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A Division of Southwest Research Institute™
6220 Culebra Road * San Antonio, Texas, U.S.A. 78228-5166
(210) 522-5160 « Fax (210) 522-5155

September 27, 2002
Contract No. NRC-02-97-009
Account No. 20.01402.471

U.S. Nuclear Regulatory Commission

ATTN: Mrs. Deborah A. DeMarco

Office of Nuclear Material Safety and Safeguards
Mail Stop 8 A23

Washington, DC 20555-0001

Subject: Submittal of Slides for Three Presentations: (i) Tectonic implications of Oligocene and
Lower Miocene Strata in the Yucca Mountain, Nevada Region; (ii) Tectonic Setting of
Yucca Mountain, Nevada, in Evaluations of Fault, Earthquake, and Volcanic Hazards;
and (iii) Vertical and Inclined Axis Rotations in Extensional Settings

Dear Mrs. DeMarco:

The purpose of this letter is to transmit the subject material for programmatic review. These will be
presented at the Geological Society of America Annual Meeting and Exposition to be held
October 27-30, 2002, in Denver, Colorado.

This material documents work that has led to a better understanding of the tectonic setting of Yucca
Mountain and provides fundamental components in the evaluation of the volcanic and seismic
hazards at Yucca Mountain.

Should you have any questions regarding this please contact Dr. John Stamatakos at 210-522-5247
or Dr. Lawrence McKague at 210-522-5183.
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Study area is
located in the
Great Basin of
the Basin and
Range Province

100 miles
—
16l km

Satellite Image of Study Area Showing Outcrops of Oligocene and
Early Miocene Strata .

Generalized
Stratigraphic Column

Middle Miocene to
Quaternary volcanic
A7 strata

Oligocene-lower
Miocene sedimentary
and volcanic strata

Paleozoic carbonate
strata

KEY

Precambrian-Cambrian
metamorphic strata

» Stratigraphic position suggests that they are correlative
to Oligocene-lower Miocene strata

* Outcrops were studied to see if a correlation could
be drawn between outcrop and subsurface strata

c0)




e Outcrop data were collected
through measuring
stratigraphic section

« Data consists of thickness of
section, description of
lithologies, sedimentary structures,
and paleocurrent data

« In the Funeral Mountains, 800 m of
section was measured

» On the Nevada Test Site 1100 m of
section was measured

LA-3

Outcrop Data Indicate Three
Lithofacies Associations

¥0m

LA-2

LA-3. Upper part of the section
dominated by Tuff and
volcaniclastic sandstone

LA-2. Middle part of the section
dominated by red clast-
supported conglomerate and
red fine-to-coarse-grained
sandstone

LA-1

LA-1. Lower part of the section
dominated by white to
brown fossiliferous
limestone and matrix
supported conglomerate




Stratigraphic column of St
well cuttings from Well
NC-EWDP-2DB '

*Well NC-EWDP-2DB was ?
the only well drilled into
Paleozoic strata

Three lithostratigraphic units
were recognized in the
subsurface stratigraphy.

]
]
» Lithologic similarities in g
the subsurface and outcrop 1
strata indicate that they can
be correlated.

LA-3

LA-2

LA-1

Well NC-EWDP-2DB

LA-3

Correlation of the Horse Spring Formation and the Rocks of
Pavits Spring in the Funeral Mountains to the stratigraphy in

Tuff and volcaniclastic
sandstone

LA-2

Red sandstone and

red conglomerate with
quartzite and carbonate
clasts

White to brown fossiliferous
limestone and
matrix-supported
conglomerate




Structural Cross Section Through Nye County Wells

Datumn J72
+7318m 7

[t

. Middle Miocene volcanic unit . LA2

. LA-3 |:| La-1

Lithologies for unstudied intervals obtained from the Nye County Nudear Waste Repository Project Office (2000)

Main points of cross section:

*» Complexity of subsurface in Yucca Mountain area

» Changes in thickness of units and discontinuous units imply that faults exist in
the subsurface
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velopment in southwestern

| B Cigocen and Lower Miocene Strata
© Hyb County Well i

(:
I Nevada Tost Ste Boundary
) Measured Sectan

{ s L 10km__§

Eastward and westward paleocurrent directions indicate that the Funeral Mountains
and the Nevada Test Site may represent the western and eastern margins of the
paleobasin.

