USGS Earthquake Geology
Intermountain West (IMW)

Ryan Gold, USGS Intermountain West Regional Coordinator
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USGS National Seismic Hazard Model 2023

* Factored into building codes
and impacts billions of
dollars in construction

* Impacts insurance rates

e Guide for emergency
planning

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

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




USGS - Ongoing Research and Collaboration in IMW

* Wasatch Front (UGS, UVU) v—*—
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USGS External Grants Program, FY2019 (last year)

* $4.3M competitive

research grants funded 15%

: CEUS
e 212 Proposals received, o

66 funded (31% success & EEW
rate)

* IMW funded 9
proposals ($519k)

EP/IS 12%

ECEUS mEEW mEP/IS ESI mIMW m®mNAT mNC mPNA mSC



Intermountain West External Grants funding
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IMW External Grants 2020 (in progress)

* IMW received 17 proposals (down
from 23 proposals in FY19).

 Total request S750k. Best case
scenario: S433k 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 ( ) if you'd
be interested in serving and won’t have conflict of interest (e.g.,
submitting a proposal this year or from an institution submitting
proposals).

e USGS letters of commitment.
* Panels scrutinize history of publishing USGS-funded research.


mailto:rgold@usgs.gov
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Topics

» AZGS Broadband Seismic Network Operation-
» Does AZ need monitoring?

» EQ catalogue completeness, magnitude calculations and errors,
location errors

» Not a “Regional and Cooperating Network” - funding problematic
» Arizona’s active faults

» Quaternary faulting — ongoing and planned projects

» Mead Slope fault -Quaternary mapping and paleoseismic site
potential

» Lake Mary fault - Quaternary mapping and paleoseismic site
potential

» Big Chino fault?- Planned: Update Q mapping, date landforms,
paleoseismic sites?

» Outreach
» AZ Shake Out
» Arizona Council on Earthquake Safety - resurrected



Does AZ need monitoring?
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ARIZONA HAS
EARTHQUAKES

» Flagstaff M6.0+s

» Seismicity rates higher in the northern half
of the state - NASB

» M7.6 — Pitaycachi Earthquake

» Long recurrence interval, large event
» M5.0+ every 8-10yrs on average

» Notable recent events: M4.0 Black Cyn
City (2015), M4.7 north of Sedona (2014),
MS5.3 near Safford (2014), M5.2 Holbrook
(2004)
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Palo Verde Nuclear
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Arizona Broadband
Seismic Network

15 Broadband Stations ~

7 Original Legacy TA i
6 New BB %
2 Additional TA

Not a “Regional or Cooperating Network”

* Funding and collaboration problematic

ABSN provides statewide monitoring
Real-time data available with IRIS-DMC
Data archived - DMC

Improved locations and improved catalogue
completeness
Still need to improve detection threshold

Need to improve mag calculations
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QUATERNARY FAULTS IN AZ

- Over 100 active faults since 2.6Ma

Mead Slope

Big Chino

Lake Mary

Hurricane

Sevier-Toroweap

Washington

Needles

Algodones
- Concentrated mostly along the CO Plateau margin
- Highest known slip rate is ~0.2mm/kyr
- ~15 active since 15ka

- ~12 faults have been excavated for analyses

Palo Verde Nuciear
Generating Station
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Geologic Mapping

» Offset measurements depend on: ‘ vt *
» Preservation of landform o A R
» Interaction with multiple strands “’, > 3

» Inconsistency in fault motion over time 2 . | VS il B : B
» Southern end - fault shows down to the east sense SN B R e N
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NARY PALEOSEISMIC RESULTS

2.5meters

PRELIMI
2-3 Events O
Near uppermost event ' v
horizon - Unit 4 ~ 23k yrs
old (OSL)
Lowest discernable
event horizon aboe Unit

2 ~61k yrs old (OSL)




MSF CONCLUSIONS

» Drone aerial imagery and ground-control points were used to generate high-
resolution DEMs and hillshades, limited only by computational capacity.

» The DEMs were essential in mapping and measuring offsets along the MSF.

» Slip Rates - were consistently 0.20mm/yr or less when measured on landforms that
varied in age from Qo to Qi4 (~2ma to 12ka).

