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TRIP REPORT OF GEOLOGICAL SOCIEITY OF AMERICA MEETING
AT RENO, NEVADA

AUTHORS: J. G. Blencoe and G. K. Jacobs

LOCATIONS: Nevada Test Site (pre- and post-meeting field trips)
and Reno, Nevada (GSA Annual Meeting)

DATES: Pre-meeting field trip--November 2-4, 1984; GSA Annual
Meeting--November 5-8, 1984; Post-meeting field
trip-—-November 8-10, 1984

PURPOSE: Participate in field trips to the Nevada Test Site,
and attend the Annual Meeting of the Geological
Society of America.

PROJECT TITLE: Technical Assistance in Geochemistry.
PROJECT MANAGER: S. K. Whatley.

ACTIVITY NUMBER: ORNL #41 37 54 92 4 (189 #B0287)/NRC #50 19 03 0Ol.

SUMMARY

This report describes the activities and experiences of J. G. Blencoe

and G. K. Jacobs during: (1) pre- and post-meeting field trips to the
Nevada Test Site (NTS), and (2) the annual meeting of the Geological
Society of America (GSA). The pre-meeting field trip, attended by

J. G. Blencoe, was conducted to examine the geology of the NTS. The post-
meeting field trip, attended by G. K. Jacobs, was undertaken to review

the regional flow systems, groundwater recharge, and unsaturated flow
within the NTS and adjacent areas. The GSA Annual Meeting was attended

by both J. G. Blencoe and G. K. Jacobs.

GENERAL OBSERVATIONS AND COMMENTS ON THE GSA MEETING AT RENO
The 1984 GSA Annual Meeting was held in the MGM Grand Hotel in Reno,
Nevada, on November 5-8. Approximately 6,000 geoscientists were present

at the meeting, making it the most well-attended GSA annual meeting ever.

Symposium on the Geology, Hydrology, and Geochemistry of the NTS
2:00 pem., November 5, 1984)

In addition to the usual technical sessions on geoscientific subjects
(petrology, paleontology, geophysics, etc.), this year's GSA Annual
Meeting included a half-day symposium on the geology, hydrology, and
geochemistry of the NTS. The speakers who delivered presentations at
this symposium, and the titles of their papers, are:

1. Thomas R. Clark: The Role of Earth Science at the Nevada Test
Site—-The Manager's Viewpoint.




2. H. Lawrence McKague, Paul P. Orkild: Geologic Framework of Nevada
Test Site.

3. Carol J. Boughton, Roger L. Jacobson, John W. Hess: Regional
Groundwater Characteristics Determined From Geochemistry and
Environmental Isotopes at the Nevada Test Site.

4., W. J. Carr: Timing and Style of Tectonism and Localization of
Volcanism in the Walker Lane Belt of Southwestern Nevada.

5« Robert B. Scott: Internal Deformation of Blocks Bounded by Basin-
and-Range-Style Faults.

6. Barney J. Szabo: Uranium-Series Dating of Fault-Related Fracture-
and Cavity-Filling Calcite and Opal in Drill Cores From Yucca
Mountain, Southern Nevada.

7. Christopher C. Barton: Tectonic Significance of Fractures in Welded
Tuff, Yucca Mountain, Southwest Nevada.

8. Richard K. Waddell: Solute-Transport Characteristics of Fractured
Tuffs at Yucca Mountain, Nevada Test Site~—-A Preliminary Assessment.

9. Norman R. Burkhard: Applications of Geophysical Exploration
Techniques to Structural Interpretations at the Nevada Test Site.

10 J. N. Rosholt, C. A. Bush, W. J. Carr: Uranium-Trend Dating and
its Application to Quaternary Deposits in the Nevada Test Site
Region.

11. J. L. Wagoner, H. L. McKauge: The Alluvial Valley Fill, Yucca
Flat, Nevada.

12. Clinton M. Case, Mark Kautsky, Peter M. Kearl, Diane M. Nork,
Thomas F. Panian, Sarah L. Raker: Unsaturated Flow Through the
Alluvium at the Nevada Test Site.

13. Stephen W. Wheatcraft, Thomas J. Burbey: Numerical Modeling of the
Tritium Breakthrough at the Cambric Site, Nevada Test Site.

14, Richard H. French: Assessment of Flood Risk to Facilities Sited on
Alluvial Fans at the Nevada Test Site.

15 E. M. Romney: Restoration of Vegetation in Areas Disturbed by
Nuclear Testing at the Nevada Test Site.

Our principal observation concerning these papers 1s that the speakers
did not focus on information obtained recently, and most of the
discussions were directed toward the hydrology and geology of the entire
NTS (i.e., very little was said about the "local"™ hydrology, geology,
and geochemistry of Yucca Mountain). Furthermore, many of the
presentations were poorly delivered, and sometimes accompanying slides
were difficult to read.



Miscellaneous Papers on Topics Related to Disposal of High-Level
Radioactive Waste

Several technical sessions held during the Annual Meeting included
presentations that dealt with the geochemistry of brines at the various
candidate salt sites (however, most of the discussions focused on the
Palo Duro Basin site). From the talks dealing with the Palo Duro Basin
site, we learned that the deep water-bearing Wolfcamp Formation is being
studied extensively by the Texas Bureau of Economic Geology to
determine: (1) the source(s) and age(s) of the fluids, and (2) the
significance of brine chemistry for conceptual models of groundwater
flow.

Several technical sessions devoted to geochemical topics included
interesting presentations on rock/water interactions. For example, a
researcher from Stanford University described experimental work that he
has performed on the solubility of UO, at high temperatures. His data
suggest that calculated solubilities of U0, at 100-300°C obtained from
the thermodynamic data that 1s currently available may be off by as much
as 3-4 orders of magnitude! There were also several papers which
described work currently being performed on the mechanisms of oxidation
and reduction of aqueous specles at or near the surfaces of minerals.
Still another interesting paper presented evidence that some form of
bacteria may have been found in fluid inclusions from a geothermal area
(temperatures up to 200°C). This is the first observation of this sort
and it may have implications for evaluations of the significance of
bacterial processes in the mobilization and retention of radionuclides
released from a repository. In the past, it has been considered that
bacteria would not survive the thermal period; however, it seems evident
now that the validity of this assumption should be reassessed.

Conclusions

As expected, this year's GSA Annual Meeting included the usual mix of
excellent, good, mediocre, and terrible talks. However, in our opinion,
the overall "value" of the meeting is not properly assessed by
considering only the number of interesting talks that were delivered
during the technical sessions. In addition to being able to attend
technical sessions that dealt wholely, or in part, with waste-management
subjects, the meeting provided us with an opportunity to verbally
exchange information with colleagues from other national laboratories
and from universities who share some of our interests and concerns
regarding the geochemistry of high-level waste (HLW) disposal. Such
exchanges enhance our professional development in three ways: (1) we
gain knowledge directly from our peers in a scientific atmosphere that
encourages expression of honest opinion; (2) by meeting and talking with
our peers face-to-face, we establish a positive standing and credibility
among scientists who are working on HLW disposal problems; and (3) we
reestablish old contacts with peers, and make new contacts, which pre-
serve or open up lines of communication which can be of great value at a
later time (e.g., when it is necessary to obtain new information quickly,
and you are wondering who to contact to obtain this information). In
view of these beneficlal aspects of attending this year's meeting, we
hope that the NRC will allow up to attend future GSA Annual Meetings.



COMMENTS ON THE PRE- AND POST-MEETING FIELD TRIPS TO THE NEVADA TEST SITE

Field Trip on the Geology of the Nevada Test Site (J. G. Blencoe)

a. Comments concerning events and observations on the first day of the
field trip (November 3, 1984)

The first day of the field trip was spent traveling from Las Vegas to
Mercury (NTS) and observing the geology along the way. It was
emphasized that, while the rocks around Las Vegas are Precambrian or
Paleozoic in age, and contain many sedimentary lithologies, the rocks
on--and adjacent to--the NTIS are predominantly Cenozoic (mainly Miocene)
and Recent volcanic rocks. Due to the significant distance that we had
to travel, we only made a few stops to perform some "roadside geology;"
the rest of the time was spent observing distant rock formations through
the windows of the bus. There were no discussions of a geochemical
nature at all during the day, which was disappointing. I suspected that
geochemistry would not be emphasized in verbal discussions presented by
our field-trip guides, mainly because the field trip was advertised as a
geology field trip, but I was a little surprised that no attempts were
made to present information that would have been of great interest to
geochemists. (For example, it would have been very interesting to learn
more about the patterns of alteration of tuffaceous rocks at the NTS.)
However, the day was "saved" (from the point of view of this geochemist)
by two events: a brief visit to Yucca Mountain in the early afternoon,
and a tour of the USGS Core Library at Mercury at the end of the day.

