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Numerous staff from DOE and its subcontractors (including the Management and Operating Contractor
[M&O], the U.S. Geological Survey [USGS], and the U.S. Bureau of Reclamation [USBR]) were present
at this DOE-NRC site visit. In addition, participants were also present to represent the State of Nevada ;

and concerned Counties of Nevada (i.e., Clark and Nye). An attendance list taken for the sessions on '

May 3 is included as Attachment I to this report,
,

BACKGROUND AND PURPOSE OF TRIP:

This DOE-NRC site visit was one of those regularly planned meetings during which DOE staff update
the NRC on results of current investigative activities at the Yucca Mountain site. The purpose of this
particular site visit was for NRC staff to gain from DOE up-to-date information related to characterization
of faults and fractures in the vicinity of Yucca Mountain and to stratigraphy, structure, and rock ,

properties observed along the north ramp of the exploratory studies facility (ESF). The agenda for this
site visit is included as Attachment 2. All presentations were made at the Field Operations Center (FOC)
unless otherwise indicated in the agenda and in this report to be a field tour stop.

*

SUMMARY OF PERTINENT POINTS:

Monday. May 2.1994

1. R. Spengler (USGS) - Characterization of faults and fractures: Update on the study of structural
features in the site area (Study Plan 8.3.1.4.2.2) ,
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Mapping of the part of the repository block containing the Ghost Dance fault at a scale of 1 inch =
20 feet (i.e.,1:240) has revealed previously unrecognized structures, including the newly-discovered,
northwest-trending Sundance fault. Attachment 3 illustrates the specific location of the detailed study
area along the Ghost Dance. The Sundance fault has been described by Spengler and others (1994)
in USGS Open-File Report 94-49, a copy of which is included with this report as Attachment 4 for
any interested readers. M. Tynan (DOE) provided a hand-out summarizing significance and
characteristics of the Ghost Dance and Sundance fault systems as additional information for meeting
participants. This hand-out was not discussed, but is included with this report as Attachment 5. All
fractures greater than 6 feet in length have been mapped, as have locations of breccia zones.
Lithostratigraphy of the Tiva Canyon has been carefully established and has proven very useful in
mapping offsets along faults. Attachment 6 includes a description of Tiva Canyon textures related
to stratigraphic position and a map and cross section which show details of lithostratigraphy in the
Tiva Canyon. During the field tour to the Ghost Dance pavement on Tuesday, May 3, it was noted
by one author (GLS) that the proposed lithostratigraphic associations appeared to be quite workable
for distinguishing different units of the Tiva Canyon in the field.

L. Hayes (USGS) addressed the debate which is currently going on at the USGS regarding
interpretation of the Ghost Dance and Sundance faults, and indicated there was a plan to get
investigators with different opinions (i.e., R. Spengler and his group versus C. Fridrich) into the
field soon for open discussions. He provided a summary hand-out (Attachment 7) on status of USGS
surface mapping of structural features. Questions raised include the following: How broad is the
" shear zone" associated with the Ghost Dance fault? How extensive (width, length, depth) is the
Sundance? What is the hydrologic significance of the Ghost Dance and Sundance faults? He quoted
the recent work of Oliver and others (1994) which suggests that the Ghost Dance extends to a depth
of 1 km with a width of at least 180 m.

R. Spengler raised the issue of whether the detailed mapping may reveal information which suggests
a need for an alternative regional tectonic model or models. C. Johnson (Nevada) asked if the
remainder of the repository block would be investigated in a detail equivalent to that being done by
R. Spengler for the Ghost Dance, and questioned what priorities had been established for distribution
of funds for characterization of structures. He also asked for a definition of a " minor" fault, a term
which was used by L. Hayes. In response, L. Hayes stressed that a " minor" fault, however it was
defined by geologists relative to amount of displacement, should not necessarily be equated with a
" minor hydrologic pathway," an issue about which the USGS planned to talk with DOE.

Description of field tours and additional discussions which ensued in relation to the Ghost Dance and
Sundana fault systems can be found in this trip report under items 6 and 9 for Tuesday, May 3 and
Items 3 and 4 for Wednesday, May 4.

2. D. Buesch (USGS) - Stratigraphy, structure, and stratigraphic nomenclature

The stratigraphic nomenclature established by Scott and Bonk (1984) is being re-evaluated. The
divisions being developed for the new nomenclature are Age, Group, Formation, Member, Zone,
Sub-zone, and Interval (Attachment 8). The Paintbrush Tuff, formerly classed as a formation with
members (e.g., the Tiva Canyon Member of the Paintbrush Canyon Formation), is now classed as
a group with formations (i.e., the Tiva Canyon Formation of the Paintbrush Canyon Group) in the
new nomenclature. Both the Tiva Canyon and the Topapah Spring tuffs, two extensive ignimbrites,
will be classed as formations in the new nomenclature which will be issued as an open-file USGS

3

t



,

,

t

report and reviewed by the USGS Geologic Names Committee prior to publication. Once approved
and accepted, it will become the official nomenclature for naming of rock units in the Yucca
Mountain Project. D. Buesch pointed out that the new nomenclature does not make void the
stratigraphic relationships previously described by Scott and Bonk (1984). R. Spengler commented
that some contacts have been relocated from where they had been placed by Scott and Bonk (1984),
but that any changes were only minor refinements of what had been a very careful original mapping
effort.

D. Buesch remarked that work was being done to tie hydrologic and thermo-mechanical units
directly to the stratigraphy as closely as possible (See Attachment 8), and that efforts were being
made to understand the significance of the difference in number of faults between the northern and
southern parts of Yucca Mountain. Also, the USGS is still trying to resolve what is going on at and
west of the Drill IIole Wash structure, which D. Buesch believes has some component of strike-slip
displacement. D. Buesch reported further that the Bow Ridge fault was penetrated at a depth of about
250 feet in borehole NRG-2B. and at about 150 feet in borehole NRG-2. Attachment 9, illustrating
the completed and proposed FY93-94 geophysics testing program and the proposed schedule for
geophysical logging in NRG series boreholes, shows the locations of the NRG series boreholes
which were located specifically for subsurface investigations along the North Ramp.

.

C. Johnson (Nevada) expressed some frustration because the nomenclature was being changed and
faults were being found to be wider while there appeared to be no plans by DOE for preparation of
a new " project-accepted" geologic map. IIe asked whether the USGS would re-map Yucca
Mountain. L. Ilayes (USGS) said all USGS mapping efforts would be issued as geologic maps. (The
authors infer his statement means the maps would be published as open-file reports.) M. Tynan
(DOE) stated that all recent mapping would be compiled and presented, and some additional mapping
of Yucca Mountain would be done. Ile did not provide any specific details to clarify his statement,
however. L. Ilayes considered surface-based mapping a priority, but also remarked that he
understood DOE may have other priorities.

3. D. Kessel/C. Brectel (Sandia) - Rock properties, North Ramp stratigraphy and structure, and Trench
NRT-!

The hand-outs from D. Kessel (Attachments 10, 11, 12, 13) summarize information related to the
geoengineering characterization of non-lithified tuffs at the North Ramp, including the in-situ tests
run in Trench NRT-1. (The h> cation of Trench NRT-1 is shown in the figre of Attachment 12.)
lie remarked that the bearing capacities for pre-Rainier Mesa tuffs (50 kt) and Rainier Mesa tuffs
(100 ksf) were considered high enough to support the tunnel boring machine (TBM) and its gripper
pads, although he did not discount the concept that some running ground may be encountered in
limited intervals that were saturated. J. Trapp (NRC) commented that cohesionless " running ground"
could be encountered in fault zones as well - a condition for which they had not been able to test.
Additional planned tests include saturated bearing capacity tests to evaluate soil suction and
laboratory strength tests on undisturbed samples.

After C. Brectel stated that the geologic and structural logs for NRG boreholes were "available" in
digital format for distribution to all project participants and were in the DOE database (i.e., ideally
listed in the data catalogue and can be formally requested from DOE), C. Johnson (Nevada)
remarked that these data were not in the data catalogue and asked whether the program was an open
or closed one. M. Tynan (DOE) said DOE was working on getting these and all data into the data
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catalogue, and T. Bjerstedt (DOE) remarked that DOE was trying to create a database architecture
which would be useful in the long term. L. Hayes (USGS) said the steps for getting USGS data
directly to the State of Nevada or the NRC were, at the very best, complex M. Tynan reminded
participants that this meeting was meant to show the current status of the work, so some of the data
being presented were preliminary and should not be included in the database as yet.

Description of field tours and additional discussions which ensued in relation to Trench NRT-1 can
be found in this trip report under item I for Wednesday, May 4.

4. S. Beason/M. Fahy (USBR) - Mapping of the ESF: Status, results, plans

Mapping for the drainage channel was completed in July 1993; for the portal cut, in April 1993; and
for the starter tunnel and alcove, in January 1994. Attachment 14 is a preliminary draft of the full-
periphery geologic map of the starter tunnel. The report on mapping results in the starter tunnel and
alcove is currently scheduled to be completed in May 1994.

Two previously unmapped faults were found in the portal cut. Large-aperture (i.e., up to 40 cm
diameter) lithophysae were observed in the starter tunnel, as were smectite and altered ash fillings
in fractures. The more highly fractured rock in the starter tunnel appears to have the greatest volume
of lithophysae. The discontinuous nature of fractures was noted, with only a few continuous across
the diameter of the tunnel.

Using photogrammetric fracture mapping methods,2300 total fractures were measured - very few
of which were thought to be blast-induced. One author (GLS) observed that orientation maxima for
these fractures shown on sterconet plots were distinctly different from orientations measured on
Quaternary faults in the Yucca Mountain area. S. Beason indicated there are plans to compare results
from the photogrammetric method used in the starter tunnel (excavated by drill and blast techniques)
with photogrammetric fracture mapping results from continuation of tunnel excavation using the
tunnel boring machine (TBM). A rate of mapping of 100-feet per day is planned when the TBM
starts, according to S. Beason.

FRACMAN software will apparently be used for analyzing the field data acquired on fractures. S.
Beason commented that they hoped to be able to tie fracture distributions into hydrologic modeling.

5. S. Beason (USBR) - Field tour: ESF starter tunnel and test alcove

The TBM was being assembled and track was being laid for moving it into the starter tunnel at the
north portal entryway. The TBM is 25 feet in diameter with 52 " cutting" heads which will crack the
rock being excavated into blocks a foot or less in size. Excavated material will be extracted from
the cut face by a conveyor belt passing through the TBM. Total length of the entire assembly is
about 450 feet, with about 150 feet of this length allocated for accommodation of scientific workers.
The machine weighs about 740 tons and is powered by engines rated at 3000 hp.

" Vapor phase partings" in the lower part of the lithophysal unit pointed out by S. Beason apparently
parallel " flow foliations" in the tuff. These partings were observed in the alcove where the tuff was
not yet covered with shoterete.
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6. G. Elbring (Affiliation uncertain) - Nonh Ramp reflection / refraction studies

Three relatively short seismic lines have been run to date in the vicinity of boreholes NRG-2A,
NRG-2 and NRG-28. (See Attachment 9 for locations of these boreholes.) Lines 1 and 2 are
parallel, and Line 3 is nearly perpendicular to Lines I and 2. Data from the lines are currently being
processed, and refraction patterns appear to be complex. In Line 1, about 150 feet penetration was
accomplished with a sledge hammer signal source.

7. R. Spengler (USGS)/M. Fahy (USBR) - Fracture network and fault studies at Fran Ridge and Ghost
Dance and Sundance faults

A total of 10 pavements and about 100 outcrops are being used in the study of surface fracture
networks. On pavements, all fractures 1 foot in length or greater are being measured. A 500-foot
wide pavement exposure of the Ghost Dance fault has been created by clearing the surface of
vegetation. soil and rubble.

Tuesday. May 3.1994

1. J. Whitney (USGS) - The Windy Wash fault

Studies along the Windy Wash fault conducted in the mid-1980s provided evidence for at least 7
Quaternary faulting episodes occurring over a time period of approximately 0.5 my. Six 1100-foot
long seismic refraction profiles were run to determine whether there had been any left-lateral offset
of a 2.7 my old basalt along the Windy Wash fault system with inconclusive results. Offset could
be all dip-slip; a maximum of 93 m apparent vertical displacement and a slip rate of 0.025-0.03
mm/yr over the last 3.7 my were interpreted from the data. J. Whitney reported an approximate
orientation for the fault at the surface of N15W,55W with dip of the fault actually varying between
60-70W. J. Whitney remarked that no rollover had been detected adjacent to the Windy Wash, so
a detachment model was not supponed for this fault.

The possible Quaternary slip rate along the Windy Wash, based on a 90,000 year old soil horizon
which was formed in a fault wedge and had been offset, may be 0.008 mm/yr. When other age dates
are considered, the slip rate may be increased to 0.016-0.017 mm/yr. Therefore, the average long-
term slip rate may be 0.03 mm/yr between 3.7 my and the present while the suggested Quaternary
rate is 0.01-0.02 mmlyr from Mid-Quaternary to present. J. Whitney interprets these data as
indicating no real difference between Quaternary and longer-term slip rates, concluding that the rate
of slip along the Windy Wash fault has been constant for the last i1 my. That is, he believes the data
indicate no increase in slip rates during either the late Tertiary or the last half-million years. He
commented further that 60% of the deformation occurred between 12.7-11.5 my and only 40% since
deposition of the Rainier Mesa.

J. Whitney's interpretation of no increase in rates (at least) hinges on age estimates which may
change as additional data come to light but represent the best interpretation which can currently be
drawn using the existing ages. Suggested Quaternary slip rates presented by J. Whitney for the
Windy Wash and other faults at Yucca Mountain are as follows:
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Paintbrush Canyon fault 0.01 - 0.02 mm/yr
Bow Ridge fault 0.001 - 0.003 mm/yr |

Solitario Canyon fault 0.01 mm/y
Stagecoach Road fault 0.005 - 0.02 mm/yr
Windy Wash fault 0.008 - 0.02 mm/yr
Bare Mountain fault less than 0.01 mm/yr

2. C. Rautman (Sandia) - Status of the systematic drilling program (Study Plan 8.3.1.4.3.1)

The main purpose of the systematic drilling program (SDP) is to gain information on the repository
block relating to engineering data, stratigraphy, lithology, rock characteristics, and in situ testing.
Attachment 15 summarizes the objective, relevance and progress related to the SDP, and specifies
the other SCP studies which depend upon samples and information derived from this drilling
program.

Borehole SD-12, located in the figure of Attachment 9, was the first hole started in the "SD" series
to investigate the repository block. Information about SD-12 is included in Attachments 15 and 16.
Attachment 15 specifies location, size, and objectives for the borehole, and Attachment 16 illustrates
a preliminary log of lithostratigraphy for the Tiva Canyon and Topopah Spring as revealed by
borehole SD-12. SD-12 is located about 500 feet west of the Ghost Dance fault and about 100 feet
west of the ESF main test drift level. It is to be continuously cored and logged to a depth of 2300
feet - a depth which should extend to about 300 feet below the water table to permit acquisition of
data in the upper part of the saturated zone. SD-9 is scheduled to be the next hole drilled in this
series.

3. J. Pye (M&O/TRW) - Use of site data in ESF design

The information presented by J. Pye is summarized in his hand-out, which is Attachment 17 to this
report. Site data are being used by the Yucca Mountain Project in the following design and ,

geotechnical areas: development of geological models, using mainly LYNX GMS, which integrate
geological and engineering data; empirical estimates of rock mass properties (e.g., rock mass quality
and rating); laboratory testing of rock core; empirical design methods; and modeling and analysis.

C. Johnson (Nevada) and R. Spengler (USGS) asked how the conditions related to poor rock quality
would be handled with due consideration for allowing site characterization to properly proceed. J.
Pye remarked that he expected no stress-related failure in the ESF, and that he did not anticipate a
need to use chemical grouts to stabilize ground adjacent to faults or anywhere else in the ESF.
However, the authors inferred that he was alluding to a plan for immediately stabilizing and
supporting the Bow Ridge fault as soon as it was excavated by the TBM - possibly before anyone
was allowed to approach the face from the mapping platform of the TBM.

4. C. Menges/J. Whitney (USGS) - Fault trenching activities

A new trench (Al) has been placed to investigate the Paintbrush Canyon fault at the base of Alice
Ridge, and logging of this trench has just begun. There appear to be at least 2, and possibly 3 or
4, Quaternary slip events represented by offset stratigraphy in the trench, or possibly 3 or 4 events.
However, the exact number of slip events is uncertain at the present time because of poor age control
on the offset units. Basaltic volcanic ash has been found in a fissure along the Paintbrush Canyon
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fault in this new trench. At Busted Butte where the fault is exposed in a natural gully wall,6 to 8
slip events are interpreted on the main fault trace. Description of field tours and additional
discussions which ensued in relation to the Paintbrush Canyon fault can be found in this trip report
under item 5 for Wednesday, May 4.

At Trench SCR-T3 along the Stagecoach Road fault,2 to 4 slip events are suggested along the m;m
fault trace. The same number of events are also indicated in Trench SCR-T1, with the yoimgest
event having occurred around 15,000-20,000 years ago. Basaltic ash is contained in fissures
associated with this fault as well. and most workers surmise it was likely produced by a volcanic
eruption at Lathrop Wells cone. However, there are still no geochemical data to make ii possible to
correlate the ash with eruptive events from the Lathrop Wells vent. J. Whitney (USGS) believes
there is a strong indication of at least a chronological connection between faulting and volcanism
between 60,000-90,000 years ago.

New trenches have been added for investigation of the Solitario Canyon fault so that both fault splays
and the main trace of the fault will be studied. Ash-filled fissures occur in the hanging wall of this
fault, and the ash is interpreted as volcanic airfall material only at this trench. Volcanic ash
associated with all other faults appears to have been reworked to some degree. The current thought
is that Holocene slip may not have occurred on the Solitario Canyon fault as had been suggested
earlier, with the youngest event on this fault possibly being Late Pleistocene in age. (Therefore, only
the Windy Wash fault is currently interpreted as exhibiting Holocene slip.) Description of field tours
and additional discussions which ensued in relation to the Solitario Canyon fault can be found in this
trip report under item 3 for Thursday, May 5.

A trench (BMT-1) at the Tarantula Canyon locale along the Bare Mountain fault has now been
excavated, and results from the work done there to date are discussed in this report under the field
tour to that location (item 2 for Thursday, May 5). J. Whitney commented that the scarp at this
locale is generally thought to be 50,000 to 100,000 years old. Description of field tours and
additional discussions which ensued in relation to the Bare Mountain fault can be found in this trip
report under items 1 and 2 for Thursday, May 5.

C. Menges rapidly presented additional information on faulting. He reported that the Paintbrush
Canyon fault is thought to exhibit between 20-85 cm of displacement per slip event and 4 to 5 events
in Trench MWV-T4, and between 20-115 cm per event and 6 to 8 slip events at Busted Butte. Net
slip along the Paintbrush Canyon fault is thought to be greater than 480-590 cm at Busted Butte. For
the Bow Ridge fault,5-20 cm of displacement per event is suggested with a net slip of 50-130 cm.

