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Data

Apatite and Zircon Fission Track
Paleomagnetic (Bare Mountain and Regional)
Geothermometry (Calcite Twin Deformation)
Tectonic Sedimentation (Alluvial Fans)
Ground Magnetic Surveys

GPS Surveys (with Cal. Tech)

Structural data (Cross-sections, bedding dips,
faults, folds, intersections, kinematics)

Additional Resources

3DSTRESS
Analog Modeling

Numerical Modeling
SEISM



Publications

Slip-tendency analysis and Fault reactivation, Geology (24), p. 275-278,
1996

Quaternary slip history of the Bare Mountain fault (Nevada) from the
morphology and distribution of alluvial fans deposits, Geology (24), p. 559-
562, 1996

Quaternary basin evolution and basaltic volcanism of Crater Flat, Nevada,
from detailed ground magnetic surveys of the Little Cones, Journal of
Geology, in press

Geometric, thermal, and temporal constraints on the development of
extensional faults at Bare Mountain, Nevada and implications for
Neotectonics of the Yucca Mountain region, in review at Geological Society
of America Bulletin

Physical Analog Modeling of pull-apart basin evolution, in review
Tectonophysics

Unleashing the Potential of ground magnetic surveys with improved
instrumentation: Examples from the Yucca Mountain area, Nevada, in
review EOS

Mechanical analyses of listric normal faulting with emphasis on seismicity
assessment, in review Tectonophysics

Late Paleozoic to Tertiary Tectonic evolution of Bare Mountain, Nevada,
from zircon, fission track thermochronology and paleomagnetism, in prep
for Geological Society of America

Exhumation of Bare Mountain from Apatite fission-track
thermochronometry, in prep Geology



CNWRA Reports

Finite Element Modeling of Listric Normal faulting

Faulting in the Yucca Mountain region (NUREG)

Semi-Annual reports (1994, 1995)

Ground Magnetic Surveys of the Little Cones, Crater Flat, Nevada

SEISM1.1
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Outline
. Sources of uncertainties in paleoseismic trenching studies.

. Fault length-displacement scaling relationships
- Bare Mountain fault appears anomalous (southern tip ?)
- Windy Wash and Ghost Dance

“Bare Mountain-Crater Flat-Yucca Mountain balanced cross-sections
-curved or listric geometry

. Bare Mountain alluvial fans
- increased slip on Bare Mountain Fault from north to south

. Ground Magnetic Surveys
- Buried Little Cones flows
- Accumulation rate of 0.03 mm/yr. (1 Ma) ~10 Ma rate from VH2
- Change in dip of the Bare Mountain Fault
- Faults at Northern Cone
- Alignment of buried centers in Amargosa desert

. Apatite fission track - exhumation from track length data
- mean uplift rate of 0.19 mm/yr.

. Slip and dilation tendency analysis
- additional criteria for Type I faults

. Geodetic surveys (GPS, level-line surveys)
- Rapid uplift of Bare Mountain (?) (5.0 +/- 3.5mm/yr.)
- Hunter Mountain fault locked (?7)

~Total strain rate across eastern Cal-western Nev of ~12 mm/yr.



Distributed Faulting Blind Earthquake

Figure 2-1. Potential sources of umcertainty in fault-trenching analyses of paleoseismicity. -
Relationships between heave, throw, and slip are illustrated for a dip-slip fauit.
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ALTERNATIVE MODELS FOR YUCCA MOUNTAIN FAULTS
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Geomagnetic Time Scale

Cande and Kent (1992)
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Stamatakos, Connor, and Martin - Figure 3



Detailed Survey (see figures 5 and 6)
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DEFINITION OF SLIP AND DILATION
TENDENCY

