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ABSTRACT
Ground magnetic data were collected along a 26-km-long regional seismic-
reflection profile in southwest Nevada that starts in the Amargosa Desert,
crosses Bare Mountain, Crater Flat and Yucca Mountain, and ends in Midway
Valley. Parallel ground magnetic profiles were also collected about 100 m to
either side of the western half of the seismic-reflection line. The magnetic
data indicate that the eastern half of Crater Flat is characterized by closely-
spaced faulting (1-2 km) in contrast to the western half of Crater Flat.
Modeling of the data indicates that the Topopah Spring Tuff is offset about
250 m on the Solitario Canyon fault and about 50 m on the Ghost Dance fault.
These estimates of fault offset are consistent with seismic-reflection data and
geologic mapping. A broad magnetic high of about 500-600 nT is centered
over Crater Flat. Modeling of the magnetic data indicates that the source of
this high is not thickening and doming of the Bullfrog Tuff, but more likely
lies below the Bullfrog Tuff. Possible source lithologies for this magnetic high
include altered argillite of the Eleana Formation, Cretaceous or il“ertiary

intrusions, and mafic sills.




INTRODUCTION

Understanding the structural framework of southwest Nevada is
essential for assessing the seismic hazard of a proposed high-level radioactive
waste repository site at Yucca Mountain. Three main hypotheses have been
proposed to explain the structure at Yucca Mountain and vicinity and, in
particular, the formation of Crater Flat, an elliptical, deep basin just west of
the crest of Yucca Mountain: (1) volcano-tectonic depression or caldera
(Snyder and Carr, 1984), (2) detachment faulting (Hamilton, 1988), and (3)
graben or pull-apart faulting (Fridrich and others, 1994). Geophysical data,
especially gravity data, have been used to support two of these hypotheses,
namely the caldera hypothesis (Snyder and Carr, 1984), and the detachment
faulting mechanism (Oliver and Fox, 1993). In particular, these gravity
models have focussed on the geometry of the Bare Mountain fault, a
structure that places folded and faulted Precambrian and Paleozoic
sedimentary rocks of Bare Mountain in juxtaposition with the Tertiary and
Quaternary alluvial deposits of Crater Flat (Monsen and others, 1992). The
Bare Mountain fault has generally been linked geometrically to faults
underlying Yucca Mountain, faults that are hidden under a th;ck volcanic
pile. Langenheim (1995a) demonstrated that modeling of gravity data alone
does not rule out any of the hypotheses thus proposed for the structure of
Yucca Mountain, but can provide geometries that can be tested with other
data and vice versa. In the fall of 1994, the U.S. Geological Survey conducted
two seismic-reflection profiles across Crater Flat and Yucca Mountain (lines 2
and 3, fig. 1) to image the underlying structure. Ground magnetic and gravity
data were also collected along these profiles. This report presents ground

magnetic data collected along the longer of the two seismic traverses (Line 2;




Brocher and others, 1995) to help constrain interpretations of the seismic data,

characterize faulting, and locate buried volcanic and igneous bodies.
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GEOLOGIC SETTING AND GENERAL GEOLOGY

The area of interest lies along the southern margin of the southwest
Nevada volcanic field which produced voluminous and widespread ash-flow
sheets from more than six major calderas that range in age from about 15 to

7.5 Ma (Sawyer and others, 1994); the study area also lies within the Walker

Lane belt (Carr, 1984). The Walker Lane belt is a northwest-trending zone of
diverse topography and structure that has undergone substantial lateral shear.
Yucca Mountain forms the eastern edge of Crater Flat and lies along the
eastern margin of a north-trending structural trough called the Kawich-
Greenwater rift (Carr, 1990). This tectono-volcanic rift represents a pull-apart
or stepped zone of rifting within the larger Walker Lane belt and is near or
parallel to a zone of Pliocene and Quaternary volcanism called ‘the Death

Valley-Pancake Range basalt belt (Carr, 1984).

The geologic units that underlie the study area consist of Precambrian and
Paleozoic rocks, a series of Miocene ash-flow tuffs interbedded with relatively
thin ash-fall and reworked tuffs, and late Tertiary and Quaternary surficial
deposits and basalt flows. Pre-Cenozoic sedimentary and metamorphic rocks
in the study area are predominantly limestone and dolomite, with lesser
amounts of argillite, quartzite, and marble (U.S. Geological Survey, 1984).

Paleozoic sedimentary rocks are exposed in the northeastern part of the study




area at Calico Hills (McKay and Williams, 1964) and at Bare Mountain
(Monsen and others, 1992). Only one drill hole in the vicinity of Yucca
Mountain has penetrated pre-Tertiary units; drill hole UE-25 p#1 (p#1, fig. 1)
penetrated dolomite at a depth of 1,244 m (Carr and others, 1986).