The following data illustrate the current thinking on recurrence interval (RI, in thousands of years,
ky) and slip rate for the Paintbrush Canyon, Bow Ridge, and Stagecoach Road faults:

Paintbrush Canyon tault
* At Trench MWV-T4 - RI = 30-80ky; slip rate s 0.01 mm/yr
* At Busted Butte - R1 = 40-100ky; slip rate = 0.01-0.02 mm/yr

Bow Ridge fault
* At Trench 14D - RI = 40-80ky; slip rate = 0.001-0.003 mm/yr

8



Stagecoach Road fault
* At Trench T1 - R1 = 10-50ky; slip rate = 0.02-0.04 mm/yr
* At Trench T2 - R1 = 10-50ky; slip rate = 0.02-0.05 mm/yr

5. J. Whitney (USGS)- Status of Midway Valley studies

The final report is being prepared for the Midway Valley fault studies.

6 C. Fridrich (USGS) - Structural model for the Yucca Mountain region

Crater Flat basin is interpreted by C. Fridrich as a half-graben, with Crater Flat as a distinct
structural domain. The main pulse of extension in the basin occurred between 12.5-11.6 my ago.
Therefore, he interprets faults in this area that are currently active to have been initiated about
12.5 m.y. ago. He also considers the Bare Mountain fault to be an early structure in his model.
Other key elements of his model for the Yucca Mountain region include oblique (right-
lateral / normal) slip on the southern Bare Mountain fault and right-lateral strike-slip on a fault
separating Yucca Mountain from the Timber Mountain caldera region. He agrees with Scott (1990)
that paleomagnetic data indicate 0-10 degrees of clockwise rotation in the northern part of Yucca
Mountain and about 30 degrees clockwise rotation of the southern part of Yucca Mountain. The main
part of the Bare Mountain fault he interprets as a releasing bend on a right-lateral strike-slip fault.

C. Fridrich interprets the Sundance fault as a minor, right-lateral strike-slip fault rather than a major
structural feature as proposed by R. Spengler (USGS). Also, he does not consider the Ghost Dance
fault to be offset by the Sundance feature, and believes the Ghost Dance may be a narrower zone
(possibly less than 100 feet) than suggested by R. Spengler. For the steep hydraulic gradient on the
northern end of Yucca Mountain, he considers a fault-related control to be a possibility. In his model
for the steep hydraulic gradient, the controlling fault may be the northern boundary of a graben
structure.

7. E. Majer (LBL) - Seismic reflection and VSP studies

Three holes are being used for VSP studies (Attachment 9) - UZ-16, WT-2, and NRG-6. Seismic
reflection investigations (as well as gravity and ground magnetics) have been conducted across the
Ghost Dance fault (Oliver and others,1994) and are planned along other traverse lines shown in
Attachment 9. Resolution of both VSP and seismic reflection methods is deemed to be as good as
tens of meters and structures can be imaged using these techniques. The goal of these studies is to
link mechanical properties (e.g., density of fractures) to lithology or hydrologic transport properties.
The Ghost Dance fault has been traced to a depth of at least 1 km using seismic reflection data
((Oliver and other,1994). VSP results indicate fracturing in this area which E. Mejer interpreu as
fault-related.

8. M. Fahy (USBR) - Field tour: Large block experiment and pavement study at Fran Ridge

The pavement study at Fran Ridge is being undertaken by M. Fahy (USBR) on a surface adjacent
to the large block experiment and near to borehole UE25-Hl. The Topapah Spring Formation,
exposed at this locale, has been divided into an upper lithophysal unit (Tswl) and a non-lithophysal
unit (Tsw2). This pavement is not located near any major fault, but does provide a good exposure
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of the Topapah Spring. All fractures I foot or greater in length on the pavement surface are being
measured and mapped.

The block for the large block experiment will be 10 x 10 x 15 feet in dimensions when excavation
of the block is completed. The vertical saw cuts have been completed to a depth of 16 feet on all
four sides of the block and excavation to leave a free-standing block attached only at its base are
underway. A concrete slap has been poured on the top of the block to stabilize it while it is being
excavated.

The plan is for the block to be loaded to 600 psi, a stress equivalent to that expected at the
repository horizon. The bk)ck will be heated for a time frame of 6 to 12 months to a T of 135 "C
using heaters apparently emplaced around the margins of the block. The zone of increased
temperature is expected to be about 2 m wide out from the locations of the emplaced heaters. A
moisture barrier will be placed atop the block during the heater test. Prior to initiation of the test,
fractures in the block will be characterized and an attempt will be made to use acoustic emissions
testing to map out fractures between the walls of the block and the testing boreholes which will be
drilled into the block.

9. R. Spengler (USGS)/A. Braun and L. Martin (SAIC) - Field tour: Ghost Dance pavement at Antler
Ridge

A. Braun and L. Martin (SAIC) have been mapping the stratigraphy in the vicinity of the pavement,
and stress that they have only refined - and not drastically changed - the original stratigraphy defined
by Scott and Bonk (1984). There is currently no plan to map additional areas along the Ghost Dance
fault in FY94, but only to focus on " verification mapping" of the existing pavement surface.

:

| The two main fracture trends in the pavement surface have azimuths of about 0 and 160 degrees
(i.e., the Ghost Dance trends about N9E, and the northwest fracture set about N25W). The north-
northeast-trending fault system includes the Ghost Dance and exhibits mainly dip-slip displacement,
while the northwest-trending fault set is characterized by oblique slip. (For example, the northwest-

| trending Sundance fault, a fault included in the northwest fault set, has been interpreted by R.
Spengler to have about 170 feet of right-lateral offset. However, there is currently strong
disagreement between R. Spengler and C. Fridrich, both of the USGS, on the length, width, and
importance of the Sundance feature.) The Ghost Dance fault has about 50 feet of down-to-the-west
displacement along a steeply west-dipping fault surface at the pavement location, where it is bounded

| by faults of similar strike (i.e., N-S to N9E) but smaller displacement both east and west of its main
trace. At the " west fault" in this Ghost Dance fault " package," about 15 feet of displacement has'

occurred along a fault trending about N8E, an orientation measured by one author (GLS). The " west
fault" was observed by one author (GLS) to intersect a sheared zone with a measured strike of about
N40W. C. Fridrich interprets the faults east and west of the main Ghost Dance trace to be splays
off the Ghost Dance fault itself, rather than separate and distinct faults as interpreted by R. Spengler.

| A 1200-foot wide monocline is associated with the Ghost Dance fault zone at this location. R.

| Spengler believes this is not related to rollover in association with listric faulting, and does not think
that the listric/ detachment fault model proposed by Scott (1990) is the best to apply. He appears to
prefer a planar fault model. The authors did not obtain additional details from R. Spengler on the'

reasons for his planar fault model interpretation.
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10. M. Tynan (DOE) - Status of the seismic investigations tield program

Number of seismic lines to be run in the seismic investigations field program have been reduced
from 5 to 2, and no RFP for these studies has been issued as yet. Currently it is planned to use both |

Vibroseis and explosive sources in the investigations. DOE has experienced some difficulty in |
acquiring a permit for the studies from the Bureau of Land Management (BLM).

Wednesday. Nfav 4.1994

1. D. Kessell/C. Brectel (Sandia) - Field tour: Trench NRT-1 at north side of Exile Hill

Trench NRT-1, the h> cation of which is shown on Attachment 12, was placed for engineering testing
purposes to determine whether materials to be encountered in the ESF had cohesive strength
adequate for supporting the TBM. NRT-1 is located on the opposite side of Exile Hill from the ESF
portal which is on the east side of Exile Hill. It is near to Trench 14 which exposes the Bow Ridge
fault south of Trench NRT-l. Trench 14A lies north of NRT-1 and also exposes the Bow Ridge
fault. The lower section of Rainier Mesa tuff is exposed between Trench NRT-1 and Trench 14A.
NRT-1 is slightly west of the main trace of the Bow Ridge fault, and reveals possible displacement
in i1.5 my tuff with no displacement identified in the Quaternary materials in the trench. Net offset
across the Bow Ridge has been suggested to be as large as 115-135 cm based on data obtained from
recent mapping along this fault.

Four main paleosoil horizons were noted separating bedded tuff units in boreholes at the locatian of
Trench NRT-1. Attachment 12 illustrates stratigraphy and locations of soil tests in the vicinity of this
trench. Maintenance of cohesion is related to dryness of the materials, so D. Kessell cautioned that
use of water during construction would need to be closely monitored. However, he did not anticipate
that grout would be necessary to stabilize the walls of the ESF for use of the TBM.

2. C. Rautman (Sandia) - Field tour: Borehole SD-12

The LM-300 rig had penetrated to a depth of 620 feet with a 12.25 inch diameter finished hole after
teaming. This hole diameter was necessary to accommodate the instrumentation which is planned
for use in the hole. A visit was made to the core trailer, where core was being preserved for a dozen
or so different types of studies,

A brief discussion of borehole UZ-14 ensued also at this stop. This is the hole in which water was
encountered at a depth of 2185 feet when a fracture zone was hit in the Bullfrog Tuff, a dense and
moderately welded unit. The water rose as high as 1965.09 feet depth in the borehole. At the time
of this site visit, the hole extended to a depth of 2206.7 feet with a plan to drill about 20 feet deeper
to final depth. As of the morning of Monday, May 2, the pH reading was 8.5.

3. R. Spengler (USGS) - Field tour: Sundance fault at the east end of Antler Ridge

Z. Peterman (USGS) gave a brief presentation on use of geochemistry for definition of stratigraphic
units (Attachment 18). For the Tiva Canyon Formation, he was able to distinguish a lower high-
silica rhyolite from an upper cliff unit of quartz latite and to locate the contact between these two
units within a few feet using the geochemical trends for Ti, Zr, and Ba. (K Ca, Ti, Rb, Sr, Y, Zr,
Nb, La, and Ce were all analyzed by XRF.) The approach was validated in three reference section

11
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locations. Using a multitarget, energy-dispersive XRF unit,15 samples per day can be run rapidly
so that the method should prove useful to distinguish units rock units encountered in the underground
excavations. Additional work will also be done in the Topapah Spring Formation.

D. Buesch (USGS) commented that the geochemical variations described by Z. Peterman correlated
with crystal content of the Tiva Canyon Formation (i.e., crystal-rich vs crystal-poor zones of the
non-lithophysal zone in the Tiva Canyon). He commented further that field investigators were
detecting sub-units within the quartz latite zone of the Tiva Canyon. D. Buesch stated that other
criteria may also be needed in concert with the geochemistry to pick out sub-units at depth,
particularly in the Topopah Spring Formation.

R. Spengler commented that it may eventually be necessary to clear a pavement at this location
where the Ghost Dance and Sundance faults tre thought to intersect to establish the intersection

~

relationships and prove the proposed offset of the Ghost Dance along the Sundance fault. The general
trend of the Sundance at this h>cale was reported by R. Spengler to be N30-37W, with 100 feet of
apparent vertical displacement across the fault zone (down to the east) based on offset stratigraphy.
Specincally, offset of the upper clinkstone and lower lithophysal units was used to quantify the type
and amount of vertical displacement along the Sundance. Amount of horizontal displacement on the
Sundance fault (i.e., about 170 feet of right-lateral offset according to R. Spengler) was based on
the interpreted offset of the Ghost Dance by the Sundance. The Sundance fault zone is interpreted
to be about 900 feet wide, with the location at this stop lying near the center of the fault zone.

4. R. Spengler (USGS)- Field tour: Ghost Dance /Sundance faults intersection and Sundance discovery
exposure in Split Wash, north side of Antler Ridge

As measured by one author (GLS) at an exposure of breccia about 1 m wide in Split Wash, the
Sundance fault trends about N28W and is near vertical. The best evidence for the 170 feet of right-
lateral offset along the Sundance was reported by R. Spengler to be the apparent offset of the
" package" of faults associated with the Ghost Dance fault (i.e., the package of faults comprised by
the main fault and the east and west faults as observed in the cleared pavement at Antler Ridge). C.
Fridrich (USGS) interprets this overall fault pattern as a northward " feathering out" of the Ghost
Dance fault, rather than as specinc northeast (Ghost Dance) and northwest-trending (Sundance) fault

systems.

C. Menges (USGS)/C. Harrington (Los Alamos) discussed the trench that had been h>cated on the
north side of Antler Ridge in an earlier attempt to investigate latest slip on the Ghost Dance fault.
Fortuitously, this trench intersects the projected surface traces of both the Ghost Dance and Sundance
faults. However, there is no evidence of offset of Quaternary gravel layers in this trench. Also, there
is no evidence of fracturing related to faulting in the trench along either the Ghost Dance or
Sundance trends, although the Ghost Dance is interpreted to have about 40 feet of vertical
displacement on the hillslope south of the trench based on offset lithostratigraphic units. R. Spengler
reported that displacement on the Ghost Dance fault system is interpreted to be con,iderably less in
the ridge on the north side of the trench. Various dating methods will be applied to assess the ages
of Quaternary units during investigation of potential displacements. E. Taylor (.USGS) reported that
at least two Quaternary units have been distinguished in this trench to date - Unit QS and Unit Q4
Other trenches are apparently planned along the Ghost Dance fault as well.

12
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5. J. Whitney (USGS)- Field tour: Paintbrush Canyon fault in Trench Al, Alice Ridge

The vertical separation noted along the Paintbrush Canyon fault at this location is about 210 m with
displacement increasing to the south. Slickensides show an oblique slip (possibly left-lateral)
component of displacement. If a strike-slip fault does occur in Yucca Wash, it does not appear to
have offset the Paintbrush Canyon fault much if at all. Basaltic ash (considered by J. Whitney to be
derived from earliest Lathrop Wells or Crater Flat eruptions) does occur in the fault at this location,
and a small pod of siliceous ash is found in the soil horizon. The trench has deepened and is
currently being mapped. Displacement does appear to be Quawrnary, but not Hok>cene. Trend of
the fault trace is about N-S to NSW at this hication.

J. Whitney commented that the listric fault model proposed by Scott (1990) for major block-
bounding faults did not appear to be strongly supported by field data currently coming to light. S.
Young (CNWRA) commented that fault blocks to the south may show rollover, while blocks to the
north may not because of either a difference in the structural level exposed or a real difference in
structural style from north to south, it is considered by two authors (DAF and GLS) that little change
in fault dip to suggest a listric geometry may be expected in shallow trenches across a major block-
bounding fault because of structural level being observed in the trenches. The two authors further
believe that rollover should be considered more diagnostic of possible listric geometry at depth than
dip of the upper parts of the fault surface as observed in shallow trenches.

Thursday. May 5.1994

1. L. Anderson (USBR) - Field tour: Trench BMT-2 along the Bare Mountain fault

L. Anderson interpreted the Bare Mountain fault to be older and to have a longer recurrence interval
than was previously thought (e.g., by Reheis,1986). This interpretation was based on his recent
studies in trenches along the fault, including conclusions drawn from a trench in Tarantula Canyon
(BMT-1) along the northern extent of the fault.

Trench BMT-2 is an old mining pit Orst described by Reheis (1986) and re-opened for the current
investigations. One author (GLS) noted vertical stickensides developed on the fault surface in the
footwall block of the Bare Mountain fault at Trench BMT-2. The Bonanza King Dolomite comprised
the footwall block. As measured by that author at the outcrop, the approximate orientation of the
fault surface on which the slickensides occurred was N24E,67SE.

L. Anderson does not interpret the fault to be Hoh>cene, and believes there is evidence for only I
late Quaternary slip event rather than 2 as Reheis (1986) suggested. J. Whitney (USGS) speculated
that late Pleistocene displacement may be indicated, and suggested the possibility that as many as
3 slip events may be recorded here. J. Whitney also commented that Reheis (1986) had reported
Holocene slip to be discontinuous along the Bare Mountain fault and mentioned that other workers
at this location (e.g., J. Bell of UNV-Reno) believed the zone of oriented clasts and fractured
alluvium likely extended all the way to the surface to suggest possible Hok)cene displacement at this
hication.

L. Anderson commented that displacement along the Bare Mountain fault appeared to decrease and
die out to the north. He believes that faulting along the Barc Mountain fault in Tarantula Canyon,
the location of Trench BMT-1, shows this decreased displacement to the north. He suggests that a
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recurrence interval of "10,000 years or so" with 1-2 m of slip per event is typical for range-front
faults of the Basin and Range like the Bare Mountain - notable exceptions being the more active
Death Valley-Furnace Creek and Wasatch fault zones.

2. L. Anderson (USBR) - Field tour: Trench BMT-1 along the Bare Mountain fault at Tarantula
Canyon

This trench was excavated in alluvial fan deposits in 1993 along a scarp about 1.5 m high. The scarp
is considered to be older than the Beatty Scarp, a fluvial scarp with an age of around 10,000 years
as reported by L. Anderson. He commented that about 1-1.5 m of displacement accompanied
formation of the scarp in Tarantula Canyon - probably as a single event - sometime after Quaternary
Unit 2 mapped at this locality. Four units have been mapped in total, and there are as yet no age
dates although native artifacts found in Unit 4 suggest a minimum age of about 7000 years for that
unit (possible Late Pleistocene-Early Holocene?) which he does not believe is offset. Unit 4 is
comprised of colluvial and alluvial materials, and a K-horizon soil in the sequence may be about
100,000 years old. He also suggests that there is no evidence of late slip in the carbonate coating
in the fault plane. However, questions were raised by several participants about whether Unit 4 may
actually be offset and considerable controversy exits for interpretation of faulting along the Bare
Mountain fault at this and other locations. For example, C. DePolo (UNV-Reno) suggested that 1.5

| m of slip could have occurred at the Trench BMT-1 locale between 7,000 and 20,000 years ago in
possibly 2 or 3 slip events. His interpretation yields higher slip rates and shorter recurrence intervals

| than the concept of 1.5 m displacement in one event occurring between 7,000 and 100,000 years ago

| as L. Anderson suggested,
i

3. J. Whitney (USGS)/A. Ramelli (UNV-Reno) - Field tour: Trenches along the Solitario Canyon fault

At Trench 8, the location with the large ash pocket in a fissure along the Solitario Canyon fault,
better age controls and stratigraphic correlations are now being developed. U-series samples have
been collected, and 25,000 year old thizoliths found in the ash pocket ideally provide a minimum
age estimate for faulting. Laminated carbonate in the fault zone has been dated at about 15,000
years. The ash is thought to be between 30,000-100,000 years old and from Lathrop Wells. Some
workers lean towards an 80,000-100,000 year age bracket for the ash. In a small pit immediately
south of Trench 8, silts in the age range of 10,000-14,000 old occur above the fault zone, and
whether this silt is actually disrupted by displacement or not is uncertain although silt does occur in
the fractures. The field evidence is now interpreted to not show Holocene slip along the Solitario

| Canyon fault. However, there appear to be 4 slip events post-dating the uppermost gravel deposits
I which are estimated to be a couple hundred thousand years old." Suggested slip rate is 0.01 mm/yr,

with a recurrence interval of 40,000-50,000 years.

Orientation of the fault in Trench 8 was measured by one author (GLS) as N10E,64SE. No other
trenched location shows greater displacement on the Solitario Canyon, so displacement appears to
decrease to the north along the fault according to J. Whitney. The increase in faulting activity on
the southern end of Yucca Mountain seems to have persisted into the Quaternary.

It appears that at least two ash-producing events may have occurred at Lathrop Wells cone.
However, volcanic ash occurs in fissures at Trench 8 which may be of three different ages based on
field relationships for the fracturing. The number of ash deposits is important to help determine
possible associations between faulting and volcanism.