Slip Tendency = Ts = t/on
~and

Dilation Tendency = T4 = (o1 - on)/(01 - 03)

where,

T = resolved shear stress

on = resolved normal stress

o1 = maximum principal compressive stress
o3 = minimum principal compressive stress

~~~~~



01, Oo, O3 = maximum, intermediate, and minimum
principal stresses

Op = resolved normal stress

T = resolved shear stress
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Figure 4-1. Map showing location of network sites and relative motions based on 1991, 1993, and
1994 Global Positioning System surveys, relative to site Mile. Ellipses show estimated 1o errors.
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116.75°W 116.25°W

Figure 4-2. Map showing relative motions based on the 1991, 1993, and 1994 Global Positioning
System surveys within the Yucca Mountain subnet. Ellipses show estimated 10 errors.
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Figure 4-3. Maps showing relative motions based on the 1991, 1993, and 1994 Global Positioning
System surveys within the Death Valley subnet. Ellipses show estimated 1o errors.
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Geodetic Leveling Data Used to Define Historical Height

Changes Between Beatty and Mercury, Nevada
Source: Gilmore, 1992

Routes of repeated geodetic levelings in the vicinity of Yucca Mountain
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US Geological Survey
Geodetic Data at Yucca

Leveling, Trilateration, and Global
Positioning System Data

presented by

Silvio Pezzopane

U.S. Geological Survey
Yucca Mountain Project

USGS-YMP Pezzopane Oct 96
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First-Order Level Lines
Across Yucca Mountain

® 92-km-long line

133 bench marks every kilometer

across YM, every 1/2 kilometer

first surveyed during the period 1956-1959
surveyed every 1 or 2 yrs since 1983

difference recent survey elevations from
1985-1986 survey elevations

Little Skull Mountain earthquake caused
negative elevation change over a 17-km-
wide zone with a maximum of 22 mm

® maximum downdrop is 2 km northwest of
Little Skull Mountain

® zone lies between Mine Mountain and Rock
Valley faults

@ typical signal for an event of this size (~ M6)

USGS-YMP Pezzopane Oct 96



Map of Leveling Lines,
Benchmark Locations, and
Reference Marks
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Profile plots showing data from surveys of level line
across Yucca Mountain during the period 1983 - 1993

from K.S. Koepsell, National Geodetic Survey, written commun., 1996
also see USGS Seismotectonic Report— Chapter 6
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Map of Trilateration
Network at Yucca
Mountain

-116°30' -116°00'

NEVADA -

37°00'

37°30" I I AN B L ! I | !
e from Savage and others (1994) JGR

eno detectable deformation across network except LSM Eq
e star marks Little Skull Mtn Earthquake

e ellipses show 95% confidence intervals on motions
USGS-YMP Pezzopane Oct 96




—Summary—

Geodetic Data at Yucca Mountain
[ ]

e Early Leveling Lines along Highway U.S.
95—Topopah to Las Vegas—may Reveal
Elevation Changes in Vicinity of Yucca
Mountain—Rock Valley

» 1907 Baseline is Questionable

@ First-Order Leveling across Yucca
Mountain and Rock Valley reveal Little
Skull Mountain Earthquake produced a
negative elevation change of as much as
22 mm over a 17-km-wide zone

» Typical of M ~ 6 Strain Pattern

e Trilateration and GPS surveys (1983-
1993) reveal no Detectable Deformation
except for Little Skull Mountain Eq. strain

» Modeled as a 5-km-square rupture surface at a
depth of ~ 8 km with ~ 0.58+0.075 m of slip

@ USGS Seismotectonic Report—Chapt 6

USGS-YMP Pezzopane Oct 96



HISTORICAL EARTHQUAKE CATALOGUE
FOR YUCCA MOUNTAIN

Ivan Wong, Jacqueline Bott, and Doug Wright
Woodward-Clyde Federal Services
Oakland, CA

Yucca Mountain Seismic Source Characterization Workshop
Salt Lake City, Utah
17 October 1996

