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Scientific notebooks numbers 33, 54, and 154 form a continuous record of work
done in the Tectonics Processes in the Central Basin and Range Research Project
and the SDS KTI. The work record in these notebooks was performed between
November 1991 and May 1996 principally by consultant Alan Paul Morris
under the supervision of Steve Young (1992-1995) and David Ferrill (1995-
1996).

The work has been completed in these books and they are archived effective
4/18/97.

I have reviewed these scientific notebooks, 33, 54, and 154 and find
them in general compliance with QAP-001, however, the technical information
is present in varying degrees of quantity and quality so that another qualified
individual (structural geologist) may be able to repeat the some activities more
easily others.
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EXECUTIVE SUMMARY
6.1 INTRODUCTION

6.2 SIGNIFICANT TECHNICAL ACCOMPLISHMENTS; BARE
MOUNTAIN, NEVADA

Tectonic Setting
- Regional map correlating BM with other ranges
- Photographs of correlated structures
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- DEM with faults and section lines . Q& 'S
- E-W section across BM, CFV, YM. FMW. Ff%
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Stratigraphy

- BM stratigraphic section

Structure
- Geologlc Map of BM with alluvial fans added.
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Uplift History
- Map with fission track samples and Tt plots
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Alluvial fan sedimentation

- Bare Mountain slope map with fans and basins outline and #'ed
- Ad versus Af plot of fans from BM and DV area.

are Mountain Fault slip rate

Discussion
-Sg}eologic History of BM (table/chart)
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[1] From: Gerry Stirewalt at cnwra-0s2 6/9/95 1:55PM (2977 bytes: 43 In)
To: Ronald Green at CNWRA

Receipt Requested R
cc: Larry McKague at CNWRA, English Pearcy at CNWRA, Randall Manteufel at CNWRA,

Brent Henderson at CNWRA, A Bagtzoglou at CNWRA —
o Subject: CROSS SECTIONS AND GEOMODELS FOR HYDROLOGIC EXERCISES
Message Contents
Ron ... Please pardon my not catching you in the building ————
here today to relay this info to you, but | forgot you were
in 57! Anyway — some thoughts developed after learning of
the geological cross sections Alan has been preparing for A
your GWTT efforts. R

The sections Alan has provided to you are essentially those s
we will use to refine the 3D geological framework model
which Brent and | have been assembling (the same one being
used by Ross for subregional hydrology, in fact) under GLGP. e
in the ideal sense, this mode! should be "the" 3D model into
which data on hydrology, rock properties, geochemistry, etc
are input - since construction of several different 3D
geoframework models is something we need to avoid for sake
of consistency and dealing with licensing issues. At least
this has been the premise under which the model is being ——
developed. In the ideal sense, we may have sliced the 3D
model to provide sections to you - but in this case the new .
sections were given to you because they had not yet been e
e used for refinement of the existing 3D model. Seems OK to
do this effort in parallel for this phase, as long as things
don’t diverge and separate 3D models are produced. If you | —
don’t mind, | would like to sit in on your Monday meeting
wherein you will discuss how the existing sections may be
simplified so you can use them. Would that be OoK? s

A point of which you should be aware - there has been

produced already a “hydrostratigraphic* model that shows e
stratigraphy zoned with respect to both saturated hydraulic
conductivity and porosity. This was done for IPA by me,
Brent (computer manipulations), and George Rice (data) and —_—-
will be an upcoming deliverable for PA, but you could

certainly see these results now if you think this model

might be useful to you. Cross sections could be sliced

through the model for your use.

| think | will wander over to 57 and talk with you about
this for a bit this afternoon, in fact, if you have time.

That way the left hand will be aware of what the right hand
is doing.

 gls-
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——""  6.2.2 Stratigraphy of Bare Mountain
- BM stratigraphic section < + S

6.2.3 Structure of Bare Mountain

T - Geologic Map of BM with alluvial fans added. & H S

- Stereonet(s) with structural plunge data. — AP+ KK H S
- Plunge-normal cross section . 4, +1

' 6.2.4 Vertical-Axis Rotation of Bare Mountain
- Map with Pmag sample locations

- Bare Min. pole path.
- 999997972

Bare Mountain Uplift History from Fission Track Dating
- Map with fission track samples and Tt plots « H _S
- T, t plot with all samples. KHS

6.2.6 Bare Mountain Alluvial Fan Sedimentation Patterns
- Bare Mountain slope map with fans and basins outlined and #ed DaF R 2R
S - Ad versus Af plot of fans from BM and DV area. R 2 2

s 6.2.7 Bare Mountain Fault Slip History pA4¢

6.2.8 Discussion
- Geologic History of BM (table/chart) ¢< H s
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1.3 Analysis of deformation and stress 71 5.1 Techniques of Stress Measurment and Estimation
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1.1 Deformation/Strain

1.2 Stress
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6.2.1
Tectonic setting and significance of Bare Mountain.

Introduction to Bare Mountain geology and tectonics
Interpreting Bare Mountain subregional and regional tectonics

Bare Mountain, Nevada is approximately 10 miles (16.5 km) west of the proposed site of the High
Level Nuclear Waste Repository at Yucca Mountain. It consists of a folded, faulted, tilted and
uplifted sequence of rocks that range in age from late Proterozoic to (?)Mississippian with few
gaps. This block of Precambrian to Paleozoic rocks forms the footwall of two fault systems that
are important to the Yucca Mountain region:

(1) A subregional scale, west-directed (top to the west), extensional detachment system (the Bare
Mountain Detachment system) active during Miocene (13-7.5 Ma) time, and accommodating as
much as 275% extension of the Tertiary volcanic sequence within the Bulifrog Hills to the
northwest of Bare Mountain (Hamiiton 1988, Carr & Monsen 1988, Scott 1990, Maldonado 1990).
(2) The Bare Mountain Fault (BMF), an east-directed (top to the east) normal fault active during
the last 2 million years and with approximately 2 km of displacement (Swadley et al 1984, Reheis
1986, Hoffman & Mooney 1983, Snyder & Carr 1984).