14
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Trench SCF-T3 is located south of T8 and has a story very similar to that for Trench T8. There is
no definitive evidence for Holocene slip in SCF-T3. Between Trenches SCF-T3 and SCF-Tl farther
south, the breccia associated with the fault has a N-S strike. During the walk between Trenches SCF-
T3 and SCF-T1, C. Harrington (Los Alamos) described his efforts on scarp evolution investigations.
He has attempted to use a new cosmogenic C14 technique for determining ages of scarp features and
found the technique viable. A minimum age of about 20.000 years is suggested for the scarp at this
h> cation, an age that is considerably older than the Early Holocene age interpreted from analysis of
the scarp trace on aerial photographs. The explanation for this difference proposed by C. Harrington
was that the scarp is an eroded fault-line scarp rather than a fault scarp.

At Trench SCF-T1, J. Whitney speculated that total displacement along the Solitario Canyon fault
is at least 400 m. A. Ramelli remarked that the B horizon was not offset, and displacements for the
latest events noted in the trench were not yet cenain. Other trenches will investigate a strand of this
fault to the southeast of the main fault trace where it is thought that later displacements could have
been transferred. Four U-series samples have already been collected from one trench in the fault
splay area but no dates have been acquired as yet.

J. Whitney summarized the activities planned for the next fiscal year for analysis of faulting and
seismicity at Yucca Mountain as follows:

Study plans will be prepared soon for "Probabilistic Fault Displacement and Seismic Hazard*

Analysis" (PFD&SHA) and " Faults in the Repository Block."

A topical report on methodology being applied in faulting investigations will be prepared*

and submitted to the NRC "soon."

Few new trenches will be added during FY95, although the USGS may attempt to*

investigate segmentation along the Windy Wash fault and to look for other faults in Crater
Flat.

Each fault will be the subject of a separate report.*

A workshop will be conducted on PFD&SHA. Although development of a PFD&SHA*

methodology is expected to be iterative, the workshop will be held in time to provide
preliminary information for design by FY96. The first model will be run with existing data,
and later models will incorporate new data as they come to light. The EPRI methodology
is apparently being adopted by the USGS for consideration of PFD&SHA, based on
comments from J. Whitney.

Preliminary tectonic models of Yucca Mountain will be out in FY94. A detachment model*

will be prepared by W. Hamilton, and C. Fridrich will prepare a model based on his
interpretations of the Yucca Mountain region as well.

SUMMARY OF ACTIVITIES:
,

Activities were summarized under the discussion of " Summary of Pertinent Points."
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IMPRESSION / CONCLUSIONS:

Very useful data are being collected during the field characterization of faults in the vicinity of Yucca
Mountain. Information on stratigraphy and structure will be important input for formulating realistic
geological models for use in performance assessment analyses. Type 5 KTUs related to development of
conceptual models for tectonic deformation and volcanism can also be addressed using the information
being collected.

Controversies which exist (e.g., on the significance of the Ghost Dance /Sundance fault systems and the
slip history / recurrence interval for the Bare Mountain fault) will need to be resolved, or the differences
in interpretation incorporated into alternative structural / tectonic and volcanic models for Yucca Mountain
and vicinity. Planar fault vs listric/ detachment fault geometries may both need to be considered in
alternative tectonic models.

PROBLEMS ENCOUNTERED:

None

PENDING ACTIONS:

None

RECOMMENDATIONS:

The controversy about significance of the Ghost Dance and Sundance fault systems should be resolved,
if possible, since interpretations related to physical characteristics and interactions of these two fault
systems may influence ideas formulated about structural history of Yucca Mountain and the repository
block, hydrologic flow models, and selection of the area which is most useable for repository
development. An attempt to resolve the Ghost Dance /Sundance controversy could be made by clearing
additional pavement areas in the vicinity of the proposed intersection of the two fault systems to more
closely examine the relationships between the systems, as R. Spengler (USGS) suggested during this site ,

visit.

The controversy about slip history of the Bare Mountain fault should be resolved, if possible, because
interpretation of this feature will influence concepts related to local and regional deformation rates and
structural history of the Yucca Mountain area. Effort could be made to excavate and map an additional
trench along the Bare Mountain fault at Sterling Canyon as a possible means of resolving the differences
in opinion about number of slip events and slip recurrence intervals. During this site visit, L. Anderson
(USBR) suggested this trench is potentially planned. For both of these controversies, if differences in
interpretations cannot be satisfactorily resolved through additional investigations, the range of
interpretations should be captured in alternative tectonic models developed for Yucca Mountain to make
certain an acceptably conservative approach is taken for consideration of these structural features.

CNWRA staff must continue to participate in the site visits in order to remain up-to-date on what is being
done to characterize faulting, other structural and stratigraphic relationships, and rock properties at Yucca
Mountain. |
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DOE-NRC SITE VISIT
CHARACTERIZATION OF FAULTS AND FPACTURES NEAR YUCCA MOUNTAIN,

AND STRATIGRAPHY, STRUCTURE AND ROCK PROPERTIES ALONG THE
EXPLORATORY STUDIES FACILITY NORTH RAMP

MAY 2-5,1994

Monday. May 2,1994

7:30 am Meet at Nevada Test Site (NTS) Gate 510 for badging

8:00 Presentations at Area 25 Field Operations Center (FOC) DOE
Introductions

8:10 Characterization of faults and fractures; update on the R. Spengler
study; structural features in the Site Area (8.3.1.4.2.2)

8:50 Stratigraphy, structure and stratigraphic nomenclature D. Buesch

b
9:30 Rock properties and north ramp stratigraphy / structure; D. Kessel 0

NRT-1 trench C 3 rec.tej (
10:20 BREAK

f. Beason (M10:35 Mapping of me ESF: ctatus, terilts. plan S

M; h fcA
311:30 ESF safety training, FOC Exhibit Room 7df

!12:00 LUNCH

12:45 Depart FOC for North Portal

1:15 Anive North Portal, tour ESF starter tunnel and test alcove R. Spengler
S. Beason
N. Elkins

4:15 Depart for Field Operation Center

4:45 North ramp reflection / refraction G. Elbring (N

5:30 Fracture network / fault studies Fran Ridge, Ghost Dance R. Spengler
and Sundance faults M.Fahey

6:30 Depart for NTS Gate 510
1
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DOE-NRC SITE VISIT
CilARACTERIZATION OF FAULTS AND FRACTURES NEAR YUCCA MOUNTAIN, !

AND STRATIGRAPHY, STRUCTURE AND ROCK PROPERTIES ALONG THE
EXPLORATORY STUDIES FACILITY NORTH RAMP

MAY 2-5,1994

Tuesday, May 3,1994

7:30 am Meet at NTS Gate 510 for badging

8:00 Presentations at FOC
Seismic refraction, Windy Wash J. Whitney 0

8:40 Status of systematic drilling program C. Rautman (b

9:20 Use of site data in ESF design J.Pye@M

9:50 BREAK

I

Trenching activities; Solitario Canyon, Bare Mtn., Alice Ridge h. Whitney, o\em9es (
10:05 J

10:45 Status of Midway Valley studies [J. Whitney

11:30 Structural model of the Yneca Mountain Region, C. Fridrich
significance of northwest oriented structural features,
and structural controls on the steep hydraulic gradient

12:30 LUNCH

1:00 Depart for Fran Ridge

1:30 Arrive at Fran Ridge. Discuss pavement study R. Spengler,
M. Fahy

2:30 Discussion of Large Block Experiment J. Blink

3:00 Depart for Ghost Dance pavement, Antler Ridge

3:30 Discussion of Ghost Dance and Sundance Fault R. Spengler

6:00 Depart for NTS Gate 510
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DOE-NRC SITE VISIT |
CHARACTERIZATION OF FAULTS AND FRACTURES NEAR YUCCA MOUNTAIN,

,

AND STRATIGRAPHY, STRUCTURE AND ROCK PROPERTIES ALONG THE
EXPLORATORY STUDIES FACILITY NORTH RAMP

MAY 2-5,1994

Wednesday, May 4,1994

J
7:30 am Meet at NTS Gate 510 for badging

i

8:00 Depart for north side of Exile Hill, visit NRT-1 trench

8:30 NRT-1 trench discussion D. Kessel
C. Brectel

9:30 Depan for SD-12 location
,

9:45 SD-12 location; observe borehole drilling; discussion available staff

10:15 Depart for Sundance Fault exposure, east end of
Antler Ridge

10:30 Sundance Fault, east end of Antler Ridge near UZ-16, R. Spengler
dis e i'n

11:10 Depart for north side of Antler Ridge (eat lunch in transit)

11:30 Arrive north side of Antler Ridge in Split Wash area R. Spengler
i

for hike to location of Sundance/ Ghost Dance fault
systems' intersection; discussion

:|

1:00 Walk to Sundance " discovery" outcrop, Split Wash; R. Spengler |
examine outcrop and discuss Sunoance fault system

2:10 Depart Split Wash area for Paintbrush Canyon fault
trenches, north end of Alice Ridg<

2:40 Discussion at Paintbrush Canyon trench location, Alice Ridge J. Whitney

4:00 Depart for NTS Gate 510
3
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DOE-NRC SITE VISIT
CHARACTERIZATION OF FAULTS AND FRACTURES NEAR YUCCA MOUNTAIN,

AND STRATIGRAPHY, STRUCTURE AND ROCK PROPERTIES ALONG THE
EXPLORATORY STUDIES FACILITY NORTH RAMP

MAY 2-5,1994 !

Thursday, May 5,1994

7:30 am Meet at Steve's Pass, Crater Flat

L
8:00 Arrive at BMT-1 trench; discussion L. Anderson

9:00 Depart for BMT- trench iI
L

9:30 Arrive BMT-7 trench; discussion L. Anderson

10:30 Depart for east side of Crater Flat

i1:00 Discussions at trenches T-10, and others J. Whitney
(lunch at trench sites)

3:30 Closing remarks and questions NRC
State of Nevada

. . - _.
^"O

4:00 Depart for Las Vegas
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THE SUNDANCE FAULT: A NEWLY RECOGNIZED SHEAR ZONE AT
YUCCA MOUNTAIN, NEVADA !

By R. W. Spengler, C. A. Braun, L. G. Manin, and C. W. Weisenberg

!

ABSTRACT

Ongoing detailed mapping at a scale of 1:240 of structural features within the potential
repository area indicates the presence of several previously unrecognized structural features.
Minor nonh-trending west side-down faults occur east and west of the Ghost Dance fault and
suggest a total width of the Ghost Dance fault system of nearly 366 m (1200 ft). A zone of near-
vertical N30'-40'W-trending faults, at least 274 m (900 ft) wide, has been identified in the
northem part of our study area and may traverse across the proposed repository area. On the basis
of a preliminary analysis of available data, we propose to name this zone the "Sundance fault
system" and the donunant simeture, occurring near the middle of the zone, the "Sundance fault".
Some field evidence suggests left-stepping deflections of north-trending faults along a pre-existing
nonhwest-trending structural fabric. Other field observations suggest that the "Sundance fault
system" offsets the Ghost Dance fault system in an apparent right lateral sense by at least 52 m
(170 ft). Additional detailed field studies, however, are needed to better understand structural
complexities at Yucca Mountain.

INTRODUCTION

Yucca Mountain consists of a series of north-trending, east-tilted,1- to 4-km (0.6 to 2.5-
mi)-wide structural blocks. These blocks are bounded by nonh-trending westward-dipping high-
angle fault zones that displace volcanic strata of Tertiary age by 100 m (330 ft), and locally to as
much as 400 m (1300 ft; Scott and Bonk,1984). The potential area for long-term storage of high-
level nuclear waste is situated within the central block of Yucca Mountain, which is bounded on
the west by the Solitario Canyon fault zone and on the east and southeast by numerous closely
spaced northwest- and northeast-trending faults (fig.1). From north to south, we divide the central
block into three distinctive structural domains on the basis of fault intensity and orientation,
topography, and attitude of volcanic strata. Strata in the nonhem structural domain dip 5' to 10'
southeastward and are cut by a series of linear nonhwest-trending washes, most of which are
underlain by, or coincident with, zones of right lateral strike-slip faulting (Scott and Bonk.1984).
The southemmost strike-slip fault is suspected to underlie Drill Hole Wash, directly nonh of the
northeastern margin of the potential repository area (fig.1: Scott and others,1984). In large pan,
the potential repository area encompasses the central structural domain, where strata commonly
dip eastward from 6' to 9' and are dominantly cut by east-trending washes. Here, the Ghost
Dance fault is considered the dominant structural feature, as it is the only through-going fault that
offsets the exposed 12.5-m.y.-old Tiva Canyon Member of the Paintbrush Tuff. It has recently
been proposed to elevate the Tiva Canyon Member to Formation status (D. A. Sawyer and others,
written communications. Feb. 10,1993), and therefore, we will provisionally refer to it as the Tiva
Canyon Tuff. The southem domain is characterized by an abundance of closely spaced nonhwest-
trending and ancillary northeast-trending faults with vertical separations on the order of several
meters. As mapped by Scott and Bonk (1984), some discontinuous!y exposed nonhwest-trending
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faults extend nonhward well into the proposed repository but details of their character have not
been studied (fig.1). His paper summanzcs salient structural features that have been identified
from detailed field mapping of paru of the central structural domain.
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PREVIOUS MAPPING

In 1992, we initiated a project to map fractures and other observable structural features
such as zones of brecciation and separations oflithostratigraphic units on either side of the surface
trace of the Ghost Dance fault (Spengler and others,1993). We first established an intemal grid
system, composed of 61 m by 61 m (200 ft by 200 ft) areas within the framework of the Nevada
State Coordinate System. Field mapping is at a scale of 1:240 and subsequently compiled at a
scale of 1:600 (Spengler and others,1993), ne mapped area straddles the surface trace of the
Ghost Dance fault, bounded on the nonh by Antler Ridge and on the south by Broken Limb Ridge
(5g.1). The length of the study area was 1158 m (3,800 ft). For the most part, the southern and
northem halves of the study area were, respectively,244 m (800 ft) and 183 m (600 ft) in width
(fig.1). Based on detailed mapping in 1992 and 1993 (6g.1), we found that the Ghost Dance fault
is the dommant fault in a previously unrecognized structural system, composed of minor north-
trending faults and near-horizontal lithostratigraphic uniu that extend over a width of at least 213
m (700 ft). His structural system, referred to as the Ghost Dance fault system, was also found to
exhibit a preferential north to nenhwest-trending fracture orientation with isolated occu Tences of
nonh- to nonhwest-trending breccia (Spengler and others,1993). The thickest and most intensely
crushed breccia is found along the Ghost Dance fault. He character of this breccia and the
significantly larger venical separation oflithostratigraphie units are key features that are currently
used to distinguish the Ghost Dance fault from other north-trending faults within the system.

STRATIGRAPHY

The uppermost 60 to 75 m (200 to 250 ft) of moderately to densely welded zones of the
Tiva Canyon Tuff are moderately to poorly exposed along steep-sided east- to southeast-trending
drainages. Some localities are almost completely covered with thick talus deposits.
Lithostratigraphie uniu of the Tiva Canyon Tuff. as originally desenbed by Scon and Bonk
(1984), are based on the macroscopic vanations in groundmass devitrification. degree of welding,
shape of eroded slopes, texture of weathered surfaces, lithophysal cavity abundance, lithic
fragment abundance and phenocryst abundances. nese zones, which include. from bottom to top,
the hackly, lower lithophysal, clinkstone. upper lithophysal, and upper cliff, and locally, the upper
vitrophyre, provide the detailed lithostratigraphic framework for the recognition of offseu of
lithostrata on the order of a few meters at a scale of 1:12000 (Scott and Bonk.1984).

During our detailed mapping in 1992, we increased the number of criteria for recogmzmg
subtle contacts benveen units of the Tiva Canyon Tuff. Rese enteria include roughness
coefficients of freshly broken surfaces (Barton and Choubey,1977), working hardness (Hunt.
1984), size and shape oflithophysal cavities, orientation and abundance of foliated pumice clasts,
and initial appearance of diagnostic lithic fragments and accessory minerals such as bronze-colored
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biotite. Our systenatic development and use of multiple criteria for each contact between units,
currently allow us to recognize apparent offsets ofless than a meter (fig. 2).

RESULTS OF MAPPING IN 1993

In 1993, we extended our detailed mapping north, east, and west of the our previously
mapped area to include an additional 70 areas. As in previous mapping each area measures 61 m
by 61 m (200 ft by 200 ft). Our 1993 mapping extended approximately 550 m (1800 ft)
northward along the Ghost Dance fault to include the northern flank of Antler ridge and southem
flank of Live Yucca Ridge. Two cast-west strip maps were also completed. The two strip maps,
for the most part, are 120 m (400 ft) wide, extending te distances of 549 m (1800 ft) east and 366
m (1200 ft) west of the mapping completed in 1992 along the southern flank of Antler Ridge (fig.
1). The primary objective for mapping the strips was to establish the full width of the area where
north-trending faults could be detected along the Ghost Dance fault system.

Our detailed mapping indicates that the width of the area, contauung as many as six
through-going but discontinuously exposed north-trending structures, is almost 366 m (1200 ft).
His width appears relatively uniform from Broken Limb Ridge northward to at least the south side
of Antler Ridge; a distance of about I km (0.6 mi). Le Ghost Dance fault. which maintains a
position near the middle of the system, rematns the dominant structural feature. Almost all
ancillary north-trending faults indicate down-to-the west offset that commonly range between 3 m
and 6 m (10 ft and 20 ft). From Broken Limb Ridge to Live Yucca Ridge, ancillary faults
maintain a fairly uniform map spacing from the Ghost Dance fault of 114 to 198 m (375 to 650 ft)
for the West Hinge fault, 30 to 76 m (100 to 250 ft) for the West fault, and 24 to 69 m (80 to 225 i

ft) for the East fault. Within the structural system dips of lithostratigraphie units are near-
horizontal.

He width of the Ghost Dance fault system is consistent with the width of the area where
north- to northeast- trending faults had been previously mapped on either side of the Ghost Dance
fault by Scott and Bonk (1984). nese ancillary faults were previously interpreted to have
northern termmations near the crest of Broken Limb Ridge at the southeastern margin of the
proposed repository area (fig.1; Scott and Bonk.1984). In contrast to mapping at a scale of
1:12000, our mapping indicates that these faults extend northward well into the proposed
repository area.

Northward progression of our structural mapping has led to the recognition of nttmerous
northwest and northeast trending structures north of Whale Back Ridge (fig.1). Most of these
structures indicate apparent offsets oflithostratigraphic units of the Tiva Canyon Tuff by only a
few meters. Geometrical relationships of many diffusely spaced northeast- and northwest-trending
faults are incomplete!y understood.