HACONTRACT\YUCCAMTN\SLIDES.IGW 10-14-96



OBJECTIVES

To allow experts to:

(1) characterize the regional seismicity around
the site;

(2) evaluate the seismicity for any possible
associations with geologic structures
particularly late-Quaternary faults; and

(3) compute earthquake recurrence parameters

for the various seismotectonic provinces
which make up the Yucca Mountain region.

HACONTRACT\YUCCAMTN\SLIDES.IGW 10-14-96



CATALOGUE VITAL STATISTICS

TIME PERIOD

AREA OF COVERAGE

NUMBER OF EVENTS

MAGNITUDE RANGE

HACONTRACT\WYUCCAMTN\SLIDES.IGW 10-14-96

1868 to 31 January 1994
(being updated through 1995)

300 km radius around Yucca
Mountain

247,717
(NTS explosions, cavity collapses
and quarry blasts removed)

M<1.0-7.8



DATA SOURCES

® Southern Great Basin earthquakes, 1868 to
1978 (Meremonte and Rogers, 1987)

e Southern Great Basin network, 1978 to 1991
(Rogers et al., 1987)

e California, 1868 to 1932, California Division of
Mines and Geology

¢ Southern California, 1932 to 1994, California
Institute of Technology/USGS

e Northern California, 1910 to 1972, University
of California at Berkeley

® Northern and Central California, 1969 to 1995,
USGS

HACONTRACT\YUCCAMTN\SLIDES.IGW 10-14-96



DATA SOURCES (CONT.)

e Nevada, 1874 to 1994 including the SGB for
1992 to 1994, University of Nevada, Reno

e Decade of North American Geology, 1868 to
1985 (Engdahl and Rinehart, 1988)

e Arizona, 1891 to 1992, Northern Arizona
University

o State catalogues for Utah and Arizona, 1881 to
1985, Stover, Reagor and Algermissen (NEIS)

e Utah, 1881 to 1994, University of Utah

e PDEs for Utah and Arizona, 1938 to 1991,
NEIS

HACONTRACT\YUCCAMTMN\SLIDES.IGW 10-14-96



CATALOGUE ISSUES
GEMQ G, ,»de,,},;\—( u_th e, i wdol BB cueTs

e Magnitude errors
e Common M,, scale
 Maximum intensity-magnitude conversion

* Removal of nuclear explosions, collapses, and
quarry blasts

® Removal of nuclear explosion-induced
aftershocks

e Removal of Lake Mead RIS?
e Completeness
¢ Declustering

* Definition of seismotectonic provinces

H)CONTRACT\YUCCAMTN\SLIDES.IGW 10-14-96
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CATALOGUE ISSUES

e Magnitude errors
e Common M, scale
e Maximum intensity-magnitude conversion

e Removal of nuclear explosions, collapses, and
quarry blasts

e Removal of nuclear explosion-induced
aftershocks

e Removal of Lake Mead RIS?
e Completeness
e Declustering

e Definition of seismotectonic provinces

HCONTRACT\YUCCAMTN\SLIDES IGW 10-14-96
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Methods for Assessing
Fault Displacement Hazard

Robert Youngs
Geomatrix Consultants
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(1) Sources (2) Earthquakes

> 2
£ =
® ey
3 3
& ©
: :
I, A
Site
Mmax
Magnitude Distance
(3) Ground Motion Models (4) Hazard Curve
Q
Q
— g
s 3
o2
3 [N 3
£ 8
2 53
\S)
Q >
N 2
E S
©
A, g
2
Iz,
Distance Peak Acceleration

Schematic diagram of the components of PSHA for Ground Motion



(1) Sources (2) Earthquakes

> 2

g =

g 0

3 <

= &

Site
Mmax
Magnitude Distance
(3) Fault Displacement Models (4) Hazard Curve
(:f‘th»v\
[ :
S
5 3
3 N
g ©
S 8
3 g
& 5
S
S 2
§ ,SeLOr\CL—w\/ §
: S
B ;
x,
Distance Fault Displacement

Schematic diagram of the components of PSHA for Fault Rupture




(1) Sources (2) Displacements
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Approachs for characterizing displacement events
e Earthquake source model from ground motion hazard
e Direct modelling of observed displacements

Approachs for estimating freqency of events
e Geodetic Geologic fault slip rate
e Paleoseismic recurrence intervals

e strain rate

Approachs for estimating effects in repository
e Mapped faults and fractures only
e Mapped faults with random secondary rupture in a zone
e Random rupture in a zone
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Empirical Relationships among Magnitude, Rupture Length, Rupture Width, Rupture Area, and Surface Displacement