The proximity of the recently active BMF to the site of the proposed HLWR gives rise to three
concerns. First, is the BMF a potential seismic hazard? Second, can slip on the BMF, seismic or
otherwise, cause slip and consequent deformation on the west-directed normal faults of the Yucca
Mountain area? Third, steep faults cutting to deep crustal levels may provide conduits for magma
ascent. In order to address these concerns it is necessary to understand the genesis of the BMF,
determine the history of slip on the BMF, and generate realistic modeis of linkage (or non-linkage)
between the BMF and fauits to the east.

Although it is predominantly of low metamorphic grade and has no highly mylonitised carapace,
Bare Mountain is considered to be a form of metamorphic core complex (e.g., Burchfiel et al
1992). it probably owes its current elevation to tectonic removal of the suprajacent Tertiary
voicanic sequence and some thickness of the Paleozoic section during Miocene time (Hamilton
1088, Scott 1990). This extension was accomplished as Bare Mountain became involved in the
extreme extension of the whole Death Valley region during the last 36 million years. The BMF
may have developed in order to accommodate the isostatic rise of Bare Mountain as a
consequence of this removal of cover.

The BMF may penetrate the entire thickness of the seismic crust to depths exceeding 15 km 9
miles) or it may sole into a sub-horizontal detachment at shaliower crustat levels (7 km, 4 miles)
(Gilmore 1992, Scott 1990). In either case, if it is still active it is likely to be a source of
earthquake activity, and any slip on it may be translated into dependent slip on the fauits of the
Yucca Mountain area whether these latter faults originated as part of the Bare Mountain
Detachment system (e.g., Scott 1990) or later as antithetic accommodation faults to the BMF
(Carr & Monsen 1988). '

Slip history

There is evidence for Late Quaternary to Holocene slip on splays of the BMF exposed in alluvium,
but there is no consensus as to the amount or precise timing of this slip (Swadley et al 1984,
Reheis 1986). We have initiated two approaches to better constrain the recent slip history of the
BMF. The first, an apatite and zircon fission-track study. is designed to provide information over
the last 45 million years of uplift history of the Bare Mountain block, and the second, an analysis of
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the geometry of alluvia! fans on the west and east flanks of Bare Mountain provides information on W SR

_the tast two million years.

Fault linkage

~ A combination of geometric and finite-element modeling has been undertaken to determine the
viability of the range of potential models for the tectonic development of Bare Mountain. Two end 1

members present themselves as possible candidates, the first assumes that the faults of Yucca
Mountain developed as part of the Bare Mountain Detachment system during the Miocene and
were subsequently isolated by the isostatic rise of the Bare Mountain block, the second assumes

that the east-directed BMF system generated antithetic fauits in its hangingwall. Hybrids of these
two end members are also permissible. For example, Yucca Mountain faults may have originated

as part of the Bare Mountain Detachment system, but may continue to accumulate slip because
they are optimally oriented to accommodate antithetic shear in the hangingwall of the more

recently active BMF. Knowiedge of the precise nature of the linkage between the BMF and faults
in its hangingwall is critical to assessing seismic and aseismic slip risks posed by the faults of ~7

Yucca Mountain. . :
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Stratigraphy of Bare Mountain / r/\’/g‘d

Bare Mountain exposes a 7.4 km (4.6 miles) thick section of pre-Tertiary sedimentary rocks with l~« Mississippian and (%
minor igneous intrusives (Monsen et al 1992). The Late Proterozoic to Lower Paleozoic rocks of ! %f&
Bare Mountain were deposited on the western margin of the North American craton (e.g., Poole et

al 1992, Burchfiet et al 1992). They represent the more cratonward (eastern) aspect of the g /?\)
Cordilleran miogeocline. The lower part of the sequence, from Late Proterozoic (about 600 Ma) to (4
early Middle Cambrian represents the post-initial-rifting stage of the development of the - JA
Cordilleran margin. It is dominated by clastic sediments, quartzites and argillites, shed westward - /X

from the rift-related thermal bulge on the craton. As the continental margin subsided, and as the e o \{ ch <

source of terrigenous sediment decayed, a carbonate-dominated, shallow continental shelf

environment evolved by mid-Middle Cambrian and remained the predominant depositional style
until the end of the Devonian. The Late Devonian-Mississippian Antier orogeny, probably caused

by the collision of an island arc with the western edge of the miogeocline, created a sediment

source to the west, and a large, clastic-sediment dominated foredeep developed over much of 5 P/
eastern and southeastern Nevada. This is represented at Bare Mountain by the Late Devonian- - @
Mississippian Eleana Formation. R i é L

With the exception of a smail Cretaceous (98 Ma +/-27 Ma) granitic intrusion there is a major
hiatus in sedimentation and igneous activity at Bare Mountain between the Mississippian and the
Oligacene when a number of north-northeast trending, subvertical diorite dikes were emplaced.