C05%




Provenance Data From:

Funeral Mountains n= 1482
The conglomerate clast

composition in the Funeral

§ Mountains and on the
& Nevada Test Site is
dominated by quartzite and
carbonate.
S
n=1429

Percent

il




| * The source of the
conglomerate clasts is
interpreted to be
Precambrian and
Paleozoic quartzite
and carbonate units

* These units are
exposed in
the Funeral Mts.,
Bare Mt., and the
Spotted Range

Sandstone Point Count Data

* The framework grain
composition in the sandstone
samples is dominated by
feldspar

* In the Funeral Mountains
samples plagioclase and
K-spar are present in
approximately equal

proportions

* In the Nevada Test Site
samples, plagioclase feldspar is
more common

*» The sandstone is interpreted to have
a volcanic and a plutonic source
terrane

Co¥




Potential Plutonic Source Terrane for Sandstone Samples

1
I Hieveda Test Sie Soundary
(Go) Moasured Zacton

L_lokv |

* Model of basin development based on stratigraphic, provenance, and compositional data
* The stratigraphic data indicate that basin development is related to detachment faulting

* Possibly an early detachment fault in the region of the Boundary Canyon detachment




Paleogeographic Reconstruction: Oligocene-early Miocene

Paleogeographic Reconstruction: Early Miocene
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Paleogeographic Reconstruction: Late-early Miocene
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 The Oligocene-lower.Miocene strata can be divided into three - -
Flithostratigraphi¢-umits and corrélated at least 120 km'in..>. ~I s
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Back Up Slides

Lithofacies Association 1
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Lithofacies Association 1

Lithofacies Association 1
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Lithofacies Association 1

Lithofacies Association 2
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Paleocurrent Data

Three locations in the Funeral Mountains and one location on the
Nevada Test Site

18



Satellite Image of Study Area
T TR

KEY
[ Rocks of Pawls Sprng
I Horse Spring Formation
A I Csgocune ana Lower Miacens Strata

© hys County Wil fk:ms

i
4 Heveda Test Ste Boundary
(GR) Measured Saction

L J0km |




KEY
| 0 Rocks of Puvits Spring
B Hocse Spong Formation
I Ctigocene snd Lower Micceae Strata
OI Mye oty Well g Roak
A Hewada Test Site Boundacy
@Nemdm

1 0km )

Interpretive Regional Cross Section from A-A’

[ Aneview B s B o ] 3:::-!— Precsnivien
Tertiary >
| Tl s Struta m G < Normal

Fault

* Focus of cross section is Oligocene-lower Miocene strata
* Lithofacies associations are a major component of subsurface strata
» Lithofacies associations are regionally extensive

20
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- ctonlc Settmg of Yucca ‘
I\Ilountam Nevada |n Evaluatlon
and Volcan

b John A Stamatakos

Center for Nuclear Waste Flegulatory Analyses e
Southwest Research Inst:tute@ San Antonlo Texas :

T outline

~« Review of Yucca Mountain models o

-« Incorporation into PS

" Review of some existing models




Classes of Tectonic Models Proposed
for Yucca Mountain

* Volcano-genic

¢ Miocene silicic volcanism or RS S P 3 i
continental rifting & :

*Extension W e i R Y

* normal and low-angle
detachment faulting

eDextral Shear
* pull-aparts

Yucca Mountain

Volcano-Genic

+ Collapsed Caldera in et 1 ‘*f : . l
Crater Flat ‘ i ,__‘.': : I

¢ Kawich-Greenwater Rift

7T Mnie redurget o

fxex frmsatic |t m
Pus; T
sl s e i it

4o heing exgloces far 3
o I wante dicporal abne

Figure 4.--Tectoaic diagram of Crater Flat region, showing structaral
seting of priguted calderas, EAr-UvysE dnd atrik-sl ot
zomqs, and Basalt “rift® ones
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Extensional

Planar Faults

Conasona

« Listric Normal
Faults

¢ Planar Block
Faults

* Regional
Detachments

Shear zone (Schweickert and Lahren, 1997)
Dextral Shear

» Amargosa Desert
Fault System

Transtensional Nappe

Oblique-Slip Faults

Zone of Dextral
Simple Shear

Strike-Slip Fault

Modified from Hardyman (1978,

 Pull-Apart Basins,
Rhombocasm, B Mo |
({5~ Overtumed Syncine
Sphenocam '/mm.wmd.

N Sirko-5lip (Shear) Systemt




“%;»“Tectomc Models Based on e
Volummous Data '

e ’structural
stratlgraphlc ‘
_geochemical . -+ earthquake -
‘fpaleomagnet,icj; ~ - geodetic.
‘radiometric. lr"chronological‘
* seismic b e :electromagnetie e
e gravity e hydrologic =
e magnetic ':petrologlc
e borehole '~ = :

Incorporatlon of Models into PSHA

“Murphys Razor’. :
L= Addmonal research often mcreases uncenalnty :

mformatlon

. PSHA (and especlally an expert ellcltatlon) well suned
- for incorporation of this kind of uncertamty G
Ve DOE PSHA mcorporated Iarge variety of models.
o ey Albelt some models glven hlgher welght than otherv




New Data and Model for Crater Flat

- W W O T e

* Paleomagnetic and radiometric age data from Miocene
basalt and megabreccia in southern Crater Flat.