The stratigraphic names of the Cenozoic volcanic rock units which occur
at Yucca Mountain have recently undergone revision (Sawyer and others,
1994), elevating formation names to group and members to formations.
These revisions will be followed throughout this report (table 1). In
ascending order, the Cenozoic volcanic units are: (1) older ash-flow tuffs, (2)
Lithic Ridge Tuff, (3) Crater Flat Group, (4) Calico Hills Formation, (5)
Paintbrush Group, and (6) Timber Mountain Group. The Crater Flat Group is
composed of the Tram, Bullfrog, and Prow Pass Tuffs, the Paintbrush Group
is composed of the Topopah Spring, Pah Canyon, Yucca Mountain, and Tiva
Canyon Tuffs, and the Timber Mountain Group is composed of the Rainier

Mesa and Ammonia Tanks Tuffs.

PREVIOUS WORK

Total-field magnetic data from 3 separate surveys (U.S. Geglogical Survey,
1979; Langenheim and others, 1991; Grauch and others, 1993) were used to
construct the aeromagnetic map shown in figure 2. The data were smoothed
by upward continuation (Cordell, 1985) to an effective height of 305 m (1000 ft)
above the land surface.

Previous studies of the magnetic field in the Yucca Mountain area have
indicated that the source of most of the magnetic anomalies in the region are
volcanic rocks (Bath, 1968; Bath and Jahren, 1984). One exception is an
intense magnetic high present over Calico Hills (fig. 2). The source of the

high is altered argillite of the Mississippian-Upper Devonian Eleana




Formation (Baldwin and Jahren, 1982). Bath and Jahren (1984) proposed that
an underlying intrusion caused the alteration. The magnetic high at Calico
Hills extends west over the northern part of Yucca Mountain, suggesting that
highly magnetic argillite (and its associated intrusion) is present at depth

below Yucca Mountain and northern Crater Flat (Bath and Jahren, 1984).

Another large aeromagnetic high of about 250 nT is centered over Crater
Flat (fig. 2). Carr (1984, 1990) suggested on the basis of drill holes USW VH-1
and USW VH-2 (VH-1 and VH-2, fig. 1, respectively) that the source of this
broad magnetic high is doming and thickening of the normally polarized
Bullfrog Tuff. However, based on modeling of a profile of gridded
aeromagnetic values nearly coincident with Line 2, Langenheim (1995a)
concluded that Carr’s (1990) proposed doming and increase in thickness of the
Bullfrog Tuff were not sufficient to account for the amplitude of the magnetic

high. She suggested that the source of the high is an intrusion.

Other geophysical studies in the area include five seismic refraction
profiles carried out at Yucca Mountain and vicinity (Mooney and Schapper,
1995). One of these profiles is nearly coincident with the newly-acquired
geophysical profile in the vicinity of Yucca Mountain. The refraction data, in
conjunction with gravity data (Snyder and Carr, 1984; Langenheim, 1995a),
indicate that the basin fill of Crater Flat reaches thicknesses of 3 to 4 km. The
refraction data (Mooney and Schapper, 1995) had difficulties distinguishing
shallow pre-Tertiary basement from volcanic fill, especially at drill hole UE-25
p#1, because of the sensitivity of seismic velocities to fracturing and

brecciation.

Interpretation of previous seismic-reflection work in the vicinity of Yucca




Mountain proved to be notoriously difficult until the acquisition of an east-
west seismic reflection profile (coincident with Mooney and Schapper's
Amargosa Valley seismic refraction profile) 20 km south of Yucca Mountain
(Brocher and others, 1993). The Amargosa Valley seismic reflection profile
successfully imaged faulting and basalt flows. On a more local scale, high-
resolution seismic-reflection work on Yucca Mounfain has imaged the Ghost

Dance fault (Majer and Karageorgi, 1994).

The success in the acquisition and interpretation of line AV-1 led to the
acquisition of regional seismic lines 2 and 3 in the fall of 1994. In addition to
the seismic-reflection data and ground magnetic data collected along the
profiles, gravity data were collected (Johnson and others, 1995). Description of
the seismic-reflection data collected along and isostatic gravity models of lines

2 and 3 are presented in Brocher and others (1995).