The visit to Yucca Mountain was rewarding because, after seeing it, I
now have a good mental image of the topographic and geologic environment
of the candidate-repository site at Yucca Mountain. During the brief
lunch-hour stop at the summit of the mountain (Yucca Mountain is
actually a broad ridge), there were detailed discussions of the regional
geology and hydrology of the area, but essentially no discussion of the
geochemistry of the rocks beneath the mountain. Nevertheless, the
lectures delivered by the field-trip leaders were interesting,
especially the presentation given by Rick Waddell of the USGS. From
his talk I conclude that the hydrology of the Yucca Mountain region is
still poorly understood, the principal unknowns being: (1) the rate of
groundwater recharge at Yucca Mountain, and (2) the rates and volumes of
fracture flow vis-a-vis matrix flow of groundwater at the site.

The visit to the USGS Core Library at Mercury was the last stop of

the day. This core library, officlally designated “The Geologic Data
Center and Core Library" at Mercury, is a depository for systematic
processing, cataloguing, and storage of drill-bit cuttings, drill core,
and other rock samples from the NTS and other test areas. The facility
serves as: (1) a field headquarters for USGS geologists, hydrologists,
and geophysicists, and (2) a work area for earth scientists employed in
support of weapons testing and DOE waste-management projects. The faci-
lity maintains reference files of reports, maps, aerial photographs, and
downhole video tapes and geophysical logs for selected drill holes at



the NTS and other test areas. Water samples are analyzed both chemi-
cally and radiologically in a hydrologic—chemical laboratory adjacent to
the Core Library.

Continuous core, sidewall samples, and rock cuttings stored at the Core
Library have been used to resolve geologic problems encountered by
personnel concerned with nuclear-test containment and HLW disposal. For
example: (1) primary minerals and whole rocks are analyzed to help
correlate volcanic units found at the Test Site, and (2) secondary
(diagenetic) minerals have been studied intensively to gauge their
ability to inhibit migration of radionuclides. Regarding (1), LANL
geochemists are analyzing phenocryst minerals and whole rocks to model
the origin and evolution of the late-Tertiary volcanic sequence at the
NTS. Recent work has allowed accurate correlation of individual
petrologic units as well as entire petrologic suites. The spatial
distribution patterns of correlative petrographic units point to the
Timber Mountain - Oasis Valley magmatic system as the primary source of
Miocene volcanic rocks at the NTS. This observation, along with
supporting geochemical data, indicates that Miocene volcanic rocks at
the NTS are the effusive product of a single, large, evolving rhyolitic-
magma body that was located beneath the present expression of the Timber
Mountain Caldera.

b. Comments concerning events and observations on the second day of the
field trip (November 4, 1984)

Like the first day of the field trip, activities on this day consisted
mainly of "geologic sight-seeing.” The highlight of the day was a visit
to the SEDAN crater, a circular pit—--approximately 390 m in diameter and
98 m deep-—which was formed in tuffaceous alluvium just to the east of
Rainier Mesa as a result of the detonation of a 100 kt atomic device on
July 6, 1962. During the stop at this crater, there was much discussion
of "containment geology"” (geologic studies in support of underground
testing of nuclear devices) and nuclear—excavation scaling laws (the
empirical relationships between the kilotonnage of an atomic device,
depth of detonation, and the size of the resulting crater produced by
the explosion of the device).

The only activity of the day which possessed a geochemical "flavor™ was
a visit to the Radionuclide Migration (RNM) project site on Frenchman
Flat. The RNM project was initiated in 1974 to study the rates of
underground migration of radionuclides from explosion-modified zones at
the site of the "Cambric event.” The Cambric event, which refers to the
detonation of an atomic device beneath Frenchman Flat in 1965, was
chosen for study because, among other amenable conditions: (1)
sufficient tritium was present to provide an easily measureable tracer
for water from the cavity region; (2) the post-shot debris and
groundwater in the cavity and overlying chimney contained quantities of
plutonium, uranium, and fission products that were sufficient for
measurement and comparison; (3) the small nuclear yield from the Cambric
event was expected to have little effect on the local hydrology; and (4)
it was judged that alluvium is a good medium for radionuclide-migration



studies because it is more permeable than tuff and does not contain
large fractures through which groundwater might selectively flow.

Beginning in October, 1975, water was pumped from a satellite well
located 91 m from the Cambric cavity; this produced an artificial
gradient that was sufficient to draw water from the Cambric cavity,
thereby providing an opportunity to study radionuclide migration under
field conditions. The satellite well was pumped at the rate of ~600
gal/m. Every week samples were taken and analyzed for radionuclides.
The first radionuclide detected was 36Cl. Later (in the summer of
1978), tritium was detected, and by late summer, 1980, the concentration
of this radionuclide reached a peak of 7000 pCi/mL. By September 30,
1982, over 427 of the tritium from the Cambric event had been removed by
the satellite well.

Field Trip on the Hydrogeology of the Nevada Test Site and Amargosa
Desert (G. K. Jacobs)

This field trip was excellent. We observed and discussed many aspects
of the flow regimes pertinent to the area (ie., alluvium, tuff, and
Palezoic carbonates). There is apparently still significant controversy
concerning not only the location of recharge and discharge areas, but
also the potential impact of groundwater flow on the containment and
isolation of radionuclides resulting from the testing of nuclear devices
and the proposed repository at Yucca Mountain.

Because a nuclear device was scheduled to be tested at the NTS on
Friday, November 9, the field trip was run in reverse order from that
described in the field trip guide. We were supposed to be able to get
onto the NTS on Saturday in order to observe and discuss the hydrology
of Yucca Mountain and other aspects of the NTS. As it turned out, the
device was tested on the morning of Saturday, November 10. Therefore,
our first stop that day was Yucca Mountain and the rest of the NTS por-
tion of the field trip followed.

a. Comments concerning events and observations on the first day of the
field trip (November 9, 1984)

The first day was spent traveling from Las Vegas to Beatty through the
Amargosa Desert to observe and discuss hydrologic characteristics of the
area. The Amargosa Desert 1s a possible discharge area for groundwaters
which originate within the NTS. Groundwater discharge occurs as small
springs emanating from Palezoic carbonate units. We observed a popula-
tion of pupfish — "minnow-like” fish which live in the springs of the
Amargosa Desert. These pupfish are significant because a large irriga-
tion project in the desert was discontinued when it was shown that over-
pumping of the aquifer system was lowering the level of water in the
springs to a point below which the pupfish could no longer reproduce —
thus endangering their existence.

During the day, useful discussions concerning the regional geology and
hydrology occurred with the participants and leaders of the field trip.
These discussions were particularly interesting because the field trip



leaders were with the Desert Research Institute (DRI) and are currently
involved in evaluating the hydrochemical work which is being carried out
by the USGS and LANL. Apparently, DRI has access to water samples and
other hydrologic data being collected by the USGS and LANL.

The last stop of the day was at the U.S. Ecology waste disposal area,
just outside of Beatty, NV. This facility accepts low-level radioactive
waste as well as toxic chemical waste. Only solidified waste are
currently disposed of at the facility. We observed and discussed the
disposal practices including the segregation of wastes and the hydrology
of the unsaturated zone in which the facility is located.

b. Comments concerning events and observations on the second day of
the field trip (November 10, 1984)

The first stop was at Yucca Mountain to observe a pump test which was
being conducted. We discussed the general geology and hydrology of the
Yucca Mountain area, however, few details were covered. As J. G. Blencoe
discussed earlier, being able to visualize the geologic and hydrologic
setting of Yucca Mountain will be valuable in future review efforts con-
cerning the NNWSI Project.

The next major stop was at a low-level waste (LLW) site on the NTS.

