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FIELD TRIP TO VIEW FAULTS IN YUCCA FLAT AND PAHUTE MESA
& (TE

STOP I - Cane Springs Faults

The Cane Springs fault zone is a northeast-striking left-lateral fault zone. It is considered to be part
of Carr’s (1971) Spotted Range-Mine Mountain structural zone. To southwest. there appears to be more fault
displacement in the Salver formation than in the younger Ammonia Tanks Tuff suggesting much of the
displacement occurred prior to 11 my ago. The age of last movement on Cane Springs fault is difficult to
determine because it is poorly constrained. In several places the fault is the contact between Miocene Tuffs
(Wahmonie and Salyer formations 13 my Sawyer, 1994) and alluvium of various ages re.. Phiocene,
Pleistocene, and Quaternary. Some faults within the zone are mapped as lineaments or scarps on Tertiary or
Quatemnary surfaces. Photolineaments in alluvium northeast of Cane Springs were checked by Ekren (1972).
but no displacement of alluvium could be detected in cross cutting washes. Diffuse seismicity is suggestive
of acuivity along the fault. The 08/05/71 Massachusetts Mountain earthquake occurred near the intersection
of a northwest trending structural ineament and a possible extension of the Cane Spring fault. However. this
1s highly speculative.

STOP 2 - Faulting at Synchne Ridge

Low angle fault on west side of Yucca Flat. Low angle normal fault complex faults are Deuonian
carbonates.

STOP 3 - Carpetbag Fault

This fault was unknown but suspected prior to 12/70. Photo-lineaments and a prominent north-
trending gravity high suggested the presence of the fault. Although the displacement appears to be normal
right lateral displacement of 15 ¢cm across a 1.2 m high scarp along left stepping en echelon cracks was
observed. Average vertical displacement of Tertiary tuffs is > 600 m. Although there is as much as 2000 m
difference in elevation of the Paleozoic surface across the fault. much of it could be topography on the pre-
tuff Paleozoic surface.

Following the carpetbag event in 12/70, a graben developed on the downthrown side of the fault. The
graben i1s up to 5 m deep and in excess of 600 m across. Although tectonic motion (strain release) probably
occurred at the time of the Carpetbag test. as indicated by horizontal displacement. However, much of the
vertical displacement was probably the result of compaction of poorly sorted course alluvium associated with
rapid eroston off the gravity high (Fig. 1.

STOP 4 - This stop is at the top of the Area 17 hill where the base of the Rainier Mesa Tuff and older tuffs
are exposed. At this location the Rainier Mesa ash flow apparently followed a valley cut into the old tuffs.
The flow is incised into the Pre-Rainier Mesa bedded tuffs. The 1 inch thick dacite ash that marks the base
of the Rainier Mesa Tuff in many areas is present at this exposure. The pre-Rainier Mesa Tuff consists of
a number of thin, non to partially welded. ash-flow tuffs.

STOP 5 - At this stop the Boxcar Fault is exposed in a road cut along the Buckboard Mesa Road near the top
of Pahute Mesa. The Boxcar fault is one of the major faults cutting the tuffs on Pahute Mesa. At this location
Rainier Mesa Tuff and Trail Ridge Tuff occur on either side of the fault at the same elevation, a post-Trail
Ridge Tuff (9 ma) displacement of more than 400 feet. The fault zone is S to 10 feet wide and filled with
gouge and breccia. Also exposed at this stop is the youngest of the Paintbrush Tuffs. the Rhyolite of Benham.



Based on 1sopach data the source ot the rhyolite lava 1s north of this stop near where the Boxcar Fault splits
into the east and west branches.