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Figure 9-17. Map of faults at Yucca Mountain and proposed sites of potential repository and surface facilities.

Simplified from Simonds and others (1995).
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Fig-4

Y5
De Folo fia a!./ 1992
Figure 4. 1915 Pleasant Valley (from Wallace, 1984), CH=China
p=Pearce scarp, S=Stillwater scarp,

Mountain scarp,
SH=Sou Hills scarp, T=Tobin scarp.

n (from Gianella and Calleghan, 1934),

Figure 5. 1932 Cedar Mountai
MCV=Monte Cristo Valley, sv=Stewart

GV=Gabbs Valley,
Valley.
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Yucca Mountain Seismic Source
Characterization Workshop #2:

Hazard Methodologies
October 16-18, 1996

Bedrock Geologic Mapping at Yucca Mountain

——Review who we are and where we were, where we are,
and where we’re going

Presenter: Warren C. Day, USGS Structural Studies Project

OBJECTIVES OF TODAY'’S TALK

~ COMPARE NEW RESULTS WITH EARLIER MAPPING
= PRESENT SOME HIGHLIGHTS OF NEW MAPPING
~ REVIEW FAULT TYPES AND CHARACTERISTICS

FUNCTION AS A RESOURCE FOR TECTONIC MODELS IN
FURTHER DISCUSSIONS

Handout Materials:
- Notes From This Talk .
- Bedrock Geologic Map of the Central Block Area and Text
- Photocopies of Abstracts for Reference

Page 1
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Seismic Source Workshop #2

USGS YMP Structural Studies Project

—Who We Are

Chris J. Potter, PhD (Mapping, PISA report)
Don Sweetkind, PhD (Fracture Studies)
Robert Dickerson, MSc (Mapping)

Carma San Juan, MSc (GIS)

Dana Polacsek (MSc Thesis: Fracturing and Fault
Mechanics-Hydrologic Implications)

Warren C. Day, PhD (Mapping, Project Lead, etc.)

USGS YMP Structural Studies Project

Applicable FY96 Products
w~ Bedrock Geologic Map of the Central Block Area,
Yucca Mountain, Nye County, Nevada (Day and others)
-~ Geologic map of central block area (1:6,000-scale)

- Cross Sections near North and South Ghost Dance
Alcove and South Ramp areas

- Accompanying Text:
» Structural setting

* Geometry, Interconnectivity, and Kinematics of
Dominant Faults

- Classification: Block-Bounding, Northwest-Striking, Intrablock
Faults

* Synopsis of the Structural Development
* Rock Unit Descriptions

Page 2



USGS YMP Structural Studies Project

FY96 Products (continued)
w Preliminary Geologic Map of the Yucca Mountain Area,
Nye County, Nevada (Day and others)

- Digital compilation of all available relevant geologic maps
for the Framework 3-d Model area
w Fracture Synthesis Report (Sweetkind and Williams-
Stroud)

- Compilation and distillation of all surface-based fracture
studies

- Digital database of all data available as of 3/96 from
surface, some drill hole, and ESF (through 30+00m)

Relative Accuracy of Geologic Maps

=~ Geologic Map of the Central Block (1:6,000-scale)
- Each contact was walked and/or visually inspected
Fault offsets could be confidently established at 1/2 the
contour interval (>5 feet)
High quality orthophoto maps superimposed with
10’ topographic contours
Projection of the surface-based mapping to the ESF
has been extremely successful

Page 3
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B. Christian and Llpman 1965 (1 24k)

C. Dickerson and Drake (in TDB, 1:6k) |

|D._Day and others (Central Block Map: 1:6k). _
E. This study; Scott and Bonk (1983; 1:12k)

F. This study; Scott (1992; 1:12k)

G. Faulds and others (1994, 1:24k)

H. Lipman and McKay (1965; 1:24k)




Seismic Source Workshop #2

Relative Accuracy of Maps (continued)

=~ Preliminary Geologic Map of Yucca Mountain (1:24,000)
- Map presented today is a compilation {1:6k-1:24k)
- Final Product (8/97):
* Areas which have not been mapped by our team will
be examined and remapped as needed
Mapping done under standard methods for scale
Numerous map edge busts are obvious
Problems internal to the supporting maps identified

Cartographic reality is that the map units must be at