» 3He cosmogenic dating may improve slip rate estimates (May 2020)

» The last one-two ground-rupturing earthquakes were recorded in young tributary
deposits, approx. age < 23K yrs old (OSL dates).

» MSF — appears to be mostly a left-lateral fault system that has had 10s of meters of
normal faulting since Qo fime.

» The Mead Slope fault is an active fault that is part of the NE-trending Lake Me
Fault System.

» Are other faults in the system active?
» Can this fault potentially link with the Black Hills faulte



LAKE MARY FAULT ZONE

30-45km long set of normal faults g e R,
Sharply defined scarp with at least 130m of ;“,‘
vertical offset sl
A surface rupture would cause widespread S
damage to the city of Flagstaff
No previous studies, some incomplete bedrock
mapping
New mapping with an emphasis on offsets and
potential paleoseismic sites
* Willincorporate available LIDAR
« Due to vegetation, drone imagery/DEM
generation will be limited to wide-swath
profiles

-
. , @ » ‘é USGS Scuma: Ead Dhiaddiots, Oasfi, Fulvwis Dangmatiss, CHERCIL S Da,
LSDA, LSO, AsrsBRID, 103, and B 0 Usar Communidy
science for a changing world .
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Big Chino Fault Zone
» 50km to 65km long

Offsets of 25m on late
Quaternary fans

7-8m offsets on younger

landforms

Youngest rupture ~ 10-
15ka

LIDAR now available

v “. ot
Little Chino fauit







OUTREACH

AZ Shakes — Shake Out on 10-15-2019
88,000 participants

afety Council







California Geological Survey
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Department of Conservation




California Geological Survey

Seismic Hazards Assessment and Zonation Program
Gordon Seitz, San Mateo, CA




CALIFORNIA

Ridgecrest earthquakes caused up to $5 billion
in damage to China Lake naval base

e

A sign posted July 7 outside the main gate of the China Lake naval station in Ridgecrest, Calif., shows the base is closed.
(Mario Tama / Getty Images)
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P Background: CGS Fault evaluations and

Ning
Earthquake Fault Zones are regulatory zones, delineated by the State

Geologist (California Geological Survey), that encompass hazardous
faults, which are defined as those faults that are sufficiently active

and well-defined.

Sufficiently active Fault that exhibits evidence of Holocene
displacement (11,700 years).

Well-defined Trace detectable by trained geologist at or just
below ground surface.




Combined Fault,
Liquefaction and
Seismic Landslide Zone
Map GeoPDF
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STATE OF CALIFORNIA
California Geological Survey

Earthquake Zones of Required Investigation
Yorba Linda Quadrangle
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Earthquake Zones of Required Investigation

Maps of Earthquake Fault Zones are now available in multiple formats. Most
recently, these maps have been made available through a web application
(https://maps.conservation.ca.gov/cgs/EQZApp/) that allows users to
navigate to an individual parcel and determine whether or not it is affected
by any of CGS’s regulatory zones (fault rupture, soil liquefaction, or

earthquake landslides). Institutional users, such as cities and counties, can
access the zone maps on their systems through an interactive web map

service:
(https://spatialservices.conservation.ca.gov/arcgis/rest/services/CGS_Earthq

uake Hazard Zones)
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https://www.conservation.ca.gov/cgs/Documents/SP 042.pdf

SPECIAL PUBLICATION 42

EARTHQUAKE FAULT ZONES

A GUIDE FOR GOVERNMENT AGENCIES,
PROPERTY OWNERS / DEVELOPERS, AND
GEOSCIENCE PRACTITIONERS FOR ASSESSING
FAULT RUPTURE HAZARDS IN CALIFORNIA

California Depariment of Conservation
Caifomia Geological Survay
801 K Street, MS 12-31
Sacramento, CA 95814

Photo’ Cottage destroyed by surface fault rupture on the Kekerengu Fault dunng the Mw 7.8 2016
Kaikowa earthquake, New Zeatand. Approximately 10 meters of right-lateral fault dispiacement
occurred under this house, tearing & from #s foundation. Photo creat: VML 150573, Jullan
Thomson, GNS Scence / Earthquake Commission
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SECTION 5: GUIDELINES FOR GEOSCIENCE PRACTITIONERS (PROJECT AND REVIEWING GEOLOGISTS):