This site has been instrumented to investigate the hydrology of the
unsaturated zone as related to the disposal of LLW. DRI is involved in
many studlies of unsaturated zone hydrology. Though much uncertainty
remains in their understanding of the hydrology of the unsaturated zone,
the residence time of water in the unsaturated alluvium is thought to be
on the order of months. Therefore, it is possible that the conceptual
model of NNWSI for the rapid transport of water through the unsaturated
zone — thus little time for reaction with repository materials — may be
realistic, although the repository will be constructed in rock, whereas
most studies to date by DRI have addressed the alluvium.

Also included in this field trip were stops to the SEDAN crater and the
Radionuclide Migration (RNM) site on Frenchman Flat. These areas were
discussed by J. G. Blencoe earlier and will not be repeated here.



NEVADA TEST SITE FIELD TRIP
GUIDEBOOK 1984
(FieLp Trip 10)

Leaders:

HOLLY D. ANDER, Los Alamos National Laboratory
F. M. BYERS, JR., Los Alamos Natlicnal Laboratory

PAUL P. ORKILD, U.S. Geological Survey

With contributlions from:

HARLEY BARNES (deceased), W. J. CARR, WILLIAM ¥ DUDLEY, EVAN C.

JENKINS, F. G. POOLE,

RALPH R. SHROBA, ROBERT B. SCOTT, and MARTHA G. VAN WERKEN, U.S. Geologlcal Survey

DAVID E. BROXTON, BRUCE M. CROWE, DONATHON J. KRIER, SCHON S. LEVY, WARD L. HAWKINS, DAVID
T. VANIMAN, and RICHARD G. WARREN, Los Afamos National Laboratory. )

FOREWORD

The Nevada Test Site (NTS) was establlished
on December 18, 1950, to provide an area
for continental testing of nuclear devi-
ces. In January of 195! testing began
with &an airdrop 1into Frenchman Flat In
conjunction with Operztion Ranger. In
eddition to alrdrops, above ground testing
Included surface detonations, tower shots,
and balloon suspensions. Underground
testing began in 1957 and, since 1963, all
events have been buried In large diameter
drit! holes or tunnels. Geologists from
the U. S. Geologlical Survey mapped much of
the NTS region between 1960 and 1965.

These maps have formed +he basis for
subsequent studies by geologic support
groups from Los Alamos National Labora-

tory, Lawrence Livermore National Labora-
tory, Sandlaz National Laboratory, and the
UsGS. A good geologic understanding of
the stratigrephy, structure, geochemistry,
and physlcal properties of the rocks Is
essentiel for adequate containment of
underground nhuclear tests. Many of the
recent geologlc studles at NTS, particu-~
larly in Yucca Flat, Pahute Mesa, and
Mid-Yalley are almed at understanding
subsurface geology to help ensure complete
containment. Stnce 1978, the massive
ash-flow tuff beds under Yucca Mountalin
have been Intensively studied to determine
thelir potentlal as a radioactive waste

repository. These Investigations Ilnvolved
volcanic and earthquake hazard studles,
detailed geochemical studlies of composi-
tional zonatlon In ash-flow tuffs, and
studles of secondary minerallization.

The rock sequence at NTS Is composed of
late Precambrian and Paleozolc rocks which

were completely deformed by Mesozolic
compressional tectonlism. Tertliary and
Quaternary volcanlic and clastic rocks

overlle the older rocks and were deposited
concurrent with Cenozolic extensional
faulting. The late Miocene ash-flow tuffs
and lavas found in this area Issued pri-
marlly from the Timber Mountain-Oasis
Valley caldera complex located 1in the
western part of NTS. Studies performed In
conjunction with nuclear testing and
radioactive waste Isolation have addressed
many aspects of the geologlfc history of
NTS which have In turn greatly enhanced
our understanding of the geology of the

southern Grest Basin.

The editors would like to thank all of
the co-zuthors who contributed to sections
of this guidebook In thelr areas of exper-
tlse. Special thanks to ¥Wll) Carr whose
numerous additions and correctlions to the
rosdlog were Incorporated into the flnal
draft. W. B. Myers and ©O. L. Nezley of
the USGS reviewed the manuscript. Without
the support of Jack House and Wes Myers of
Los Alamos National Laboratory, thls fleld
+rip would not have been possible.
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Yirginia Glanzman expedited the USGS peer
review process and performed editorlal
duties. Barbara Hahn typed the manuscript
and Mary Ann Oison and Luween Smith draft-
ed many of the fllustrations.

ROADLOG

DAY 1
GENERALIZED STRUCTURAL GEOLOGY FROM LAS
VEGAS TO MERCURY

The Las Vegas VYalley shear zone, one of
the major structural features of the Basin
and Range physiographic province, s
reflected topographically by the north-
west-trending Las Vegas Valley (Fig. 1).
The Spring Mountains, culminating In
Charleston Peak (3633 m.), parallel Las

ne

4

FIGURE 1:

Vegas Valley on the southwest, whereas
several smaller northerliy-trending ranges
have southerly terminations on the north-
east side of the valley. The sharp west-
erly bending or "drag"™ Into the Las Vegas
Valley shear 2zone of major northerly
structural and topographic trends (indi-
cated by ranges on the northeast side of
Las Vegas Valley), and offset of Paleozolc
facles markers (Stewart, 1967) and major
thrust faults on either side of the valley
(Burchfiel, 1964) indicates right-lateral
movement along +the zons. Studies of
stratigraphic and structural evidence
Indlicate an aggregate right-lateral offset
of 60-75 km. occurring between about 17
to 11 me.y. B.P. (Longwell, 1974). The
absolute amount of strike-slip movement

Southsrn Nevada region showing princlpal gecographlic featurses, probabls offset

of Wheeler Pass Thrust and coeval Gass Peak Thrust, and numbered stops on Nevada Test Slte

Fleld Trip.



slong the shear zone cannot be determined,

In part due to alluvial
mates range from 27 to 30 km.
1970).

but esti-
(Fleck,
The rest of the offset Is attribu-

cover,

ted to structural bending or "drag."
The area traversed on this fleld trip

In & belt of extensive thrust faults

that occur along the east slide of the

Cordlilleran

mlogeoc!ine. These thrust

faults are of Mesozolic age and occur In

the

belt.
for about 90 km.

hinteriand of the Sevier orogenlc
U.S. Highway 95 follows the valley
from Las Vegas to the

vicinlty of Mercury, Nevada (Flg. 1).

Ml leage

0.0

2.7

.1

14.8

Las Yegas, Intersection of Interstate
15 and U.S. 95. Proceed north on
U.S. S5

Decatur Blvd. overpass.

Cralg Road turnoff. Potosi Mountaln
at B8:30 Is capped by Monte Cristo
Limestone of Mlssissipplan age.
Prominent rldge between 8:00 and 9:00
Is capped by Permian Kaibab Lime-
stone. Wilson Cliffs between 8:30
and 9:30, composed of buff and red
NavaJo (Aztec) Sandstone of Triasslic
and Jurassic age, forms the lower
plate overrlidden by Keystone thrust.
Narrow ridge at 9:30 Is an erosional
remnant of Keystone thrust; the rldge
Is capped by gray Goodsprlngs Dolo-
mite of Cambrian and Ordoviclan age
overlying red Navajo Sandstone. On
fLa Madre Mountaln between 9:30 and
11:00 are exposed carbonate rocks of

Cambrian, Ordovictan, Silurlan(?)},
Devonian, Mississipplan, Pennsyliva-
nlan, and Permlian 2ge. On Sheep

Range at 1:00 the outcrops are rocks
of Cambrlien through Mississlipplian
age. On Las Vegas Range between 1:00
and 3:00 most outcrops are the Bird
Spring Formaticn of Pennsylvanian and
Permian age. Muddy Mountalns at
4:00. Sunrlise and Frenchman Moun-
talins between 4:30 and 5:30.