least about 30-40 feet thick
= Map will include Formations, Members, and a few zones
(where appropriate)
The new 1:24k map will have a lower degree of

resolution compared to 1:6k Central Block Map,
which is typical of map scale constraints

PREVIOUS MAPPING
—Where We Were

=~ Lipman and McKay (1965), Christian and Lipman (1965)
- Basic 1:24,000-scale GQ mapping of the entire area

« Provided Geologic Framework for Yucca Mountain as was
Critical in Selecting Yucca Mountain for Further
Investigation

w Scott and Bonk (1984)

- Detailed 1:12,000-scale Reconnaissance of Yucca
Mountain
* Critical Input into Initial Repository Design, Hydrologic
Investigations, Process Models, etc..
=~ Braun and others (OFR 96-109, in press)
- Detailed Mapping Focused on the Ghost Dance Faultin
the Repository Area A
« Delineated complexities along part of Ghost Dance Fault
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Seismic Source Workshop #2

RESULTS OF SCOTT AND BONK (1984)

w Established location of major and minor faults

=~ Proposed Listric Model for Geometry of Block-
Bounding faults

- Out of vogue now
w “Imbricate Fault” Zone
- Bad name

=~ Did NOT Recognize Members {crystal-rich/-poor) of
Tiva and Topopah

- VERY POWERFUL TOOL FOR DELINEATING FAULTS

« Naturally, there is some breakdown due to differences
in scale

COMPARISON WITH PREVIOUS STUDIES

Examples of Intrablock Faults

- Ghost Dance Fault (splays, width, and displacement
variations)

- Sundance Fault (not delineated by Scott and Bonk, 1984)

- Orientation of minor faults (Scott and Bonk had
unrealistically uniform NW-strikes)

-~ Numerous minor faults incorrectly mapped
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E565000

Bedrock Geologic Map of the
Central Block Area,

Yucca Mountain, Nevada
by
W.C. Day, C.J. Potter, D.S. Sweetkind, and R.P. Dickerson
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LN USGS
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Seismic Source Workshop #2

SOME HIGHLIGHTS OF THE NEW MAP
—Where We Are

w Defined branching of faults (vertical & horizontal)
- Ghost Dance Fault
- Abandoned Wash (on cross section)

w~ Connectivity of Faults

- Projection of faults in hanging wall of Bow Ridge Fault
(“imbricate fault” zone) into the Bow Ridge Fault

- Dune Wash and “imbricate fault” zone

- Northward continuation of the Abandoned Wash Fault
into the Ghost Dance Fault

SOME HIGHLIGHTS (continued)

w Solitario Canyon growth fault splays
- Offsetting of Topopah>PTn>Tiva
- Apparent thickness increase of the PTn

- Implication: evidence for post-Topopah Spring pre-
Tiva deformation, extent of which is obscured b
overlying blanket of Tiva Canyon Tuff
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Explanation

Quaternary

[J  Alluvium & Colluvium

Tertiary

Rainier Mesa Tuff
Comb Peak Rhyolite
B Tiva Canyon & Topopah Spring Tuff

Tiva Canyon Tuff

B  Crystal - rich member
[0  Crystal - poor member

[0 Pah Canyon, Yucca
- Mountain Tuffs - undivided

Topopah Spring Tuff
Crystal - rich member
Crystal - poor member

0 2,500 Feet
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Types and Characteristics of Faults
at Yucca Mountain

w Block-Bounding Faults

- (Solitario Canyon, Bow Ridge, Paintbrush Canyon, etc.)
» Intrablock Faults

- (Ghost Dance, Sundance, etc.)

w Northwest-Striking Faults

- Intrablock Faults (Drill Hole, Pagany Wash, Sever Wash
faults, and numerous minor faults)

- Bridging Faults: Northwest-striking faults that connect
(and bleed displacement from) Block-Bounding Faults

Characteristics of Block-Bounding Faults
(Solitario Canyon, Bow Ridge, Paintbrush Canyon, etc..)

In the Central Block Area, they are:
=~ Generally continuous, 10’s of km in length
=~ North-striking faults with discontinuous splays

~ Dip at surface 55-75° to the West (shallower than intrablock
faults)

- Fault planes are inferred to curve at depth to produce