EVALUATING THE HAZARD OF SURFACE FAULT RUPTURE ....cooiiiiiiiiiiiiiiiiiiieicieic e e e 27
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https://www.conservation.ca.gov/cgs/Documents/SP_042.pdf

Cartoon of Holocene-active, pre-Holocene, and age-undetermined faults
in a trench exposure within an Alquist - Priolo Earthquake Fault Zone

(1) Holocene-active: Faults break Holocene-aged deposits. 3
@ Pre-Holocene: Faults break older soils, but do not fault Holocene soils. 3
(® Age-undetermined: Stratigraphic resolution or age dating is lacking in order to determine

whether or not faults have moved in the Holocene.

sss?g

b ST

late Holocene S

Pre-Holocene

early - mid Holocene

Bedrock Bedrock

Figure 5-1. Fault classifications in a hypothetical trench log where Holocene-active faults break Holocene-age
deposits and pre-Holocene faults break pre-Holocene age deposits, but not Holocene age deposits. The recency
of movement for age-undetermined faults are unconstrained due to a lack of overlying deposits to determine the

timing of the most recent fault displacement.



Table 5-1. Most Applicable Age Dating Methods for Fault Activity Investigations.

Property
Age Range Measured
Method / / Application Criteria
Uncertainty Range Sample
Materials
Most favored method due to its proven
e reliability to provide objective results.
0 to 50,000 years e multiple sample analyses allow an
> increase in confidence and
Radiocarbon
Dating accuracy
Organic o fa}st turn around . .

210 5% matter single dates can be misleading due
to the difficulty in evaluating the
context uncertainty

Often suitable where sand-size material
exists and when little C-14 dateable
100 to 100,000 years | Luminescence | material can be found. Often requires

research level effort to properly integrate all

Luminescence Quartz or aspects of the method. Can provide
Feldspar reliable age estimate if done correctly.
Greater than 10% Crystals o strict sampling protocol
¢ may complement '*C well, as it can
help assess context uncertainty
Unique for its ability to date surfaces or
burial events. Often requires research level
'0Be, #5Al, *C| | effort to properly integrate all aspects of the
Cosmogenic 1,000 t;’ei}goo'ooo method. Can provide reliable age estimate
nuclide Fth;artz if done c?rrec:Iy: . s "
& eldspars e strongly influenced by sampling
Greehrinan 10% Carbonates protocol
e accurate results are model
dependent
Numerous Requires quantitative dating of similar soil
Soil Profile 500 to 500,000 profiles in the area as calibration.
Development Alteration of | Significant expertise is required for SDI age
Index (SDI) Greater than 30% parent estimates.

material




Context Uncertainty

Context uncertainty generally represents the largest uncertainty in dating fault
activity, and consists of the generally poorly known relationship of the chronologic
measurement of an individual sample to the faulting event of interest. For example, a '“C
date derived from a detrital charcoal sample may have a considerable inherited age
because it was either reworked from an older sedimentary unit or because it was derived
from older wood that does not represent the deposit age, such as the core of a long-lived
tree. For all quantitative dating methods, the context uncertainty can be thought of as the
unknown age difference between the event of interest and the dated samples.

Laboratory Uncertainty

There are inherent laboratory uncertainties associated with each quantitative dating
method that need to be considered in any chronological assessment. These uncertainties
are difficult to reduce, although, dating of additional samples can improve accuracy and
confidence.

Chronologic Modeling Uncertainty

All chronological data must be interpreted to assess the age of faulting. In general,
this requires some extrapolation or interpolation, or bracketing of the event of interest.
How the data are related to the event of interest is a “chronologic model.” The type of
model used will influence the chronological result. For example, when evaluating a scatter
of different sample ages from one geologic unit, a decision must be made as to how to
use the results. One may have sample ages from two different sample types, or different
dating methods, or there may be stratigraphically inconsistent results. A careful
consideration of each chronological constraint must go into the development of the
chronologic model.




