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Scientific Notebook 261
Initial Entry: John Stamatakos
Project: - 20-1604-471 Styuctural Deformation and Seismicity (SDS)

April 16, 1998

Title of Experiment: Structural geology investigation of deformation ass001ated with faulted
rocks at Yucca Mountain.

The aim of the research is to examine the evolution of fault zones as it pertains to two SDS sub
issue: (1) potential adverse consequences from direct fault rupture of waste packages and (2)
structural control of groundwater flow in the saturated and unsaturated zones. Current working
group on this project are:

Dr. John Stamatakos, Ph.D. - CNWRA Senior Research Scientist (Principle Investigator)
Dr. David Ferrill, Ph.D. - CNWRA Senior Research Scientist

Dr. Mary Beth Gray, Ph.D. - Consultant, Professor of Geology, Bucknell University,
Lewisberg, Pennsylvania.

Dr. William Dunne, Ph.D. - Consultant, Professor of Geology, University of Tennessee

Knoxville, Tennessee.
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Scientific Notebook 261 April 17, 1998

Entry: John Stamatakos

‘Project: 20-1604-471 Structural Deformation and Seismicity (SDS)

Experiment:  Structural geology investigation of deformation associated with fagfted rocks at
Yucca Mountain. ’

Purpose: Description of first subtask of this experiment.

The first subtask of this project experiment is to analyze deformation associated with faulted rocks
at Yucca Mountain (YM) and in the surrounding region. The aim of this first subtask is to resolve
uncertainties associated with the conceptualization and modeling of fault zones in ongoing SDS total
system performance (TPA) sensitivity analyses. Initial sensitivity studies of faulting performed in
the fall of 1997 using TPA code, version 3.1.1 showed that repository performance may be sensitive
to fault zone width. Fault zones in that version of the code were modeled after surficial mapping
data, primarily from Scott and Bonk (1984), see Ghosh et al. (1998) for the details of the sensitivity
analyses. Recent observations of faults in the Exploratory Studies Facility (ESF) suggest that fault
zones at the level of the repository horizon are smaller than those mapped at the surface. This
subtask will examine differences in fault zones at the surface and subsurface. Resuits from the study
will form a component of the technical bases for SDS issue resolution on faulting. Results from this
subtask will also be used as the bases for recommended modifications of the TPA code and
methodologies in future performance assessments of faulting..

For these analyses, oriented samples will be collected from faults exposed at the surface and in the
ESF. The work will include both field observations and detailed examination of thin sections. Field
observations will be initially documented in standard geological field notebooks. Pertinent
observations from those notes will be copied into this scientific notebook, conforming to CNWRA
QA guidance QAP-001. Sample coilection, thin section preparation, and thin section analysis will
follow standard geological practices and procedures under the supervision of Dr. Mary Beth Gray.
On the Test site and in the ESF, sample collection and DOE sample regulations in accordance with
YAP-S11.4Q — The Collection, Submission, and Documentation of Non-Core and Non-Cuttings
Samples to the Sample Management Facility for Site Characterization. Observations from those
analyses will also be entered in this notebook in accordance with CNWRA QA guidance QAP-001.

References:
Ghosh, A,, J.A. Stamatakos, S. Hsiung, R. Chen, A.H. Chowdhury, and H.L. McKague, 1998,
Key technical Issue Sensitivity Analysis with the SEISMO and FAULTOQ Modules within the TPA

(Version 3.1.1) Code, Center for Nuclear Waste Regulatory Analyses, San Antonio, Texas.

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

Survey:: Scak. 1:12000.
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Scientific Notebook 261 ' ‘ April 1, 1999

Entry: Mary Beth Gray

Project: 20-1604-471 Structural Deformation and Seismicity (SDS)

Experiment: X-ray Diffraction analyses of Solitario Canyon Fault Gouge

Purpose: Determination of clay mineralogy in Solitairo Canyon Fault gouge o
77 Zac.

