (2003)‐
• Debris Flows and Alluvial Fans 
(2005)

• Geologic Hazard Ordinances 
(1987)

• Rock Fall (new)
• Ground Subsidence and Earth 
Fissures (new)

Geologic Hazards Guidelines 
(2016)



• Utah Automated Geographic Reference Center (AGRC)
• State of Utah’s map technology coordination office.
• Started 1984



Discussion Point 1‐
Cross Border Faults



AZ

UT

NV

WY

UTLittlefield Mesa faults



COUT

AZ

UT

West Kaibab fault system

Lisbon Valley fault zone
Simbad Valley Graben
Paradox Valley Graben
Ryan Creek Fault zone



Discussion Point 2‐ Cross Border Fault 
Parameters Consensus

• Already have parameters for HAZUS and 
probabilities working group

• East and west Bear faults
• East and West Cache Valley Faults
• Washington Fault
• Hurricane Fault

• Other faults for consensus?



Thank you.

geology.utah.gov/hazards/



Seth Wittke
Wyoming Geological Survey

BRPEWG - 2018



• ~ 60 faults
• Includes Class B 
• Primarily in BRP
• Some outliers

• Few actually 
cross state lines
• Events carry 

multi-state 
consequences



• 2015 BRPSHS II 
meeting
• Teton
• Grand Valley
• Rock Creek
• South Granite
• Everything else



• Three “main” 
systems

• Remote
• Multi-agency 

involvement
• YVO



• Shared with Idaho
• Grand and Swan valley 

(northern) sections 
considered less active

• Not as obvious as Prater 
Mtn and Star Valley to 
the south



• Rock Creek fault
• Northern extend 

coincides with 
Afton 30x60 
boundary

• Relationship to 
other area faults 
unclear

• Sublette Flat and 
Bear Valley faults 
are less obvious
• However the 

relationship to 
Crawford Mtns is 
also unclear



• Numerous 
crossing, or 
near-crossing 
faults
• Highly variable 

level of 
understanding



• Buffalo Bowl
• Fall 2017

• Leigh Lake and 
Steamboat Mtn
• ISU
• USBOR
• Zellman and 

others
• Jenny Lake

• Oxidental



• Eastern Jackson Hole 
faults - 2017

• Three fault groups
• Antelope Flats
• Blacktail Butte
• Flat Creek

• Partially funded 
through USGS 





• Zellman and 
others
• WSGS will 

publish



• WSGS is 
working on 
surface 
investigations
• Chicken 

Springs
• Muddy Gap
• Rock Creek



• USGS, USBOR
• Teton
• Antelope Flats
• South Granite 



• A number of multi-
state faults exist
• Many could use a 

fresh look
• Relationship of main 

faults to small 
discontinuous faults 
is unclear

• A lot of new work is 
being done in the 
state



Questions?
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Josh Roering & Will StrubleBill Burns & Nancy Calhoun Bryan Black



Burns, 2017Cascadia, Winter 2012 and Winter 2010; USGS (https://soundwaves.usgs.gov/2008/01/awards2.html)
January 1700
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 M9 Cascadia Scenario
 Ground shaking with 

site soil class 

Cascadia, Winter 2012
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 SLIDO 3.3

 2017

 55,959 landslides
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 Find a way to date landslides in the Oregon Coast Range
 Specifically, find landslides that occurred during the 1700 event
 Landslide process is very complicated…
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Wasson Lake



Burns, 2017

 Identified 25 sites and visited ~20
 Land ownership
 Sharp landslide morphology
 Ease of access
 Lake
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Burchard Lake

Bare Earth Slope & DEM 
Elevation Color Ramp & 3ft 
Contours
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Sediment
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 Oregon Coast Range - Erosion Rate Range
 Low  0.05 mm/yr
 High 0.2 mm/yr

http://geog.uoregon.edu/amarcus/geog607w09/Readings/Roering,2008,OCRbackground2008.pdf;
Butterfield, Nicholas J.F., Bunds, Michael P., Zanazzi, Alessandro and Toke, Nathan A., A PRELIMINARY LOOK AT GEOMORPHIC IMPACTS AND TIMING 
OF TWO LARGE, DRAINAGE-DAMMING LANDSLIDES IN THE CENTRAL WASATCH, GSA 2015 Annual Meeting

Time (yr) = Volume (m3) / Watershed Area (m2) x Rate (m/yr)
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Time (yr) = Volume (m3) / Watershed Area (m2) x Rate (m/yr)
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 Oregon Coast Range - Erosion Rate Range
 Low  0.05 mm/yr
 High 0.2 mm/yr

 Low 549 yrs ago - 1467 AD
 High 137 yrs ago - 1879 AD

http://geog.uoregon.edu/amarcus/geog607w09/Readings/Roering,2008,OCRbackground2008.pdf;
Butterfield, Nicholas J.F., Bunds, Michael P., Zanazzi, Alessandro and Toke, Nathan A., A PRELIMINARY LOOK AT GEOMORPHIC IMPACTS AND TIMING 
OF TWO LARGE, DRAINAGE-DAMMING LANDSLIDES IN THE CENTRAL WASATCH, GSA 2015 Annual Meeting

Time (yr) = Volume (m3) / Watershed Area (m2) x Rate (m/yr)

January 1700 !
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 Oregon Coast Range - Erosion Rate Range
 Low  0.05 mm/yr
 High 0.2 mm/yr

 Low 549 yrs ago - 1467 AD
 High 137 yrs ago - 1879 AD

http://geog.uoregon.edu/amarcus/geog607w09/Readings/Roering,2008,OCRbackground2008.pdf;
Butterfield, Nicholas J.F., Bunds, Michael P., Zanazzi, Alessandro and Toke, Nathan A., A PRELIMINARY LOOK AT GEOMORPHIC IMPACTS AND TIMING 
OF TWO LARGE, DRAINAGE-DAMMING LANDSLIDES IN THE CENTRAL WASATCH, GSA 2015 Annual Meeting

Time (yr) = Volume (m3) / Watershed Area (m2) x Rate (m/yr)

January 1700 !