A conspicuous variation in structural style appears to occur north of Antler Ridge and
along the southeastern flank of Antler Ridge, which suggests the existence of a previously
unrecogmzed shear zone. He existence and character of this shear zone are based on the
appearance of the following structural complexities: 1) abrupt increase in northeastward dip of
foliation in lithostratigraphic units. 2) closely spaced northwest-trending shears with apparent right
lateral separation. 3) intensely brecciated rock in close proxtmity to northwest-trending fractures,
4) abrupt decrease in vertical separation along the Ghost Dance fault, and 5) apparent right lateral
offset of the Ghost Dance fault system. These field observations have been documented at three
entical but isolated exposures along the northern flank of Antler Ridge, along southem flank of
Live Yucca Ridge, and along the southeastem flank of Antler Ridge (fig.1,3,4).
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Northem Flank ofAntler Ridge

Mapping of a 244-m (800-A)-wide area from the southem flank to the northern flank ofi
'

Antler Ridge reveals a gradual increase in structural complexity (fig. 3). Small-scale northwest-
and nonheast-trending faults increase in abundance. For the most part, the north-trending faults
are traceable northward, rminnining a similar hori: ental spacing and vertical separation as
mapped to the south. From the south side of Antler Ridge to the north side of Antler Ridge, a
distance of about 168 m (550 ft), vertical separation of lithostratigraphic units along the Ghost
Dance fault is relatively uniform, varying from 15 to 12 m (50 to 40 ft). However, the high sngle
Ghost Dance fault is offset in an apparent right lateral sense by about 15 m (50 ft) along an
inferred northwest-trending shears (fig. 3).

Southern flank ofLive Yucca Ridge
_

North of Split Wash a conspicuous and abnspt change in structural style occurs. Along
the south facing slope of Live Yucca Ridge (fig.1,3), we have mapped numerous parallel N30'-
40'W-sinking structures, many of which are spaced 5 to 10 m (16 and 33 ft) apan and commonly
show less than a few meters of right (or) east-side-down separation of lithostratigraphic contacts.

Simple geometne considerations suggest that right slip on nenhwest-trending faults in an area of
gentle eastward dips should result in left separation of contacts along south-facing slopes. which
are steeper than the dips. The right separation seen along Live Yucca Ridge (and at some places to
the south) may be due to local variations in atutudes of lithostratigraphie units and (or) by a
vertical comoonent of slip. Within the Ghost Dance fault system, where lithostratigraphie units am
nearly horizontal, near-horizontal fault slip can produce variable outcrop pattems depending on
local variations in slip line, attitudes of lithostratigraphie units and topography. Altematively,
some offsets, mapped in poorly exposed areas, may be related to slope movements or zonal
variations within the Tiva Canyon Tuff.

He West Hinge, Ghost Dance, and East faults maintain a similar relative horizontal
spacing on Live Yucca Ridge as seen to the south. The spacing between the West fault and Ghost
Dance fault decreases slightly nonh of Split Wash. Some of the north-trending structures along
Live Yucca Ridge appear to break into left-stepping segments connected by shon northwest-
trending breccia zones. Dese deflections from a northerly strike may be due to preexisting
nonhwest-trending structures. However, the locations of identifiable nonh-trending faults within
the Ghost Dance fault system along Live Yucca Ridge suggest an apparent right lateral offset of
about 52 m (170 ft) relative to nonhem Antler Ridge (6g. 3).

Le Ghost Dance fault shows a signi6 cant decrease in the amount of vertical separation of

lithostratigraphic units from 12 m (40 ft) at north Antler Ridge to about 1.5 m (5 ft) near the
middle of the south slope of Live Yucca Ridge, which corresponds to a map distance of about 305
m (1000 ft). Nonh of Split Wash. the fault directly east of the Ghost Dance fault that is
provisionally referred to as the East fault (?) shows the largest vertical separation of about 3 m (10
ft). If the Ghost Dance fault has been misidentified and is this castemmost fault within our
mapped area. a larger amount of right separation can be inferred.

A set of the high-angle N30'W fractures. dipping 85' to 90' to the southwest. is well
exposed at dramage level along Split Wash and extends northwestward for several tens of meters
along the south slope of Live Yucca Ridge (fig. 3). A breccia zone.1 m (3 ft) wide. as well as

Someslickensides with a rake of about 2' to the northwest were also found at this exposure.
fracture surfaces display subtle mullion structures. suggesting a smoother fracture surface in a
near honzental direction. Intemal layenns within the clinkstone zone is well developed at this

6
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locality, appears horizontal on the west side of the fault, dips gently castward on the east side of |
the fault, but shows no recognizable vertical separation. As discussed, the inability to detect any
vertical separation may be a combination of nearly vertical faults, nearly horizontal
lithostratigraphie units, and horizontal slip. The fracture set can be traced northwestward across
Live Yucca Ridge as a lineament on aerial photographs, where it appears to project into area of
intense brecciation and into a northwest trending lineament, depicted on Scott and Bonk (1984; fig.

j 1). Inferred from available preliminary data, we believe that this structure is the most conspicuous

|
through-going feature near the middle of the shear zone and refer to it as the "Sundance fault".

Southeasternflank ofAntler Ridge

The uppermost part of the upper cliff unit of the Tiva Canyon Tuff commonly forms a
ridge-capping cliff several meters thick over much of Yucca Mountain. This cliffis conspicuously
absent along the ridge crest of Antler Ridge directly northwest of drill hole USW UZ-16. Close
examination of exposures of the upper cliff unit indicate that it is about 14 m (45 ft) thick to the
west and about 23 m (75 ft) thick to the east of this geomorphic feature. Measurement of foliation
attitudes in the upper cliff unit along the crest of Antler Ridge indicates an attitude of about N20'
W 3*NE directly below this geomorphic feature, which increases to about N40'W 15'NE east of ,

the feature. Mapping along the south-facing slope of Antler Ridge directly below the geomorphic |

anomaly indicates the presence of multiple apparent right separations of the contact between the
upper cliff and the upper lithophysal units (fig. 4). Although this locality is poorly exposed and no
discrete fault planes are observable, more than ten apparent right separations of contacts,
commonly spaced 15 to 20 m (49 to 66 ft) apart, have been documented within a zone that is at
least 274-m (900-ft) wide and trends in a N30'-40*W direction. These apparent right lateral
separations in an area of anomalous northeasterly dips of foliation are consistent with right lateral
slip and suggest an apparent cumulative right separation of as much as 107 m (350 ft; fig. 4).
Altematively, map partems may suggest anomalous down-to-the-east displacemenu. On the basis
of reconnaissance mapping, this structurally disrupted zone has been traced southeastward to the
base of exposures at Antler Ridge. In the area directly south of drill hole USW UZ-16 numerous
northwest-trending structures and (or) conspicuous lineaments have been mapped by Scott and |

Bonk (1984; fig.5).

INTERPRETATIONS

Re Ghost Dance fault is the dominant fault in a structural system composed of minor
north trending west side-down steeply dipping faults that extends over a width of nearly 366 m
(1200 ft). Northward extension of our mapping at a scale of 1:240 reveals localities where closely !

'

spaced northwest-trending fractures, northwest-trending separations of lithostratigraphie units,
near-horizontal slickensides, subtle mullion stmetures, and northwest trending breccia appear to
dominate the structural style. Preliminary analysis of the eastward extension of our mapping
suggests the presence of a northwest-trending zone that shows either anomalous right lateral or
anomalous east-side-down displacements, an abrupt increase in dip of foliation, and abrupt I

variation in the crosional thickness of the upper cliff zone. These relationships occur within a |

northwest-trending structural zone that is at least 274 m (900 ft) wide and is herein referred to as
the "Sundance fault system" We propose to name the most conspicuous through-going structure,
located near the middle of the system, the "Sundance fault" (fig 5). He "Sundance fault system"
documents the presence of northwest-trending strike slip structural features within the central
structural domain of the central block. On the basis of structural lineaments and concentrations of

9
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brecciated rock (initially identified by Scott and Bonk(1984); fig. 5), our detailed mapping, and
reconnaissance observations made outside of our mapped area, this zone appears to extend
northwestward across the potential repository area. To the southeast, the Sundance fault system
appears to project into a conspicuous set of nonhwest trending faults that occurs directly southeast
of the southeastem margin of the potential repository arca (fig. 5). If these previously mapped
suuctural features are the nonhwestern and southeastern extensions of this same northwest-
trending system, it may extend over a distance of at least 3 km (1.9 mi, fig. 5).

Geometric relations between attitudes of lithostratigraphic units, fault slips, and
topography have resulted in map pattems that are incompletely understood. Relative age relations
between the "Sundance fault system" and the Ghost Dance fault system also remain unresolved.
Some 6 eld relations suggest that the strike of the nonh trending fault system was locally influenced
by a pre-existing northwest structural fabric. Other field observations suggest that steeply dipping
faults of the Ghost Dance fault system may be displaced in an apparent right lateral sense by at
least 52 m (170 ft).

Additional detailed mapping, particularly along east-west trending profiles, in concert with
reconnaissance mapping along inferred northwest and southeast extensions will signi6cantly help
clarify map pattems, relative age relationships of fault systems, and termmations of the "Sundance
fault system".
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SIGNIFICANCE OF THE GHOST DANCE AND
SUNDANCE FAULTS, '

SITE CHARACTERIZATION.

GHOST DANCE FAULT AND ASSOCIATED FRACTURE
FEATURES RECOGNIZED FOR 10 YEARS; DETAILED
MAPPING IN SMALL AREA DURING LAST TWO YEARS

i SUNDANCE FAULT: ZONE OF FAULTING AND ,

i FRACTURING APPARENTLY COINCIDING WITH
FRACTURE / FAULT TRENDS MAPPED 10 YEARS AGO; jl

DETAILED MAPPING IN RESTRICTED AREA WITHIN LAST 6
|MONTHS (SCALE = 1": 20')-

ESF N/S MAIN DRIFT WILLINTERSECT BOTH
FEATURES

SURFACE AND SUBSURFACE TESTING
PROGRAMS ESTABLISHED FOR EXAMINATION OF THESE
AND OTHER SIMILAR FEATURES

SITE SUITABILITY ISSUE: TOO EARLY IN SITE
CHARACTERIZATION TO DETERMINE IMPACT; LIKELY
SIMILAR FEATURES WILL BE FOUND WITH CONTINUED

! SBT AND ESF PROGRAMS -

| DRAFT
= = = = = .

-

.
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SIGNIFICANCE
.

SITE SUITABILITY CONTINUED
,

'

- REPOSITORY AREA OR SIZE / CAPACITY MAY BECOME
AN ISSUE IF PROBLEMS ARE ENCOUNTERED WITH

. PERFORMANCE OF THE NATURAL BARRIER SYSTEM.
4

- TESTING OF THE PERFORMANCE OF THE NATURAL !

BARRIERS, FAULTS, ETC., WILL REQUIRE i
SUBSURFACE EXPOSURES AND TESTING IN THE ESF. !

- PERFORMANCE EVALUATION VIA TSPA WOULD |
FOLLOW TESTING AND EVALUATION OF THE NATURAL !
SYSTEM IN THE ESF |

- THUS, IT IS TOO EARLY TO ADDRESS SUITABILITY
ISSUE '
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CHARACTERISTICS OF THE GHOST DANCE -
SUNDANCE FAULT / FRACTURE SYSTEMS

'

,

!

SOME GENERAL COMMENTS AND |
OBSERVATIONS CONCERNING STRUCTURE
OF THE YUCCA MOUNTAIN AREA

4

- REGIONAL SETTING
- 3-D GEOLOGIC MODELS

,

- SCOTT AND BONK
- SE PLUNGING SYNCLINAL CHARACTER OF YM
- TOPOGRAPHIC EXPRESSIONS OF KEY STRUCTURAL

FEATURES: WATCH THE HORIZON NEXT TIME
- NW/SE FAULTS, N/S ORIENTED FAULTS, E/W ORIENTED

FEATURES, SURFACE DRAINAGE PATTERNS

4NEQRMATiON COPY',
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CHARACTERISTICS OF THE GHOST DANCE
FAULT AND FRACTURE SYSTEM

FIELD MAPPING PROGRAM
- USGS/SAIC SCALE = 1":20'(240")
- FIELD MAPPING 1992,1993, SEE ATTACHED MAP
- MAPPING FOR FY'94, FOCUS ON COMPLETION OF '93

MAPS AND PAVEMENT STUDY
- PAVEMENT STUDY AT GDF, MAP AT 2 SCALES

a) 1" : 20' BY SAIC, b) 1" : 5' BY BUR. REC.

- MAPPING FOR OUTYEARS: ASSESSMENT OF MAPPING
STRATEGY IN PROGRESS

MAY MAP AT COARSER SCALE DURING FY'94 AS
TEST TO DETERMINE EFFICACY OF SCALE
CHANGE.

HOPE TO CONDUCT FIELD RECON, HIGH-GRADE MAPPING
TARGETS, IDENTIFY AND MAP ADDITIONAL FEATURES

""^***c
BRAFT
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| SUNDANCE/ GHOST DANCE
i MAPPING EXERCISE

,

CONDUCTED UNDER
:

.

STUDY 8.3.1.4.2.2,
Structural Features in the Site Area

. .

Richard Spengler, group leader /section chief for
,

the Rock Characteristics Program,
United States Geological Survey

These presentation materials constitute synthesis of preliminary data generated
by R. Spengler and coworkers. Any misrepresentation or misinterpretation of
these data is the responsibility of M. C. Tynan.
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CHARACTERISTICS OF THE GHOST DANCE
>

FAULT AND FRACTURE SYSTEM
,

RECOGNITION CRITERIA / CHARACTERISTICS,

- SERIES OF MINOR NORTH TRENDING PARALLEL TO
SUBPARALLEL FAULTS WITH SMALL OFFSETS
FLANKING MAIN GHOST DANCE FAULT '

- CONSTITUTES 360m (1200') WIDE SYSTEM
- SURFACE LINEAMENTS ON AIR PHOTOS

,

- TOPOGRAPHIC EXPRESSION EVIDENT '

- BRECCIA AND FRACTURE EXPOSURES
- APPARENT VERTICAL OFFSET, MAIN GHOST DANCE

-10s OF METERS; MINOR FAULTS WITH FEW METER :

RANGE OFFSETS

e

!
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; CHARACTERISTICS OF THE SUNDANCE
'

FAULT AND FRACTURE SYSTEM

RECOGNITION BASED UPON
- ABRUPT BEDDING DIP CHANGES
- CLOSELY SPACED NW SHEARS , SMALL OFFSETS

- BRECCIATION ASSOCIATED WITH NW SHEARS ;

- DECREASE IN APPARENT VERTICAL OFFSET ON GDF !

- APPARENT R LATERAL OFFSET OF GDF, ANTLER ,

I RIDGE ,

- EVIDENCE OF NE-SIDE-DOWN OFFSETS
,

n

l

i

~
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CHARACTERISTICS OF THE SUNDANCE
FAULT AND FRACTURE SYSTEM

274m (900') WIDE SYSTEM
NEAR VERTICAL DIP
N30-40W TRENDING
OFFSETS GDF, APPARENT RIGHT LATERAL

.

BY 50m+ ON N SIDE ANTLER RIDGE
'

RECOGNIZED IN SURFACE MAPPING WITHIN
EXPOSED TIVA CANYON TUFF

.

TRENCHING DEMONSTRATES NO OFFSET
| IN LATEST PLEISTOCENE TO HOLOCENE AGE

UNITS
|

DRAFT m em uariancoe.c
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SITE CHARACTERIZATION PLANS: KNOWN,
NEWLY RECOGNIZED, AND YET-TO-BE-'

RECOGNIZED FAULT SYSTEMS
t

TECTONICS
- PROBABILISTIC SEISMIC HAZARD ANALYSIS (PSHA, I.E.,

THE LIKELYHOOD OF OCCURRENCE OF AN EVENT) WILL ;

ADDRESS DISPLACEMENT AND GROUND MOTION
HAZARDS FOR FEATURES AT ALL SCALES

- PLANNING TO ASSESS QUATERNARY ACTIVITY
APPEARS SUITABLE AGE QUATERNARY DEPOSITS ARE LACKINGa
WITHIN THE REPOSITORY AREA FOR DEFINITIVE ASSESSMENT
ASSESSMENT MUST BE BASED ON HISTORICAL EQ DATA,
MODELING, AND ANALOG DATA FROM SITE AREA ;

,

- EXAMPLE: PROBABILITY OF EVENT (EARTHQUAKE) OCCURRING ON
SOLITARIO OR PAINTBRUSH FAULT = 1/10,000 TO 1/100,000 ANNUAL
PROB.

.

GDF AND SDF MUCH SMALLER FEATURES, EXPECTED MUCHa
LOWER PROBABILITIES OF OCCURRENCE ,

h @ FORMATION COPY':
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TECTONICS (CONTINUED)

DOE maintains :
- Reasonably available technology allows for design of

tunnels to accommodate fault displacement
- Will avoid significant (Type I ) faults in placing of waste

containers
- Presence of Type i fault (subject to displacement; may affect

design / performance structures systems components) is not a
disqualifier

- investigations are to be conducted to determine if GDF or
SDF are Type i features; will map and determine length,
etc.; will encounter and test, if present, in ESF

.

- Robust MPC concept; identify design concerns; perform
; design analysis

| - PA process model to be developed to determine effects,
; if any
| - Develop fault length screen

kl
-- . . . . . . . - .
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SITE CHARACTERIZATION PLANS: KNOWN,
'

NEWLY RECOGNIZED, AND YET-TO-BE- :

RECOGNIZED FAULT SYSTEMS
,

HYDROLOGY
- SURFACE AND SUBSURFACE TESTING PROGRAM :

ES~ABLISHED TO UNDERSTAND HYDROLOGIC
CHARACTERISTICS OF FAULTS ENCOUNTERED AT THE
SITE

- FRACTURE DATA BEING COLLECTED FROM -

n SURFACE MAPPING EXERCISES
'

n ESF MAPPING STUDY
,

l n BOREHOLE CORE DATA
,

- FRACTURE INFORMATION AND HYDROLOGIC
CHARACTERISTICS WILL BE INCORPORATED INTO

n HYDROLOGIC MODELS
1

n DESIGN OF ESF :

n ROLL INTO PA ANALYSIS

DRAFT wonwnon com
|
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SITE CHARACTERIZATION PLANS: KNOWN,
NEWLY RECOGNIZED, AND YET-TO-BE-

RECOGNIZED FAULT SYSTEMS

DESIGN OF ESF AND REPOSITORY
- ENHANCED ESF DESIGN IS FLEX 1BLE AND ALLOWS

,

FOR UTILIZATION OF RAll DELIVERY SYSTEM IN THE
POTENTIAL REPOSITORY

- ROCK QUALITY INFORMATION WILL BE
INCORPORATED INTO ESF DESIGN ANALYSIS IN
DEVELOPMENT OF TUNNEL CONSTRUCTION SUPPORT
SYSTEMS

- SUNDANCE AND GHOST DANCE BOTH WILL BE
EXAMINED WITH CURRENT DESIGN PLAN FOR
EXPLORATORY STUDIES; HYDROLOGY AND OTHER
CHARACTERIZATION STUDIES WILL BE PERMITTED BY
ESF LOCATION FOR BOTH FEATURES

- NO REGULATORY REQUIREMENT EXISTS FOR
STANDOFF DISTANCES IN DESIGN OF THE ESF OR
REPOSITORY; STANDOFF IS A DOE ASSURANCE

- NO MAJOR IMPACT ENVISIONED FOR ESF |

DRAFT .=w=ouo,z ;
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TOTAL SYSTEM PERFORMANCE |
'

ASSESSMENT: FAULTS AND SITE
CHARACTERIZATION PLANS

t

TSPA WILL TREAT ALL ELEMENTS
OF THE SYSTEM

- TOO EARLY IN SITE CHARACTERIZATION PROGRAM TO
DETERMINE IMPACT ON PA ISSUES, GIVEN GDF AND
-SDF SYSTEMS. ADDITIONAL SIMILAR FEATURES
LIKELY.