* Revised 2D magnetic and gravity models across Crater
Flat.

e Structural interpretation of Crater Flat Basin as the
hanging wall of Bare Mountain Fault.
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Generalized Stratigraphy

Generalized Section USW VH-2
(not to scale) 0

PFlio-Quatemary basinal deposils
L Quaternary basalt

L") _Pliocana basalt

Paleczoic fiysch 5 onm,- | Ratiniier Mesa Tuff
i Miocene porphyry dikes
Paleozoic carbonate rocks

— Paleozoic-Precambrian
| clastic rocks

Megabreccia Exposed in Crater Flat and Well VH-2




Summary of Paleomagnetic Vertical-Axis Rotation Data

—KEY: &

{ iMoaaoremla
11.2 Ma basalt
Ammonia Tanks
Rainier Mesa
Tiva-Topapah
Bulfrog
14 Ma dikes.

Tertiary secondary

‘ magnedizalion
Panmian secondary
magnedizalion

Rotation {4R),
with 5%
confidence limils

Gravity and Magnetic Data

Complete Bouger Anomaly (gravity) map

Aeromagnetic anomaly ma
Yueea Mountain g y map

Bare
Mountzin g
Fault d

ClZ-




Gravity Model for Crater Flat

Gravity Profile

-~Error
— Calculated |
® Observed ||

Gravity (mGals)

Alluvium & Tuff
(2.5 glem?)

Depth (km)

6.1
530000

UTM Zone 11 (meters)

Magnetic Model for Crater Flat

Magnetic Model
52000

£51900 4
=

§51800-
& 517001
= 516001

! - Bullfrog?
|| 11.2 Ma Basal?

Older Tuffs and Tertiary Sediments®

UTM Zone 11 (meters)




Paleomagnetic Rotations Constrain Age of Faulting

Major Period of Faulting,
Extension, and Rotations

PSS T B
11.5
Age (Ma)

Conclusions
» Basin architecture controlled by 3D geometry of Bare Mountain fault
* Vertical-axis rotations from horizontal shear in hanging wall

* age and timing of extension constrained by age of vertical-axis
rotations

* main stage of basin growth between ~12 and 11 Ma., slip rates 1-3
mm/yr

* since 11 Ma basin growth slow, slip rate 0.06 mm/yr or less
* Geology also indicates rapid basin growth ~12-11 Ma
* wedge of Rainier Mesa adjacent to Bare Mountain

* megabreccia younger than 11.2 Ma from over-steep Bare Mountain




o Conclusrons e

e lmplrcatrons for Sersmlc Hazard Assessment -
i many faults at Yucca Moun ain may not extend through entire
esrmogemc crust. ‘

most of the fault shp occurred |n Mro e (12-11 Ma)

e Implrcatrons for Volcanlc Hazard Assessment
e Many volcamc features Iocalrzed along pre- exrstrng structures

‘e No tectonic evrdence to subdlvrde C 7 r Flat Basin rnto drscrete
source zones : :




Amargosa Desert Fault System

Amargosa Desert Shear Zone (Schweickert and Lahren, 1897)

Paleomagnetic
rotation data do not fit
expected shear
profile

(Stamatakos and Ferrill, 1998)

: KEY
‘Megabfea:ia
‘ts.n&a basall

{]Anmrua Tanks
Rainier Meza
Tiva-Topapah
Bullireg
14 Ma dikes

Tertiary secondary
magnetization

‘Pennlan sacandary
magnetization

Shear zone (Schweickert and Lahren, 1997)

50 Profile for heterogeneous simple shear

a0

0 2 4 6 8 10 12 14 16
Bare Mountain Yucca

Fault  iciance orthogonal to proposed Mountain

western shear zone boundary {(km)
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Yucca Mountain Orocline

Orocline (Fridrich el al,, 1999)

o key
‘Woamm

‘ 112 Ma basal

Baenmania Tanks
‘Rain.r Mesa
Trva-Topapah
' Bultirog
14 Ma dikes

Terbiary secondary
' magnelizabon

Parmian
magnetizaton -

Ratation (AR).
with 85%

canfidence it

Paleomagnetic
rotation data do ]
correlate with 5 Sy |
orientation of faults ey

(Stamatakos and Ferrill, 1998)




Paleomagnetic rotation
data correlate with
stratal tilt

-
[o7]
(=]

(Stamatakos and Ferrill, 1998)
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a

Dip (deg)

3D Stress™ OF Yucca Mountain, Nevada
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Little Cones Buried Basalt

(Slip Rate = 0.1 mm/yr)

Southern Crater Flat:

Littie Cones

fijuagiaatiaheacnanangy

106800 - ‘JLHD‘.—‘—'_ ——

B e et e, i e e e |
BHAKO M0 B3000 SWA0 BM00  AM0
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Vertical and Inclined Axis
Rotations in Extensional Settings