2020 ongoing Fault Evaluations by CGS

San Andreas Fault, peninsular- 22 mm/yr

Rogers Creek Fault- 10 mm/yr

Hayward Fault- 10 mm/yr

Rose Canyon Fault- 1.5 mm/yr

San Cayentano- 2-9 mm/yr

Ridgecrest Earthquake Ruptures: China Lake right lateral
Salt Wells Valley left lateral



Little Salmon Fault Paleoseimic
Investigation 2019

\ ¢ Redwood Emple
Country Clubd

Ladinsky, CGS San Mateo

NEHRP/USGS funded
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CGS-USGS
Cooperative
Seismic Studies

Guided Wave and
Seismic Refraction
and Reflection Study

Hollywood and Santa

Monica Faults
2018-2019
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Hollywood Fault (Parking Lot) Guided Wave Investigation 2018

Hollywood Fault Parking Lot PGV Hollywood Fault Parking Lot Photo

~

PGV (m/s X 1079

100
Al Guided travelsat 181 m/st in Fault Z Iti
e 5 i uided wave travels a m/s to main Fault Zone. Itis
Fau‘lt Zone =Stallonsd}-a7 (meters 92-112) unclear if the higher PGV values between stations 5 and 11
Main Fault = Centered at Sta 54 (meter 106) are guided waves, as they travel at 255 m/s. If guided

waves travel an indirect path to stations 5-11, it is possible
L 4 that there is a second fault zone. The high PGV values near
scotaaLsunver station 15 are probably not from guided waves, as they

travel at 288 m/s. | will have to do more testing for the arrivals

between stations 5 and 15.
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Hollywood Church Parking Lot Profile

Multi-Channel Analysis of Surface Waves Image

L
g South . 2 North
% 3 Vs(m/s) g - %
i s 3 Y Church
I uw Property

Il = W
l 5 § ~ § Distance (m) l
10 20 30 40 50 60 70 80 90 100Y110 120 130 140 150 160
0
0

Note: In S-wave velocity images, faults are zones of low velocity. L T

Low-Velocity
Fault Zone
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“The report will explain all of this”
Rufus Catchings, USGS.



Update and Issues Facing

Earthquake Research in Colorado
2020

Jim McCalpin and Matt Morgan

_OLORADO SCHOOL OF MINES



Seismometer Locations
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EQ Swarm on E Boundary of Rio Grande rift
(2019-FEB-27 to 2020-JAN-21)

95 EQs M1.0-1.9; 7 EQs M2.0-2.9; 2 EQs M3.0-3.4

(#15, #23 in sequence)
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Fugro/CGS/USGS
Trenches, 2016

USGS Trench, 1994-95
Re-excavated in 2019 &

Ko
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Cheraw Fault Trenching

COLORADO SCHOOL OF MINES




Cheraw Fault Findings 2016-2020

2016-18, NEW TRENCH on NE Section
* Fault ~80 km (vs 45 in 1994)

* Earliest Pleist “Nussbaum Alluvium” vertically
offset >5 to 6 m, most likely Y9 m

*  ‘Nussbaum’ hereis 126 ka to >>160 ka (NOT
earliest Pleist)

* Slip occurred after ~126 to 159 ka, min vert
slip rate ~0.06 to 0.07 mm/yr

2019-20 (RETRENCH CRONE 1994)

Three surface faulting events since formation of a §

prominent buried soil on eolian silt.

— E1:~8-7 ka or <7 ka (not well
constrained)

— E2:~8.8 ka (well constrained)
— E3:~10.8 ka (well constrained)
e atleast 2 additional events since ~12.5 ka.
 The uppermost fluvial deposits in the
truncated Pleistocene channel are offset ~3.7
¥, which matches topographic scarp height.

Preliminary age models for this horizon

> .
suggest an age of ~12.5 ka, with a resultant
COLORADQO SCHOOLTOF MINES

fault length (O

PROBLEM: SRL 45 km=M7.0=Davg 0.97m,
Dmax 2.32m; SRL 80 km=M7.37=Davg 1.56m,
Dmax 4.56. BUT in trenches Davg=0.75 m.
Which equates to M6.5 (as Dmax) to M6.7
(as Davg). Those ruptures should have SRL of
only 17.4-22km. Trench displ don’t match

NG SKINNY FAULT)

CGS

slip rate of ~0.3 mm/yr.