STOP 6 - This stop was at emplacement hole U20ax. Because Area 18 was closed we could not stop at
Scrugham Peak or Buckboard Mesa. This stop afforded an overview of Scrugham Peak to the southeast.
Several people have proposed theories for the Buckboard Mesa lava and cindercone emplacement
(chemically an andesitic basalt)y. Gene Smith (UNLV) proposed that this 1s an extension of the northeast
striking ahgnment of the cinder cones in Crater Flat. An equally plausible theory 1s that the basalt was
intruded along a deep fault (LANL) has suggested in private discussions that it is related to the Ammonia
Tanks (?) caldera cutting. major N-S striking. normal fault system. From north to south this fault system
could consist of the Kawich Valley fault. the Almendro fault. and the Scrugham Peak fault. A seismic
refraction survey run by LANL in arca 19 along the Pahute Mesa road shows up to 1.5 km of vertical
displacement across this fault sy<tem in tuffs that predated the Rainier Mesa Tuff.

STOP 7 - This stop was in a barrow pit NE of U20ax. The barrow pitis located between the Duryea and an
unnamed tault. The excavation exposed 30-40 feet of bedded tuffs between the base of the Pahute Mesa Tuff
and the top surface of the welded Ammonia Tanks Tuff ash-flow tuff. Bedded tuff expected to be present
in this interval include the Rocket Wash Tutt. the Volcanics of Fortymule Canyon and possibly the upper
non-welded top of the Ammonta Tanks Tuft. Many minor faults are in evidence. A portion of the unnamed
tault surtace 15 exposed along the eastern wall of the barrow pit. It is obvious from slickensides and the
overall shape of the fault surface that movement along this fault has been nearly vertical.
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Figure 6.--Plan view and geologic cross section of part of the section along Nevada Coordinate N.
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Information potentially subject to copyright protection was redacted from page 24 of this
scientific notebook. The redacted material (map) is from the following reference:

Matyskiela, W. “Silica Redistribution and Hydrologic Changes in Heated Fractured Tuff.”
Geology. Vol. 25, No. 12. pp. 1,115-1,118. Bounder, Colorado: Geological Society of

America. 1997
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September 10, 1998

TO: Jim Spencer (Div. 6)
FROM: Peter La Femina (Div. 20)
RE: XRD Analyses

Jim,

I will need X-ray Diffraction analyses on seven rock samples. The samples will need to
be powdered. The sample numbers and weights are as follows:

PROO! - 10.9g
PROO2 - 9.0g
PRO03 - 9.0g
PRO04 - 4.9¢
PROOS - 8.3g
PRO06 - 6.2g
PROO7 - 21.8g

If possible I would like any of the unused powder from each sample. The analysis and sample
preparation should be billed to 20-1402-561. Thank you.

Regards,

Gt C L

Peter C. La Femina
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Papoose Lake Sill Revisited: A preliminary interpretation of samples collected at Paiute Ridge,
Nevada Test Site, southern Nevada

Peter C. La Femina
Scientist

Introduction

The Papoose Lake Sill, located at Paiute Ridge, Nevada Test Site, southern Nevada, has been
proposed by Matyskiela (1997a, 1997b) as an analog site for the effects of repository heating on the
near-field environment (i.e., the possible decrease in porosity and permeability at the fracture-matrix
interface by way of silica redistribution). Three members of the Center for Nuclear Waste
Regulatory Analyses (CNWRA) visited Papoose Lake sill site on April 9, 1998, to conduct
geological reconnaissance. At thistime, six rock samples were collected from three localities within
the bounds of the sill. These samples were collected to represent unaltered tuff, altered tuff, and
altered tuff with filled fractures. During the visit, several important observations were made. These
were (i) that the site geology is not as straight forward as presented in Matyskiela (1997a); this
author basically reproduced Byers and Bames, (1967) 1:24,000 geologic map, (ii) that the rock
outcrops are heavily covered by colluvium, masking the geology, and (iii) that several areas have
been mapped incorrectly with regards to dike-sill-host tuff contacts; a critical factor in determining
the relationships between the basaltic intrusion and host rock alteration.