1819 AD
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 Lidar landslide mapping to find 
potential sites

 Site reconnaissance
 Sediment rate 
 Carbon dating
 Detailed site mapping and sampling
 Dendrochronology



Burns, 2017

 UW, USGS, DOGAMI, WADNR, PSU, UO, UT, Humbolt

 Facilitate, coordinate, and expand collective efforts 
 Characterize the complex coseismic landslide history and hazards in the Cascadia 

region

 Primary future research topics developed by the workgroup are: 
 Better understanding earthquake effects on landscape
 Compilation current knowledge landslides triggered by subduction zone EQs
 Use landslide data to assist constraining earthquake recurrence intervals
 Use landslides to constrain ground motion. 



Burns, 2017

Research supported by the U.S. Geological Survey (USGS), Department of the Interior, under USGS award 
number G16AP00170 & G17AP00171. The views and conclusions contained in this document are those of 
the authors and should not be interpreted as necessarily representing the official policies, either expressed 
or implied, of the U.S. Government.



Geologic tools for mapping in urban 
areas, with an emphasis on 
Quaternary fault mapping

Adam McKean 
Mapping Geologist with the Geologic Hazards Program





Tools in a Geologist Tool Belt

Traditional
• Stereographic pairs of aerial 

photographs 
• Topographic map
• Aerial imagery
• Rock hammer, hand lens, compass, 

GPS, acid bottle, etc. 
• Gravity, aeromagnetic, GPR, seismic, 

etc. 
• Water, oil, gas driller and electronic 

logs 
• Lidar
• Publications  and previous work
• Excavations, road cuts, utility 

trenches, auger holes, and natural 
erosion surfaces 

Nontraditional
• Historical accounts of geomorphology 

and geology
• Early photographs from 

predevelopment
• Consultant Reports:

– Surface fault rupture investigations
– Geotechnical investigations
– Cone penetrometer test 

investigations
– Other geologic and engineering 

investigations

• U.S. Natural Resources Conservation 
Service (NRCS) soil map data

• Structure from motion (SfM)





Where do all the reports 
come from?

• Cities, Counties, State Agencies, 
University of Utah, etc.

• Funded by UGS and Geologic Data 
Preservation Project Grant (USGS)

• Utah Correctional Industries scan 
the reports and enter metadata

• Additional metadata and 
geolocations added by UGS staff













Paleoseismic Trenches
Paleoseismology of Utah Series

Consultant Surface Fault 
Rupture Investigations





Canyon Cove 
(6500 S and Wasatch Blvd)

I‐215



Rice Stadium
University of Utah

University 
of Utah



• Newly mapped Granger fault 
strands in black (McKean 
and Hylland, 2013) 

• Compared with Quaternary 
fault and fold database 
faults in orange (USGS and 
UGS, 2006)

• UGS paleoseismic trenches 
located in red (Hylland and 
others, 2014). 

• Base map is a 1 m lidar 
digital elevation model 

Granger Fault 



Warm Springs 
Fault



Little 
Cottonwood 

Fault



A. 1997 black and white 
aerial image (AGRC, 
1977)

B. 2013–2014 0.5 m 
lidar (AGRC, 2013–
2014) slope shade

C. Outlines of new 
landslide mapping  
shown in red, 
compared with Van 
Horn (1982) in orange

D. Tertiary tuffaceous
deposits, approximate 
extent shown with 
gray crosshatch 

City Creek 
Canyon 

Landslides



Thank you



Home Depot
(3300 S and Highland Dr)

3300 S.



Discussion – Basin and Range Province Earthquake
Hazards Issues and Investigation Priorities



• How do we want to move forward as a working 
group?

o Suggest meeting yearly in February with the 
Utah Earthquake Working Groups.

o Future topics or focused meetings?



• Cross-border Quaternary fault issues (fault trace 
mapping discrepancies, lack of mapping, fault 
parameter discrepancies, and poorly defined or lack 
of parameter data).

o Determine fault trace issues (mapped fault ends, offsets, 
etc.) at state borders and collaboratively work to resolve?

o When consensus-based Quaternary fault parameters 
exist in one state for faults crossing into another, can 
agreement be made to adopt the parameters for the 
entire fault, if relevant?  Examples: East Bear Lake, East 
and West Cache, Hurricane, Washington, and Wasatch 
fault zones (Utah parameters).



• Quaternary fault investigation priorities in the region 
outside Utah.

o Existing state priorities for Nevada and Utah.

o Other states?



• Possible development of consensus-based 
Quaternary fault slip-rate and recurrence interval 
parameters for the region modeled after the Utah 
consensus parameters.

o Consensus parameters exist for Utah.

o Other states?



• Coordination and funding opportunities for acquiring 
new lidar?

o USGS 3DEP?

o Multi-state/multi-agency partnerships?



• Interest in paleoseismic investigation best practices 
to assist those states with limited expertise?

o Short course(s)?

o Online resources?
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