Following this, in the early and middle Miocene (15 - 12.8 Ma, Marvin et al 1970, Carr et al 1986), “
and roughly coeval with the onset of extreme regional extension, was the eruption of a variety of
pyroclastic rocks, with minor rhyolitic flows, towards the top of this 3.000-4,000 feet thick o
sequence are minor basaltic flow units. Within this volcanic package are two angular é
unconformities representing significant fault movement at about 11.6 - 11.4 Ma and later than 10.7 ~ LA p M&, P
Ma (Monsen et al 1892). LO2) L VA Y v e
623 D_ s
Structure of Bare Mountain
Bare Mountain is a roughly triangular inlier of Late Proterozoic to Paleozoic rocks bounded on the - .
west by Quaternary alluvial cover, on the east by the Bare Mountain Fault and Quaternary afiuvial —
cover, and on the north by the Fluorspar Canyon Fault (“Bare Mountain Detachment system”), @
Miocene, west-directed extensional fault system carrying Miocene volcanic rocks over the inlier. .
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The pre-Tertiary sequence is part of the miogeoclinal wedge of the North American craton and lies

the Conejo Canyon-Wildcat Peak detachment as a southerly directed (top to the south) system.

at the margin between the hintertand and the frontal thrust zone of th i
3 > : e Mesozoic fold-thrust beilt of
the Cordillera near its southernmost limit. Lying towards the east of the miogeoclinal wedge, Bare

Mountain records only the stratigraphic effects of the Devonian-Mississippian Antler orogeny, in

We favor a pre- to early-Miocene age for the east-dipping fault set because it is clearly truncated

by the Conejo Canyon fault of the CCWPD and nowhere cuts Miocene voicanic rocks. This fauit

the form of the clastic Eleana Formation. Pre-Late Cretaceous fold-thrust structures are

preserved in the form of the south-vergent Meiklejohn Peak Thrust (“Grapevine Thrust’, Milier et

set is best exposed in the central portion of the mountain (fig ? domains Vill and IX), but may be

respansible for the overall outcrop pattern of the mountain. The broad structure of the pre-Tertiary
core of Bare Mountain is that of a north-dipping homocline. In Tarantula Canyon, a large antiform

a! 1_992), the north-veltgent Panama Thrust and associated folds (Zhang & Schweickert 1991).
Timing of the contractional event(s) that generated these structures is contentious, they are

developed in beds of the Ordovician Antelope Valley Formation plunges 30-degrees to the

northeast (fig ? domain iV). Folds in domain V! share this plunge direction (fig ?). Cutoff lines of

assigned either to the Permian (Snow 1992, Snow & Wernicke 1993) or to the Lat i
v A 8 e Jurassic - Late
Cretaceous Sevier orogeny (e.g., Miller et al 1992, Stone & Stevens 1993).

bedding against the east-dipping fault set plunge 25-35-degrees to the northeast, and branch lines

of intersecting faults in this set plunge generally 30-degrees to the northeast. This orientation

The onset of Cenozoic extension is manifest by a series of east-dipping normal faults inferred by

Monsen et al (1992) to have been active, or reactivated (Carr & Monsen 1988), in the mid-

data indicates that the east-dipping fault set developed as north-easterly trending (in present-day

coordinates), down-to-the-east normal faults in a sub-horizontal sequence, and has since
acquired a northeasterly piunge. These fauits actually form a fistric fan with substantial overall

Miocene, and cutting the Late Proterozoic to Paleozoic rocks of the intier exclusively. Two

complex dgtachment systemns, one carrying a dismembered sequence of uppermost Late
Proterozoic to lowermost Paleozoic rocks (the Conejo Canyon-Wildcat Peak detachment) and the

displacement, and probably sole into an east-directed detachment that has now been disrupted by

the BMF (fig 7). The age of this faulting is problematic, Carr and Monsen (1988) regard them as

other the Tertiary volcanic sequence (Bare Mountain detachment) are als:
| 0 exposed. Although the
Conejo Canyon-Wildcat Peak detachment (CCWPD) is inferred by Zhang & Schweickert (1991) to

old. but reactivated during the Miocene. Preliminary paleomagnetic results (see below) indicate

that the post-faulting plunge pre-dates the magnetization event, itself dated as (?) Permian. There

be pre-Miocene in age, field relationships as mapped by Monsen et al (1992) indicate that it cuts

the east-dipping normal fault set inferred by them to have been active in the mid-Miocene (see

is some regional evidence for a Permian extensional event (Miller et at 1992, Stone & Stevens

1988, Busby-Spera 1988) but there is by no means a consensus (Burchfiel 1992).

also Carr & Monsen 1988). Zhang & Schweickert (1991) interpret the CCWPD as having a top to

the south sense of displacement. There is broad agreement, however, on the age and sense of

(3) The sense of displacement inferred for the CCWPD by Zhang & Schweickert (1991} is also

open to question. Late Proterozoic rocks between the CCWPD and the Fluorspar Canyon section

displacement of the Bare Mountain detachment system, represented by the Fluorspar Canyon

faylt at the north end of Bare Mountain. This system carries Tertiary volcanic rocks of mid-
Miocene age over the pre-Tertiary sequence, it is only exposed in and to the north of Fluorspar

of the Bare Mountain detachment have steep north-northeasterly dips (fig ? domain Vi), rocks

below the CCWPD have similar but shallower dips (fig ? domains Vi, and iX). It is possible to

Canyon, and is considered to connect with the Bulifrog Hills detachment system to the west

(Hamilton 1988, Maldonado 1990, Scott 1992). Rotation of the older Miocene Tertiary volcanic

derive the dips of the rocks in domain VIl above the CCWPD by clockwise (looking west) rotation

about an east-west trending axis from rocks of domains VI, and 1X. This is consistent with a

rocks as a result of movement on the Fluorspar Canyon and related faults is between 40 and 70-

degrees clockwise (looking north) about an approximately north-south axis. Movement on the

south-directed (top to the south) detachment as suggested by Zhang & Schweickert (1991).