Colarudo Springs
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UPF

Oblique lidar slopeshade view of the UPF south of Cascade, looking N

:

& the valley of Fountain Creek.
COLORADO SCHOOL OF MINES




Earthquake Brochure
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Quaternary Fault Database Update

USGS funded
Last updated in 1998

Update fault traces and
trenches using 24k and

100k maps, LiDAR,
consultant reports

Traces submitted to
USGS for review at end
of January 2020

Image at right: 24k geologic map showing Rampart Range fault (green /&
lines)icompared to trace of fault from 250k map (red I|ne) Green triangles [ > 7
arerelocatedrtrenc o




‘ Fault traces of Villa Grove fault
7\ zone, San Luis Valley, CO from
: \ QF&FDB, on 1m bare-earth lidar
DEM. Many scarps clearly visible
~ on lidar DEM were overlooked.
Scarp mapping based on stereo
airphotos and (pre-GPS) field
s checking (1979-1980). Perhaps
+  generalized for QF&FDB.

Scarps mapped from 1m bare-
earth lidar DEM. HOWEVER,
note yellow lines not overlain by
red lines. These are fault traces
inferred from vegetation
lineaments caused by
groundwater damming along
faulfs. Insufficient relief to be
mapped as scarps on lidar.

COLORADO SCHOOL OF MINES




Earthquake Reference Collection (ERC)

* Contains 540 papers, consultant reports, abstracts, maps, theses
e Search by Author, Title, Year
Ac;ess through the CGS website

"OLORADO St OL OF MIN




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

COLORADO, 67 Class A faults/sections in QF&FDB; but only 9 in NSHM (13%)
UTAH: 176 Class A fault/sections in QF&FDB; but only 25 in NSHM (14%)
NEVADA: 624 Class A fault/sections in QF&FDB; and 125 in NSHM (20%)
Paucity of trenches

Poorly constrained ages of Q deposits; need more GOOD ages!

Faults of priority: Williams Fork, Frontal, , Rampart Range, Golden

Lidar is making identification of faults a bit easier (~70% of Colorado is
covered by Lidar)

Cross-border coordination, could help on Lidar collection, geo mapping,
proposals for funding

»

COLORADO SCHOOL OF MINES —




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; rely on
experienced contractors

_OLORADO SCHOOL OF MINES



Conclusions

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

* Installing additional seismometers

e Lidar and geochron are first steps to make faster
progress, start small > larger, detailed projects

e More work needed on Williams Fork, Frontal,
, 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

»

COLORADO SCHOOL. OF MINES




ldaho Earthquakes and
Seismic Hazards Activity

2020 Basin and Range Province Earthquake Working Group
February 5, 2020

Zach Lifton
Idaho Geological Survey



Outline

* Lidar update

* Clearinghouse exercise

* NEHRP SE Idaho/N Utah project

* New NEHRP proposal for Halfway Gulch fault
e USGS Lost River fault trenching

* USBR Deadwood fault investigation

* Seismic monitoring issues

* National Seismic Hazard Map 2023 update
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Earthquake Clearinghouse

* Operations plan for post-earthquake
reconnaissance

* Developed by IOEM, EERI, and IGS
* Physical and virtual clearinghouse
e Statewide earthquake exercise

* WSSPC provided support to run a real-time exercise
of the plan

* Great participation and input from agencies and
neighboring states



2019 NEHRP Project

e Collaborative with UGS

e Use new lidar to map surface fault traces
e East Bear Lake fault (ID/UT)
* West Bear Lake fault (ID/UT)

e Oquirrh fault zone (UT)
e South Oquirrh Mountain fault zone (UT)

* Topliff Hill fault zone (UT)
* |dentify sites for paleoseismic trenching
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Developing new
NEHRP proposal:

* Halfway Gulch fault

* Displaces bedrock
and relatively young
deposits

* Previous work by
Beukelman (1997)
on nearby strand
suggests 5 events in
last 26 ka

* Potential permitting
challenges
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New LiDAR vs Old Google Earth




Geologic Setting

* Mapping in Butte North
quadrangle revealed a
potential fault scarp in the
area

 Potential northern extent of
Continental Fault

* Trench site at northern end
of Elk Park




Geologic Setting

* Large area of lateral spread
or landslide causing
hummocky topography

* Seismically triggered?