This entry constitutes documentation of a clay mineralogy investigation on
Solitario Canyon Fault gouge specimen SPC00543707 collected at ECRB Station
25485.1. Brad Jordan and Mary Beth Gray, Bucknell University performed
analyses on Feb 26, 1999,

Instrument and Maintenance Specifics:

Sample analyses were performed on a Philips Automated Powder Diffractometer,
housed in a climate and humidity controlled room and maintained by the
Department of Geology at Bucknell University. The diffractometer is supported
by an XRG - 3000 generator, an APD - 3720 computer control cabinet, a PW

1710 diffractometer control unit and a copper long fine focus tube. An IBM
Pentium PC is interfaced with the diffractometer and has two Philips software
support packages: PC APD, ver. 3.6 (control software) and PC identify, ver. 1.0f
(search-match software). The diffractometer undergoes semiannual maintenance
inspections performed by Philips technicians under a service contract with the
Department of Geology at Bucknell University. The calibration of the X-ray
diffractometer is checked frequently by the Director of Laboratories in the _
Geology Department, Brad Jordan. A 400-mesh quartz standard sample mounted
on a low-background holder is used as a control. If the standard produces a
diffraction pattern that deviates from the expected pattern, the machine is
recalibrated. The calibration of the machine was checked in this way immediately
before the Solitario Canyon Fault samples were analyzed. The x-ray
diffractometer required no adjustment.
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37

Analytical Procedures

Three different analyses were performed on sample remnants. X-ray diffraction
patterns were generated from one random powder mount and two oriented powder
mounts. Both oriented powder mounts were air-dried and one was further vapor
glycolated.

Procedure for sample preparation of random powder mount:

1. Sample fragment was crushed and dry sieved.

2. The fraction that passed thought the 400 mesh sieve was placed inside a back
holding loader and inserted. into the x-ray diffractometer to be analyzed. Results
are shown on x-ray diffraction pattern 543707B.RD. Vertical line on x-ray
diffraction pattern marks the 14.42 angstrom peak indicative of some clays.

Procedure for sample preparation of oriented powder mounts:

1. The fraction that did not pass through the 400 mesh sieve was crushed and dry
sieved.

2. Approximately 0.25 of the fraction that passed through the 400 mesh was then
extracted and placed in a clean beaker with 200 ml. of distilled water.

3. Approximately 0.25 g. of sodium hexametaphosphate was added to the
suspension.

4. The beaker containing the mixture was then placed in an ultrasonic bath at
room temperature for approximately 10 minutes.

5. The mixture was poured into a 1000 ml graduated cylinder.

6. Distilled water was added to the mixture until the total volume of the mixture
was raised to 1000ml. '

7. The mixture was then stirred.

8. The mixture was then left undisturbed for 3 hours and 50 minutes.
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9. A pipette was used to draw off the uppermost 5 cm of the mixture. The
extracted suspension should have contained suspended particles of 2 micron
diameter or less.

10. 3 oriented powder mounts were prepared using the Millipore® Filter Transfer
Method detailed in Moore and Reynolds (1989).

Procedure for air-drying of two oriented powder mounts:

1. The oriented powder mounts were allowed to air dry at room temperature. As
this occurred, the mount was observed to curl at the edges. The result is x-ray
diffraction pattern 5437070.DI.

A broad peak (probably the result of curling) corresponds to a 14.42 angstrom
peak.

Procedure for glycolating oriented powder mount:

"1. One oriented powder mount was exposed to ethylene glycol vapors at 60°C for
4 hrs. in a closed container. »

2. The powder mount was extracted and immediately placed in the x-ray
diffractometer and analyzed. The mount did not curl. The resulting x-ray
diffraction pattern was labeled 543707G.DI. A peak at 16.6 angstroms indicates a
shift characteristic of smectites (Starkey and others, 198/955‘ e
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Scientific Notebook 261 June 29, 1999

Entry: Mary Beth Gray
Project: 20-1604-471 Structural Deformation and Seismicity (SDS)

Experiment: Documentation of samples and sample markings shipped to Mark
Evans, University of Pittsburgh »
Purpose: U-stage analyses of mechanical twins W"Y Lars ﬂy,—z

Four thin sections and four oriented rock chips from which they were produced
were shipped to Mark Evans on June 29, 1999. These oriented thin sections and
chips are from two d1fferent fault localities at Yucca Mountain. Details are found
below:

SPC00530198: This sample was gathered from within the Exploratory Studies -
Facility (ESF) main drift STA 43+39. The fault strikes AZ 160 and dips 84 to
the southwest. This fault had sub-horizontal slickenlines and associated fracture
arrays that appeared to suggest right lateral strike-slip.