View of La Madre Mountain stratigra-
phy between 9:00 and 10:00. Lower
thin black band Is dolomite of Devo-

16.1

15.4
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nian age (probably Ironside Dolomite
Member of Sultan Limestone). 1+
rests with apparent unconformity on a
very thin gray dolomite of Devonlan
or possibly Silurian age, which In
turn rests unconformably on gray and
brown s!{lty and clayey carbonate of
+he Pogonip Group of Ordoviclan age.
Above the lronside Dolomite is |lme~
stone and dolomite of the Devonien
Sultan Limestone. The main ridge Is
capped by‘Monfe Cristo Limestone of
Mississipplian age. Small outlier
Just north of the end of the main
ridge ts composed of the 8ird Spring
Formation of Pennsylvanian and Per-
mian age.

Charleston Park Road - Kyle Canyon
turnoff (Nevada State Highway 39).
Rest area on right «.. continue
stralght ahead. A few of the geo-
leglec features exposed In the next
few mlles near the Lee Canyon Road
{Nevada State Hlighway 52) are ou+t-
{fned on Fige 1. The offset of the
Wheeler Pass and Gass Peak thrusts [s
commoniy cited iIn support of right-
lateral movement along the shear
zone. The contrast In rock facles
and thicknesses on opposite sldes of
the valley offer corroborative evi-
dence of strike-slip movement.

To the northeast: The rocks of the
Sheep Range between 2:00 and 3:00 are
the typical thick miogeocllinal sec-
tion of eastern Nevada. The two
prominent black bands at 3:00 are the
tower member of the Ely Springs
Dolomite repeated by faulting.
Beneath the upper of the two black
bands Is the |llght-colored Eureksa

Quartzite. The Eurekz Is underlain
by brownlsh-gray Pogonip Group car-
bonates, which in turn are underiain
by the Nopah Formation, the +top

of which has prominent black and
white stripes. Above the black lower
member of the Ely Springs is & unlt
of |lght-gray dolomite representing
the upper member of the Ely Springs
and lower part of the Silurian. The
thin black band Is 2 dark dolomite
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25.3

26.0

unlt within the Slilurian section. The
Devonian rocks above are similar to
the Nevada Formation and the Devlils
Gate Limestone of the Test Site.

To the southwest: The ridge east
of Lucky Strike Canyon consists of a
much thinner section than 1In the
Sheep Range and contains several
different Illthofacles. A+ 10:00 a
white streak representing the distal
end of the Eureka Quartzite may be
seen Just below a prominent black
unlt, which is probably equivalent to
the lronside Dolomite Member of the
Sultan Limestone (Nevada Formation)
of Devonian ages. A thin light-gray
dolomite separates the Eureka and
Ironside. Thls dolomite contalns the
Ordoviclan Ely Springs Dolomite and
possibly a +thin Silurian section.
The Devils Gate Limestone forms the
remainder of +the ridge above the
black Ironside (Nevada Formation).
The Mississipplan Monte Cristo Lime-
stone forms the north-dipping slope
of the maln ridge and caannot be seen
from here. The wel!-bedded outcrops
at 11:00 north of Lucky Strlke Canyon
are the Pennsylvanlan-Permian 8ird
Spring Formation. Below the Eureka
at Lucky Strike Canyon, the section
Is gray and brown silty and clayey
carbonate rocks of the Pogonip Group.
The black dolomite just above the
valley filt a+ 9:30 Is the upper part
of the Nopah Formation.

Fossil Ridge at+ 4:00 Is composed of
Cambrian and Ordoviclan rocks. Gass
Peak thrust (Fig. 1) at 4:30, separ-
ates upper plate of Cambrian rocks on
left from lower plate of Pennsy!lva-
nian-Permian rocks of the Las Vegas
Range on the right.

Lucky Strike Canyon Road to left.
Road to right leads to Corn Creek
Springs Fleld Station of U.S. Fish
and Wildlife Service which manages
+he Desert Game Range. Continue
straight ahead.

Badland topography at 3:00 developed
on Las Vegas Formation. Near Las
Vegas, simitar yellowish-gray flne-

29.5

33.0

34.9

39.0

41.0

42.1

grained beds have ylelded fosstl
mollusks and mammals of Plelstocene
age.

Lee Canyon turnoff. Nevada 52 on
lef+--continue straight ahead. At
9:00 on skyline [s Charleston Peak,
elevation 11,918 f+. (3612 m.).
Black Rlidge at 3:00 Is composed of
Cambrian and Ordoviclan strata.
Desert Range at 2:00 s composed of
Cambrian to Devonian strata.

Playa of Three Lakes Valley at 2:00.
Plintwater Range at 1:00 Is composed
of Cambrian +to Devonlan strata.
Indian Ridge at 10:30 Is composed of
Cambrian and Ordoviclan rockse.
Rldge, between 8:00 and 10:00, Is
composed of Bird Spring Formation.
The Wheeler Pass thrust probably
separates these two rldges.

State Correctional Faclllity, Camp
Bonanza (Boy Scouts of Amerlica), and
Cold Creek Road on [{eft--continue
stralght ahead.

Southwest end of Plntwater Range,
between 1:00 and 3:00, is composed of
Ordoviclan and Siturlan-Devonlan
rocks. Ridge at 10:00 Conslists of
gray cliffs of Monte Cristo Limestone
and alternating brown sliity-sandy
| Imestone and gray |imestone of the
Bird Spring Formation. Prominent
high point on skyline ridge, at 9:30,
Is Wheeler Peak.

Light-gray outcrop, at 3:00, Is
mostly Devonian carbonate rock. Near
this polnt, the trend of Las Vegas
Valley changes from northwest +to
west-southwest past Indian Springs,
reflecting elther a bend in the Las
Vegas Valley shear zons or the pre-
sence of a conjugate northeast-trend-
fng fault.

Viltage of Indian Springs. Iindian
Springs Valley Is at+ 3:00. White and
brown outcrops In distance, at 1:00,
are Eureka Quartzite. Dark dolomlte
on ridge at 12:30 1s Upper Cambrlan



Nopah Formation. Gray and brown
outcrops forming prominent ridge
south of town, 9:00 to 11:00, sare
Bird Spring Formatlion.

45.4 Yillage of Cactus Sprlings. Prominent
black and white banded dolomite on
rldge between 1:00 and 3:00 Is upper
part of Nopah Formatione.

47.7 Prominent rldge on skyline between
9:00 and 12:00 is northwest end of
Spring Mountains; Wheeler Pesk at
9:30, Mount Stirifng at 10:30.

49.5 Road to right leads to test well 4--
continue straight ahead. Lazke beds
of the Las Vegas Formation form the
yellowlsh-gray badland topography
along highway. These beds marking a
signiflicant shoreline of a large
lake, continue westward only a few
more miles where they resch z maximum
altitude of about 1100 me They are
continuous from that point back to an
altitude of a2bout 800 m. In the Las
Yegas area suggesting a southeasterly
+11t+ing during the last mlllion years
of approximately 5 m./km.

52.7 Brown and gray outcrops Immedlately
north of highway are Pogonip Group.

55.1 STOP 1. PALEOZOIC UNITS 1IN THE
SPOTTED RANGE.
Park off highway on right side near
sign deslignating Nye-Clark County
{ine.

Rocks seer to the north In the Spotted
Range are +typlcal thick mliogeosynclinal
strata similiar to those 1n the Sheep Range
sectlon. Visible units Include |lmestone
of the Ordoviclian Pogonip Group, Eureka
Quartzite, and Ely Springs Dolomite (see
Table 1); Slluriean and Lower Devonian
dolomlte; Lower &nd Mlddle Devonlen dolo-
mite and quartzite of the Nevada Forma-
tlon, and Middle to Upper Devonlan Devils
Gate Limestone (includes some dolomite and
quartzitel. Uppermost Devonian and Lower
to Upper Mississipplan rocks cannot be
seen from here, but are present In an
overturned synclline on the far side of the
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ridge on the skyline. Strata seen gener-
ally dip 30° to 40° northwestward and form
the southeast |limb of the Spotted Range
syncline. The rocks are displaced by a
prominent system of northeast-trending
faultse. White quartzite member of +the
Eureka Just above valley flll at 1:30 Is
overlain by black dolomite of the lower
member of the Ely Springs. Ridge on
skyline between 12:30 and 2:30 Is South
Rldge capped by Devils Gate Limestone.
Nevada-Devils Gate contact 1s on skyline
at 1:30. Prominent black band with brown-
Ish slope-former below [s the lower part
of the Nevada Formation and can best be
seen Iin middle part of range between 2:00
and 2:30.