Methods

The six rock samples were brought back to the CNWRA for geochemical and petrographic analyses.
A representative portion of each sample was analyzed by X-ray diffraction (XRD). The XRD
analyses were conducted in Division 18 by Jim Spencer (ext. 5068). The results of these analyses
were plotted in three formats; a raw plot of intensity versus two-theta, a raw plot of intensity versus
two-theta with a qualitative best fit of minerals to the analyses, and a plot of elements measured
using energy dispersive spectroscopy (EDS). In addition to the XRD analyses, a portion of each
sample was sent out for thin-sectioning. Thin-sections were prepared by Mineral Optics Laboratory,
Inc., Wilder, Vermont. In the case of PR006 and PR007, samples that contain fractures, two thin-
sections were made. Petrographic analyses were conducted in the Division 20 petrography lab
located in building 57, by the author, using a Nikon petrographic microscope. Currently, scanning
electron microscopy (SEM) images and EDS analyses are being collected on thin-section PR006.
This thin-section of sample PR006 has a through going fracture.

Results (preliminary)

In the following section, mineral names that are in italics were seen petrographically and in the
qualitative XRD analyses.

PROO1

This is a sample of the non-welded Paintbrush tuff and was collected approximately 3 m west of the
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vitrophyre, inside of the Papoose Lake sill on the south-facing slope of Paiute Ridge. The EDS
analysis demonstrates the existence of Si, Al, Na, Mg, C, O, K, Ca, Ti, and Fe. The best mineral fits
for the analysis show cristobalite, albite (disordered), albite (ordered), sodian anorthite (disordered),
sodian anorthite (ordered), maghemite, sanidine (disordered), orthoclase and quartz.

Petrographic Analysis

Rhyolitic tuff. Hypo-crystalline with angular phenocrysts of homblende, feldspar, quarfz, muscovite,
biotite, cristobalite, sanidine , anorthoclase and microcline, and lithic fragments of pumice.

PR002

This sample was collected in the same locality as PROO1 and comprises both sides of narrow
fractures. The EDS analysis demonstrates the existence of the same elements as PROO1 minus C.
Ca shows a smaller peak in this sample than in PROO1. The mineral constituents are the same as
PROO1 , with the exception of sanidine being absent in this sample. In sample PR001 sanidine was
considered a major constituent and orthoclase a minor one. But in PR002, orthoclase becomes a
I believe I saw sanidine in the thin section.

Petrographic Analysis

Rhyolitic tuff. Hypo-crystalline with angular phenocrysts of homblende, feldspar, quartz, muscovite,
biotite, cristobalite, sanidine , anorthoclase and microcline, and lithic fragments of pumice.

PR003

This sample was collected in the same locality as PROO1 and PR002 and contains intact fractures.
This sample contains the same elements as PR002. The qualitative analysis for this sample shows
the existence of the same minerals as PRO02 with the exception of maghemite. In addition, the
qualitative analysis shows the existence of anorthoclase (disordered) and clinoptilolite.

Petrographic Analysis

Rhyolitic tuff. Hypo-crystalline with angular phenocrysts of hornblende, feldspar, quartz, muscovite,
biotite, cristobalite, sanidine , anorthoclase and microcline, and lithic fragments of pumice.

PR0O04

This sample was collected on the prow of Paiute Ridge approximately 1.5 m from an unmapped N-S
trending dike and approximately 15 m above the sill-Paintbrush tuff contact on the north slope of
the ridge. This sample contains intact fractures. The EDS analysis demonstrates the existence of
0, Na, Mg, Al, Si, S, K, Ca, Ti, and Fe. The qualitative analysis demonstrates the presence of the
minerals cristobalite, albite (disordered), orthoclase, sodian anorthite (ordered), calcian albite
(ordered), and quariz.



Petrographic Analysis

Altered, rhyolitic tuff. Hypo-crystalline with angular phenocrysts of hornblende, biotite, muscovite,
feldspar, cristobalite, and quartz.