However, the Conejo Canyon fault can be projected across Amargosa Narrows and connected
with the Lower Detachment of Maldonado (1990). In this interpretation the Conejo Canyon fauit of

Bare Mountain and Bullfrog Hills detachment systems is the probable cause of the tectonic

denudation of Bare Mountain and the isostatic rise of the block.

the CCWPD represents part of the Bare Mountain detachment systern (of which the Fluorspar

Canyon fault is a part) which cut deeper into the crust than the base of the Tertiary volcanic

Following Miocene fauiting, but with unknown time of initiation, shallow, east-dipping normat fauits

displaced parts of the pre-Tertiary mountain core. One of these faults is also expressed in older

sequence. Thus the Conejo Canyon and Fluorspar Canyon faults can be considered as part

(possibly the bounding faults) of an anastomosing set of extensional detachments which stripped

alluvial fan material on the east side of Bare Mountain (Monsen et al 1992). The Bare Mountain

Fault, which marks the eastern edge of the mountain block, has been active within the last 2

pre-Tertiary miogeoctinal sequence and the Tertiary volcanic package westwards from above the

current Bare Mountain. This is in general agreement with the regional interpretation of Scott
(1990). Monsen (1983), however, demonstrates that the low angle faults of Conejo Canyon do

million years (Swadley et ai 1984, Reheis 1986) and may have more than 2 km of verticat

displacement (Hoffman & Mooney 1983, Snyder & Carr 1984).

not represent discontinuities in either metamorphic grade or structural history, and tentatively

suggests a top to the east displacement sense.

Salient points and problems in the tectonic history of Bare Mountain

Co -\(—‘k.: P. ?'g

The question of sense of displacement on the CCWPD is of importance to the interpretation of the

(1) Whatever the age of the pre-Tertiary contractional deformation, the north vergent Panama

fold-thrust system is used as a basis for regional correlations in palinspastic reconstructions of 4]

tectonic evolution of Yucca Mountain faults. if the faults at Yucca Mountain developed as a part of

the Bare Mountain detachment system that experienced only incipient extension during Miocene ¥ -
time {e.g., Hamilton 1988) then it probably soled into sub-horizontal detachments below the base

Bare Mountain and adjacent mountain ranges (Snow & Wernicke 1989, Snow & Prave 1994,

Snow 1994). This is significant because the Panama thrust-fold system is correlated with the

Tertiary unconformity (Scott 1990, Young et al 1993). Thus, if the Conejo Canyon and associated

White Top Mountain backfold and the Winters Peak anticline, both west-vergent structures ina

generally ea'st-verge_nt fold-thr_ust belt. The current east-west trend and northerly vergence of the /‘9
Panama structure (fig ? domains XIIl, XIV, XV) are used to constrain a 90-degree clockwise

faults are part of the west-directed (top to the west) Miocene detachment system, they represent
the only well exposed example of this deep detachment, and their characteristics may provide

insight into the crustal levels at which this system developed.

rotation of Bare Mountain within the last 30 million years as the Death Valley region has

experienced extreme extension.

(4) Low angle, down to the east normal faults occur on the eastern side of Bare Mountain and

(2) The east-dipping fault set described by Monsen et al (1992) and inferred by them to be mid-

either merge with or are cut by the steeply (60-70-degrees) east-dipping BMF {Carr & Monsen

1988). One of these shallow faults cuts older Quaternary aliuvium on the north side of the

entrance to Chuckwalla Canyon (Carr & Monsen 1988). Slip on the BMF is documented for the

Miocene (14 Ma) or qlder in age is truncated by the CCWPD which Zhang and Schweickert (1991)
consider to be pre-Miocene (Carr & Monsen 1988). Zhang & Schweickert (1991) also interpret

period 270,000 - 9,000 years ago (Swadley et al 1984)
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When was the BMF initiated. is it still active, and how is it linked to the fauits of Yucca Mountain?
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Figure Captions

Figure 6-1

Digital elevation map (DEM) of Bare Mountain, Nevada and surrounding region. Principal faults
and the line of the sub-regional cross-section (Figure 6-3) are shown.

Figure 6-2
Bare Mountain, Nevada, physiography and important features referred to in the text.

Figure 6-3

Sub-regional geological cross-section. Data compiled from Maldonado 1990, Monsen et al 1984,
Faulds et al 1994, Scott & Bonk 1984, McKay & Williams 1964. Section lines are shown on Figure
6-1. they are approximately perpendicular to local structural strike, and assumed sub-paralle! to
motion on most fauits during Miocene - Present extension.

Figure 6-4




30

30 T A44Y

31

.3 rok T:._\-: /{Qq. AW

(a) Cross-section through Bare Mountain and Yucca Mountain from X to X’ illustrating a deep
interpretation of the Bare Mountain Fault - Yucca Mountain fault system based on the conceptual
models of Scott (1990) and Hamilton (1988) and the quantitative modelling of Young et al (1993).
Yucca Mountain fauits are considered to have formed during mid-late Miocene as a little-extended
(12-20% compared with 275%) “headwall” portion of the Bulifrog Hills - Fluorspar Canyon
detachment system. Subsequent, probably Quaternary - Present, motion on the Bare Mountain
fault, cutting to greater crustal depths truncates the older west-directed detachment system. The
depths to detachment are modelled using the regional geometry of the Paintbrush Tuff and
assuming vertical shear as the hangingwall deformation mechanism (see e.g., Young et al 1993).
The greater depth to detachment of the Bare Mountain fauit compared with the Yucca Mountain
faults is geometrically required by the rollover within the Crater Flat graben which is constrained
primarily by geophysical data (Snyder & Carr 1984). Geologically, the greater depth to
detachment of the Bare Mountain fault can be justified on the grounds that during the mid-late
Miocene volcanic maximum the geothermal gradient in the region was probably considerably
higher than it is now.