SPC00534007: This sample was collected from the surface of Yucca Mountain at
an exposure of the Diabolous Ridge thrust fault, a rare minor contractional feature
at Yucca Mountain. The thrust fault where I sampled it, dips toward AZ 150 at a
dip angle of 39 degrees. The fault rock has fine grained calcite within which it
may be possible to see mechanical twins. I don't see much at the moment but
perhaps after more polishing and a cover slip is added, he may be able to see
some and work with this sample. Please note that since this is a sample from the
surface, there may be features within this sample that reflect surface weathering
processes.

Sample markings:

Each chip is marked with at least one strike and dip symbol indicating the
orientation of the fault plane. Note that each strike and dip symbol has an arrow
at only one end of the strike line. The arrow denotes the northern end of the strike
line. This is the method I use to uniquely orient hand samples and thin section
chips. Each sample was cut in two perpendicular directions. One cut (which I
call "longitudinal") is perpendicular to the fault plane and parallel to the strike of

 the fault. The other (which I call "transverse"), is cut perpendicular to the fault

plane and parallel to the dip direction of the fault. Thin sections SPC00530198F

PR~ SRR S

- Ao 2 Chn WA ALGR 1 ()
i LJONE"ZTFTTEy wnuw

and SPC00534007F are from longitudinal cuts. SPC00530198G and
SPC00534007E are from transverse cuts.

I denote the upper surface (structural top, in this case the upper surface of the fault
rock) of the thin section with two, approximately 1 mm length nicks (created by a
saw blade). On thin sections cut longitudinally, one nick is cut into the northern
end of the chip (on the northern end of the strike line). On thin sections that are

cut transversely, one nick is cut into the down dip direction of the fault rock (on
the down dip end of the dip symbol).

I'think that thin sections from SPC00530198 will be ideal for twin strain analysis.
I'm not sure that the other specimen will be usable. I enclosed the oriented chips
in case Mark needed to make additional thin sections.
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Scientific Notebook 261 August 17, 1999
Entry: Mary Beth Gray
Project: 20-1604-471 Structural Deformation and Seismicity (SDS)

Experiment: Documentation of samples and sample markings shipped to Mark
Evans, University of Pittsburgh

Purpose: U-stage analyses of mechanical twins M

Six thin sections and seven oriented rock chips from which they were produced:

were sent to Mark A. Evans of University of Pittsburgh on August 17, 1999, I

enclosed seven additional chips from five additional localities. All of the sections'
and chips were collected from Yucca Mountain, Nevada. One set of oriented thin’
sections and chips is from the Exploratory Studies Facility at Yucca Mountain and
the other 2 sets are from the G-1 and G-2 drill cores. Note that core samples have
a different code designation than ESF samples. ESF samples always use a code:
that begins with "SPC....." The core samples enclosed use a code that always.

begin with "#020....". Note that none of the chips or thin sections in this package
were ever permitted to be exposed to temperatures in excess of 40° C during
sample preparation. I cannot vouch for their conditions of retrieval or storage

prior to my custody. The enclosed thin sections are relatively thick and will need.

to be thinned by Mark as needed. I have found that as I attempt to thin them the
coarse calcite crystals begin to pluck off of the slide. Rather than risk more
plucking, I sent them as is. Details are found below:

Thin sections and rock chips:

SPC00552501: This sample was gathered from within the Exploratory Studies
Facility (ESF) cross drift (ECRB) at STA 25+85.5. It was collected from the
hanging wall of the Solitario Canyon Fault, the fault that forms the western

R
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escarpment of Yucca Mountain. The fault zone is tens of meters wide, has a large

dip separation and dip and strike slip slickenlines. This sample was gathered in a
brecciated zone 0.4 m west of the foliated gouge in the fault core. The fault zone
has a dip direction of AZ 291 and dips 65° at the location where I collected the
sample. Although the sample is obviously indurated with secondary. minerals, it
was necessary to vacuum impregnate the sample before attempting to prepare thin
section from it. I used Struer's Epofix epoxy for this purpose (refractive index Np,
= 1.571). I mounted the chips using Hillquist A/B epoxy. I enclosed two thin
sections: SPC00552501A and SPC00552501C. SPCO00552501A is a transverse
thin section, cut sub-parallel to the dip direction of the fault and in a vertical
plane. SPC00552501A is scribed with two parallel tick marks on the structural top
and one tick mark on the down-dip end of the thin section. SPC00552501C is a
longitudinal thin section, cut parallel to the strike of the fault and normal to the
fault plane. SPC00552501C is scribed with two marks on the structural top of the
section and one tick mark on the north end of the section. I sent the chips that
correspond to the thin sections I mention above. Since they are very small, I also
enclosed an additional chip, SPCO0552501D, which should be useful if mark
needs to make additional sections in any orientation. FYT: I am in possession of
two other oriented, small, thin sections SPC00552501B and SPC00552501D.