MAGNETIC DATA

Ground magnetic data were collected with the sensor 2.4 m above the
surface along the entire length of the seismic reflection profile (line 2, fig. 1).
The line begins at station 101 west of Bare Mountain at Ashton and ends at
st.ation 1133 near Exile Hill in Midway Valley. Surveyed seismic station flags
(25 m apart) provided the basis of the magnetic station locations. Locations of
magnetic stations between surveyed seismic stations were determined by
interpolation using the number of paces and the surveyed distances between
the seismic stations. The nominal magnetic station spacing was 15 paces or
about 12 m. The maximum magnetic station spacing was 30 paces or about 25
m, corresponding to the spacing between the surveyed locations of seismic
stations. The minimum spacing between magnetic data points was 1 pace or

about 1 m. In addition to data collected along the seismic profile, parallel




ground magnetic profiles offset approximately 100 m to either side of the
seismic profile were collected along the western half of the profile. The two
parallel ground magnetic profiles were located by pacing and thus are only
approximately located (estimated +/- 10 m). The magnetic profile located
northwest of the seismic line begins at st. 101 and ends at station 645 whereas
the profile to the southeast begins at station 101 and ends at station 641. Data
were not collected between stations 539 and 565 on the northwest line because
of extremely rapid variations in magnetic intensity caused by proximity to

randomly oriented, highly magnetic float of basaltic rocks from Red Cone.

A model G-816 Geometrics portable proton precession magnetometer and
G-826A base station magnetometer were used to collect data. Because the

anomalies of interest were believed to be small (20 to 50 nT) and the profile

line was long (26 km), either a base station magnetometer was used or a
temporary base along the traverse was periodically reoccupied during the
survey to measure corrections for diurnal variations of the Earth's magnetic
field. The magnetic measurements were corrected for diurnal variations and
are total_rhagnetic field values. Magnetic observations are accurate to about 1
nT (Dobrin and Savit, 1988). The profile of the magnetic data along the
seismic-reflection line is shown on figure 3. The parallel ground magnetic
profiles are shown in figures 4a and 4b (southeast and northwest of the

seismic-reflection line, respectively).

ANOMALIES ALONG THE PROFILE

Seismic line 2 trends northwest from the Amargosa Desert across Yucca
Mountain to Midway Valley (fig. 1). In general, the ground magnetic
anomalies correspond well to anomalies on the aeromagnetic map (fig. 2).

The magnetic data along the regional seismic line can be divided into four




different structural domains: (1) Amargosa Desert (stations 101 to 285), (2)
Steve’s Pass (stations 285 to 330), (3) Crater Flat (stations 330 to 910), and (4)
Yucca Mountain (east of station 910). The magnetic field values in the
Amargosa Desert segment of line 2 are relatively flat (less than 50 nT
variation), except for anomalies at station 150 to 200 and station 210-250 (fig.
3). The flatness of the magnetic field, apart from the anomalies at station 150
and station 210, reflects the absence of vertical offsets or rapid changes in
thickness of the buried volcanic units. An anomaly of 600 nT at station 150 is
probably caused by shallowly buried volcanic rocks. The steep gradient of the
anomaly suggests that the top of the volcanic rocks is at a depth of less than
100 m. The relative position of the high along the three ground magnetic
profiles indicates that the edge of the source trends approximately north-
south, consistent with the trend of its corresponding aeromagnetic anomaly

(fig. 2).

Most of the intense fluctuations in magnetic values from station 210 to
station 250 are caused by powerlines and fences. However, these fluctuations
mask a small-amplitude magnetic high and low seen in the aeromagnetic
data (fig. 2), that are most likely caused by shallow volcanic rocks. Because of
the interference of anomalies caused by manmade sources, it is difficult to
characterize the anomaly and it is not possible to estimate a maximum depth
to the top of the volcanic rocks at this location; however, just to the south of
station 210 are outcrops of Ammonia Tanks Tuff (Swadley and Carr, 1987). In
addition, a lithologic log for a line 2 shot-hole near this location indicates
volcanic tuff at shallow depth (Brocher and others, 1995, table 8). At station
230, seismic-reflection data indicate a structural bump in the pre-Tertiary

contact (Brocher and others, 1995) that may be related to the source of the




magnetic anomaly. Despite the interference from manmade sources, it
appears that the edge of the source trends approximately northwest-southeast,

consistent with the trend of its corresponding aeromagnetic anomaly (fig. 2).

For the Steve’s Pass segment of the profile (stations 285 to 330), all three
ground magnetic profiles are characterized by little variation in magnetic field
values (fig. 3). The extreme flatness of the magnetic field is expected and
reflects the weakly to non-magnetic character of the underlying and exposed
Precambrian and Paleozoic rocks. Magnetic susceptibility measurements
(Langenheim, 1995a) confirm that only one formation of this sequence
(metapelite of the Wood Canyon Formation) is magnetic whereas the other
pre-Tertiary formations at Bare Mountain are essentially non-magnetic.
Mapping by Monsen and others (1992) indicates that the Wood Canyon

Formation is not exposed along the profiles.