PR00S

This sample is a silicified altered tuff collected from the contact of the N-S trending dike and the
tuff. The EDS analysis of this sample demonstrates the presence of O, Na, Mg, Al, Si, K, Ca, and
Fe. The qualitative analysis demonstrates the existence of cristobalite, quartz, sodian anorthite
(ordered), anorthoclase (disordered), anorthite (ordered), albite (disordered), orthoclase, and
potassian sanidine (disordered).

Petrographic Analysis

Altered, rhyolitic tuff with fracture cross cutting thin section. Fracture is filled with clays?
Phenocrysts of biotite, calcite, feldspar, cristobalite, quartz, and glass. Possible spherulites exist,
which would have formed during deuteric alteration.

PRO06

This sample was collected from locality three and is an altered, vitric, non-welded Paintbrush tuff.
The sample was a mottled white and light purple tuff with areddish fracture zone. The EDS analysis
for this sample is similar to that of PR00S, with exception of the presence of Mn. The qualitative
analysis demonstrates the existence of cristobalite, sanidine, orthoclase, sodian anorthite (ordered),
albite (disordered), potassian sanidine (disordered), anorthite (ordered), and albite (ordered).

Petrographic Analysis

Two thin sections were cut from this sample of rhyolitic tuff. PR006 was cut perpendicular to a
fracture. The fracture is well defined along one edge and is filled with phenocrysts of feldspar and
quartz. The matrix contains phenocrysts of feldspar, quartz, biotite and hornblende.

PRO06 TS-1 is similar to PRO06 but contains larger phenocrysts of hornblende. Along the
edge of the fracture there is a zone of alteration/mineralization of a Fe mineral. It is possible that
this is maghemite.

PRO0O7

This sample was collected in the same locality as PRO06 and has a filled fracture with a maximum
aperture of 1 cm. The EDS analysis for this sample demonstrates the same elements as present in
PRO06 with the addition of Ti. The qualitative analysis demonstrates the existence of cristobalite,
sodian anorthite (ordered), orthoclase, sanidine (disordered), albite (ordered), quartz, and
gismondine.



Petrographic Analysis

Two thin sections were cut from this sample of rhyolitic tuff. PR007 was cut perpendicular to a
fracture. The fracture is filled with smaller phenocrysts than the matrix. Phenocrysts include quartz,
anorthoclase, sanidine, biotite (possibly stilnomelane?), and hornblende.

PROO7 TS-1 contains the same mineral constitutents, but has no fracture.

Discussion/Conclusion/Future Work

It is the opinion of this author that more work is needed to determine the significance of alteration
in proximity to the Papoose Lake sill. Samples collected thus far, do not definitively show silica
redistribution at the fracture/matrix boundary. The XRD analyses sited above were conducted on
representative sample splits of each sample. I believe that it might tell us more, if we have just the
fracture-fill and matrix material analyzed separately.

Future ficldwork is needed to collect more samples and to map the local geology in more
detail. Samples should be collected along transects, with even sample separation. If time and money
exist, samples should also be collected away from other dikes in the field area and samples of the
dikes and sills collected for analyses.
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Spectrum: JFS832 Range:20 keV
Total Counts=1049829. Linear Auto-VS=37520
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Spectrum: JFS833 Range:20 kev
Total Counts=1102464. Linear Auto-VS=45408
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Spectrum: JFS834 Range:20 keV
Total Counts=1105087. Linear Auto-VS§=43536
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Spectrum: JFS835

Range:20 KkeV
Total Counts=1029411.

Linear

Auto-VS=41120
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Spectrum: JFS836 Range:20 keV
Total Counts=1071867. Linear Auto-VS=45904
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Spectrum: JFS837 Range:20 keV
Total Counts=1011066. Linear Auto-VS=41248
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Spectrum: JFS838 Range:20 keV
Total Counts=996631. Linear Auto-VS=45600
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