58.7 Low rlidges iIn foreground between
10:30 and 2:30 are Ordovician Ante-
lope Valley Limestone. Ridge on
skyline between 11:00 and 1:00 con-
slst of Eureka Quartzite through
Devils Gate Limestone.

59.3 Masslve gray cliffs at 3:00 are the
Palllserla~bearing !|imestone In the
middle part of the Ordovician Ante~
lope Yalley Limestone (lower part of
the Aysees Member of the Antelope
Yalley Limestone in the Ranger Moun~
tains). Underneath are brown slopes
of the Orthidiella=bearing slity
| Imestone (Ranger Mountains Member of
the Antelope Valley Limestone in the
Ranger Mountains).

59.5 Highway bends to more westerly direc-
tion. Hills on skyline between 12:00
and 1:00 are Specter Range. Skull
Mountain 1In distence at 2:00 s
composed of siliclc volcanlic rocks,
capped by black basalt flows. Mer-
cury camp at 4:00. Mercury Valley to
northwest (s +t+he last topographlc
expression of the northwest-trending
Las Vegas Valley or La Madre sheer
zone. Northeast-striking structures,
Including thrusts In +the Specter
Range and Spotted Range can be corre-
tated across Mercury Valley with
Iittle or no offset. No signiflcant
northwest-striking faulting Is pre-
sent In Plio-Plelstocene deposits of
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TABLE 1

PRE-CENOZOIC ROCXS EXPOSED IN AND NEAR YUCCA FLAT, NEVADA TEST SITE
(modified from Qrkiid, 1982)

Approximate
Thickness
Age Formation m Dominant Lithology (m)
Permian {?7) and Upper carbonate
Pennsylvanian Tippipah Limestone 1100 limestone {1100)
Mississipptan and argillite, Upper clastic
Devonian Eleana Formation 2320 quartzite (2320)
Devonian Devils Gate Limestone 420 limestone
Nevada Formation 465 dolomite
Devontan and
Stlurtian Dolomite of Spotted Range 430 dolomite
Ordovician Ely Springs Dolomfte 93 dolomite Lower carbonate
Eureka Quartzite 104 quartzite (4700)
Antelope Valley Limestone 466 limestone
Ninemile Formation 102 siltstone
Goodwin Limestone 290 1imestone
Cambrian Nopah Formation 565 1imestone,
dolomite
Dunderberg Shale Member 49 shale
Bonanza Xing Formation 1400 1imestone,
dolomite
Carrara Formation 305 Jimestone
305 siltstone
Zabriskie Quartzite 67 quartzite
Wood Canyon Formation 695 quartzite, Lower clastic
siltstone {2900)
Stirling Quartzite 915 quartzite
Precambrian Johnnie Formation 915 quartzite,
(base not exposed) 1imestone,
dolomite
TOTAL THICKNESS 11,000 +

Mercury Valley.

60.8 Mercury
4:00).

interchange.

{(Mercury camp

631 Army #2 well site on right.

63.7 Right side of road Is southesst end

of the Specter Range,

northwest end of

left side 1Is
Spring Mountains.

Rocks In canyon alongside highway are

largely Bonanza
Cambrian age.

66.6 Telephone relay

statlon on

King Formation of

right.

Bonanza King Formatfon at 3:00, Nopah

Formation at 9:00.

On right, targe fault brings Cambrian

68.5

69.1

Bonanza King down agalnst uppermost
Precambrian and lower Cambrian Wood
Canyon Formation.

On  right, contact between Upper
Precambrian Stirling Quartzite and
Wood Canyon Formation.

On left Miocene-Pliocene graveis
contaln at their base ash-fall tuff
layers correlative with those at the
base of the Palntbrush Tuff (Table
2), whose source Is near the wastern
adge of NTS, 56 km. to the northwest.
Unconformably beneath the ash beds
are steeply tilted earty Miocene
tuffaceous sediments.

69.8 Intersection of U.S. 95 and road to
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74.8

753

79.3

80.3

80.8

82.0

83.0

83.5

Pahrumpe On skyline at 11:00 are the
Funeral Mountains.

Light gray hitls at 3:00 are highly
faulted Antelope Valley Limestone.

Low pass through Silurlan Lone Moun-
+ain Dolomite on right and Nopah
Formation on left.

To right, exposure of Ely Springs at
2:30-3:30 (derk band), underlain by
Eureka Quartzite Just above valley

fil! and overlain by undlfferentieted

Siturian dolomite. Amargosa Desert
to left.

Low hlills of Stirling quertzlite to
right and left of highway. A% 1:00
low hills of Carrars and Wood Canyon
Formations.

Bonanza King Formation crops out fo
right.

Bonanza King -Formation exposures on
teft.

Rock Valley Wash.

Fresh water |Iimestone beds In low
hills on 'right and left. Equivalent
beds have been dated at 29.3 + 0.9
m.ys. In Frenchman Flat area. Hills
at 9:00 are composed of Bonsnza Kling
Formation.

Lathrop Wells Paleozolc sectlon
(Sargent, McKay, and  Burchfliel,
1970), In Striped Hifls at 2:00 +o
3:00, begins in Wood Canyon Formation
Just above the sand fan. Essentislly
complete Cambrlan section Is vertlcsl
to s)ightly overturned. In ascending
order Wood Canyon Formation, Zabris-
kle Quartzite, Carrara, Bonanza King
and Nopah Formations. The Blshop ash
occurs In sandy alluvium forming
large fan on south slope of hills at
3:00. The Bishop ash erupted from
Long Valley calders, approximately
235 km. +to the northwest about
730,000 yrs. agoe.
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FIGURE 2: Nevada Test Slte reglon showing
caldera ocutiines, known end Inferred.

84.9 Tunnels for MX experiments Iin Little
Skull Mountain visible at 3:00.

87.1 Viltlage of Lathrop Welis. Highway to
lef+ goes +o Death Valley Junction,
California, and to Death Valley via
Furnace Creek Wash. At 2:00-2:30 Is
Yucca Mountain; on skyline behind
Yucca Mountain 1Is Plnnacles Rldge,
which forms +he south rim of Timber
Mountain caldera (Fig. 2), dliscussed
in detal]l on second day of fleld
trip. Also vislble Is Fortymite Wash
and the varicolored volcanic rocks of
Calico Hills. Range to left In dis-
+ance {s Ffuneral Mountazins, which
forms the east side of Death Valley.

90.2 Fortymile Wash crosses U.S. 95. To
lett at 11:00 is Blg Dune composed of
eollan sand.

92.2 Southernmost end of Yucca Mountain
Just north of U.S. 95 on right.
Outcrops are Mlocene Pszintbrush and
Crater Flat Tuffs (see Table 2)
repeated by northeast-striking
faults.
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PRINCIPAL CENOZOIC VOLCANIC AND SEDIMENTARY UNITS
(modified from Orkild, 1992 and Carr, Byers, and Orkild, in press)

Approximate
FORMATICN, Member Inferred VYolcanic Center General Composition Age (m.y.)
YOUNGER BASALTS NUMEROUS Basalt (hawaffte) . 0.3-7
THIRSTY CANYON TUFF BLACKX MOUNTAIN CALDERA Trachytic soda rhyolite 1-9
RNYOLITE OF SHOSHONE NOUNTAIN SHOSHONE MOUNTAIN High-silica rhyolite 9
BASALY OF SKULL MOUNTAIN, EMAD JACKASS FLAT(?) Quartz-bearing basaltic andesite 10
TIMBER ROUNTAIN TUFF TIMBER MOUNTAIN CALDERA fhyolite to quartz latite 10-12
Intracaldera ash-flow tuffs
Ammonia Tanks Member
Rainfer Mesa Member
PAINTBRUSH TUFF CLAIM CANYCN CALDERA Rhyolite to quartz latite 12-13
Intracaldera ash-flow tuffs
Tiva Canyon Member
Yuccs Mountain Membder
Pah Canyon Member
Topopah Spring Hem_er
WAHMONIE AND SALYER FORMATIONS WAHMONIE -SALYER CENTER Dacitic tuffs and lavas 13-13.%
CRATER FLAT TUFF (coeval with tuffs CRATER FLAT(?). Calderas Rhyolite 13.5-14
of Area 20) buried under basalt and
Prow Pass Member alluvium
Bullfrog Member
Tram Member
STOCKADE WASH TUFF (coeval with Crater SILENT CANYCN CALOERA Rhyolite 14
fFlat Tuff)
BELTED RANGE TUFF STLENT CANYOM CALDERA Peralkaline Rhyolite 14-15
Grouse Canyon Member
Tub Spring Member
TUFF OF YUCCA FLAT UMCERTAIN Rhyolite 1$
REDROCK VALLEY TUFF UNCERTAIN Rhyolite 16
FRACTION TUFF CATHEDRAL RIDGE CALDERA fhyolite 17
ROCKS OF PAVITS SPRING (underlies OISPERSED Tuffaceous sediments 14-7
Crater Flat Tuff)
HORSE SPRING FORMATION DISPERSED Mostly sediments 30