John A. Stamatakos

David A. Ferrill, Darrell W. Sims,

Center for Nuclear Waste Regulatory Analyses,
Southwest Research Institute™, San Antonio,

Texas

Alan P. Morris

University of Texas at San Antonio, San Antonio, TX

Generalized Section
(not to scale)

Flio-Quatemary basinal deposits
~Quatemary basalt

IS —11.2 Ma basalt
t— Megabreccia

|
"% 7i0~ Miocene volcanic rocks
r_'_' - :_.
" Uy
unconformity
. Cligocane-early Miccene rocks
unconformity

Paleozaic flysch
Miocene porphyry dikes
—Paleozoic carbonate rocks

— Paleozoic-Precambrian
claslic rocks

GSA 2002

1

Generalized Stratigraphy of
Yucca Mountain Region

Vertical Axis Rotation Data From
Paleomagnetic Studies of:

» Paleozoic Carbonate Sirata

e Miocene (~14 Ma) quartz-latite dikes

* Miocene (~13-11 Ma) rhyolite tuff strata
* Miocene Basalt (11.2 Ma)

» Miocene carbonate megabreccia

N mE e I




Geologic Setting of Yucca Mountain Region

118745

Fluorsp
Canyon
Patachmant

[l Pioissocane spring depasts [IT] Buried basah
7 [ 77 s basan [ 112 baa basan
B Ma basax

B B8] Procane bases
o 5

S Faa

by
. Buried megubreccia
Ak SATIAr sampie stes

Mioc_ene Crbonate Megabreccia in Southern Crater Flat
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Paleomagnetic Results from Miocene Megabreccia and 11.2 Ma Basalt

W, Up W.:Up
11.2 Ma Basalt X 11.2 Ma Basalt

100‘:'
qu-'-.ao.oo LYY

i
1

Miocene .."' ﬂl ) )
@) wﬁ":n \5;)/

Aerial View of Miocene Tuff Strata at Yucca Mountain

— ST

/Yucca Mountain
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Paleomagnetic Results from Miocene Tuff Strata at Yucca Mountain

Ammonia Tanks Rainier Mesa
l*f"UD Tiva Canyon

|0g os30
lig e E
b

.

i

7. Tiva Canyon .
o . ™

N,

T Miocene |
we = -+ [ -Reference
- Direction |

s

i Rosanbaum a{.sl.‘ 1991
" | Hudson, 1992
2 Hudson et al,, 1934

Paleozoic and Precambrian Strata at Bare Mountain, Nevada,
exposed in the Footwall of the Bare Mountain Fault

B
-8 2 iS¢
Bare Mountain

Yucca Mountain




Paleomagnetic Results from Paleozoic Carbonate Strata and Miocene Dikes at
Bare Mountain, Nevada

Triassic
Refarance

Referance
Direction

= . M-Magnetization
. s : H-Magnetization / “ Antelope Valley Fm/~ ™ 3
. Dike Magnetization . Antelope Valley Fm. . et 7

Stamatakos et al,, 1998 |

in.z Ma basalt
t,nmmoma Tanks
Rainier Mesa
Tiva-Topapah
Bullfrog
14 Ma dikes

Tartiary secondary
‘ magnetization

Permian secondary
magnelization

wilh 95%

Q Rotation (AR},
confidence limits




Cross-Section Across Crater Flat and Yucca Mountain

Bare
Mountain Miocene
Yucea Voleanic Rocks
Mountain [

T 17 =

Alluvial

B Fault :
i i Crater Deposits

Mountain

Undifterentiated
Precambrian Rocks

Undifferentiated
Paleozoic Rocks
5km

Models for how vertical-axis rotations are manifest in
normal fault systems

Rotation of hanging wall

Two factors control apparent vertical-axis rotation,
displacement gradient and shape of the fault




Example: rotations in the
Iron Ridge relay ramp

Bare Complete Bouguer
Mountain Gravity Map Dip of the

Sy Bare Mountain
Fault:

Shallower in
Northern
Crater Flat
(~45°)

Steeper in
southern
Crater Flat
(~70°)

4070000

4065000




Clockwise rotabon of
deformed block boundary

Steap
fault dip

Equal extenson

Fault-displacements
Increase from north fo south

fault dip

Equal exfension




Vertical-axis rotation data consistent with this model

‘n.z Ma basalt
Ammonia Tanks
Rainier Mesa
Tiva-Topapah
Bullirog

‘Fd Ma dikes
Tartiary secondary

‘ magnetization

Permian secondary
magnelization

with 95%

q Rotation (AR),
confidence limits

Paleomagnetic Rotations (AR) Constrain Age of Faulting

Major Period of Faulting,
Extension, and Rotations

15 110
Age (Ma)
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