* Whatever this unit is, it o
appears tobecutbyafault '
scarp ’.




Sub-horizontal slickensides in clay unit




Results

* Unit 1 - Highly deformed

* Offset by small fault

* Unit 2 — Gravels
(potential debris flow)

» Offset by fault and
generally folded

-
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Results

Unit 3 — Sands to sandy
clay

Bottom half is offset and
deformed

Upper half is not
deformec

Unit 4 — Sands to clays

Undeformed at west end




Results

* Unit 1is very deformed
and incised by Unit 2, .
which is also deformed =% ‘

« Unit 3 is tilted

* Unit 4 pinches out on
potential paleo-fold
scarp




Results

* Erosion of Unit 1 by Unit
2

* Potential piping of
sandy material of Unit 2
at edge of channel

* Fluvial deposits
overlying unit 3
(potential channel)




Results

* Unit 4 fans and thickens

to the west (right) o
* Units 3 and 4 appear to © @u A
be folded —————

-
-
N




Results

* Units 1-4a are offset by
small faults

* Overlying units are not

Lk Park, MT *aleoselirmic Tren




Summary and Interpretations

Chronology

* Deposition of Unit 1
* Deformation of Unit 1 via landslide or lateral spread

* Deposition of Unit 2 and erosion of Unit 1
* Continued deformation (slow or reactivated landslide?)

* Deposition of Unit 3
* Faulting, folding at east end of trench
 Migration of deposition to area of modern pond (west of trench)

* Deposition of Unit 4
* Faulting, folding at west end of trench

* Deposition of modern sediment and formation of modern soil



Chronology

* At least two fracturing events (earthquakes):
* During deposition of Unit 3
* During deposition of Unit 4
* Top ash (sample A1, unit 3) is Glacier Peak 11,200 CBP




Summary and Interpretations

What’s driving
deformation?

 No clear offset at the
surface

* Probably a fault
propagation fold

* Suggests fault is young
and not well developed

e Continental fault
breaking through to the
north?
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MBMG Located 3,208 Earthquakes in 2019

jGreat Falls
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M 4.2 - ,km NW of Manhattan, Montana

2019-08-16 00:02:37 (UTC) 45.884°N 111.377°W 8.3 km depth
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USGS ShakeMap

Gallatin River Ranch strong motion seismograph recorded 11.87% g in the east-west direction.
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oDD Clusters (easting vs. northin
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Smith 2020, Figure 13




HypoDD Clusters (easting vs. depth)
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Smith 2020, Figure 27
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OUTLINE

New Mexico Earthquake Research in 2019

Paleoseismic

« Master thesis on Quaternary fault slip rates in
southern Rio Grande rift

« Pajarito fault — multi-team effort spearheaded by
Lettis Consultants International, Inc.

Modern seismicity
« WIPP site and Permian basin

 Areas that need attention
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OUTLINE

New Mexico Earthquake Research in 2020
LIDAR acquisition

Post-earthquake technical clearinghouse
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I\/Iaster thesis work by Ron Sholdt (NMSU)

Use detailed mapping of faulted geomorphic surfaces to obtain a mid-
late Quaternary slip rate for three major faults: Caballo, San Andres,
and Alamogordo. Compare with long-term (25 Ma) slip rate determined
from balanced cross-section across the southern rift.
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106° Taos Basin

Pajarito fault

nvaansa
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Note: Modified from Lewis et al. 2009
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On-going research effort on Pajarito fault

Paleoseismic study funded by Los Alamos National Labs
and spearheaded by Rob Givler of Lettis Consultants
International, Inc.

Geologic mapping along northern Pajarito fault: Dan Koning
and Shari Kelley

Team of expert paleoseismologists:

Rob Givler John Baldwin
Willlam Lettis Tom Rockwell
Susan Olig Michael Machette

Collaboration with LANL geologists:

Emily Shulz-Fellenz Erika Sanson
Brandon Crawford

Soil PDI in trenches done by Eric McDonald
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Close-up view of the Pajarito Fault System

Pajarito Fault

MAP EXPLANATION

Fault; solid where

I A certain, dashed

"' where approximate,

dotted where
concealed, queried
where uncertain.
Ball and bar on
downthrown block
(Lewis et al., 2009)

Paleoseismic study site:

@00 000 ®O0

LCI (this study)
Gardner et al. (2003)
Reneau et al. (2002)
McCalpin (1999)
McCalpin (1998)
Wong et al. (1995)
Gardner et al. (1990)

Sites with Age Control
on the MRE.
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PURPOSE OF STUDY: REDUCE UNCERTAINTY IN
HOLOCENE EVENT CHRONOLOGY

First part of project entailed making geologic map of Site C and
Sites A and B.