93.2 STOP 2. YOUNG BASALT CONES AND FLOWS
(Flg. 3.

The Crater Flat area (Fig. 1) contains
over 15 small basaltlc volcanic centers
composed of cinder cones and associated
lava flows. Only the youngest center Is
visible at this stop. The distribution,
petrology, and tectonic setting of the
basalts has been described by Crowe and
Carr (1980), Vaniman and Crowe (1981),
Vaniman and others (1982), Crowe and
others (1982), and Crowe and others (1983a
and 1983b). The rocks are divided into
thres eruptive cycles based on geologlc
flield relations, potassium-argon ages, and
magnetic polarity determinations. The
K-Ar ages listed below were done by R. J.
Fleck (written commun., 1979) and R. F.
Marvin (wrltten commun., 1980).

3.7-M.Y. CYCLE (Pb)

Rocks of the oldest c¢ycle consist of
deeply dissected cones and flows with
locally exposed feeder dikes. They occur
In the central and southeastern part of
Crater Flat (Fig. 3).

1.2-M.Y. CYCLE (Qb)
Basaltlic rocks of this cycle consist of

“clinder cones and lava flows located along

a northeast, slightly arcuate trend near
the center of Crater Flat (Fig. 3). From
northeast to southwest, the maJor centers
in this cycle include unnamed cone, Black,
Red, and Lit+tle Cones.

300,000 YR. CYCLE (Qb)
The youngest cycle 1s marked by essen-
tlally undissected cones and flows of the
Lathrop Wells center at Stop 2.

The 300,000 yr. basal* cycle at the



Lathrop Wells volcanfc center (Stop 2)
Includes 2 large cinder cone with two
smal! satellite cones which overlle and
ere flanked to the east by 32 flows (Fig.
4). Calculated magma volume I|s about 0.06
km’- The satellite cones are overlapped
by deposits of the maln cone. The large
cone, referred to as the Lathrop Wells
cone, has 2 helght/width ratlo of 0.23.
Scattered pyroclastic deposits from +the
Lathrop Welfs vent are found for s dis-
tance of more than 4 km. to the northwest.
This allignment of pyroclastic deposits
Indicates & strong 2nd consistent wind
flow from the southeast during the erup-
tlon. The cone appears unmodiflied by
eroslon except for minor slumplng of steep
cone slopes. Two 2a flows vented at
several slites z2long the east flank of the
Lathrop Wells cone. Flow vents are marked
by arcuate spatter ridges extending east
and southeast of the cone. The lavas have
unmodifled flow margins and rubbly flow
surfaces conslistent with their young age.
They are locally covered by loess and
eolian sands. The probable oldest depos-
I+s of the Lathrop Wells cone are well-
bedded pyroclastic (base) surge deposits
(Flg. 5) that zre exposed only on the
northwest side of the cone where they
overlap & topographic rildge upheld by
weided tuff. They probeably underlle the
scoria deposits of +the cone and thus
record en eplsode of phreatomagmatic
activity during the early eruptive stages
of the center.

The ages of the Quaternary alluvial
deposlits ere consistent with ages on the
baszlt. Before eruptfons, alluvium of
middle Plelstocene age locally developed a
dense K horlzon that gave a2 uranium serles
age of about 345,000 yrs. (Fig. 5). The
pyroclastic material locally became Incor=
porated In late Plelstocene alluvium (Flig.
5) and a loessial slit deposit accumulated
on the cinder cone and reglonally on the
Q2 alluvium prior to about 25,000 vyrs.
ago.

The structural controls for the loca-
tion cof the center are not obvious. The
cone summit crater, and the satellite
cones are allgned northwester!y, probably
due +o northwest-trending structural
control. Faults striking north-northeast
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FIGURE 3:
showing basalt centers and Stops 2 and 3
{modlfled from Crowe and Carr, 1980).

Southern Crater flat area

are also present though pooriy exposed.
The center Is located on a regional north-
east-trending structural !ineament marking
the western edge of the Spotted Range-Mine
Mountaln northesst-trending structural
zone (Figse. 3 &and 6); faults west of thlis
| ineament have a more northerly trend. 1+
Is suggested thet the strike of the faults
Influenced t+he 1location of +the center;
that Is, the eruptions were fed from dikes
whose trends were controlled by the re-
glonal stress fleld, l.e. least compres-
slve stress direction.

The basalts of the Lathrop Wells center
are sparsely porphyritic with olivine as
the major phenocryst phase (3 modal per~
cent). They differ from the 1.2 m.y. old
basalts by having a slightly greater
ollvine content and & greater amount of
unaltered basalt glass. Also the cores of
olivine phenocrysts are slightly more for-
steritic (Fo ) then olivines of the
1e2=meye cyc?g ?Zo )}, as determined by
probe. Groundmass phases also Include
plagioclase (zoned from An to more slka-
Iine compositions) and minor amounts of
olivine, pyroxene, and iron-titanium
oxldes plfus Interstitfal glass. Textures
of the basal+s of the Lathrop Wells center
are hyzloplliitic to pllotaxitic. A de-
talled dlscussion of the mineralogy and
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FIGURE 4:

geochemistry of the Lathrop Wells center
Is found In Vaniman and Crows (1981) and
Yaniman and others (1982).

Lavas of the Lathrop Wells center have
been dated at about 300,000 yrs., consis-
tent with the lack of eroslional modifica-
tion of both cones and flows. The basatts
are normally magnetized and thus assligned

to the Brunhes Normal Magnetic Epoche. The
thres K-A dates are 300,000 yrs. for
agglutinate In the summlit crater, 290,000

yrs. for the lava, and 230,000 yrs. on a
bomb (Flig. 5) collected near the base of
the clinder cone. We belleve the age on
the bomb Is probably the teast rellable
age becauses of It+s discordance with the
older ages, which are In close agreement.

95.6 STOP 3. CRATER FLAT TUFF.
Miocene volcanlic units and type
section of the Crater Flat Tuff (Fig.
6). Stop at Amargosa Farm Area sign
on right side of road. Hike to hillls
about 0.5 mi. to northe.
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Geo{ogic map of Lathrop Wells volcanic center (Stop 2).

This section from base upward consists of:
(1) vitric ash=-fall tuffs overlain by (2)
a boulder debris flow (yellowish-green
layers near base of hill), (3) Bullfrog
Member (dark vitrophyre near basse) and
Prow Pass Member of the Crater Flat Tuff,
and (4) Topopah Spring and Tiva Canyon
Members of the Palintbrush Tuff (on sky-
line). This Is the only known section
where the Crater Flat Tuff Is vitric and
unaltered, although the Tram Member, the
oldest unit, Is missing here.