The ground magnetic values for Crater Flat (stations 330-910) show
intense variations in the vicinity of Little Cones (stations 400-460) and Red
Cone (stations 545-570). These rapid variations are caused by close proximity
of the magnetometer to randomly oriented, strongly magnetic basalt float.

All three profiles show strong fluctuations in the vicinity of Little Cones; only
the profile 100 m southeast of the seismic line is far enough removed from
the basaltic debris of Red Cone to show a small magnetic high (less than 100
nT) that is most likely an edge effect caused by the reversely magnetized basalt
of Red Cone. At stations 650 to 670, very shallowly buried basalt at a depth of
30 m, most likely an extension of 3.7 Ma basalt outcrops just to the south of
the profile (Swadley and Parrish, 1988), probably accounts for short-
wavelength anomalies with amplitudes of up to 800 nT less than 1 km east of

drill hole USW VH-1.




A magnetic high with a total amplitude of about 350 nT between stations
350 and 400 (fig. 3) is located at or near the location of the range-front fault of
Bare Mountain as inferred from gravity and seismic reflection data (Brocher
and others, 1995). The strike of the anomaly is approximately north-
northwest based on the relative position of the anomaly on the three parallel
magnetic profiles. The gradient of the anomaly suggests that the top of the
causative body is within the Tertiary volcanic and sedimentary section rather
than within the pre-Tertiary basement. The only pre-Tertiary candidate for
producing this anomaly is the Wood Canyon Formation (see above);
however, it is unlikely that Wood Canyon Formation is in the shallow
subsurface in this area because outcrops 6f nonmagnetic Stirling Quartzite

are located just to the east of the profile (Monsen and others, 1992). The

aeromagnetic map suggests that the high may be related to a strong positive
magnetic anomaly just south of Little Cones. Based on modeling by
Langenheim (1995b), the source of the aeromagnetic high is a normally-
polarized basaltic center whose top surface is buried probably no deeper than
300 m. The age of the buried basaltic center is not known, but is probably
Miocene or younger (Langenheim, 1995b). Other possible candfdates for the
source of the magnetic high include the normally polarized Ammonia Tanks

and Topopah Spring Tuffs.

Ground magnetic values indicate a broad magnetic high of about 500-600
nT centered in Crater Flat near drill hole USW VH-1. The magnetic high is
about 10 km wide. Apart from the rapid variations in magnetic values due to
Little Cones and Red Cone, the western half of this high is smooth. In
contrast to the smooth character of the magnetic field of the western half of

Crater Flat, the magnetic field of the eastern half of Crater Flat (stations 700-




950) is characterized by somewhat regularly spaced magnetic highs and lows.
The anomalies have amplitudes of up to 200 nT and widths of 0.5 km to 1 km
and are spaced 1 to 2 km apart. The spacing between the anomalies appears to
decrease as the profile approaches Yucca Mountain. These anomalies are
similar in character to the magnetic anomaly caused by vertical offset of the
Topopah Spring Tuff (Tpt on fig. 5). The short-wavelength anomalies
between station 850 and station 950 may also reflect the proximity of the

profile to outcrops of Tiva Canyon Tuff just to the north of the profile.

The ground magnetic field of the Yucca Mountain structural domain
begins with the large magnetic high and accompanying low at station 950 to

station 990 caused by the Solitario Canyon fault. The amplitude of the

anomaly is over 800 nT. East of the crest of Yucca Mountain, the magnetic
values indicate very short-wavelength anomalies with an average amplitude
of about 100 nT. A few anomalies reach amplitudes of 400 nT (for example,
between station 1075 and station 1100). The roughness of the field probably
reflects terrain effects and proximity to magnetic float, but may also indicate
faulting. Although the signature of the Ghost Dance fault along line 2 is
somewhat obscured by the short-wavelength character of the gx:ound
magnetic field east of Yucca Mountain, figure 3 shows clearly that offset on
the Ghost Dance fault does not produce an anomaly comparable to that
associated with the Solitario Canyon fault, a fault with offsets of hundreds of
meters of the Topopah Spring Tuff (Bath and Jahren, 1985; Ponce and
Langenheim, 1995).

MAGNETIC PROPERTIES

Knowledge of the magnetic properties of the rocks in the study area is a

very useful constraint for detailed modeling of magnetic data. Magnetic
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properties of the various volcanic units in the Yucca Mountain area were
described by Bath (1968), Bath and Jahren (1985), Rosenbaum and Snyder
(1985), and Champion (1991). A summary of the physical properties used in

the magnetic model is shown in table 2.