Geologic mapping then continued southward from Sites A & B

Trenching and interpretations of Sites B and C completed in
2019
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Future efforts on Pajarito fault

 More trenches to south

« To south, however, 45% of long-term throw accommodated
by monoclinal folding.
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Modern seismicity (courtesy of Mairi Litherland)

Most of NM Bureau of Geology’s efforts focused on
monitoring seismicity near a low-level radioactive waste
repository called WIPP, located in southeast N.M.

Coincidently, this area coincides with elevated seismicity
(up to ~M3) in the Permian basin, near and south of Texas
border.

Two new seismic stations were donated
by Cimarex. USGS also has put in 2
temporary seismic stations. Sem

We are working with Oil Conservation
Division to further improve monitoring
capability by: (1) adding new stations,
and (2) reporting events in real time.
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Modern seismicity (courtesy of Mairi Litherland)

PROBLEM: Seismic
stations near the Socorro
magma body (60 miles
south of Albuquerque)
are getting old and
failing. No money to
replace or upgrade them.

PROBLEM: There are
large areas in state with
NO seismic coverage at
all, including the San
Juan basin (NW part of
state) where there are
low levels of oil and gas
production.

Albugquergue v
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LIDAR acquisition

Statewide coverage should
be available this year.

Upper Rio Grande
nurth central_| NM }

Much thanks to the LIDAR
subcommittee of the state’s
Geospatial Advisory
Committee (Mike Timmons
of NMBGMR represented
geologic interests)

a3 N
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L

Group has been in dialogue
with USDA, FEMA, NRCS
& others—when money was
available, the group lobbied
for project areas that
achieved maximum benefit
to interested parties.

.....
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Post-earthquake clearinghouse

 NM Bureau of Geology may apply for FEMA funding to
set one up a physical and virtual clearinghouse.

« Depends on staff availability.

 Would use Idaho’s plan as a template.



. Earthquake Program at NBMG
Rich D. Koehler

2020 Basin and Range Province
Earthquake Working Group Meeting
Nevada Bureau of Mines and Geology
February 5, 2020
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Earthquake hazards projects 2019-20
Nevada’'s Quaternary fault database
Development of Nevada specific post-earthquake
technical clearinghouse and operations plan —
Earthquake Direct State Assistance Program DHS&EM
Paleoseismic studies along active faults
NBMG StateMAP projects

Las Vegas Valley fault study

Ridgecrest Reconnaissance



NEHRP Final Technical Reports

Koehler, R.D., De Masi, C., and Dee, S., 2019, New lidar mapping and
paleoseismic characterization of the Petersen Mountain fault zone, north of Reno,
NV, Final Technical Report, U.S. Geological Survey (Award #G18AP00007).

Koehler, R.D., and Chupik, C., 2019, Development of earthquake chronology,
recurrence and slip rate data for the northern Warm Springs Valley Fault — Using
trenching and high-resolution UAV photography, Washoe County, Nevada, Final
Technical Report, U.S. Geological Survey (Award #G18AP00020).

Koehler, R.D., and Anderson, J.G., 2019, Working Group on Nevada Seismic
Hazards, Final Technical Report, U.S. Geological Survey (Award #G17AC00406).

Dee, S., dePolo, C., and Koehler, R.D., 2019, Paleoseismic investigation of the
Eglington fault, Clark County, NV. Final Technical Report, U.S. Geological Survey
National Earthquake Hazards Reduction Program (Award #G18AP00013).