(b) Cross-section through Bare Mountain and Yucca Mountain from X to X' illustrating a deep
interpretation of the Bare Mountain Fault - Yucca Mountain fault system based on the conceptual
model of Gilmore (1992) and Carr & Monsen (1988). Yucca Mountain faults are considered to
have formed to accommodate hangingwall deformation required by movement on the Bare
Mountain fault. Yucc Mountain faults can be modelled to these depths by increasing the dips of
the near-surface segments of the faults from about 70-degrees to 80-85-degrees. This can be
justified on the grounds that few major faults are exposed in bedrock at the surface, and there is
considerable uncertainty as to the dips of many of the Yucca Mountain faults.

Figure 6-5

Geological map of Bare Mountain (after Monsen et al 1992), showing the line of section BB’
Figure 6-6

Stratigraphic section of Bare Mountain (after Monsen et al 1992), with interpretations of
weathering profile and detachments from field observations by the current authors.

Figure 6-7

" Downplunge cross-section of Bare Mountain along section line BB’ (Figure 6-5, after Monsen et al

1992). The pole to the cross-section plane is 030 azimuth, 30 plunge which is approximately the
plunge of the predominant extensional fauit system within the Pre-Tertiary sequence (see text for
discussion of the steeply east-dipping fault system). Pre-Tertiary structures are projected along
the pole to the cross-section plane. The Conejo Canyon detachment system was projected atong
020 azimuth, 15 plunge, and the hangingwall of the Fluorspar Canyon fault was projected along
025-030 azimuth, 20-25 plunge. Details of the structure within the Conejo Canyon system are not
well represented by this cross-section plane because they strike east-west. In addition, sub-
vertical, WNW-trending, right-lateral, strike-slip faults that probably post-date much of the Miocene
extension represented in the hangingwall of the Fluorspar Canyon faulthave been restored and
are not represented on this section.

Figure 6-8

Structural domain map of Bare Mountain based on data in Monsen et al (1992). Domain
boundaries are drawn primarily on the basis of major faults. Lower hemisphere, equal-area
projections are plotted for poles to bedding for each domain, and superimposed on these are the
mean pole orientations (maximum eigenvector of distribution, filled squares). Also plotted for
domains where meso- to macro-scopic folds occur are best-fit great-circles to the poles (dashed
lines), and the pole to the best fit great-circle (minimum eigenvector of the distribution, filled
triangles) which represents the averaged fold axis for that domain (Fisher 1953, Woodcock 1977,
Ramsay 1967).
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Figure 6-4. (a) Cross-section through Bare Mountain and Yucca Mountain from X to X’
illustrating a deep interpretation of the Bare Mountain Fault - Yucca Mountain fault system
_ based on the conceptual models of Scott (1990) and Hamilton (1988) and the quantitative
I modelling of Young et al (1993). Yucca Mountain faults are considered to have formed
during mid-late Miocene as a little-extended (12-20% compared with 275%) “headwall”
portion of the Bullfrog Hills - Fluorspar Canyon detachment system. Subsequent,

probably Quaternary - Present, motion on the Bare Mountain fault, cutting to greater crustal

R ——

depths truncates the older west-directed detachment system. The depths to detachment are
modelled using the regional geometry of the Paintbrush Tuff and assuming vertical shear as
the hangingwall deformation mechanism (see e.g., Young et al 1993). The greater depth to

detachment of the Bare Mountain fault compared with the Yucca Mountain faults is

l
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|
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geometrically required by the rollover within the Crater Flat graben which is constrained
primarily by geophysical data (Snyder & Cair 1984). Geolougically, the greater depth to
detachment of the Bare Mountain fault can be justified on the grounds that during the mid-
late Miocene volcanic maximum the geothermal gradient in the region was probably
considerably higher than it is now. (b) Cross-section through Bare Mountain and Yucca
Mountain from X to X’ illustrating a deep interpretation of the Bare Mountain Fault - Yucca
Mountain fault system based on the conceptual model of Gilmore (1992) and Carr &
Monsen (1988). Yucca Mountain faults are considered to have formed to accommodate
hangingwall deformation required by movement on the Bare Mountain fault. Yucc
Mountain faults can be modelled to these depths by increasing the dips of the near-surface
segments of the faults from about 70-degrees to 80-85-degrees. This can be justified on
. the grounds that few major faults are exposed in bedrock at the surface, and there is

considerable uncertainty as to the dips of many of the Yucca Mountain faults.
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Figure 6-18. Two-dimensional plot to show the relationship between throw, heave, slip
and slip-vector plunge. The values of throw, heave and slip are dimensionless, thus any
units appropriate for these quantities can be substituted. For example, a dip-slip fault with

a dip of 70-degrees experiencing a throw of 5 units (mm, cm, m, km, etc.) would exhibit a

heave of 1.8 units (measured along the absissa axis) and a slip of 5.3 (measured radially
from the origin, same units as throw and heave) as illustrated by point X on the figure.
Alternatively, a dip-slip fault with dip varying from 50-degrees to 70-degrees along its
strike but experiencing a constant rate of heave of 0.1 mm/yr would exhibit a throw rate of
0.12mm/yr where it dips at 50-degrees (point A on figure), and 0.27mm/yr where it dips at