.

- AWAIT CHARACTERIZATION OF FAULT FEATURES.ON.

INDIVIDUAL BASIS, MODEL DEVELOPMENT AT
SUBSYSTEM AND PROCESS LEVELS, AND
ULTIMATELY, TSPA FOR DETERMINATION OF SITE
SUITABILITY ,

!

"PRELIMINAllY DRAFT" |.
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SIGNIFICANCE OF THE GHOST DANCE AND
SUNDANCE FAULTS, SITE

CHARACTERIZATIONi

SUMMARY:
- These fracture and fault trends have been recognized for

ten years; detailed mapping began in 1992
- Additional features may be encountered
- Hydrology testing program well established
- Tectonic implications: low probability of significant

; earthquake on these minor faults '

- No Design impact expected for ESF .
.

- North / South main drift will intersect both features;;

surface and ESF testing expected '

- Determination of site suitability will follow rigorous |
planned testing program, and Total System Performance |
Assessment (TSPA) |

" PRELIMINARY DRAFT"
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CURRENT ACTIVITIES

o SITE CHARACTERIZATION FOR THE ESF
The current site characterization effort for the ESF uses.
boreholes, trenches, and geophysics to characterize the
rocks that the ESF will be excavated in. The effort
considers known faults and recognizes that unknown faults
may exist. Where faults may pose a particular problem in
design and construction, such as the Bow Ridge Fault,
special efforts are made in characterization. Site
characterization for the ESF will continue as the ESP is
excavated, with special attention paid to faults. Some
activities have already taken place in the Starter Tunnel,
including mapping and construction monitoring. Geophysical
methods may prove to be useful in finding some of the
heretofore undiscovered / unknown faults.

o DESIGN & CONSTRUCTION OF THE ESF
.

The design & construction efforts for the ESF also consider
known and unknown faults. Again, the Bow Ridge Fault serves

.

as an example. There is more tunnel support designed for
this zone, and special consideration is being given to the
excavation methods in this zone.

o SITE CHARACTERIZATION IN THE ESF
The site characterization efforts to be conducted in the ESF
always recognized that faults would be encountered, and that
some of these faults would be unexpected. Many activities
in the ESF will concentrate on faults because of the
potential impact of faults on the performance of the
proposed repository. One specific activity is
8.3.1.2.2.4.10, Hydrologic Properties of Major Faults
Encountered in the ESF. Nine faults that are expected to be
to be intersected by the ESF are listed in the planning
document for this activity, as well as a tenth item "All
major faults not previously identified". In addition,
activities already started in -the Starter Tunnel, such as
mapping and construction monitoring, will continue in the
ESF with special attention paid to faults.

.
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Table 1 -

Tiva Canyon Textures related to Stratigraphic Position
(South Flank of Antler r 'ge, Yucca Mountain. Nevada) *

by F.R. Singer and F.M. Byers, Jr.

Dev'I$tiflba'tlAri T$UOrhs 1
4

zone: - shard ,

' ' TSha'''Bo[p| Notes: Uncluding pumiceh* ~" ' " 1 Morphology . ' Sliard 'Walli , rd

J Upper Ctff - Slightly - Indistinct isimilar to - Microgranular - Coarse granophyra and vapor-phase
' curved to clinkstone) minerals line pumice cavitias

straight - First appearance of biotite and
plagioclase

< - Moderately to densely weldad
- Phenocryst content increases upward to

10 %

C

; Upper Lithophysat i - Slightly - Indistinct (similar to - Mottled light and dark gray microgranular - Pumice contains coarse granophyre,a.:.... .,

6 curved to clinkstone) - Light areas are microcrystalline axiolitic, tridymite and alkali feldspar
straight and coarsely microgranular. These areas - First appearance of clinopyroxene

also contain abundant tridymite-filled - Moderately welded

vesicles - Phenocryst content increases upward to
- Dark areas are charged with opaque 5%.

oxides

Clinkstone ~ - Slightly - Indistinct, thick jackets of - Niicrogranu!ar and coarsely exiotitic - Increase in disseminated fine-grained

curved to cryptocrystalline and dark. - Decrease in brown. finely fibrous axiolitic opaque oxides

straight grainy aggregates outline devitrification - Groundmass has a grainy or dirty

former shard boundaries appearance
- Destruction of primary shard boundaries
- Moderately welded
- Phenocryst content 1.0 - 2.0%

Lcwer IJthophyset7 - Slightly - Distinct ranging from thick - Finely microcrystalline to coarsely - Marked flattening of shards (moderately

curved to opaque cryptocrystalline to exiolitic welded)
straight thin filamentous walls (these - Increase in brown, finely fibrous axiolitic - Dense, dark brown, microcrystalline

- Y-shaped contrasting thin and thick- devitrification clots are scattered throughout the

with acute walled st ards irr.;,c-t a groundmass

intrashard patchy [m,tt'sdl aspect to - First appearance of tridymite-filled
angle |-GO*) the groundmass) microvesicles

>

' - Phenocryst content 1.0 - 2.0%

| {{Nkly[ - Curved - Distinct, thin. - Finely microcrystalline to coarsely - Weak to moderate compaction (welding)

- Irregular cryptocrystalline, axiolitic (devitrification is contained with slight preferred orientation of

- Y shaped filamentous wans within shard waits) shards

with large - Brown, finely fibrous axiolites - Phenocryst content 1.0 - 2.0%

intrashard idevitrification cross-cut shard walls)
angle
( > GO*)

DRAFT16
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Arrumeer # 7

STATUS OF U.S. GEOLOGICAL S'URVEY GEOLOGIC SURFACE MAPPING
OF STRUCTURAL FEATURES

The Rock Characteristics Section of the U.S. Geological Survey - Yucca Mountain
Project Branch (USGS-YMPB) has completed the first stage of review of d. ailed
surface geologic mapping at Yucca Mountain. Some preliminary conclusions can
now be finalized; others have been identified as needing further work.

The completed technical review confirms that the detailed mapping is very precise. ,

The location of outcrops and other features can be confirrned independently within
a meter.

The review confirms that the Ghost Dance fault zone consists of a main fault, as
shown by Scott and Bonk (1984), and several small subparallel faults of minor
displacement. The latter were previously unrecognized. The fault zone can locally
be shown to be at least 120m wide and locally may be as wide as 400m.

The review confirms the existence of a previously unrecognized northwest
trending fault (the Sundance Fault). And the review confirmed that a
microstratigraphy exists within the Tiva Canyon tuff that can be used to define
structural features.

Several important questions, however, remain to be resolved. How does the
current microstratigraphy compare to that of Scott and Bonk (1984), and is it
parallel to bedding? What is the actual length, width and offset of the Sundance
Fault or fault zone? Are all of the small discontinuities show on the detailed map
properly interpreted? Can the width of the Ghost Dance Fault zone be defined or
is it a matter of semantics? That is , are minor north-trending faults a common
feature of the mountain such that the west edge of the Ghost Dance zone grades
into the east edge of the Solitario Canyon zone?

b dds
The final conclusions drawn from the reviewed workfdo not suggest major new
seismic or tectonic findings. The findings may have, however, significance for
fluid flow (both gaseous and liquid) into or out of the potential repository and
Exploratory Studies Facility (ESF) design / construction. The USGS-YMPB would
like to meet sometime in June with hydrogeologic modeling, performance
assessment and ESF design / construction staff to discuss potential significance to
site suitability of confirmed results and unconfirmed- but-likely results (based on
converging lines of evidence from surface mapping, surface geophysics and
vertical seismic profiles.) At this time the unconfirmed results suggest that the
minor faults being mapped at the surface do extend to depth.

#t' n L.tl y ...
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Table 1. Hierarchy ci stratigraphic and symbol nomenclature (Sawyer and others,in
press).

Previous Nomenclature Revised Nomenclature
PaintbrushTuff(Formation) Paintbrush Tuff Group

Tiva Canyon Member Tiva Canyon Tuff (Formation)
Yucca Mountain Member Yucca Mountain Tuff (Formation)
Pah Canyon Member Pah Canyon Tuff (Formation)
Topopah Spring Member Topopah Spring Tuff (Formation)

Stratigraohic and symbol hierarchy
1 Age T_ Tertiary

1 Group a Paintbrush Group
)_ Formation t Topopah Spring Tuff

4. member (informal)a t crystal-rich member |

change in magma chemistry
or eruption dynamics
15 zone v. Vitric

6:1 subzone i vitrophyre subzone I

1 3, interval

Example: Tpepinc2- Tiva Canyon Tuff, crystal-poor (member), lower nonlithophysal
(zone), columnar (subzone), clay-altered pumice (interval)

* Age to member hierarchy are proposed by Warren and others (1989a) and Sawyer and
others (in press); zone, subzone, and interval proposed in this report.

PRELIMINARY DRAFT l
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Zones of welding (W) Zones of crystallization (C) Phenocryst content (P)

E Moderately to Densely
d' Devitrified / Devit. + vapor-phase mins. t > 10 percent(o-lithophysse)

@ Partially to moderately || Vitric / Vitric + vapor-phase mins. E 5- 10 percent
Q Partially

C < 5 percent
C Nonwelded

Tiva Canyon Tuff (Tpc) Topopah Spring Tuff (Tpt)
(100 - 150 m thick) (250 - 350 m thick)

.W.C P .W.C P
Crystal rich member

D su vitrie zone h I
\c4_ -

n nlithophysalzone
E g

I_

;g lower transitim lithophysal zone c: 4
:= _ _. _ subzone gi: _

| Crystal-poor member o
upperlithophysal zone y

__

5 mostly low-angle fractures with 5 (
rough fmetures 3 |

___ ___ E.;--

middle nonlithophysal zone y I

C OC mostly high-angle fractures with

k very smooth surfaces k
.

|
lowerlithophysal zone

mostly low-angle fractures with
rough fmetures

~~ ca

lower nonlithophysal zone
backly subzone - mostly low-angle
fractures with very rough surfaces y

subzones not divided

a columnar subzone - mosdy high- CL

angle fractures with smooth surfaces

( Vitric zone g
vc
.:

1

- - _ _ - _ _ _ _ _ _ _ _ _ _ .s
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Depth Depth Depth

in feet UZ-14 in feet NRG-6 in reci
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n

_
_ _

-

'
A "
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Table 5. Correlation of lithologic, thermal-mechanical, and hydrogeologic units on the
basis of the revised lithostratigraphy,

Lithologic units Thermal-mechanical units Hydroreologic units
PAlffrBRUSH GROUP
Tiva Canyon Tuff (Tpc) Undifferentiated Unconsolidated
crystal-rich overburden Surficial Materials

vitric (UO) (UO)
nonwelded (rv3)
moderately (rv2)
vitrophyre (rvi)

nonlithophysal
crystal-poor

upperlithophysal Tiva Canyon Tiva Canyon Unit
middle nonlithophysal welded unit welded
lowerlithophysal (TCw) hydrogeologic unit
lower nonlithophysal (TCw)

hackly
columnar

vitric
vitroohyre (ov311
moderately welded,

devitrified (pv2)
partially welded to
nonwelded, vitric (pv1) Upper Paintbrush Paintbrush unit <

nonwelded unit nonwelded CC
Opre-Tpc bedded tuff (Nn) hydrogeologic unit

Yucca Mountain Tuff (Tpy) (Nn) y
pre-Tpy bedded tuffs 4

Pah Canyon Tuff (Tpp) z
pre-Tpp bedded tuffs g

Topopah Spring Tuff (Tpt) hcrystal-rich CC,

vitnc CL.
nonwelded welded (rv3)
moderately welded (rv2)

incioient devitrified
vitrophyre (rvi)

nonlithophysal Topopah Spring welded
lithophhysal umt lithophysae-rich Topopah Spring

crystal-poor (TSwl)2 welded |

unoer lithoohysal hydrogeologic
middle nonlithophysal Topopah Spring welded unit unit (TSw) |

lowerlithophysal lithophysae-poor j
lower nonlithoohysal (TSw2) l

vitric Topopah Spring welded unit |
'vitroohyre (ov3) vitroohyre (TSw3)

moderately welded (pv2)
nonwelded (pyl) Calico Hills and Calico Hills i

'

Lower Paintbrush nonwelded
CALICO HILLS FORMATION nonwelded unit hydrogeologic

(CHn1) unit (CHn)

Notes: 1

1 - Where preserved, the base of the vitrophyre subzone forms the base of the TCw thermal-mechanical and I

hydrogeologic units. ;
2 The TSwl-TSw2 contact is where the amount of lithophysae changes from greater than to less than 10 |

percent of the total rock volume (Oniz and others,1985). This change in the amount oflithophysae l

occun up to 30 meters above the upper lithophysal-middle nonlithophysal zone contact as identified by 1

multiple critena.

. -
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PRELIMINARY DRAFT
Field units Field units Surface and subsurface units

(Spengler and others,in press) (Scott and Bonk.1984) (this report)

czprock zone: (ccr) caprock zone: (ccr) crystal Heh unit: (cr...)
not mapped in study area thickness 2fx m 1015 % phenocrysts
15 % phenocrysts 15 % phenocrysts (S = P = Q)(B > CP = H)(Sp)

(S * P * Q)(B > CP = H)(Sp) (S * P = Q)(B = CP = II)(Sp) B in matrix
nonweided to densely welded mixed pumice: mixed pumice; light gray (N8-9)
witric, but base is devtrified "more" manc: medium light gray (N6) medium gray (N6)

red brown colce (5YR5/2) (s 5 cm diameter) very dark yeDowtsh orange
mixed pumice "more' silicic: light gray to white (N8-9) (10YR&8) |

(s 30 cm diameter) i

Subzones: vitrie zone: (cry...) I

nonwelded subzone - nonwelded to densely welded |upper clift zone: (cuc)
thickness 10 35 m Subzones: iincludes partially welded

I(S e P)(B > II)(Sp) y tric, abundant mafic pumice - n n-welded to partially welded (v3)
suhedral ory-biotite in matrix moderately welded devitnSed base ---- moderately to densely welded (v2) |

mixed pumice: s 15 -20 cm diameter
vitrophyre subzone -\ locally devitrined |

light gray (N8-9)
t anWce -vitropbyte (vI) |a

"
very dark yellowish ( 8) n nlithophysalzone:(crn .)

b c
ISRM Hardness: I nsely to partiaHy welded ,yellow-brown devit. subzone (10YR6/2)-
Subzones: (subzones not mapped) devitrified with vapor-phase mineralsg gc

small(s3 mm) cavities in pumice and7 - 15 % phenocrysts brown-gray devit subzone (5YR&l) -
Roughness coemelent: 7 18 matrix, these are not lithophysacgg p
st bvitrophyre pumice-rich subzom * " ' ' '

s 15 % lithophysac, s 5 cm
pumice-poor subzone - subvatrophyre transition (n4)(2.5 YRS 2)

pumice rich subzone - pumice-poor (n3) (10R4/2)
subzone not speciGed - mixed pumice (n2) (10R6/1)9 upped @ WWnD @W'" '

upper cliff zone: (cuc) 8 - 12 % phenocrysts6-10 m above contact g
5 - 7 % phenocrysts minorlithophysae
Roughness coefficient: 36 Y, Y g :s10 % white pumlee

rhyolitic: 12 - 15 % phenocrysts
lithic clasts: light gay (N7) to moderate very rare, very dark yeDowish orange

(S = P)(B s)(Sp)
(10YR6/8)red (SRS4)(s 1 % of rock) cognate pumice,al - 2 cm

pumice: smaller and fewer than above
5 - 10 % lithophysme,10 - 50 cm crystal-poor zones: (cp...)lithophysae: long axis = 3 - 100 cm

aspect ratio 1:1 - 3:1 s 5 % phenecrysts (S)(H > B)(Sp)
pumice: light gray (N8-9)

rare, very dark yellowish omnge

(10YR6/8)

upper lithophysal zone: (cpul)
moderately to densely welded

upper lithophysal zone: (cul) devitnfied with vapor-phase minerals

thickness 15 - 25 m pumice: light gray (NB-9)
very rare, very dark yeuowish orange2 - 5 % phenocrysts

(S)(B > if)(Sp) upperlithophysal zone: (cul) (10YR6/8)

11in matrix, but not B thichne 5 - 35 m lithophysme: 5 40 % of rock
10 - 30 cm diameterRoughness coemelent: 6-10 rbyolitic;1012 % phenocrysts
1 - 5 mm-thick light-gray (N8) rimsISRM Hardness. II (S)(B s)(Sp)

Pumia: mostly light gray (N8) cognate pumice,0.2 - 2.5 cm high-angle fractures are rare

6 10 m from top, minor amounts of 10 20 % lithophysne,10 - 30 cm moderately rough surface fractures
Subzones:very dark yellow brown (10YR6/8) convolute with gray (N8) rims

lithopy a 30-50 % spherulite-rich subzone (td1)

0.5 - 30 cm, aspect ratio 1:1 - 3:) spherulites are weu defined and
I - 3 mm diametersubrone:

sphendites,1mm dia., well developed relatively smooth surface fractures
rare lithophysac= 2 - 4 m thick near base
subzone is 2 -4 m-thick and

1 - 3 m abore base of epul
lower transition interyal of few small

lithophysse = 1 -3 m thick

. _ _ _ .- - - - _ - _ - _ _ _ - _ - - _ - - _ - - . - - . - . . - - -__
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clinksione zone: (cks) clinkstone zone: (eks) middle ninlithrphys-1 z:nr (pmn)
thickness 20 30m locally rounded step (crs) moderately to densely welded

2 - 5 % phenocrystr (S) thickness. 0 55 m devitnfied with minor amounts of vapor

Roughness coefnetents rhyolitic; 8-12 % phenocrpts phase minerals along fractures

2 4 near top,2 8 near base (S)(B tr)(Sp) high-angle fnictures common
concoidal fracture cognate pumice.0.2 2 cm smooth surface fractures

ISRM liardness: 11 111 concoidal fracturt Pumice: light gray (N8-9), but very

lithic clasts.O - 6 m above base no lithohysse, but locally a difficult to recognize because of

light gray (N8) to moderate red middle lithophysal subzone crystallization in groundmass

(5R5/4), and 2 - 30 mm diameter lithophysae: trace amounts

rare lithophysse (s 1%) locally s 2 % in lower 4 m

locdly, nuddle lithophysal subzone Subzones:

1 - 20 cm, aspect ratio s 4:1 lower and upper (mni and 3)
lithophysy hearing (mn2)
lower trrution interval (= 3 m thick) of

small scale poorly developed hackly
fractures and s 2 % lithophysae

lower lithophysal zone:(cil) lower lithophysal zone: (cil) lower lithophysal zone: (pil)
moderately to denscly weldedthickness: 5 - 10 m thickness. 0 - 25 m
devitnfied with vapor-phase minerals2 - 5 % phenocrysts rhyolitic; 6 - 8 % phenocrpts
minor high-angle fractures