roll-over in dips of units exposed at surface

w~ Can have mineral lineations on fault scarps

~ Offset was left-lateral oblique coupled with normal dip-slip
motion

Page 7
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Characteristics of Block-Bounding Fauits
(continued)

~ Commonly have parallel graben structures (east-side-down
faults) in hanging wall

- Important Example: “/Imbricate Fault Zone” in the
proposed repository area

=~ Splays of Solitario Canyon fault (Solitario Canyon) and faults

related to Paintbrush Canyon fault (Fran Ridge) active prior
to eruption of 12.7 m.y. Tiva Canyon Tuff (syn-PTn time)

= Most of the motion pre-dated deposition of the 11.6 m.y.
Rainer Mesa Tuff

Characteristics of Intrablock Faults

=~ Generally discontinuous, meters to few kms in length

- Longest in Central Block: Ghost Dance/Abandoned Wash
{about 9 km long)

~ Both north- and northwest-striking, with fewer northeast-
striking faults

= Dips are steep (80°-90°)
=~ No tectonic mineral lineations found at surface
w Lateral component hard to determine: dominantly dip-slip

w Formed as local accommodation zones, which can
interconnect with biock-bounding faults

= In the upper block of the proposed repository area, few
connect with block-bounding faults

w Interpreted to be result of local adjustments to deformation
along block-bounding faults, most of which was >11.6 m.y.
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Faults in the Central Block Area

Miocene Volcanic Rocks

—_——- Faults - known and inferred
(Day and others)

= Exploratory Studies Facility

20' Displacement (Feet)

0 2,500 Feet
[ .

Preliminary Data for Information Only
USGS
July, 1996
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Characteristics of Northwest-Striking Faults

Intrablock Faults (Drill Hole, Paganay Wash, Sever Wash)

« No evidence for Yucca Wash Fault (Units project
continuously, geophysics inconclusive)

=~ Drill Hole, Paganay Wash, Sever Wash dip steeply to
southwest

~ Several different modes of origin possible
w~ Slickensides and Reidel Shears indicate dextral offset
w~ “Scissoring” along Paganay Wash Fault

w~ Coeval with north-striking intrablock and block-bounding
faults

Characteristics of Northwest-Striking Faults
(continued)

Northwest-Striking Bridging Faults

~ Formed as accommodation zones faults that transferred
offset (bleed strain} between block-bounding faults

~ Examples: faults that bridge the Solitario Canyon and Iron
Ridge faults, Northern Windy Wash and Fatigue Wash, and
Fatigue Wash and Solitario Canyon fault

= Incipient bridging faults developed in southern part of
Central Block Area

- Between Bow Ridge and Dune Wash faults form “canoe-
shaped” en echelon grabens

- These en echelon grabens will be penetrated by the ESF
w Capture of the Bow Ridge Fault south of Central Block Area

Page 9
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Faults in the Central Block Area

Miocene Volcanic Rocks

—-----  Faults - known and inferred
(Day and others)

Exploratory Studies Facility
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Seismic Source Workshop #2

Conclusion
FY97 Activities—Where We Are Going

=~ |nitiate publication cycle for Central Block Geologic Map

=~ Prepare integrated geologic and geophysical report for the
PISA report

«~ Prepare Expanded Site Area Geologic Map
- {1:24,000-scale)
=~ Help the Project Develop the 3-d Geologic Framework Model

w Update the Fracture Synthesis Report to incorporate new
research on fracture networks associated with the 3¢CL
studies

w |nput Structural Framework into the 3-d Unsaturated Zone
Hydrologic Models

~ Work with the Design Team for Construction and Expansion
Area issues

Valid Type of Fault Classification Scheme
for the Yucca Mountain Area

Offset(m) Class Length(km) Type
0-3 I <0.5
3-10 I 0.5-1
10-30 n 1-3
30-100 v 3-10
100-300 v >10
>300 Vi

For Example: A fault classified as a JlIE fault would be a