70-degrees (point B on figure, see text).
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Figure 6-18

Two-dimensional plot to show the relationship between throw, heave, slip and slip-vector plunge.
The values of throw, heave and slip are dimensionless, thus any units appropriate for these
quantities can be substituted. For example, a dip-slip fault with a dip of 70-degrees experiencing
a throw of 5 units (mm, cm, m, km, etc.) would exhibit a heave of 1.8 units (measured along the
absissa axis) and a slip of 5.3 (measured radially from the origin, same units as throw and heave)
as illustrated by point X on the figure. Alternatively, a dip-stip fault with dip varying from 50-
degrees to 70-degrees along its strike but experiencing a constant rate of heave of 0.1 mmiyr
would exhibit a throw rate of 0.12mm/yr where it dips at 50-degrees (point A on figure), and
0.27mm/yr where it dips at 70-degrees (point B on figure, see text).

Faulds, J.E., Bell, J.W., Feuerbach, D.L., Ramelli, A.R., 1994, Geologic map of the Crater Flat
area, Nevada: Nevada Bureau of Mines and Geology, University of Nevada, Reno.

Scott, R.B., Bonk, J.. 1984, Preliminary geologic map of Yucca Mountain with geologic cross
sections, Nye County, Nevada: U.S. Geological Survey Open File Report 84-494.

McKay, E.J., Williams, W.P.. 1964, Geology of the Jackass Flats Quadrangle, Nye County,
Nevada: U.S. Geological Survey Geologic Quadrangle Map GQ-368.

Fisher, R., 1953, Dispersion on a sphere: Royal Society of London Proceedings, v. 217, p. 295-
305.

Woodcack, N.H., 1977, Specification of fabric shape using an eigenvalue method: Geological
Society of America Bulletin, v. 88, p. 1231-1236.

Ramsay, J.G., 1967, Folding and Fracturing of Rocks: McGraw-Hill, London.
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Figure 6-3. Sub-regional geological cross-section. Data compiled from Maldonado 1990,
Samaut &k al, 193€

Monsen et al 1984, Faulds et al 1994, Scott & Bonk 1984, McKay—&/—?iﬂi'ams 1964

Section lines are shown on Figure 6-1, they are approximately perpendicular to local

structural strike, and assumed sub-parallel to motion on most faults during Miocene - \

Present extension.
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Information potentially subject to copyright protection was redacted
from this location. The redacted material is from the following
reference:

Spivey, KH. D.A. Ferrill, J. Stamatakos, A.P. Morris, R.A. Donelick,
and S.R. Young. “Uplift and Cooling History of Bare Mountain, Nevada,
From Apatite Fission Track Thermochronology.” Abstract No. 24716.
No other information is available.
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Figure 6-7. Downplunge cross-section of Bare Mountain along section line BB’ (Figure 6-
5, after Monsen et al 1992). The pole to the cross-section plane is 030 azimuth, 30 plunge
which is approximately the plunge of the predominant extensional fault system within the
Pre-Tertiary sequence (see text for discussion of the steeply east-dipping fault system).
Pre-Tertiary structures are projected along the pole to the cross-section plane. The Conejo
Canyon detachment system was projected along 020 azimuth, 15 plunge, and the
hangingwall of the Fluorspar Canyon fault was projected along 025-030 azimuth, 20-25
plunge. Details of the structure within the Conejo Canyon system are not well represented
by this cross-section plane because they strike east-west. In addition. sub-vertical, WNW-
trending, right-lateral, strike-slip faults that probably post-date much of the Miocene
extension represented in the hangingwall of the Fluorspar Canyon faulthave been restored

and are not represented on this section.
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Figure 6-7. Downplunge cross-section of Bare Mountain along section line BB’ (Figure 6-5, after Monsen ef al. 1992). The
pole to the cross-section plane is 030 azimuth, 30 plunge which is approximately the plunge of the predominant exten-
sional fault system within the Pre-Tertiary sequence (see text for discussion of the steeply east-dipping fault system).
Lines of projection, where different from the cross-section pole are given in parentheses. Details of the Conejo Canyon
fault system are not well represented by this cross-section because they strike east-west. Sub-vertical, WNW trending,
right-lateral, strike-slip faults that probably post-date much of the Miocene extension within the hangingwall of the Flu-
orspar Canyon fault, have been restored and are not represented on this section.
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Figure 6-7. Downplunge cross-section of Bare Mountain along section line BB’ (Figure 6-5, after Monsen et al. 1992). The
pole to the cross-section plane is 030 azimuth, 30 plunge which is approximately the plunge of the predominant exten-
sional fault system within the Pre-Tertiary sequence (see text for discussion of the steeply east-dipping fault system).
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right-lateral, strike-slip faults that probably post-date much of the Miocene extension within the hangingwall of the Flu-
orspar Canyon fault, have been restored and are not represented on this section.
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Surfaces exported to M. Mueller for use in the GWTT modelling

(just for the record) (taken from Geosec project "apm_YM_summary_07",
section "export_section".
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Elements of Slip-Tendency Analysis

Great circle
Slip Tendency (Ts)

2,066

Fault strike
(colored according
to slip tendency)

1.859

.653

. 446

«239

.033

.826

.B20

.413

.207

.000

Pole to fault surface
Predicted slip vector

G1, 02, O3 = maximum, intermediate, and minimum
principal stresses

Op = resolved normal stress

T = resolved shear stress

Slip Tendency (Ts) = T/Cp,
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Script for button id 8 of page 1.