(S) (S)(B tr)(Sp)
511 htly rough surface fracturesERoughness coefficient: 8-12 cognate pumice,0.2 - 1.5 cm

fractures break through groundnuss 10 15 % lithohysne.1 5 cm Pumice: light gray (N8-9), but difficult
to recogmze due to crystallization intextures and lithophysac sperical to oblate

ISRM liardness: I pinkish-gray (5YR 8/1) margins gamdmass

2 - 10 % lithophysse around lithophysac lithophpae =2 % in upper 12 m
5 - 10 % in most of urutmaximum size = at15 cm hackly fracturt near base

0.5s4 cm (ave), aspect ratio s 241 up to 6 cm, commonly 5 2 cm
light gray (N7) rims,1 - 4 mm wide

lower nonllihophysal zone: (pin. )
moderately to densely welded
devitrified with minor amounts of vapor

phase minerals along fractures
no lithophysae, except locally near top
Subzoness
hackly subzone: (pinh)

h:ckly zone: -(ch) hackly zone: (ch) minor high-angle fractures 1

'truckness > 20 m thickness. 2 - 26 m rough " hackly" surface fractures
2 - 5 % phenocrysts: (S)(D)(Sp) thyolitic; 6 - 8 % phenocrysts pumice: light gra) (N8-9)
Roughness coefficient: 12 18 (S)(B tr)(Sp) lithophysae: s 2 % in upper 6 m
ISRM liardness: Ill cognate pumice,0.2 2 cm r columnar subzone: (plac...)
lithophysae occur locally, near the top intgular hackly fracture / high-angle planar fractures

breaks into pieces ! - 5 cm diarneter j ,

are common
smooth surface fractures ),

I9 subzones, based on pumice:
# devitnfied, grayish brown

/ (5YR3/l)(c3)

/ clay-altered, pink (5R6/2)(c2)
vitric, black (N3)(cI) l

c:lumnar zone: columnar zone: (cc)
not included in the study thickness. I1 -31 m vitrie zonet (cpv .)

rhyolitic;5 8 % phenocrysts nonweided todensely welded

(S)(B, Sp rare) Subzones:

pastially glasay viuopbyre (v3)(local)
cognate pumice. 0.2 - 1.5 cm matnx, sbards and pumice are fumi

Subzones: fractures across grain boundaries

PREUMINARY DRAFT
''" 9""* *"b=""' cau " *'''''' '" *"*'' **'d'd (' 2)
nattened pumice subzone locally devitnfied with v p nunerals

deritnfied (cot stated) matrix, shards, and pumice are

nonwelded subzonc mosdy fused, but identifiable

vitric fractures across most boundaries
non-welded to partsally welded (v 1)

fractures along grain boundaries

. - _ _ _ _ . - . - _ _ _ ._
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Figure 1.2 Comparative stratigraphic tenninology in common usage at Yucca Mountain.
modified after Scott and.Bonk (1984) for the immediate repository vicinity; 2fromi
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Ornz and others,1985. ' Thicknesses and " weathering profile" are highly sche-
matic; character varies with location.
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Completed and Proposed
FY93/94 Geophysics Testing Program

Not Shown -

N!$ ESF Geophysics Testing:
NRG 2c NRG-2 e-.-- Reflection / Refraction
NRG 2d ._

N RG-3 s

NRG 6 & 7
* Shallow Reflection Profile

NRG-4
* * *-- S R G- 1 ,

* Testing / Existing Wells ,
- 4-Seismic

e Planned Boreholes NRG-5 Re ecti n
ESF Alignment

--- s UZ-16
Q GeophysicalLogs N

Zero-offsetCompleted ,' VSP N
& Ground VSP

Geophysical Logs
Proposed,4/94 / g #,

SRG-3
| UZ-7a \

. tx

| NRG-7
--

Ghost Dance Fault _

V 8" /
~

)
V/ i (

1 SD-12A* WT-2 / \f
\i l \ SRG-4

,

'

I SD-9 J SD-10 d
UZ-14 % g
* N

[ Shallow Reflection h3Yucca CrestN
/*

Profile
f f

*Potent al UZ6 7 / I
Repos tory Boundary N Q ./s _

%
% ,# LYOTRD8 2.CDR.124/4-18 94

L__________ _ _ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Proposed Schedule For Geophysical Logging
in NRG-2a,b,c,d, 6, 7, and UZ-16 Boreholes

Log Type Start End Depth - * '' / NE % #gg ng *

Company Comp Apr-17 | ' Ap.- : L | - W ql. j -M rr-46
Nioliilirations I ! Apr-21-1994l \tav-12-1944l ! 26I

!)f ast truck f Apr-21 1994! Am22-1994 100 E

! Nurnar I Apr-21 1994! Apr-22-1994| I 100 E

IBPB | Apr-28-1994| Apr-29-1994 I OI E

SWS I May-02-1994 Ma y-04-1994 I 0' M

BWS I May-05-1994 May-12-1994 0' |
W -16 | Nmnar I Apr-21-19941 A pr-22-1994 i 1686 100 ,E

1686 | 100| ,E |
.

Apr 21 1994 f Apr-22-1994INMR Nurnar

NRG 6 {Numar. SWs
Apr 21-1944I \f ay n4-1944! 1100 1 0'

,!Apr-21-1994 | Apr 22-1994 1100 I 01 ENMR ! Numar
'

Densiiv ISWS I May-021994! May 04-1494 1100 l OI ! M

Induction - I WS | May421994 Mg-041994 1100 I OjS

Neutron - ISWS f May-02-1994 M a y-04-1994. 1100 | 0

NRG-2c S 2d |IlPB, SWS. BWS I Apr-2R-1944! Mav-12-1494l 150 ! 0'

Caliper !BPB I Apr-28-1994| May 021994I 150 } O

150 I OI M
Deviniion_ | BPB i Apr-28-1994| May-02-1994

Density WS | May-021994 Ma y-04-1994 150 { 0 M

Induction |SWS I May-02-1994 May-04-1994 : 150 l 01

f O' MNeutron dSWS I May-02-1994l May-04-1994l 150

I WS I May-09-1994 May-12-1994l 150 | O' M
__ Spectral GR B

Video ! BWS ! May-09-1994 May-12-1994 150 l 0| | M

NRG 7/7a !!1PB. SWS. BWS l Apr-2R-1994! May-12-1994 1513 ! O

_ Caper |BPB | Apr-281994 Anr-29-1994 1513 | 0 W

Deviation IBPB ! Apr-28 1994 Apr-29 1994 1513 I O E

Densay I BPB. SWS ! Apr-28-1994 Ma y-04-1994 1513 | 0 M

Induction | BPB, SWS | Apr-28-1994 May 04-1994| 1513 ! O M

! PB, SWS I Apr 28-1994 May-04-1994| 1513 | 0 M
Neutron B

_ Spectral GR BWS ! May-09-1994 Ma y- 12-1994 l 1513 0 M

Viden !BWS f May-09-1994 MaM21994I 1513 0 M

NRG-2a & 2h | BWS ! May 09-1994 Mav-12-1994 | 265/329 0 M

_ Spectral GR fBWS ! May-091994 May-12-1994 I 265/329 | O! M

i l i

i
! !

! i ! | !

I l ! ! l

| ! ! I l

l | !

I I l' 1
:

I ! |

.

| ||

i i i i

! !

I i

BWS=Barbour, SWS= Schlumberger
Printed: Apr-25-1994
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!Study Plan 8.3.1.14.2 Studies to
Provide Soil and Rock Properties

,

.

8.3.1.14.2.1 Exploration Program Study

8.3.1.14.2.2 Laboratory Tests and Material
Property Measurement

8.3.1.14.2.3 Field Tests and Characterization
Measurements Study

.

4

Characterization ofNonlithified Tuffs .

.

.

-

, ,



e

Soil and Rock Properties Studies
!Objectives

.

Geological and Geotechnical Data - Provides Input
to ESF Design

Stratigraphic Cross Sections.

Rock Mass Quality (RQD, Q, RMR).

Rock Mechanical and Thermal Properties.

Detailed Characterization of Localized.

Conditions as Required
'

r

1

Characterization of Nonlithified Tuffs

. _ _ _ - - _ _ - - _ _ - -
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i.

Background -

Six boreholes planned to support North Ramp
| Design (NRG-1 - NRG-6)

NRG-2 indicated potentially incompetent material
(above North Ramp)

NRG-2A drilled to provide stratigraphic control
between NRG-2 and NRG-3

Grade of the North Ramp was reduced

NRG-2B drilled to investigate potentially
incompetent material (lost core in NRG-2)

.

%

Characterization ofNonlithified Tuffs
:

.__m_._m__._._ _ _ _ _ _ - . _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ --T _ -_ ___



Background

Core recovery in NRG-2B successful - material
appeared to be nonlithified and cohesionless

Possible that tuff does have some cohesion and was
disaggregated by the drilling process

Characterization activities planned and NRT-1
excavated and NRG-2C and -2D drilled

|

.

Characterization ofNonlithified Tuffs

- - - - - - - - - - - - - - - - - - - - - - - _ - - _ _ - - - - - _ - - _ _ - _ _ _ - - - _ _ _ _ _ _ _ - . . _ _ _ - - _ _ _ _ _ _ _



|

Issues to be Addressed by Study

Define stratigraphy and tunnellength of the
'

nonlithified tuff
I

Define the engineering properties of the tuff

Evaluate the bearing capacity of the tuff
:

| Demonstrate stand up time

|

|

|
|

.

.

4

Characterization ofNonlithified Tuffs
'

.



. .

d

:

Characterization Activities'

i

Mapping and Geologic logsj .

Bearing Capacity of Soil for Static Load.

'

Sand Cone Density and Nuclear Density -
.

Specific Gravity. .

!

; Moisture Content.

i

Particle Size Gradation.

Liquid Limit.

| Soil Permeability !.

. Empirical Stand.up Tests |
| !

|
;

| <

Characterization ofNonlithified Tuffs
i

_ _ _ - . -_ _ _ - -
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PB110HDMN

Conclusions

,

Stratigraphy of Pre-Rainier Mesa Bedded Tuff and
Rainier Mesa Tuffs defined

Tunnellength of 74 m in Pre-Rainier and Rainier
Mesa Tuff

Pre-Tuff-X also nonlithified - tunnel length of 2-5 m

Pre-Rainier and Rainier Mesa material behave like
a lightly cemented sand with apparent cohesion

.

'

Characterization ofNonlithified Tuffs

__ .. _



MERIM .

Apparent Cohesion due to soil suction is significant
,

component of strength - saturating the soil will
eliminate apparent cohesion

Material properties defined (soil stress-strain-
strerigth properties)

Lateral continuity of material properties can be
inferred from geologic continuity and SPT data

Bearing capacity is 50 ksf for Pre-Rainier Mesa and
100 ksf for Rainier Mesa - M Ll% 4 w ,4 rem

e y p ...
Unlikely that cohesionless running ground will be

encountered - except possibly in limited intervals
that are saturated

Up"A
A sj h *lo

|
Characterization ofNonlithified Tuffs

- _ _ - _ _ _ - _ - _ .. -- . . -- - _ _ - - - _ -- _ -- _ _ -------



F?dlll8W
e,-h tTdH

Stand up tests were inconclusive - no failures were
observed in 4 test pockets

Results of grain size distributions and permeability
,

tests indicate structural chemical grout could be
used to enhance ground stability

' tap Y
. o

( & '-@%W /
''

4

, .

.

Characterization ofNonlithified Tuffs
.

:
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'l

Additional Tests
Saturated bearing capacity tests to evaluate

magnitude of soil suction

Lab strength tests on undisturbed samples
t

|

|

Characterization ofNonlithified Tuffs
~

,-.

.
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;ArrAcunear gu _
1

Engineering Characterization of the pre-Rainier Mesa
and Rainier Mesa Tuffs

|

The following tests were perfonned:

Bearing Capacity of Soil for Static Load.

Standard Penetration Tests.

#

Sand Cone Density.

Nuclear Density.

Specific Gravity.

Moisture Content.

Particle Size Gradation.

.. . Liquid and Plastic Limits, and

Soil Permeability.

.

In addition the trench NRT-1 which was excavated to a depth of
approximately 7 m, served as a demonstration of the capacity of the materials
to stand in relatively high venical walls. An undercut stand up demonstration
test was perfonned in the bottom the trench.

,

i

' PRELIMINARY DRAFT
,

)

$

s

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Conclusions from Engineering Properties Tests

The Stress-Strain-Strength properties of the pre-Rainier Mesa and.

Rainier Mesa Tuffs were defined in sufficient detail to allow the design
of tunnel support systems for these materials

The bearing capacity of the nonlithified pre-Rainier Mesa Tuff and the..

Rainier Mesa Tuffis sufficiently high to support TBM operation
through these materials. (50 ksf).

Apparent cohesion is derived from the capillary tension resulting from.

partial saturation (w=8.5%). Some intervals may be saturated and
exhibit lower bearing capacity and may be cohesionless.

Structural chemical grout may be used to support local zones of very.

low cohesion but an overall ground stability enhancement with
structural chemical grout does not appear feasible or necessary.

Standup demonstration tests did not result in failures..

.

PRELIMINARY DRAFT

'

,

:
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wtsS Title: 1.2.3.2.2.2.1 sYSi t-mat ic AcuuldilON Ur bt I c wcGirlG duodunrhc mrvnmMHva
~

b, hWACH#16AfTgf.5 -(Syst::matic Drillirig Progrcm; SCP # 8.3.1.4.3.1)
,

_

'
NAME: Chris Rautman AFFILIATION: Sandia National Laboratories, Dept. 6115 Phone: 505-848-0707

FAX: 505-848-0789

OBJECTIVE To collect basic geologic descriptions, rock samples, and laboratory measurements of '1ramework" material
properties in a systematic and statistically valid manner from the subsurface within the immediate repository block.

RELEVANCE A basic geologic and material properties description of the repository block is fundamental to (1) locating and
designing the workings of the ESF within the Topopah Spring Member,(2) designing the workings of the potential,

repository,(3) ensuring that pre-closure performance requirements will be met,(4) assessing the likelihood that the
post-closure performance objectives will be met, and (5) preparing the Ucense Application and supporting
documents related to the design and operation of the potential repository.

Completed 4 phases of a major outcrop sampling effort designed to Identify spatial correlation pattems;TECHNICAL PROGRESS -

measured basic hydrologic properties from 5 vertical and 4 horizontal large-scale transects, plus 26 closely
spaced vertical transects through a majorlithologic transition overlying the potential repository horizon
(shardy base of Tiva Canyon Member); quantified vertical and horizontal correlation scales in welded,
nonwelded, and zeolitic rocks.
Identified significant control of hydrologic properties by "microstratigraphic" zonation of major ash-flow.

sequences.
Demonstrated correlation of important hydrologic properties (Ksat, Sorptivity) with matrix porosity across a.

variety of degrees of welding -> use of porosity as " soft" data to improve modeling of other properties.
Conducted successful hypothesis test of deterministic predictions of hydrologic properties as a function of.

;

stratigraphic position within a lithologic transition zone.
Started drilling first SD hole Jan 281994.

'

Drilling, sampling, testing,' and other activities related to the program of drilling proposed in the Study PlanREMAINING .

TECHNICAL ACTIVITIES (SD-1 through SD-12) as may be modified to reflect evolving Prcject design and PA requirements.
Sampling of critical units (Topopah Spring Member, tuffs of Calico Hills) at close-spaced intervals in the.

,

underground facilities of the ESF to refine estimates of spatial correlation of framework material properties in
the horizontal dimension.

Current drilling schedules do not mesh with design-driven demands for data; fundamental design decisionsTECHNICAL ISSUES .

must be made before the necessary drilling, laboratory testing, and release of data can occur.-
Inadequate drilling resources are available to conduct this and other drfiling programs necessary for site.

characterization; long lead-times related to equipment availability are an additional problem.

presented at Yucca Mountain Technical Program Review Meeting. February 14-18.1994 PRELIMINARYDRAFT

C i M%. >%I
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PRELIMINARY DRAFT -- NOT REFERENCEABLE*
.

,

Systematic Drilling Program
(SCP. Study 8.3.1.4.3.1)

The Systematic Drilling Program is ... |
\

A primary source of subsurface data within the repository block j*
l

Engineering information: ESF and repository !-

Geometry of stratigraphic units ;-

Lithology-

Rock characteristics via sampling and testing-

In-situ test facilities-

Closely integrated with PA and design analyses through 3-D models of the site-

Evaluation of data adequacy / geologic uncertainty-

Quantitative numerical models of material properties to support performance and-

design analyses

Ties to Undeground Exploration Program
'

Necessary precursor to location of ESF facilities-

Areal coverage versus intensive detail-

Vertical coverage versus repository-horizon detail-

Exploration of deeper units and transport pathways-

Tuffs of Calico Hills: " primary barrier" to waste migration-

Crater Flat Tuff units: saturated zone-

SDP study plan contains plans for closely spaced sampling in ESF main test-

level and Calico Hills test level

Issue of range of spatial correlation and drill hole spacings-

Required input for 3-D material properties models for design and PA analyses-

Ties to Other Surface-Based Testing Programs

Site focus versus process focus-

" Systematic" complement to feature-of-interest based drilling programs*

Drill hole pattern optimized to rpovide coherent areal coverage and statistically valid-

(unbiased) sampling

Window-of-opportunity for other studies |
-

|
|
,

I digam

.
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PRELIMINARY DRAFT -- NOT REFERENCEABLE .

Other SCP Studies Depending Upon SDP for Samples and Information

UZ Percolation-

UZ Hydrocher .istry-

Mineralogy, Petrology and Chemistry of Transport Pathways-

Site Ambient Stress-

Seal Material Properties-

Laboratory Thermal Properties-

Laboratory Thermal Expansion-

Laboratory Mechanical Properties, intact rock-

Laboratory Mechanica Properties, fractures-

Geomechanical waste package-

3-D Geologic Model-

3-D Rock Characteristics Models-

Specifics for Drill Hole USW SD-12

Location: about 100 ft west of ESF main test level drift-

about 500 ft west of Ghost Dance Fault

along ESF main test level drift, about 2/3 from N to S

Planned TD: 2,300 ft (300 ft into saturated zone)-

Hole Diameter: 12-1/4 inch reamed hole; PQ and HQ core-

Specific Objectives:-

Collect stratigraphic and rock properties data relevant to ESF design-

Collect geologic and matrix properties data within main repository block-

Provide instrumented borehole for establishing a "predisturbance" understanding of m--

situ hydrologic conditions in the unsaturated zone and monitor disturbance of these
conditions as ESF drift is excavated

Depth as of 29 April 1994: 589 ft, upper lithophysal zone of Topopah Spring-

Member, Paintbrush Tuff

.