The Crater Flat Tuff Is a sequence of
three compositionally similar calcalkallne
rhyolltic ash-flow tuffs characterized by
subequal modal plagloclase, sanidine, and
quartz with minor biotite and hornblende
or orthopyroxene (Byers and others, 1976b;
Byers and others, 1983; Carr and others,
1984, In press). Four K-Ar dates of 14.1
to 12.9 m.y., averaging 13.5 m.y., were
obtained on blotites from specimens Iin the
basal vitrophyre of the Bullfrog Member
(Marvin and others, 1970, their Table 2).
The source areas for the Crater Filat Tuff
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FIGURE %: Sketch of geologlc relations at Lathrop Wells volcanie center (Stoep 2).

are obscured by later volcanlism, tecto-
nism, and &slluviatlion. Cerr (1982; Carr
and others, 1984, In press) suggests that
t+he Tram Member was erupted from 2 caul-
dron partly burfed by late Tertlary allu-
vium In the northern part+ of Crater Flat,
and that the overlylng Bullfrog and Prow
Pass Members were erupted from a burled
cauldron In central Crater Flat (Flig. 2).
Warren (1983a, 1983b) has recently corre-

about 100 m. thicke. The base of the
member consists of nonwelded, vitric ash
flows. These grade upward into a vitro-
phyre a2bout 6 m. thick from which the K-Ar
age samples were taken. The thick Inter-
for of the member s moderately welded and
t+horoughly devitrified. i+ contalins rare
to sperse xenolliths, a few of which are
greenish sphyric welded tuff, which may be
peralkaline Grouse Canyon. The uppermost

lated the Bullifrog and Prow Pass Members
with parts of the Area 20 Tuff beneath
Pahute Mesa.

Although the basal Tram Member of the
Crater Flat Tuff Is missing here, the
Bullfrog Member Is underlialn by a thick
sequence of bedded alr-fall tuffs and
revworked volcaniclastic sediments. An
extensive deposit within the bedded tuffs
contalns large clasts of the Tram Member
and densely welded peralkaline Grouse
Canyon Member of Belted Range Tuff. The
Bullfrog Member, outside the cauldron, at
thls location Is a simple cooling unit

LR]

portlion of the Bullfrog Member Is partial-
ly welded vitric tuff.

Lentliculer masses of monollithologic
breccla of welded tuff rest on an lIrregu-
lar surface on the upper part of the
Bullfrog Member. The monolithologic
breccla Is poorly sorted and consists of
clasts of welded Bullfrog Member as much
as 3 meter In dlameter.

A thin alrfal! tuff less than a meter
thick marks the base of the Prow Pass

Member. The Prow Pass is a simple coollng
unit less than 50 m. +hick, having s
nonwelded vit+ric basal 2zone, a partially
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FIGURE 6: Generallzed geologlc map of type section arsa of Crater Flat Tuft (Stop 3.

welded, devitrified Interior; and a non-
welded, vitric upper zone.

The Prow Pass Is overlain by several
meters of bedded tuff and by the Topopah
Spring and Tiva Canyon Members of the
Paintbrush Tuff.

After stop, turn around and return east
on U.S. 95.

103.9 Turn 1eft on road to Lathrop Wells
guard gate of the Nevada Test Site
(NTS) .

105.8 Entrance to NTS +through Lathrop
Wells guard gate. Badge check.

12

109.9 At approximately 3:00 view Little
Skul!l Mountaln, capped by Miocene
(approximately 10 m.y. old; R. F.
Marvin, written commun., 1980)
basalt of Skull Mountain, underlaln
by faulted Miocene Topopah Spring
Member of the Paintbrush Tuff and
tuffs of +the Wahmonle Formation.
Low hills at foot of mountain con-
tain outcrops of the Tram and Bull-
frog Members of the Crater Flat

Tuff. Busted Butte at 10:00 Is a
complete section of the Topopah
Spring Member overlalin by Tiva
Canyon Member of the Palntbrush

Tuff. Low, white water tank Is at



113.8

115.2

117.4

119.0

119.5

120.1

120.7

123.7

125.2

125.4

125.9

Well J-12 2+ the edge of Fortymile
Wesh. Long ridge on skyline to
northwest Is Yucca Mountaln.

Low hills et 10:00 are
Spring Member capped by 9.6 m.y.
basalt (R. F. Marvin, written com-
mun., 1980) of EMAD (Engine Mainte-
nance and Disassembly).

North side of Skull Mountaln at
1:30. From top to bottom Is basalt
of Skull Mountain, Rainler Mesa
Member of Timber Mountain Tuff,
Topopah Spring Member of Paintbrush
Tuff, and Wahmonie |avase.

Turn left onto road next to NRDA
factility, originally Nuclear Rocket

Development Station, now called

Nevada Research and Development

Ares.

On skyllne at 12:00 Shoshone Moun-

+aln s capped by 8.9 m.y. old

rhyolite lavas (R. f. Marvin, writ-
ten commun., 1980},

Turn left and proceed west toward
Yucca Mountain.

EMAD faclility to left. Originally
used for nuclear rocket engline
maintenance, now operated by West-
inghouse for handling and temporary
storage of nuclear waste.

Rocket assembly facility at 3:00,
one of several built In conjunction
with NRDS In 1960's.

Busted Butte a2t 11:00.

Road to water Well J-13. Fran Ridge
in foreground to west (s composed of
Topepah Spring Member, overlain by
{ight-colored bedded tuff and Tiva
Canyon Member.

Crossing Fortymile Wash.
Turn left at sign for Nevada Nuclear

Waste Storage !Investigations (NNWSI)
drill hole USW G-3. Follow geogra-

Topopah
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phy and generallzed geology on Fig.
7 to Stop 4.

Round southern end of Fran Ridge.
To south at 9:00 s Busfed Butte
composed of Paintbrush Tuff cut by
2 narrow structural slice containing
parts of the entire Tiva Canyon
Member. DlIps range from steeply
westward to overturned within a 100
wide zone. On the right are
exposures of |lthophysa!l cavities
and north-northwest-striking frac-
tures in Topopah Spring Member In
outcrops 2long wash.

On the skyline at+ 10:00 is Yucca
Crest, &t 12:30 Boundary Ridge, at
2:00 Bow Ridge, at 2:45 P-1 HIIlI,
and at 3:30 Fran Ridge, all exposing
Paintbrush sequencs. Ridges are
created by west-dipping major normal
faults on west slide of each ridge.
Strata underlying ridges dip east-
ward; major normal faults are accom-
panied by highly brecctated west-
dipping strata.

To right along Boundary Ridge, a 20°
angular unconformity exists between
11.3 me.y. oild Rainier Mesa Member
and the underlying 12.6 m.y. old
Tiva Canyon Member (Marvin and
others, 1970). Ralnler Mesa Member
laps across major faults with only
minor displacement, [f any, of the
Ralinler Mesa.

Turn left toward Yucca Crest. o]}
elther side are a series of west-
dippling normal fauits that displace
the ceprock of Tiva Canyon Member,
repeating the section. At 12:00
approaching a2 20° to 30°* dip slope;
this contrasts with Yucce Crest that
dlps at only 5° to 7°.

STOP 4. YUCCA MOUNTAIN.
Park bus at drilt hole WT-1 site at
mouth of Abandoned Wash. Hike west

about 1.5 km. to road st top of
Yucca Mountaln; examine fault pat-
terns and compositional and coolling
zonations In the Tiva Canyon Member.
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GENERALIZED GEQLOGIC STRIP MAP ACROSS YUCCA MOUNTAIN
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FIGURE 7:

The generalized map and accompanying
detalled geologic section (Fig. 7) show
this part of Yucca Mountain to consist of

3 serifes of north~trending, eastward-
titted structural blocks, repeated by
wast-dipping normal faul+s. West-dipping

strata along these normal faults are
Interpreted as drag zones. On Yucca Crest
strata dip eastward at 5° to 7*; however,
to the east, strata also dip eastward, but
commonly from 20° to vertical. Coincident
with the dips greater than 20° are abun-
dant west-southwest-dippling faults with 1
me to 5 m. of vertical displacement.
These faults and related fractures are
nearly perpendicular to tuff foliations,
suggesting rotation. In addition +to
required rotatlion of the fault planes and

FALT DN GEOLOGIC SECTION: LONG DASHED
WHERE KNOWW FAIAT IS EXTRAPOLATEQ WTO
SECTION: ARROW NOICATES RELATIVE MOTION:
SMORT DASHED WHERE INFERRED BY GEOMETRY:
QUERED WHERE ATTITUGE DOUSTPUL.

uswgy ©

/7 »”
’/ / /././
< ./'/’/ -
-~ P S

WEST-OWPHG 20NE OF ASH-ALOW TUFF WITH COMMON
SAECCIA & FAULTS TOO NUMEROUS TO OIAGAAM: AMOUNT
OF OIff MUGHLY VAMABLE

ROUTE ON #OOT FROM STOP ¢ TQ YUCCA CREST

OARL MOLE LOCATION
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Geology of a part of the Yucca Mountaln arsa (Stop 4).