to handle buttonup
-~ numerically solves the equation con page 99 of notebook CNWRA 154

-- get data

put pi/180 into radfac

put (text of field "thetaone") *radfac into thetaone

put (text of field "thetatwo") *radfac intec thetatwo

put (text of field nchim")*radfac into chi

put (text of field "chistepper") *radfac into chistepper

put (text of field "alphastepper") *radfac into alphastepper
puﬁ (text of field "maxchi")*radfac into maxchi

put (text of field vprecision") into precision

while chi <= maxchi
put (text of field "initalpha")*radfac into alpha

.- calculate left side
put (1/ (2* (tan (thetaone) ) )+ (tan(chi))/2) into leftside
put leftside into text of field "leftside"

while alpha <= 89*radfac
-- calculate right side
put (tan(alpha/2)\

Mo

+(sin(pi/2—a1pha/2—thetatwo)*sin(thetatwo)*sin(pi/2+alpha/2)+\
((sin(pi/2—a1pha/2—thetatwo))A2)*sin(a1pha))/((cos(alpha/Z)*sin(alpha+thetatwo))A2))/2 \

into rightside
put rightside into text of field "rightside"

-- compare right with left

if rightside > leftside - precision and rightside < leftside + precision then

-- plotpoint
-- Set up graph
-- MinEX MaxEX
-- minex,minwy+------=--=-=-=---------"=---"=-"°° +
-- MinWY | |
-- I l
-- I I
. | |

{
- | |
-- MaxWY 4---=-r-=--===--=-=-m-=-o- s +maxex, maxwy
put item 1 of bounds of rectangle "Graph" into minex
put item 2 of bounds of rectangle "Graph" into minwy
put item 3 of bounds of rectangle "Graph" into maxex
put item 4 of bounds of rectangle "Graph" into maxwy
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put text of field "MaxWY" into MinGraphwy
put text of field "MaxEX" into MaxGraphex
put text of field "MinWY" into MaxGraphwy
put text of field "MinEX" into MinGraphex

-- Find the lengths of the graph edges
put maxex-minex into delex
put maxwy-minwy into delwy

-- Scale the graph
put delex/(MaxGraphex-MinGraphex) into exScale
put delwy/(MaxGraphwy-MinGraphwy) into wyScale //

< 4
-- get chi value /
put chi/radfac into graphex /

-- get alpha value
put alpha/radfac into graphwy

-- convert to screen coordinates
put graphex*exscale into plotex '
put graphwy*wyscale into plotwy

put minex+plotex into plotex
put maxwy-plotwy into plotwy

-- plot point
draw ellipse from plotex-40,plotwy-40 to plotex+40,plotwy+40
set fillcolor of selection to black

else
-- iterate with new alpha value

end
increment alpha by alphastepper

end

increment chi by chistepper

end
ad
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MECHANISMS OF EXTENSIONAL FAULT-BEND FOLDING AND FAULT BLOCK DEFORMATION:
EXAMPLES FROM BARE MOUNTAIN, NEVADA

Davio A. FErriLL! anp ALan P. MorRAis2
i CENTER FOR WJGLEAR WASTE AEGULATORY ARILYEES, BOUTHWEST RESEARCH MNETITUTE, 6230 CLILEBAA ROAD, 50N AN TE"H'-Tl TELAE T35

2. DRSOR OF EARTH AND PHYSICAL BRIENCER. UNIVERBITY OF THXAS AT SAN ANTORID, SAN ANTORD, TEXEE T*

Information potentially subject to copyright protection was
redacted from this location. The redacted material listed above
is from the following reference:

Poster presentation at a Penrose Conference, August. No
additional information is known.
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Information potentially subject to
copyright protection was redacted
from this location. The redacted
material is from the reference
listed below.
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[AsEsicns Jormsat ar Scig MGE, VoL 3855, Seemesimes, 108, | G84-721)

GEOMETRY AND KINEMATICS OF
FAULT-BEND FOLDING
JOHN SUPPE

Dej:_lnrum.-n: of Geological and Geophysical Sciences,
Frinceton University, Princeton, New Jersey 08544
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Script for button id 8 of page 10. .

to handle buttonup
-~ numerically solves the equation on page 99 of notebook CNWRA 154 o
- get data
put pi/180 into radfac
put (text of field "thetaone")*radfac into thetaone
put (text of field "thetatwo")*radfac into thetatwo
put (text of field "chi")*radfac into chi : I
put (text of field "chistepper")*radfac into chistepper .
put (text of field "alphastepper")*radfac into alphastepper !
put (text of field "maxchi")*radfac into maxchi
put (text of field "precision") into precision
put (text of field "maxalpha")*radfac into maxalpha L

-- Set up graph

- MinEX ' MaxEX T —
-- MineX, Minwy+----- oo oeoem . 4 i

-- | | ;
- | | |

- | |

- | |

- | |

-- MaxW¥ +---mom e +Maxex, Maxwy

-= OriginEx

put item 1 of bounds of rectangle "Graph" into minex
put item 2 of bounds of rectangle "Graph" into minwy
put -item 3 of bounds of rectangle "Graph" into maxex
put item 4 of bounds of rectangle "Graph" into maxwy

put text of field "MaxWY" into MinGraphwy
put text of field "MaxEX" into MaxGraphex
put text of field "MinWY" into MaxGraphwy
put text of field "MinEX" into MinGraphex
put text of field "OriginEx" intc OriginEx

- Fi nd the 1 e ngt hs of the g raph e dge s ‘ ————
put maxex-minex into delex
put maxwy-minwy into delwy

-~ Scale the graph
put delex/(MaxGraphex-MinGraphex) into exScale
put delwy/ (MaxGraphwy-MinGraphwy) into wyScale

-- make a marker
draw ellipse from 0,0 to 80,80
set fillcolor of selection to red




set name of selection to "marker"

while chi <= maxchi
put (text of field "initalpha")*radfac into alpha

e ——————— -~ calculate left side
put (1/(2* (tan(thetaone)))+(tan(chi))/2) into leftside
put leftside into text of field "leftside"

while alpha <= maxalpha .