__ _ _ _ _ _
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Preliminary SD-12 Stratigraphy
INTERVAL UNIT MEMBER

12.9 alluvium0 -

-----------------------------------------------------------------

12.9 - 100.6 non-lithophysal
100.6 - 134.8 lower lithophysal Tiva Canyon
134.8 - 192.2 hackly
192.2 - 238.2 columnar
238.2 - 263.7 shardy base
-----------------------------------------------------------------

263.7 - 266.4 airfall
266.4 - 272.0 bodded tuff unit

yucca mountain (missing)
272.0 - 278.3 bedded tuff unit
-----------------------------------------------------------------

278.3 - 291.5 pah canyon
291.5 - 295.9 bodded tuff unit
--------------------------------- ,------------------------------

295.9 - 324.6 N-PW caprock Topopah Spring
324.6 - 437.1 caprock
437.1 - 560+ upper lithophysal

Preliminary UZ-14 Stratigraphy
UNIT MEMBER

0.0 - 8.0 drill pad fill
8.0 -39.7 Alluvium ALLUVIUM

---------------------------------------------------

39.7 -78.2 Yucca Mountain YUCCA MOUNTAIN
78.2 -102.2 Bedded Tuff

---------------------------------------------------

102.2 - 240.5 Pah Canyon PAH CANYON
240.5 - 265.3 Bodded Tuff
--------------------------------------------------

265.3 - 281.5 non-partially wolded
281.5 - 436.5 Caprock .

436.5 - 680 Upper Lithophysal TOPOPAH SPRING
680 - 779.5 Middle nonlithophysal (gradational contact)
779.5 - 1015.0 Lower lithophysal
1015. - 1278.0 Lower nonlithophysal
1278.0- 1361.8 Basal vitrophyre
1361.3- 1403, partially welded Topopah Spring
-------..------------------------- ;-----------

1403 - 1418 Bodded Unit
1418 - 1744 Tuffs of Calico Hills CALICO HILLS

|-------------------------------------------------------

1744 - 2047 Prow Pass CRATER FLAT l

2047 - 2197.27 Bullfrog

|
:

|

i
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EE FFManagement System
TRW Environmental Safety -

Management & Operating
Contractor Systems Inc.

i

DOE /NRC Visit

May 2 - 5,1994
l
1

, |

|

USE OF SITE DATA IN ESF DESIGN |

|
!

|
!

i

| John H. Pye |
May 3,1994 l

|

$' '

Morrison Knudsen CorporationB&W Fuel Company J ^
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DOE /NRC Visit - May 2 - 5,1994 |,

Use of Site Data in ESF Design
F

I

Site Data Used in the Following Design &| -

: Geotechnical Areas: ,

1 a- ;.,
'

sr$ ~ )
'

- Geological Models'''

- Empirical Estimates Rock Mass Properties

- Laboratory Testing of Core Specimens .

- Empirical Design Methods

- Modeling & Analysis -

anin nnNTRAcTnR
Civilian Radioactive Waste

PRELtMINARY -mssammus2
ana n&O ng

>
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DOE /NRC Visit - May 2 - 5,1994 -

~

; Use of Site Data in ESF Design
~

!

;

Geological Modeling (LYNX System)-

'

Volume Model of ESF Site & ESF Tunnel-

Alignments

Produce Profiles & Sections of Site Geology-

ESF Tunnels

Display Lithostratigraphic or Thermo--

Mechanical Units
-

M&O CONTRACTOR
' Civilian Radioactive Waste

PREL4MINARYmessaan m 32
anage n&o ng

Contractor
,
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'

DOE /NRC Visit - May 2 - 5,1994
Use of Site Data in ESF Design

;

: :

Geological Modeling (LYNX System)-

'

(continued)

Engineering Data-

|-

3D Coordinate System
|

Database - Geotechnical

|

Geostatistical Information

Used to Develop 10 Key Cross-Sectiggg,,,,c,c,
Civilian Radioactive Waste

PRELtMINARYwasamme2
age n&o ng

'

- - _ - .- . -
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: DOE /NRC Visit - May 2 - 5,1994 ~

.

Use of Site Data in ESF Design
;
,

|

Geological Modeling (LYNX System)(continued): -

i

| Used to Determine Line & Grade of North
Ramp

i

Used to Locate Test Alcoves
1

F

Define Physical Extent of the Thermo-
,

Mechanical Units on TS North Ramp
Alignment

M&O CONTRACTOR
Civilian Radioactive Waste

LV.ESSB.JHP.5/94-632anag n&O ng '

- . - --
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'

! DOE /NRC Visit - May 2 - 5,1994
Use of Site Data in ESF Design'

:

:

Empirical Design Methods-

- Rock' Mass Quality "Q" i:NGI)
i

,

- Rock Mass Rating i RMR)

Used to Determine Range of Anticipated
Tunneling Conditions

:

- Rock Support Recommendations ,

- Develop Site Specific Ground Support
'

Categories
ua0 CONTRACTOR

Civilian Radioactive Waste

LV.ESSB.JHP.5/94-632

Contractor ,

o



TUNNELING QUALITY INDEX Q _

0.001 0.01 0.1 1.0 4 10.0 40 100 400 1000
0 , , , , , , , , o

I I I I I i l i
I I I I I I I I

I I I e 1 I I i
0.1 -

STRUCTURALLY ' ' ' ' ' ' ' - 0.1
| GENERALLY |

8 I ' '
CONTROLLED

1604'
|FAILURE NO SUPPORigg

N b MhI., [[b .'11,5, I ' ' ' - 0.2

h
- 8 10.2

| HEAVY SUPhRT .; 3 q'[ . f |bH |
I

P RT' '*c ;t @ lig -; v i i iE I I 1

0.3 - | , 't ;
-

- 0.3o

C C MEDIUM SUPPORT : ::z 5 0.4 - i , 3 g g
- 0.4

$ $ I I I i i i I
ag i i i i i i i

1 1 1 I I I I I'H

g> 0.5 - I ' ' i ' ' ' - 0.5*

m m I I I 3 I i 1

$ [ l 1 I I 1 I

Z 2 I I I I I I I

E !S -

| | | | | | | |
- 0.8

$ h ' ' ' ' ' 'I ' NOT PRACTICAL TO' ' I ' ' ' ' 'E E MAINTAIN STABLE
y o 0.7 -

' '
| | |

- 0.7'OPENINGS
ii

g i I i i I I i i
O I I i i I I I

i a8 - | | | | | | | | - 0.8
2 l i i 1 I i I I

k ' STRESS INDUCdD' ' ' ' ' '

0.9 - | | | | | . FAILURE - 0.9
3

g

I I I I I l- 1 I

I I I i I I I

1.0 l !| | | | ! I 'l ! I | | | | |
' '

3o
0 10 20 30 40 50 60 70 80 90 100

VIBMt%66t93T$CTORVERY POOR POOR FAIR GOOD

'

ROCK MASS RATINGS RMR
PRELIMINARYPROJECTED RANGE OF SUPPORT FOR TSw1

|



_ _ _ _ _ - - _ _ _ _ _ _ _ _ - _ _ _ _

,.

1.2
UNSTABLE

UNSTABLE

O
1.0 -

*
u) J

INCREASING YlELD gd ROCKBURSTS
x x
$zO

O
0.8 - ,

MILD BURSTS

<
0.6 INTERLOCKING INTERLOCKING-

STABLE$ ez
uJ

h
- w.V) 0.4

*

u) MASSIVE, STABLE
Mm IN j-

G, y;1w.,,. a y mg ,

9 '

h STRUCTURALLYsCONTROLLED
, ,

% g g

0.0 -
' ' ------'

'. BLOCK FALLS ',
CAVING RAVELING

TENSILE SPLITTING
1

-0.2 M&O CONTRACTCR
0 20 40 60 80 100

MODIFIED RQD (ROD-F)

PROJECTED FAILURE MODES FOR TSw1 ,.

I



.

.

TUNNELING QUALITY INDEX Q

EXCEPTIONALLY EXTREMELY VERY POOR FAIR GOOD VERY EXTREMELY EXC

POOR POOR POOR GOOD GOOD GOOD
-100g

4 - 7

% -- /# --
- /go

-

E
'

$ "' 20 %%I
E UtBNGS

*
* ' '5 10

-

~ ,saa '
5 m c- .

--
..

b #
# eBE" "

2 scS //Ui
s 'TS pioo NO SUPPORT REQUIRED

Z.u g

5 'I # e#e s

5 #"
A**5 ,_s

8

0.001 0.01 0.1 1.0 4 10.0 40 100 400 1000

ROCK MASS QUALITY Q M&O CONTRACTOR

PROJECTED RANGE OF GROUND SUPPORT FOR TSw1 PRELIM" NARY

_ _ - - _ _ - - _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



_ _ - _ - -_ _ _ . _ - _ - __ ______.

TUNNELING QUALITY INDEX Q

EXCEPTIONALLY EXTREMELY VERY POOR FAIR GOOD VERY EXTREMELY EXC

POOR POOR POOR GOOD GOOD GOOD
-100 M-

12 / 3-
S ~

1* q50 y #~ 7'

///m '

9 ' "
24

k* / s$ gg 32 ~

d /
$ / 23W

35

10
-

"

Y
' '

>

a s # /^

m 7 f 21

h
"'

'
2

U 29

1
O
g 36

$ -

#
5
8

0.001 0.01 0.1 1.0 4 10.0 40 100 400 1000

ROCK MASS QUALITY M&O CONTRACTOR

PROJECTED CATEGORIES OF GROUND SUPPORT FOR TSv r1

PRELIMINARY
...



_ _ .

AjWNDHD"DE&Gd ,
.._

,,. ,, , .

'I f I a i i a i a il 'l l ' ' ' i
, s. s. .! !| ! !.i y |i 9 ::-[i'.,:. _

I ja !,I d;,. O ;|i
|.'

i. ! 'lti _

g;
i- .

's . s. s
1

I. . . v. ul' !'I I !. 1 I I t t I | || .h
"

I.g U,
|$il' ... y"

:.
!i. :). j j j jj j|I ii

|' 5" .=|
4 5' jili

~~ ~ " '

I 0
. . |ld *ig .i I | Ijf z6Ed' |e

~ gi h. y. ,t. ; ;- M.!z 53 !,1 egg:,$ 2
; " y g-a=;

H;iH f'!:1
Hih! I ' hi hi!

.

li !!
.~

. ili! hi s insi H
-

i'I ;i I.
!':

iliii!! !!!lii'I iili!! ii'!! I ii!!li lli i ! il'il
I|lltil.1 i 55,fj.i::tie 2t*..%g ly';n!!il.q pl! !! '

l,!!.i1I,il.i ;!!1,! s!!. ! ! !5 ||1 |. I c
i.- I-

4i<,%,b?,t.
1fr g s

'

epn:n 1a s | i | ,|: 4;,,'

> m :. I s , o, g n:3 :3,
- a e

e.g ,ir,h.ui a-). u;1f.. ng gi
s

i,
.

3 ni -

4 1 },;,
irc.~ . a -

j. ! -.,j [!" g i8 i81 !8f!Igh
y;h9 'k,

3 e 2 iiiih, | if|.. ~!!I!it Ii Ii|j*
iJlIit

11 jg;II:lig li,iyg lj|y;i
': - - [ |j | |

y;d
.iii;h L{u"pp.4 " j i y::; ;

j ,v j,,

l '; ;t i. !s . !!,
n,j q

,

lj l; ljjihn ||j'.ljpil lii liii p;
l:1 si ri .H

li.in. q

iM |a;
.e 1 iMin g,.,8

.

Pil :",- i|3 ,
. .:;n . .,n . .in ..i .s .i m. .. .. .

Is
.

% rn liii!M iii iije i! iiU ii41: iir* is
.

'
P a l

!it fit !it,!iUf !it,ii.itlii1111 Ilif,ii !ilf ,fi t..
-;

< __- p ,l
.

,'
.

. i liit 11 .,1 :,
- yg , , ,

p it b \-
k . || htig h htnv %.... k. j. 8f g!

Nx i i

/ yI;.; 11
; :

-

3
-- <,

i .-

.

H, a,
. . . . . . . . p

.
3 4 ',

. . d_.
' ,

! l .ti, n .1s i , ,
.,

- ,n. :: == u. .; . . . . . . . . . n.. ...,i
r;e||1 | ;;;:t'

nm . . . . . . . . .
l

~

S' p; , i mis, mein mmo pnits m.; me, m,|... ;__ f_ , {'
.

i ;
'

811;ii n'!;;;.

i-
i .

t [jiji ,-|' - o#?o o '''4 o s s'.Vo 8%E c3 ?'','M N'. 'MPo '.'d"c'*o"'
|1!.'.|b E !5!.;i.|!.ill'''.jlI.i

.f
rg/j,]|l M::. !-

i-l' - - / ..
'

, ,

y![ d- 1a; ij'

h:
4

'''': !j
41

j ils s al i i : ' - !; i n- - -

! ..

h ~#h %,. if,1, j j3
'

;

|N
'

f l

b '\
, ! p :. l._

Q._._..j _L;N,k
i. { j

, c
. .'h,

. |i ' '
q! ! i \ !! 5 J

'

!
oru m. i -m .

s#4 i,,

s 7 . ._$4a
-

tu j i L
' i i-

gi ;-. .. y f ;n{ ,; 11 ' - ,W) -- ,

;, - / i ,

wi J ig j ""~ ' T \* -._ .

1--,._e!cy;
i. ,g f "

g ; *L . +; ;w _E
| ;8

i 8
-

| r 8 :.- I f _ .J

.
.

.v . I.g
: - . G, t [. _ . . -.

g
, ,
,

e8 , aan '<r .:.f
- i. n - *g . I

;__.il | ,$:
I

-

8-

'N
;_. _ . _. ;$ _ .,_ . -.:, _ g{.@4 pt.

g n a .

q - w!!_ncr----- . ! ; !!
'

i. ,

. ~ M.n e ij d si
4 1- t .

i g r,

it U . ! s..jt "'

I'k it
.J @ -

! 'l vei .' ;

'

. v.. i~ / 3
- :d| [r--cd|2, .! t g i__. f i !

,
"h'

- 4-1.:::::( "jsi i.
-

, a'

i ; II ' !* * ;

M._

,.,Ij ! [. 8j. , . [b ~ [II | . .< s i I

c ' !d i . .,

;t .

| .-

*
: f.l r.. E

. *.i, ss : .. s s- -= i

g;p !.j );I 5'6
. , -.. Ii '- -

'

l|:
'r--, ,-,, y :... ,n 9.+, e * #

_
n e , = ,w

p' ,_h ).; 1Ih i .'f_._! M _ ., " ~ .'. . _ . ! ; , . ,.
.

{,.d, $ i ( M_,/ Y : [ 7' ' f E Y..-. ,.t_N[!;
.

. _

7 ,_ g _ a , . . _ , . e ..

: :

,. u ..

*; i 85 / i C !!
. .i

, i -.s ,, , s. .

. .. u.

f. i, x. }i
-

| . ;.i gg v6s ~ fa <e a 4

,

. .t . . 4. . g{ ;ji . *-,

4- ..

.
.-

- =



- - . -. _. . _ _ __ _ -

$ k k k - ! h h h !
* f 1 I f . ! , I t , tf I f a a ii a

XXXXXXXXXNNNNNNN+++!i| i+F%%%%%%%%%%XXXXXX
X X X X X X X X X N N N N N N N + M =! ! ! |=|=l-+ M % % % % % % % X X X X X X X
XXXXXXXXXXNNNNNN+M=!| |--| M S M % % % % % % % X X X X X X X-$
X X X X XXXxxxXNNNNN+++ i - ! ! ! =!4-M%%%%%%%XXXXX X X X
X X X X XXXXXXXNNNNN+M = i -- ! - | --! =!4M%%%%%%XXXXXX XX-
X X X X XXXXXXXXNxNNNM=i--! ! +!4-M%%%%%%XXXXXX X

H X X X XXXXXXXXXxXNx+M=1 -! Hi=i4- %%%%. %%%XXX XX -!*
m y y y g X X XXXXxxxxxxxm=; ' a =|-ss%%%%%%XXXX X

'

@ %%% gXXXXXxxxxxxxx ;-sssmm%%%%XXX -

a. XXXXXXNXXxxw-: u mmm%%%%%
a ggXxxxxxxx - wmmm** *x -g* /| /X/* - * M.% X

|;
b ]:]:] l i TTTTT -

' '

r [s ________________.
7_.7 7 y 3 7 ~.7 -_7___g_____,

o _________-. ~

T-'~~'''~~'~Q 'Eg _ - -- _ _ y 7 _
- .- - _ - .

3
- ...

f y -- ,_

N\ // 9

x% x_mw w~/xx /.
,

8 xxx%%%mmx : =xxxxxx -g
o kk X XXXX%% M ^ ""XXXXXXXX '

s NXXX X X XXXXYYmww-+=|--: :i+ewxxxxNXXXX -

m NXXXXXXXXX%%%%%%%%-i=!-! Li***xxXXXXXXXXX
2 XXXXXXXXXXX%%%%%% %!-!!-i++NXXXXXXXXXXXXXXXX-8o XXXXXXXXX%%%%%%M M|-| !-i+++NNXXXXXXXXXXXXXX 0
=| xxxxxxxxxx%%%%%%* +!-!!i++++NNxNxxxxxxxxxxx
o X X X XXXXxx%%%%%%%+!=|- | ! - i 4++NNNNNNXXXXXXXXXX_
o xxxxxxx%%%%%%%%% +!=1| ,i+++++rNNNNxXXxXXXXX
m XXXXXXX%%%%%%%M M?!! I+++++NNNNNXXXXXXXXX_5,

-

-

@ XXXXXx%%%%%% % M +1=|=|| 1++++NNNkNXXXXXXXXXX
s
o.

e >-- c

s -& M

sa - =a e o
8 5 g mW"". s, *
3 $ is vv - 88_m oD7di e a "

3 8n i " d
h bObb E- N@!F o $70s R ww ~ y

h $$,, | !_o d o
, e1 : o-

.

-
._ _ _ ._ . - - . , - . , . . - - , , ,- y_



.

JOB TITLE : TS NORTH RAMP MOHR-COULOMB MODEL STATION 18+00 M (H V=1) GROUND UUPPORTrio11-

FLAC (Version 3.22)
- m

LEGEND _ .700

-

5/02/1994 14:38
step 4100 _ .500'

-1.000E+01 <x< 1.000E+01
xxxx-1.000E+01 <y< 1.000E+01

_ .300

Plasticity Indicator
X elastic, at yield in past

-

Boundary plot ~ ~,,

t 1 1 1 1 1 X X
x x

_0 SE O x x
,_ .100

_

_-
4

XX ,

_ .500
.

-

"a.D= _ .700

M&G CONTRACTOR -

~"

PREklMINARY
_ g , g - , y__,_g. . . , _ .g--_, _ y , _ _ _ _ _ _., y_ __ __,

.900 .700 .500 .300 . t 00 .100 .300 .500 100 900

(*10^1)

_ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - . _ - - - _ _ - - - __. _-



:

! i

| :

!
t

|ren |JOB TITLE : TS NORTH RAMP MOHR-COULOMB MODEL STATION 18+00 M (HN=1) GROUND SUPPORT. x :vc
y w - .

,. ,

t ; .
- .J - 4 ~ ew i

FLAC (Version 3.22) f +~.;.xg % 1
' '

^ :. -

. :5 ;
.

pp - m ,

,<- '

_ .70oLEGEND
_

5/02/1994 14:36
~ i

1

_ .300step 4100
|

,

-1.000E+01 <x< 1.000E+01
!

-1.000E+01 <y< 1.000E+01
i.300

Princ. Stress Dif. contours-

14.00E+06
0.00E+00 ;

;

1.00E+06 ~ ~ ' "
i2.00E+06 I

3.00E+06 *

-"
5.00E+06

[6.00E+06
i

.3w j
Contour interval = 1.00E+06

|Boundary plot ?