Nevada’s Quaternary fault database
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Completed NEHRP projects 2019
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Warm Springs Valley fault

Petersen Mountain fault




120°W

Warm Springs Valley fault

U oF M '
Fort Sagefan L~ Legend

-~ shoreline
e a-l.,_?m == (] : ~—~ fault dashed where inferred

“oh A _— =1 See Appendix A for full strip map
=\ - e See Appendix B for unit descriptions

1990w nemow



Warm Springs Valley fault
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Petersen Mountain fault
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Petersen Mountain fault trench log
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Updated Las Vegas Valley fault mapping

Lee Liberty (NEHRP support) to conduct

seismic reflection survey of faults

Seth and Lee in Vegas

selecting survey locations this Friday (2/7).

5-year study (2016-2021) to characterize
the seismic hazards of the Las Vegas
Valley, Clark County Building Department

Evaluation of differential compaction potential
across LV scarps
Status: Wanda Taylor / Shaimaa Abd El
Haleem PhD in progress

Las Vegas fault system scarp profiling using
1965 SFM topography
Status: 100+ scarp profiles complete

Lidar mapping, slip rate and fault recurrence of
the Frenchman Mountain fault
Status: complete pending final OSL dates

Paleoseismic trenching of the Eglington warp
Status: trenching complete, FTR submitted,
pending OSL dates

New Quaternary geologic map compilation of
the LV Basin
Status: in progress, complete mid-2020



2018 STATEMA

42~

GEOLOGIC MAPPING

PROJECT 1: CLARK COUNTY |
(LAS VEGAS URBAN AREA) |

None

PROJECT 2: RENO-
CARSON CITY URBAN AREA
Project 2a:
Granite Peak
7.5' quadrangle (A)

Project 2b:
Washoe City
7.5' quadrangle (B)

PROJECT 3: NORTH- ¢ s v}y _
N- > -
EASTERN NEVADA 7w e f)

QU
L

Project 3a:
Independence Valley NW
7.5' quadrangle (C)

GIS CONVERSION / MIGRATION
PROJECT 4:

Gordon Creek 7.5' quadrangle (D)
Sacramento Pass 7.5' quadrangle (E)
Carson City 100k quadrangle (F)
Huntsman Ranch 7.5" quadrangle (G)
Bulifrog Hills (H)

Granite Range (I)

SM2018 new mapping

SM2018 GIS conversion / migration

Priority focus areas

17 Ruby Mountains-East Humboldt study area

2018 STATEMAP-
Funded July 2nd,
2018 ($164,518)

Submitted to USGS
October, 2019
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Geologic Mapping
Program
StateMAP

Washoe City
guadrangle

GEOLOGIC MAP OF THE
WASHOE CITY QUADRANGLE,
WASHOL, COUNTY, NEVADA
Chid W Candson, MiChand D, Kochlor, aod Clulsiophics 1. 3oy
PO A R S YR ] Catbogly, LY Ry G N Vet
2008




Geologic Mapping Program Independence Valley NW
StateMAP quadrangle

R e
P v = e

D ) ERERET R |
!

GEOLOGIC MAP OF THE INDEPENDENCE VALLEY NW
QUADBANGLE, ELKO COUNTY, NEVADA
Antrew V. Zuza', Scrh Dee’, Christopher B, feney”, Michact W, essel, pnd Cigedes 1, Thommuan®
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"Nevade Durcan of Miscs il Geology. Usiv erity of Novade, leao
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2010




Communication with USGS on NSHM updates




Communication with USGS on NSHM updates




Other studies
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San Emidio




San Emidio fault zone

SAN EMIDIO - T

Trenches and C14 dates indicate
Post late Pleistocene faulting

SAN EMIDIO - T2




Bonham Ranch fault zone
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Bonham Ranch fault zone
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Issues Facing Wyoming

Seth Wittke
Wyoming Geological Survey
BRPEWG - 2020




- WSGS does not

Quaternary-aged Fault Database

currently have it’s
own fault database

 We have enough new
data to start
developing one

- WSGS Geological
Hazards Map
« Multiple hazards

« Currently using USGS
fault data




- Will cover 95% of

LiDAR

- Until 2019 coverage
was sparse

-« FEMA funded 6
counties (Drk Green)

« 2020 will add 6 more
(striped)

faults
- Changes everything




IR

Access

)

- For the most part
access is good

« A few locations have
proven difficult
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