Previous studies have shown that remanent magnetization is responsible
for causing most of the magnetic anomalies present within the Nevada Test
Site and vicinity (Bath, 1968; Bath and Jahren, 1984). In particular, many of
the north-trending, linear magnetic anomalies are caused by vertical offset of
the moderately to highly magnetic, normally polarized Topopah Spring Tuff
(Tpt, fig. 5; Bath and Jahren, 1984). In general magnetic highs occur over the

upthrown block. The averaged values listed in Table 2 do not take into

account the widely varying magnetization in some units (Bath, 1968;

Rosenbaum and Snyder, 1985).

MODELING

The principal goal of magnetic studies is to detect and quantify changes in
magnetic properties at depth. To translate the observed magnetic anomalies
into a meaningful geologic picture of the subsurface often requ?res modeling.
The interpretation of magnetic data can yield nonunique solutions because
substantially different geometrical models can provide an associated field that
closely matches the observed field. However, many of these models can be
eliminated because they give geologically unrealistic geometries. Some of
these models can also be eliminated because of other information, such as
physical property data, geologic mapping, stratigraphic thickness, drillhole
data, and other geophysical data.

Although geophysical modeling can be used to delineate small-scale




features, the required detailed magnetic property information is not available
to resolve the details of the magnetic features seen in the ground magnetic
data. Because of the overriding effect of the Topopah Spring Tuff (Tpt, fig. 5),
inferred faults or structures may not be very well constrained in the magnetic
models. The two-dimensional models may not adequately account for the
three-dimensionality of the underlying structure and abrupt changes in
magnetic properties within a given rock unit may make some models poorly

constrained.

Keeping these above-mentioned caveats in mind, three two-dimensional
models of the ground magnetic data were created (figs. 6a-c). Direction and
magnitude of magnetization éssigned to the various rock units are given in
table 2. Exceptions to the values listed in table 2 are showﬁ on the models.
The geometry of the models is constrained by measurements of stratigraphic
thickness from nearby drill holes (table 3) and mapped geology (Scott and
Bonk, 1984; Monsen and others, 1992; Swadley and Parrish, 1988). The
location of the pre-Tertiary contact is based on isostatic residual gravity
modeling by Langenheim shown in Brocher and others (1995; fig. 21A).
Because no magnetic property contrast has been assigned to the ;are-Tertiary
contact under Crater Flat, the position of the contact does not affect the results

of the model and is shown for completeness of the geologic section.

All three models have a unit representing the 3.7 Ma basalt flow (Tb?) that
is based on the strong reflection seen along Line 2 at about 150 m (Brocher and
others, 1995). The characteristics of the reflection are similar to those of
buried basalts imaged on a seismic-reflection line in the Amargosa Valley
(Brocher and others, 1993; Brocher and others, 1995). The age of this reflection

is not known, but could belong to either the 3.7 Ma basalt or 10.5 Ma basalt
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penetraf.ed in drill holes USW VH-1 and USW VH-2 (Carr and Parrish, 1985).
The reflection projects up to the surface in the vicinity of drill hole USW VH-
1, which penetrated basalt at a depth of 29 m (table 3). Carr and Parrish (1985)
attribute an age of 3.8 Ma to the basalt encountered in USW VH-1. Although
this basalt flow is thin, it is very magnetic and shallow. The models indicate
that its eastern edge would produce a magnetic high of about 250 nT that is
observed in the ground magnetic data less than 1 km east of drill hole USW
VH-1. The other basalt flow shown in figures 6a-c is based on basalt found in
drill hole USW VH-2 at a depth of 360 m (Carr and Parrish, 1985, table 3) and
could correspond to reflections imaged along Line 2 at about this depth
(Brocher and others, 1995). The geometry of this basalt flow is poorly

constrained by the ground magnetic data. However, the continuity of an

aeromagnetic low with a magnitude of up to 150 nT along the western edge of
Crater Flat (fig. 2) attributed to the reversely magnetized basalt flow at 360 m
in USW VH-2 suggests that the basalt does indeed underlie line 2.