fault (or segment) that has between 10-30 m of offset over
a length of >10 km.

Problem: Faults with <1 m offset very difficult to

confidently identify and follow over any distance in the
field

10



YUCCA MOUNTAIN PROJECT A

U.S. Department of Energy
OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

YUCCA MOUNTAIN SEISMIC SOURCE CHARACTERIZATION
WORKSHOP #2
HAZARD METHODOLOGIES

PRESENTER: ROBERT C. LUNG, GEOLOGIST,
U.S. BUREAU OF RECLAMATION

SALT LAKE CITY, UTAH
OCTOBER 16-18, 1996

U.S. Geological Survey/Bureau of Reclamation Seismic Source Characterization Workshop, October 16-18, 1996



3
:
<

5
a
g
o
Z

Bow Ridge fault

South Portal

Potential Repository Boung%g_

S
Q
A4
2
: + 83
£ 8
anent |
= <
T =
=
W _M oamenen® xaqvn:;gv?v
g 2 c
= b= m m e
»

A .Mm e, L& i'd ¢ocw9¢
C Im )-I.(,l m m i"‘i?l
Q) M e, o s%w
U I.n.u n e S
P © . £ £

© _ S 89

- _f‘m ,m I‘hta.

5 BT

2 N\ i~

- Vet & e e oo . .:..f o
. w... o on x 2 wmr v—. lq.me lf!lil!l
~ ) o,
\\\ .r..A — -
4 I'd r»c E.m* !5!3

3
!

-~ I, -
- en o~
£S P Y L e, >
R — ., » N7
Sl e
b S ey ? g
T AATSPRSITENS
[
-

ann”



YUCCA MOUNTAIN PROJECT >

»  Maps are compiled into 100 meter sections

»  Discontinuities greater than or equal to 1 meter in length are mapped

»  Noteworthy geologic features are mapped and described, i.e. fracture
zones, fault zones, shear zones, and breccia zones.

»  Sample and geotechnical instrumentation locations are included
»  “Q” ground support is mapped
» A generalized geologic cross-section is included

»  Excavation rates and rock mass classification data are displayed at the top
of the map

U.S. Geological Survey/Bureau of Reclamation Seismic Source Characterization Workshop, October 16-18, 1996
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U.S. Geological Survey/Bureau of Reclamation Seismic Source Characterization WErI=<shop, October 16-18, 1996
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YUCCA MOUNTAIN PROJECT N

DETAILED LINE SURVEY

»  Tapeline on right wall approximately 1 meter below springline
»  All discontinuities greater than or equal to 1 meter in length are documented

» 19 Attributes are described for each feature:

1) STATION 8) WIDTH 15} APERTURE MAXIMUM
2) TYPE 8} ENDS 18} OFFSET

3) AZIMUTH 10) UPPER TERMINATION 17) INFILLING TYPE

4) DIP 11) LOWER TERMINATION 18} INFILLING THICKNESS
5) TRACE LENGTH ABOVE TAPE 12) PLANARITY 19) COMMENTS

&) TRACE LENGTH BELOW TAPE 13) JOINT ALTERATION NUMBER

7) HEIGHT 14} APERTURE MINIMUM

» 5o far, 16,000 plus fractures have been recorded

U.S. Geological Survey/Bureau of Reclamation Seismic Source Characterization Workshop, October 16-18, 1996
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YUCCA MOUNTAIN PROJECT e

FAULTS AND SHEARS

»  Structures with undeterminable or less than 0.1m of offset are termed
shears

»  Structures with greater than 0.1m of offset are termed faults

»  Several criteria can be used to determine offset;
a) Displacement of lithologies
b) Displacement of discontinuties (fractures, joints, vapor phase partings)
c) Pumice and lithic clasts

»  Strike slip is the most difficult displacement to discern due to the lack of
lateral markers. Slickensides show direction but not amount of movement

»  Ground support can make the determination of offset difficult ( ?bem /j;tf’““m )
¥ 54/3}

»  So far, 220 faults and 655 shears have been recorded

U.S. Geological Survey/Bureau of Reclamation Seismic Source Characterization Workshop, October 16-18, 1996
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U.S. Geological Suey/Breau of eclamation Seismic Source Characterization Wokshp, cobr 6-18, 1996
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YUCCA MOUNTAIN PROJECT » N

ESF NOTABLE STRUCTURAL FEATURES

1Ickness aracteristic

Bow Ridge fault 2+00 2m 100 m Uncemented breccia - Wall rock
relatively unfractured, no distinct
calcite veins visible associated