1 1 I 1 1 1

.500 .

0 SE O i

;

i

. .700 ,

,

i

M&O CONTRACTOR ,. 1 .: ., .

. . ,

! '.. iL ~"
.

PREh1MINARY i 4M g1 ~gd
,

|
3 1 1 1 & 6 1

1 _ i

.900 .700 .500 - 300 ,100 .100 .300 .500 .700 .900 [
.

(*10^1)

.



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .. _ _ _ _ _ . - _ _ .

'
JOB TITLE : TS NORTH RAMP MOHR-COULOMB MODEL STATION 18+00 M (H/V=1) GROUND SUPPORT con

. .soo
FLAC (Version 3.22)

gh , -i , :, ji ' ~ ~,:=*'N !P 7112LEGEND _ , ,

W ' a4:: AD -
..

x ,

5/02/1994 14:31 yp , f@C ~ %gy+ ^ ' }; -,.4
- r . , r t: 2 2: n

ify: '

., . ,

step 4100 i W: <4 i- W'

_ .sw

-1.000E+01 <x< 1.000E+01 - .
..

. k~ . -{ Yh! . -I
-1.000E+01 <y< 1.000E+01

. ' . .} _ .aoo
^

;5' ,

XY-stress contours T0 $f;. :Ff |
.,

V1 %!NF

| 5.00E+05
T!pd hydf1.00E+06 ~t oo

''. Q1.50E+06 4u
2.00E+06 .

*2.50E+06
- ' "'

3.00E+06 .
*

.1 a
4 ;

3

i^ hContourinterval= 5.00E+05 ,pic*.s -
.

.'>j..,p -.n
.~ 3Npj(zero contour omitted) pa

Abi,?p gi
;

Boundary plot >; iKQJ k
.

Qt!v ;'a' ' ' ' ' ' '
Minn,i*f

idivh)
. . .v . .swO SE o :

1 ' ,:it T
L.4f, % M ', 2

3 + %;; '

~~~ny g
_ !?- -i|*'

h d?| _

;|- _b1 '' [ '$ 45&
. Vj k'- g ,5 t:

kt 1% ?
'

'1 - N
;. } |&'%{: .:l ? . .;.Q i s . 100- - - - - . . . .

' w
*#E il :Mda nI $#

" '

M&O CGNTRACTOR a,

_ .900

PRL"hW.91 NARY i

i
. .a.a.a, . , . . . . . , .

.,. ., , ,-sw am ..sw an .. , n .,

con
_ . _ _ _ _

_ __



___ -_ __ . ._-.

.

JOB TITLE : TS NORTH RAMP MOHR-COULOMB MODEL STATIO 8+00 M (H/V=1) GROUND SUPPORT ! ctett
; //t '

\

FLAC (Version 3.22) k | | |,| [ | | sw
,,.

r 0 0 //\ ( /r
i.,, v ,

i,: s eN , , v u
.

LEGEND \ b ' v .7ao,
,

/ //\\\ ;< < u,

h
-

5/02/1994 14:27 \\ 7,, uy

i / v vv s 77,,1 .soostep 4100 gggs>

-1.000E+01 <x< 1.000E+01 NNNN - Wv \ -
-

- ,/,/,/,/

///''- ,NN'N'N'N W"
-1.000E+01 <y< 1.000E+01'

-
.

i,/ - M '', , _ .300

**""" '"' ', k - ' .

f [p ; s i i - W G/ !
, , ,

h hhN
O SE O .

_

- _

I#'

Displacement vectors
Max Vector = 7.956E-04 |||||ggg, - gj j j j j{;-

-'

._.,oo ,s - ec : ;;;;;
; _ _ _ :::-3>i,.... ...i.........,

..-

i

; ; ; ; .; - q 17;;;;-

0 2E 4 -

N $~M .
~2nz-s-s f;r "

,

hh 'I ' r
~

'

%Nsss. s. .~. ^

/ "A " "/" " ma .~/ , ,

-/ -1s " "/"/"/" "NN N % N.s. s. m s'

w 5"
. . / "/ "/ "/ " *N'sNNNN.s%%
. "/ /"//" Y ? NNNN%s.s~ ;

^ "'

s, /. . "/" '*/ Y^^ ;'\ %%NNN%ss-'

% NN.%.Ns.ssss, ///"//"/ V
' "'

4 h \NN.NNs.s.ss. 700. -/ //// ea. ">'

\\ \\\\\NNNN'/"//"///// 6d" "'

M&G CONTsiACTCH e. -/ ////// \\\NNNNss.nn < ' .

\\NNNNssss--//////// 4 .. < o

/ / / | Y \
[ ~f.

: ~ mmm , , , , y . mmm _

-

, ,

-300 -200 .soo .300 .100 .ioa . .a m .soo .700 .900 ,

,

,

,

.-4,m ey -,.-g+. w .m m. -e. , - ->cr.- --,mw?-rw=- n v e-- .-r-t ,.T "- ~Mww- c- w--- S--.-:... .. m -e.e&wt +1--- - - '%<= .e.- e . + = =+



.

JOB TITLE : TS NORTH RAMP MOHR-COULOMB MODEL STATION 18+00 M (HN=1) GROUND SUPPORT
rien

FLAC (Version 3.22)
- "

_ .rooLEGEND
,

5/02/1994 14:34
_ .500

step 4100
-1.000E+01 <x< 1.000E+01

-

-1.000E+01 <y< 1.000E+01
_ .300

Boundary plot
i I I I i 1

0 SE O ,,oo

Axial Force on
Structure Max. Value

/ .soo
Cable # 1 -7.351 E+02

Cable # 2 -3.126E+02 ~

Cable # 3 -2.748E+02
_ .m

Cable # 4 -1.629E+02
Cable # 5 -7.522E+02
Cable # 6 -3.051 E+02
Cable # 7 -2.567E+02 _.soo.

Cable # 8 -2.191 E+02

-"
. . - _ . . . . . .

M&O CONTRACTOR
.900

PREEhVi! NARY i
i .s .a ' .s ' s ' s ' s ' s ' s ' a ' s

. .

..
Pioat)

- . _ . _ .



_

JOB TITLE : TS NORTH RAMP STATION 18+00 M (HN=1) SEISMIC ANALYSIS
rioat)

- FLAC (Version 3.22)
- **

_ .700LEGEND

~

5/02/1994 14:48
_ .500step 10100

-1.000E+01 <x< 1.000E+01 9
'

-

-

-1.000E+01 <y< 1.000E+01
_ .300

Boundary , '"
I i l I i 1

0 SE O

Axial Force on
Structure Max. Value

.. . iOO
Cable # 1 -1.426E+03 .

Cable # 2 -1.308E+05
Cable # 3 -2.303E+04
Cable # 4 -2.340E+03 _. ,

Cable # 5 -1.423E+03
Cable # 6 -1.523E+05
Cable # 7 -2.925E+04 _

Cable # 8 -3.294E+03
.

.
- = . . . _ . . .

M&G CONTRACTOR
!
1

-"

BAEldMINARY
. , , , . 1 . , . , . ,

, . , .,

.,
.900 .700 .500 .300 .100 .100 .300 .500 .700 .900

(*10^1) ,

.



| 1 '

_

.
_

-

. _

-
n

_

D 0 3 0

" -w m m y -C 0 C 0a
0 3 1 1 3 5s

_

i ~ -

_ _

-r
- _ _ _ _ . ~ -

_

.

_

a.
.

_

-

_

a. _

._

-
_

_

_

a. .

-

' -

- a.d
e
t -
r
o
p

a.
p
u
s
n
U -n

o& -

a.cd
e
t .

a
v -

a
c
x

a..E
- -

m -

0
0

a..
+
8
1

n -

o
it
a

a..
t

S -

s
is 'y

la

a..
n
A
y
it
l
i

b
a ! ~

t

S
p .

m - Y
Ra .

R )0 ._R
O A -h 0 Tt

r

o 2 D c C N .N e An N sS o E 3 R !

T i 5 0 T ds G : 0 Nr E 4 + g:

E e L E O1

LL V 40 0 C ,.

T ( 90 8 O
& ET C 90 2 tI o61 lp1

B E /

Ms
2 M

O D 0 e k
/l e cJ U 5 c oym

lbcit

.
' "



eenJOB TITLE : TS North Ramp Stability Analysis Station 18+00 m - Excavated & Unsupported
*]'

*| ' \

* '
+ *+pl ** s , ''+

**j1 '' **' , .sw1,,' '
t' * ~I '

UDEC (Version 2.00) ;, ,, ,
%** \' ,s s\st* '

+f * ' ! -

t ; ,, ,, ,,
' * * ' ' \\ \ gt ,s Iii +' i

,

+
,, / x , ,

' * ,* g g , _y
LEGEND f ' +

, , ,,'
trtI' ' I 1 .~* " + x

i 1 , , y t * , +. .

- - x i i g+ .
,

I i' f / / /' j
- y

5/02/1994 14:57 , .. s s
tg t t t,

I f / x , _y*

cycle 6000 , i / 1
- ,

/ # ', ''\ \ t I+ t I
,

x
time 1.280E+00 sec f f / - ~ s

\\ \ t '\ gt -
' ''

I I / -

~f; ; ,,f , - ~

, \ \ \ I * f (,/ ' \ {block plot t , f f j #
s '' x \ \

4 i ;j 7 \ }I ,t jf ..
principal stresses fj f i f

I, f f/ \minimum = -1.135E+07 ; j
, j \g |

t j
_maximum = 5.845E+05 f f

I f I +
f / f/ t'

+ f
f f IY I il || / |}0 SE 7 +

1 I t +
F i f \

. .m

j/ ; ;j ,,t+t i i t / ;;
/ / , i tt ++ 1 +

1 '
+ + i \ \ \ // / || ; i . ..soo'
I i* i\ \ ' / / / f ff\ ' - f ' -i

4 i I
\ g s

l_ / / f j jff' '
++ 1 s - -

\ ' f'' - / /\ \ \t I ~"
,1 ,' , 1 1,

'
' !* x sy \ x s I_

" ' #
j/ f f+ I i x /

4 + g x x .x ' / / ,"x , , f , ,f i t , .
, ~ ~ ~ "

* 'I ' i / f ;} t* "
+ {4 1 x!' /

''~

y 8 ,, .
/

,
'* i*

,, , , 1 1 ,
-

M&O CONTRACTOR 4 1 1
y

,8 - - . ,,, .
f i _ . 900

#
/

f* I i N xx ,

,
','i

g ' '
' ' ''

PREME! NARY ' + + f* * 4 - + +
,. , .

.a ' .a '..a .a .a .s .a .a .a a
. .

. .

U __ ...___ ,

( .-
..

.. . . .- - - - . . . . - ._ -__ . - _ -



'

.

.

JOB TITLE : TS North Ramp Stability Analysis Station 18+00 m - Excavated & UEupported c10*i)
~ \

'

\ t \' : , i ;' " '
-

'* \ l ', f - sw{\{ \
UDEC (Version 2.00) r r \

-
r i ,

' 't% \~
\ .\ gi ! J i

'
k \ g~ i ,

N / /,,/ ' '
% ,s

\g
LEGEND y y \ f\

~ ' 'l I}j' _ .rw,
,

t 4 \ l l f
,
-< ,s

\ k {f{l /,f'
'

% \5/02/1994 14:58 /s
y s s ,

cycle 6000 s ,

\ I jf , .300

g {\ \g'l
s S '

f .time 1.280E+00 sec [ 4 s ,

/ f ,- ; - -

,s
-

sN f- s
\ { /,5

' ' /boundary plot ]%
- -

s _ ,gos ,
,

/ ;
--

displacement vectors ys ,s ,
,

N ' , - -maximum = 1.519E-03 -
s -

r . -s ,
"' '- :: _ .300=

I I I I i i
, s

' .* ~

~ s , e _'
' ' ~

0 SE -3
' - :

, _ , ,

~ = -

~
.

~ == %' ', - .100
!

_

~ ~
'

, ' '

: : % '
- ~ ., -

_ - s
# N

2( p N ,.300- - - ,

*

/ / % '

z/,

/ \ s ; 'sJ,'/ 1 }
,v

q O,

~ '
:

-

s=
' '

s. : --':-

, ,

1 \
: 'i

i
-

\ \ ss/ / |1
,

~ + - ,

. ' ''
N s s''',.

\ _ .100: '
i t ; fy s

s s s s s
.

,

, , , f i I \ ' '
gNM&O CONTAACTOR I

' se
s , i ; \'

' / I i \ 2's# ,'' s _.300g q s *, ' '' ' '

PML*E!i?JNARY ..: ,,i,,,1 s ' '
.

, , , . , , . . . . . . . . . . . ,

.900 .700 .500 .300 -100 .100 .300 .500 .700 .900.

'

___

rio t)

- - - - _ - _ - - _ _ _ - _ _ - _ - - - _ _ _ _ _ _ _ - - _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ - _ - _ _ . - - - _ - _ _ _ _ - _ . _ _ - . - _ _ - . _ _ _ _ _ _ _ - __ _. - _ _ _ - _ - _ _



JOB TITLE : TS North Ramp Stability Analysis Station 18+00 m - Excavated & Unsupported ci,y

_,

UDEC(Version 2.00)

.

_ .700LEGEND
I

-5/02/1994 14:58 /

cycle 6000 p _ y

time 1.280E+00 sec j
I'

boundary plot ~

shear displacements on joints
max shear disp = 3.611 E-04
each line thick = 7.222E-05 _ .too

fj

.100

I1

"
/~

Q,
-

I/ /
j ~

| , .

j

| 700

/

| M&O CONTRACTOR

: . ...ee

MShl ;il ARY
..a '.a '.s .a .s s .s ;s .s .s-

. . .. .. . _ _

.

cien
,

. - _ . >



(m N !'hw'

n r

kTT hfijncAff~ &f ,h 14y u t. ,

r.

Geochemical Stratigraphy
(Handout, NRC Field Trip, May 4,1994)

1

Isotope and Geochemistry Support Group
|Yucca Mountain Project Branch
!

U.S. Geological Survey
MS 963 Box 25046 DFC, Denver CO 80225

Introduction

The intrinsic mineralogic, chemical, and isotopic variations within large felsic
ash flows such as the Topopah Spring and Tiva Canyon Tuffs provide a wealth of
information for reconstructing the petrogenetic evolution of the source magmas
and the fluid dynamics of magma-chamber evacuation. The distinctive and laterally
extensive compositional variations within the tuffs reflect eruption from zoned
magma chambers; the vertical arrangement of the compositional zones in the tuffs i

are inverted from those that existed in the magmas. Although fractional
i

crystallization and crystal settling were important processes in establishing some of '

the compositional stratification in the magmas, assimilation was also important as
shown by significant isotopic (Sr, Nb, and Pb) variations within individual tuff
units, and by inherited Precambrian zircons in Tertiary ash-flow tuffs from other
areas.

From a practical stratigraphic standpoint, these systematic variations can be
used to subdivide the units into stratiform zones that aid in mapping structural
features. In both the Topopah Spring and Tiva Canyon Tuffs, monotonously
uniform, crystal-poor, high-silica rhyolite is overlain, through a gradational
transition, with crystal- and pumice-rich quartz latite.

Geochemistry

Numerous published reports present detailed geochemical and isotopic
studies of the Topopah Spring and Tiva Canyon Tuffs aimed at deciphering their
petrogenetic and eruptive histories. For the stratigraphic approach described here,
we have developed a rapid method for determining distinctive geochemical
zonation of bulk-rock samples that can be used as an aid in mapping and structural
interpretation. Samples obtained from outcrop or drill core are subsampled with a
one-half inch diamond drill to minimize the effects of alteration and surficial calcite.
The samples are pulverized to 200 mesh powders and analyzed for K, Ca, Ti, Rb,
Sr, Y, Zr, Nb, Ba, La, and Ce on a multitarget, energy-dispersive XRF unit.
Detection limits are a few parts per million and analytical uncertainties are typically
less than 10 percent of the values reported.

The remarkably uniform composition of the Tiva Canyon high-silica rhyolite
is shown by mean compositions (Attachment 1) and by the smooth vertical trends
in Ti, Zr, and Ba for an outcrop reference section and for drill core from NRG-3

_ _ _ _ __ _ _ _ _ - _ _ -
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(Attachments 2 and 3). The change from compositionally uniform high-silica
rhyolite to quartz latite occurs as an abrupt inflection point in the curves followed I
by a dramatic rise in Ti, Zr, and Ba. Although not shown, K, Ca, Sr, La, and Ce j
also increase systematically through the quartz latite whereas Rb and Nb decrease i

and Y remains virtually constant through both rock types. Rb/Sr ratios are nearly )
constant in the high-silica rhyolite but decrease by more than a factor of 10 '

through the quartz latite. Similarly, K/Rb ratios are amazingly uniform in the high-
silica rhyolite but increase by a factor of four through the quartz latite. The
uppermost part of the Tiva Canyon Tuff was intersected by NRG-2A. Within the
upper five feet of the quartz latite and immediately below the superjacent bedded :

tuffs, the concentrations of Zr, Ba, and Ti decrease rapidly as shown in
Attachment 4.

The contact between the high-silica rhyolite and the transitional quartz latite
can easily located by the geochemical trends shown on Attachments 2 and 3. For
example in the five-foot interval between samples that bound this contact in NRG-
3, the lowest quartz latite is enriched by the following over the subjacent high-
silica rhyolite sample: Ti,12 percent; Zr,11 percent; and Ba,82 percent. These
changes are substantially greater than experimental error suggesting a potential
resolution of less than five feet. The changes are illustrated graphically in
Attachment 5 where selected samples of the quartz latite are normalized to the
mean high-silica rhyolite composition and referenced to their stratigraphic position
above the contact.

This geochemical method for identifing the high-silica rhyolite / quartz latite
contact has been used on the north side of Antler Ridge in a structurally complex
area to verify the mapping of zonal features where displaced by faulting. We
anticipate that this technique will be especially useful underground where many of
the physical attributes of the zonal features that are enhanced by weathering in
outcrop will not be present. We will be able to identify the high-silica
rhyolite / quartz latite in both the Tiva Canyon and Topopah Springs Tuff within a
few feet (Attachment 5), and reliable estimates of position in the quartz latite can
be made on the basis of the rapid stratigraphic changes in many of the elements
(Attachments 2, 3, and 4).

. _ . _. - - - _ _ _ _ _ _ _ _ _
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Attachment 1
:

i

Mean Values for High-Silica Rhyolite of the Tiva Canyon Tuff

Whaleback Antler Ridge NRG-3 (Drill Hole)
Mean Stdev. Mean Stdev. Mean Stdev.

Number 26 25 29
K (%) 3.56 0.04 3.63 0.08 3.60 0.05 !

ca (%) 0.50 0.26 0.66 0.26 0.18 0.02
Ti (ppm) 863 17.8 853 16.0 872 16.6

;Rb 188 3.9 188 5.6 191 3.3 i

Sr 19 5.1 19 4.2 24 5.7
Y 42 4.7 44 3.4 41 5.2 -)Zr - 202 4.5 201 5.5 204 5.8

)Nb 32 1.1 31 1.0 32 1.5 |
Ba 51 9.9 48 8.1 30 9,4 i

La 43 5.3 43 5.5 42 6.7
Cc 73 6.8 74 6.5 71 9.4 I
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