The mismatch between observed values and calculated values of about
150 nT at the eastern end of Line 2 (fig. 6a) most likely is related to altered
argillite of the Eleana Formation. The eastern part of line 2 obliﬁquely Crosses
an east-west trending gradient in the magnetic field that appears to be an
extension of the intense magnetic high at Calico Hills attributed to the
argillite of the Eleana (fig. 2). A body representing the altered argillite of the
Eleana buried at a depth of 2 km eliminates the mismatch between observed
and calculated values in figures 6b and 6¢c. The magnetization, thickness, and
depth of this inferred body are based on models by Bath and Jahren (1984).
The mismatch between observed and calculated values of about 100-150 nT at

the western end of Line 2 (figs. 6a-c) reflects the presence of a reversely-




magnetized source. A negative aeromagnetic anomaly of about 50 nT is
centered over the length of Amargosa Desert; possible sources for this
anomaly include reversely-magnetized basalt flows, Tiva Canyon Tuff and

the Rainier Mesa Tuff.
Source of the Magnetic High over Crater Flat

All three models share nearly the same geologic structure for the
stratigraphic units above the Bullfrog Tuff. They differ mainly in their
explanation of the magnetic high centered over Crater Flat. The first model
(fig. 6a) is based on Carr’s (1984, 1990) schematic cross-section across Crater Flat
where doming and thickening of the Bullfrog Tuff are the source of the
magnetic high. Although the resulting magnetic field produced by the first
model (fig. 6a) matches many of the short-wavelength anomalies, moderate
(less than double) thickening of the Bullfrog Tuff is inadequate to produce the
broad magnetic high centered over Crater Flat. This conclusion is consistent

with the modeling‘ of gridded aeromagnetic values by Langenheim (1995a).

The second model (fig. 6b) illustrates that the amount of thickening of the
Bullfrog Tuff required to match the observed amplitude of the ;agnetic high
is geologically unreasonable. Figure 6b shows that the Bullfrog Tuff not only
needs to be 1 km thick (nearly 10 times the measured stratigraphic thickness
of the Bullfrog Tuff in the study area), but also have an average
magnetization of 4 A/m, twice the measured average magnetization listed in
table 2. Such a dramatic thickening of the Bullfrog Tuff is highly unlikely,
especially since new data suggest that the source of the Bullfrog Tuff does not
lie in Crater Flat, as previously proposed’ by Carr (1984), but in the northwest

corner of the Nevada Test Site, some 50 km away (Sawyer and others, 1994).
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This geometry also produces a calculated field that does not closely fit the

observed magnetic field measured east of USW VH-1.

The third model (fig. 6¢) places the source of the anomaly below the
Bullfrog Tuff. Figure 6c indicates the broad magnetic high can be caused by a
strongly magnetic source within the pre-Tertiary basement, 1-2 km below the
base of the Crater Flat basin fill. The modelled source has a magnetization of
4 A/m and is about 3 km thick. One lithologic candidate for this source is
highly magnetic, altered argillite of the Eleana Formation. The argillite
exposed at Calico Hills has an measured average magnetic susceptibility of
3.89 A/m (Baldwin and Jahren, 1982). Another possible source lithology
within the pfe-Tertiary basement is a granitic intrusion. If the top of the
source were at the base of the basin fill, the magnetization could be as small as
2.7 A/m, about twice the measured magnetization of the Climax intrusive
stock (Bath and others, 1983), but within the range of measured
magnetizations for felsic to mafic intrusive rocks (Dobrin and Savit, 1988). A
third possible candidate for the source of the anomaly is mafic sills. Brocher
and others (1995) found a prominent subhorizontal reflector about 5.0 km
below Crater Flat that they interpret to be caused by mafic sills. ﬁModeling of
the magnetic data indicates that the top of the source of the broad magnetic
high is probably no deeper than 5 km and requires very high magnetizations
(10 A/m). Mafic rock types such as gabbro, diabase or basalt can be

characterized by such high magnetizations (Dobrin and Savit, 1988).

Modeling of the magnetic high centered over Crater Flat suggests that
Carr’s (1984, 1990) proposed thickening and doming of the Bullfrog Tuff are
insufficient to be the source of the anomaly. Modeling indicates that the

source of the high may lie within the pre-Tertiary basement. Possible source
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- lithologies within the pre-Tertiary basement include altered Eleana argillite, a
Tertiary or Cretaceous granitic intrusion, or mafic sills. Of the three possible
source lithologies within the pre-Tertiary basement, the presence of mafic
sills below Crater Flat could account for the high seismic velocities (about 6.8
km/s) that Mooney and Schapper (1995) measured beneath Crater Flat. The
magnetic data are thus compatible with the interpretation of mafic sills below

Crater Flat within the resolution of the seismic-reflection and magnetic data.
Bare Mountain Fault