#02016200: This sample was gathered from core collected from a drill hole,
USW G-1, located in Drill Hole Wash at the northern terminus of Yucca
Mountain. This sample was derived from the interval at 3586-3587 ft. in an

" unnamed flow breccia below the Crater Flat Fm. Both #02016200A and B were

cut in a plane that lies parallel to the core axis. I calculated that USW G-1
deviated 6° based on data in Spengler et al (1981). This implies that the planes of
the sections are sub-vertical. The plane of A is normal to the cut plane of B. Both

glass slides have arrows scribed on them. The arrows point in the direction of

shallowing in the core.

#02016213: The sample was collected from core from the USW G-2 borehole at -
Mile High Mesa about 2 km north of USW G-1. The sample interval is 1248.5-

1248.7, within an unnamed-bedded tuff directly below the Tram Unit in the Crater
Flat Tuff. This bedded tuff has brecciated (autoclastic) horizons. Without the
benefit-of largercontext; it isdifficult totell whether the breccia I sampled is \

“primary” or fault related. Thin section examination should resolve this issue.
Both #02016213A and B were cut in a plane that lies parallel to the core axis.
USW G-2 had a maximum drift of 5° (Maldonado and Koether, 1983), therefore
the cut planes should be subvertical. The plane of A is normal to the cut plane of
B. Both glass slides have arrows scribed on them. The arrows point in the
direction of shallowing in the core.

(

Other rock chips:
|

I; enclosed several rock chips from cores that yielded potentially suitable calcite. I
made large (5.0 X 7.5 cm) thin sections from these chips which are apparently not
poss1ble to use with universal stage apparatus. If any or all of these chips are
suitable, mark is encouraged to make thin sections from them for U- -stage
analyses. Information on these chips is found below. Mark was encouraged to try
to avoid duplicating thin section labels I’ve already used.

#02016201A&B: These chips are from USW G-1 at interval 3587.9-3588.2. B
directly overlies A in the core. Red arrows point in the direction on shallowing of
the core. Note that I have one thin section from both chips A and B in my
collectlon (labeled “#02016201A and #02016201B”).

#()2016210: This chip is from USW VH-2 at 1854.5 — 1854.7. The black arrow
points in the direction of shallowing. I have one thin section cut normal to the
core axis in my collection (“#02016210A™).

#02016204: This chip is from USW VH-2 at 1024.5-1024.8. The red arrow
points in the direction of shallowing in the core. I have one thin section from this
cljlip in my collection (“#02016204A).

#(i)2016211 A&B: These chips are from USW VH-2 at 1912.0-1911.8. Black

arrows point in direction of shallowing. I have one thin section from each chip in
niy collection (they are labeled “#02016211A and #02016211B”).

—
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SMF Specimen Custody Receipt

CSITS v.1

Date Received:

Shipping Date: 09-jun-1999

Shiprhent 1D: 01000302

Specimens in this container: 2

John Stamatakos

Southwest Research Institute

78238-0000 | SMF Geotechnician ,&%ﬁ‘ Date _&/%/ 79

San Antonio, TX

stor;

John Sfamatakos

Southwest Research Institute

6220 CQlebra Rd

16220 Culebra Rd.

San An':conio , TX

78238-0000

Container ID: 01002445

Parent.Borehole:

USW G-1

Bottom

Top

Specimen ID _ Type

Frag 3586.3 3587.5
Frag

02016200
02016201

3588.2 USW G-1

3587.9

I hereby acknowledge the recelpt of the Spec'i}nens listed abova.
| will return this form to the SMF within 10 business days of

receipt.

Sample Management Facility

Yucca Mountain Site Characterization Project

P.O. Box 617

Mercury, NV 89023-0617

Date

Recipient

Page 2 of 2: 2 Containers shipped.
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