R T -- calculate right side

put (tan(alpha/2)\
+(sin(pi/2-alpha/2-thetatwo) *sin(thetatwo) *sin (pi/2+alpha/2)+\
({sin(pi/2-alpha/2-thetatwo)) "2)*sin(alpha))/((cos (alpha/2)*sin(alpha+thetatwo) ) 2))/2 \
into rightside

put rightside into text of field "rightside"

-- get chi value
put chi/radfac into graphex

~- get alpha value
put alpha/radfac into graphwy

——— -- convert to screen coordinates
put graphex*exscale into plotex
put graphwy*wyscale into plotwy

put minex+delex/2+plotex into plotex
put maxwy-plotwy into plotwy

if rightside > leftside - precision and rightside < leftside + precision then
-- plot point :
draw ellipse from plotex-40,plotwy-40 to plotex+40,plotwy+40
set fillcolor of selection to black
else
-- iterate with new alpha value
move ellipse "marker" to plotex-40,plotwy-40
end
increment alpha by alphastepper
end
increment chi by chistepper
end
select ellipse "marker"
send cut
end
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FAULT PLANE SOLUTION FORMAT

This document is maintained by David Oppenheimer May 20, 1993

The format of the fault plane solutions produced by FPFIT are HYPO71 summary
cards in columns 1-80 augmented with the fault-plane solution parameters. The
FORTRAN formats below are to be used for reading the fields. For more
information see

Readenberg, P. A., and D. Oppenhelmer, 1985, FPFIT, FPPLOT, and FPPAGE:
Fortran computer programs for calculating and displaying earthquake
fault-plane solutions, U.S. Geol. Surv. Open-File Rep. 85-739.

Cols. Format Data

1-6 312, 1X Year, month and day.

8-11 2I2 Hour and minute.

12-17 F6.2 Origin time seconds.

18-20 F3.0 Latitude (deg).

21 Al s for south, blank otherwise.
22-26 F5.2 Latitude (min).

27-30 F4.0 Longitude (deq).

31 Al E for east, blank otherwise.
32-36 F5.2 Longitude (min).

37-43 F7.2, 2X Depth (km).

46-50 F5.2 Magnitude. See col. 80 for code
51-53 I3 Number of P & S times with weights greater than 0. 1.
54-57 F4. Maximum azimuthal gap.

1]

58-62 F5.1 Distance to nearest station (km).

63-67 F5.2 RMS travel time residual.

68-72 F5.1 Horizontal exror (km).

73-77 F5.1, 2X Vertical error (km).

80 Al, 1X If data source is Hypoinverse, then code designates type of

magnitude posted in cols. 46-50. L=ML based on
above location,
B=ML from UC Berkeley, C-coda, A=amplitude

82-84 F3.0, 1X Dip direction (downdip azimuth in degrees, clockwise from

north) .

86-87 F2.0 Dip angle in degrees down from horizontal

88-91 FA4.0, 2X Rake in degrees: 0=left lateral, 90=reverse, +-180=right
lateral, -90=normal

94-97 F4.2, 1X Solution misfit value. O-perfect fit, l=perfect misfit (never
exceeds 0.5 in reality).

99-101 I3, 1X Number of first motion observations used in solution

103-107 F5.2, 1X Solution misfit value + 90% confidence estimate. Useful for
testing whether restricted solutions are within uncertainty
region of free solution

109-112 F4.2, 1X Station distribution ratio (0-1). Lower numbers indicate
data lie near nodal planes.

114-117 F4.2, 2X (# of machine picks)/(# of hand picks)

120-121 F2.0, 1X ~90% confidence range of strike

123-124 F2.0, 1X ~-90% confidence range of dip

126-127 F2.0 ~90% confidence range of rake
128 Al Convergence flag: C=no convergence; otherwise blank
129 Al Multiple solution flag: *-multiple; otherwise blank

1720-1210 T10 mvent TD # found in Hvpoinverse archive file




120

2 ko s

N P e W v

(O Oer

(495

2ies Wen vl

121

{ &crt (aas

CIotRe st

RN

--3::) (Y N

N

—

TNeu [y—l

‘425257 2™ '/ﬂ—fi ¢’~4="I( -~

L5 W

A £3~t"Ll—-(-(\‘f(.f3 €

940102
940102
940109
940109
940110
940110
940110
940112
940112
940116
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117
940117

734
1641
1343
2300

612
1855
2047

727
1928
2300
1230
1239
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1301
1306
1308
1322
1326
1330
1332
1337
1344
1345
1346
1356
1403
1406
1407
1408
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Initial state

Flexural slip solutions on a listric normal fault.

* beds are equalothickness
* ramp dip is 50 max decreasing to 0 in 10%increments
* bedding-parallel shear is minimized for all beds

constructed constructed
“transfer” using GeoSec "transfer" using GeoSec
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Initial state

Flexural slip solutions on a listric normal fault.

* beds are equalomickness :
* ramp dip is 80 max decreasing to 0 in 10 increments
* bedding-parallel shear is minimized for all beds

constructed constructed

"transfer" using GeoSec

"transfer" using GeoSec

increasing displacement
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