The magnetic high 2 km west of Little Cones has implications for the
geometry of the Bare Mountain range-front fault. The anomaly appears to be
structurally controlled because the strike of the anomaly inferred from the
ground magﬁetic profiles and seen in the aeromagnetic data (fig. 2) parallels
the strike of the Bare Mountain fault. Figures 6a and 6c show that a near-
surface magnetic source such as 100 m of Ammonia Tanks Tuff can account
for the observed anomaly. The tuff, however, has to extend about 400 m east
of the range-front fault as inferred by gravity modeling. Seismic-reflection
data do not indicate whether another east-dipping fault is 400 m east of the
Bare Mountain range-front fault. A fault 400 m east of the range-front fault is
* probably unlikely, because the normal fault east of the range-front Bare
Mountain fault would most likely have kilometers of vertiéal displacement
after the deposition of the Ammonia Tanks Tuff. Geologic mapping indicates
that most of the displacement on normal faults in the Yucca Mountain area
occurred before the deposition of the Ammonia Tanks Tuff (Carr, 1984),
although recent mapping (C. Fridrich, U.S. Geological Survey, oral commun.,

1994) indicates westward younging of extension across the Crater Flat basin.
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Figure 6b shows a geometry that is consistent with one main east-dipping
Bare Mountain fault. A combination of normally polarized sources can
account for the double-peaked high: (1) 80 m of Topopah Spring Tuff west of
the range-front fault and (2) normally polarized basalt east of the fault. The
basalt would be related to the inferred normally polarized basaltic source for
the aeromagnetic high south of Little Cones (fig. 2). The age of the inferred
basaltic source is unknown but is most likely Miocene or younger

(Langenheim, 1995b).
Faulting in Crater Flat and Yucca Mountain

The magnetic models indicate that the Solitario Canyon fault (station 980;

fig. 3) has an offset of about 250 m of the Topopah Spring Tuff distributed

along two strands of the fault (fig. 6). In order to match the position of the
low, one must decrease the magnetization of the Topopah Spring Tuff by half
for the block caught between the two strands of the fault. The decrease in
magnetization could be caused by (1) alteration or (2) randomization of the
remanent magnetization by intense brecciation in the fault zone. This result
is consistent with previous modeling of magnetic data across the Solitario
Canyon fault about 1.5 km to the north (Ponce and Langenheim, 1995). The
250 m estimate of offset is also consistent with the offset (up to 550 m) of the
pre-Tertiary contact imaged along line 2 by seismic-reflection methods
(Brocher and others, 1995) if one accepts that the Solitario Canyon fault is a

reactivated basement fault.

The models indicate little offset of the Topopah Spring Tuff, about 50 m,
along the Ghost Dance fault (station 1056, fig. 3). This result is somewhat

greater than estimates from geologic mapping (about 30 m, Spengler and
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others, 1993). Seismic-reflection data along Line 2 have been interpreted to
indicate substantially more offset of the pre-Tertiary contact, about 1000 m in
the vicinity of the Ghost Dance fault (Brocher and others, 1995). However,

~ because magnetic data are sensitive to offsets of the Topopah Spring Tuff (fig. 5)
and not to offsets of the pre-Tertiary contact, the magnetic data are also
consistent with seismic-reflection data. These two sets of data, in conjunction
with geologic data, indicate that most of the offset along the Ghost Dance fault

occurred prior to the deposition of the Topopah Spring Tuff.

The models show numerous faults with small offsets in eastern Crater
Flat and east of Yucca Mountain. The positioning of these faults is based on
the gradients of ground magnetic anomalies. Some of these magnetically
inferred faults correspond approximately to locations of mapped faults, such
as the Windy Wash and Fatigue Wash faults (stations 810 and 865
respectively). The position of the Crater Flat fault based on the magnetic
gradient method is about 200 m east of the inferred location of the fault
(station 730). Offset on these faults is less than 250 m based on the modeling.
The zone of closely-spaced faulting in eastern Crater Flat is coxlsistent with
disrupted character of the seismic reflection data in this area, in contrast to
western Crater Flat (Brocher and others, 1995). The smoothness of the
magnetic field, apart from the intense fluctuations at Little Cones and Red
Cone, suggests either greater lateral continuity of volcanic units or deeper
burial of the magnetic volcanic units. Deep burial of magnetic sources (e.g.
volcanic units) greatly attenuates the resulting magnetic anomalies.
Although seismic data (Mooney and Schapper, 1995; Brocher and others, 1995)
and gravity modeling (Snyder and Carr, 1984; Langenheim, 1995a) indicate

that the Tertiary tuff section is more deeply buried in western Crater Flat, the




presence of basalt at shallow depths (approximately 360 m and probably 150
m) and the absence of magnetic anomalies indicate that little structural
disruption has occurred since their deposition. This is also consistent with
seismic-reflection data (Brocher and others, 1995) that show little or no

disruption of the 150-m-deep reflector inferred to be basalt.
CONCLUSION

Ground magnetic data along regional seismic line 2 show prominent
anomalies associated with known faults and reveal a number of concealed
faults in eastern Crater Flat. The models indicate that the broad magnetic
high centered in Crater Flat cannot be caused by moderate thickening and
doming of the Bullfrog Tuff, as previously proposed by Carr (1984, 1990). The
source of the anomaly more likely lies below the Bullfrog Tuff and may be as
deep as 5 km. Possible sources for the magnetic high include altered argillite
of the Mississippian-Upper Devonian Eleana Formation, an intrusion of
Cretaceous or Tertiary age, or mafic sills. Simultaneous inversion of gravity
and magnetic data may help determine whether an east-dipping fault 400 m
east of the Bare Mountain fault exists and constrain estimates of offset for the

Solitario Canyon and Ghost Dance faults.
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Table 1.—Geologic names and symbols'

Name of unit Symbol
Quaternary
Alluvium and colluvium Qac
Pliocene
3.7 Ma basalt Tb®
Miocene?
10.5 Ma basalt Tb®
Timber Mountain Group
Ammonia Tanks Tuff Tma
Rainier Mesa Tulff Tmr
Paintbrush Group
Tiva Canyon Tuff Tpc
Yucca Mountain Tuff* Tpy
Pah Canyon Tuff* Tpp
Topopah Spring Tuff Tpt
Calico Hills Formation Tht
Crater Flat Group
Prow Pass Tuff Tcp
Bullfrog Tuff Tcb
Tram Tuff Tct =
Lavas and Flow Breccias* Tll
Lithic Ridge Tuff Tir
Older Tuffs Tt
Paleozoic
Paleozoic rocks, undifferentiated Pz

(modified from Sawyer and others, 1994)
Includes bedded tuff at base of most units
*Not included in models because stratigraphic logs from nearby wells indicate
absence or very thin.




Table 2.-Magnetic properties of rock units used in the models.’

Unit Declination®  Inclination’  Magnetization®
deg deg A/m
Qac 0 0 0
Tb? 178 -64 10
Tb"? 180 -55 10
Tma 0 59 0.58
Tmr? 168 -55 0.8-2.7
Tpc 169 -23 0.94
Tpt 322 52 1.3
Tht 6 56 0.11
Tep 4 50 0.26
Tcb 12 41 1.7
Tct 131 -30 1.2
Tlr 251 62 0.22
Tt 50 60 0.3
Pz 0 0 0

'Values were derived from borehole samples, borehole logs, and surface
samples. Data modified from Rosenbaum and Snyder (1985), Bath and Jahren
(1984), M. R. Hudson (USGS, written commun., 1994), and Champion (1991).
?Total declination, inclination, and magnetization.

Expected direction from dipole model of magnetic field; amplitude of
magnetization assumed to be same as that of Tb®

fRemanent declination, inclination, and magnetization.




Table 3.-Thickness in meters of rock units in various drill hc‘>les"2

Symbol VH-1 VH-2 WT-7 WT-2 H4 UZz-16 H-6 p#l
Qac 29 360 12 18 - 12 9 39
Tb® 143 - - - - - - -
Tb® - 30 - - - - - -
Tma - 544 - - - - - -
Tmr - - - - - - - 16
Tpc 110 165 120 82 62 52 73 26
Tpy - - - - - - - -
Tpp - - - - - - 9 -
Tpt 302 357 319 3¢4 335 302 401 300
Tht - - 41 88 96 87 9 55
Tep 54 75 11 142 194 6l 89 122
Tcb 141 5 - - 113 - 159 132
Tct - - - - 343 - 190 183
Tl - - - - - - 253 -
Tir - - - - 55 - 9 194
Tt - - - - - - - 177
Pz - - - - - - - 561

"Tncludes bedded tuffs at base of most volcanic units.

*Data modified from R. Spengler (WT-logs, USGS, written commun., 1994),

Muller and Kibler (1984), D. Buesch (UZ-16 log, USGS, written commun.,

1994), Whitfield and others (1984), Carr (1982), and Carr and Parrish (1985).

® Underlain by 102 m of Qac.

* Underlain by 87 m of Miocene landslide breccia deposits.
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Figure 4a. Ground magnetic data along profile located approximately 100 m southeast of seismic profile.
Line starts at station 101 and ends at station 641.
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Figure 4b. Ground magnetic data along profile located approximately 100 m northwest of seismic profile.
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539 and 565 because of extreme fluctuations in the magnetic field.
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