Intervening blocks, graben-like features
(Fig. 7) suggest a geometric control by
the shape of major normal faultse. The
attitude of major faults decreases from
the average of 70° at+ the surface to 60°
at depth as suggested by some drill holes.
The development of tension gashes would
evolve Into rotated normal faults and
related grabens with greater degrees of
extension. On Busted Butte, rotated faul+
slfces extend to depths greater than 200
me; If this geometry Is typlcal, then any
decreasse In dip on the major normal faults
must occur at greater depths. .

From the top of Yucca Mountaln, you can
see the late Precambrian and Paleozole
rocks of Bare Mountaln and Plio-Plelsto-
cene clnder cones and basal+t+ lavas In
Crater Flat. The steep east-facing front

(YT T FANN
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FIGURE 8:

of Bare Mountaln may be a major bounding
fault that formed durlng subsidence of the
caldera complex (Fige 2) +that 1Is +the
probable socurce of the Crater Flat Tuff.

LUNCH., Hike back down to bus. Turn
around and retrace route to turn off for
NNWSt drill hole G-3.

139.3 Turn left on main paved road at sign
"Underground Storage, Waste (USW)
drill-hole USW~G4."

145.0 STOP 5.
REPOSITORY.
(Depending on time, thils stop may be
cancel led).,

POSSIBLE NUCLEAR WASTE

Exploratory Hole USW-G4 for proposed
exploratory shaft to test Topopah Spring

SPECTER RANGE
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Sketch map of Quaternary faults In Rock Valley (Stop 6).

Member as candlidate host for nuclear waste
repository. Turn around and retrace route
back to NRDA faclliity.

157.3 Turn right at NRDA camp facilli+ies.

158.7 Proceed through Intersection; BREN
(Bare Reactor Exper iment-Nevada)
Tower (height 480 m.) 2+ 10:00.
162.7 At the dlivide Skull Mountaln s
separated from Lit+tle Skull Mountain
to southwest by northesst-striking
high-angle fault system, down to the
northwest. There is also probably a
strong left-tlateral strike-silp
component.

163.6 Light-colored masslve tuff at 3:00
is nonwelded Bullfrog Member of the
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FIGURE 9: Profliles of trenches on Rock Valley fault zone (Stop 6).

Crater Flat Tuff. tion of the fault scarps and trenches |Is

shown on Fig. 8. The stop Is at trench

164.7 Specter Range at 12:00 composed of RV=2. The trend (RYV-2, Fig. 9) Is cut
lower Paleozolc carbonate rocks. across the scarp at a point where It Iis

only about 1.5 me high and has a maximum
slope angle of about 6°. Along most of
the scarp, farther northeast, the height

166.6 Road crosses southeast-facing eroded
fault scarp In altyvium; fault Is

part of Rock Valley system of north- of +he scarp, accentuated somewhat by

east-striking Quaternary faults erosion, Is as much as 4 m. and the slope

(location B, Fig. 8). angle [s about 8°. In several drainages

the scarp has been completely breachsd and

169.6 Turn off at 5310 Road. removed by erosion east and west of the
trench location.

173.0 STOP 6. ROCK VALLEY FAULT SYSTEM. The trench Is cut mainly in Q2 ally-

vium, whose age s generally between about

Trench RY-2 on strand of Rock Valley fault 35,000 and 750,000 yrs. (Hoover and oth-

system. In 1978, two trenches were dug ers, 1981). U-trend dates suggest two

across one of the most prominent Quater- ages of Q2 are present (Fig. 9) fin +the

nary strands of the Rock Valley fault trench. At several places In the bottom

system, a part of a major northeast-strik- of +the trench are smal! exposures of

Ing, selsmically active, structural zone probable QTa alluvium; on the downthrown

in the southeastern NTS area. The loca- (north) side of the fault+ QTa has an

16



argiliic B zone preserved, but on the
upthrown slde +the B 2zone 1s missing,
presumably as a resuft of eroslion, and
parts of a K zone are exposed between
faults on the upthrown slde. A thin
lfaminar carbonate zone, a probable K
horizon, occurs within the Q2 zlluvium; I+
Ils overlain by a |ight orange-brown,
stightly clayey B zocne. At the north end
of +he trench Is & +hin deposit of Q1
(Holocene) aljuvium. QTa with a thlin
veneer of Q2 forms the upthrown surface
south of the trench. Ages obtained here
and In +trench RV=-1 by vuranfum-series
methods are by Be. J. Szabo and J. N.
Roshol+ of the USGS, and 2re Jisted on
FIge 9. U=trend determinations from the
lower part of Q2 are about 300,000 yrs.;
dates from the upper part of Q2 are about
35,000 years. Two samples of the laminar
carbonete K horizon gave ages of greater
than 5,000 yrs. To the west, on & paral-
lel fault at location A (Fig. B), undis-
turbed calcrete filling 2 fracture adja-
cent to the fault gave a uranium~serles
age of greater than 20,000 yrs., suggest-
Ing no reopening of +the fracture and
probably no major movement on the adjacent
fault after 20,000 yrs. ago.

At least two faulting events appear to
be recorded on the fault zone exposed in
+rench RV-2. The older event, which
produced & small grsben In QTa (Flg. ?),
and was probably responsible for the
preserved 1.5 + m. hlgh scarp, must have
occurred after deposition of QTa and
subsequent soll formation, which probably
places It after 1 m.y. &go;. the minimum
age of the event Is constralned onily by
the less disturbed youngest Q2 alluvium
and Its soil, or before (at least) 35,000
yrse. 2go. Fault+ strands that offset the
QTa extend upward Into Q2 and vague stra-
tiflcatlion In the older Q2 suggests that
it was not deposited across the scarps In
QTa, but faulted along with It. There-
fore, 1+ Is suggested that the older event
occurred after sbout 300,000 yrs. ago.

The younger event, shown by 0.3 - 0.6
m. offsets of the Q2 soil and Tts lamlnar
K horlzon can only be dated as younger
than about 35,000 years, the approximate
minlmum age of the younger Q2 (Hoover and
others, 1981).
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There seems to be no surface evlidence
of the younger 0.3 - 0.6 m. offset along
the old scarp and no Holocene alluvium Is
obviously affected, so It Is reasonable to
conclude - that the event was probably
pre-Holocene.

At locatlon C (Flg. 8), 2 branch of the
+renched fault extends east-northeast
across QTa; 1+ has about 0.5 m. of dis-
placement, but the scarp Is very subdued.
At the east end of this fault It passes
Into Mlocene volcanic rocks where It Is
only possible to limit Its amount of total
displacement +to less than 3 m.

At location D (Flg. 8),
lIneament visible on aerial photos occurs
In Holocene (Q1) salluvium; the |ineament
Is 2 westward extension of a fault In
aliuyvium thet parallels the trenched
fault. However, ss mentlioned 3t location
A, calcrete In & freacture suggests no
major movement on this fault efter about
20,000 yrs. ago. The I|Ilneament at loca-
tion D (Fige. 8) cannot be seen on the
ground and i+ could be only 8 subtie brush
line where bushes have grown preferential-
ly by sinking thelr roots into the fault
zone through a thin cover of Holocene
alluvium. Because the evidence that the
latest event was pre-Holocene Is not
compelling, however, [t Is not possible to
rule out an Important earthquake of Holo-
cene age on the Rock Valley fault system.

a definite

176.9 Turn
'ay.

left+ onto Jackass Flats High-

183.6 Junctlon of Jackass Flats Highway
and road to Camp Desert Rock Alr-
port.

188.0 STOP 7. MERCURY, NEVADA.

USGS Core Llibrary. (Depending on time
schedule, the presentations planned for
this stop may be gliven In the evenling
aftter dlinner at the Mercury Steakhouse).

INTRODUCT ION

The Geologlc Data Center and Core Library,

maintalned by the U.S. Geologica! Survey
(USGS) at the Nevads Test Slte, 1Is a
depository for systematic processing,
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cataloguing, and storage of drili-bit
cuttings, dritl core, and other rock
samples from the NTS and other test areas.
The facliliity maintains reference files of
reports, maps, aerlal photographs, down-
hole video tapes of selected drill holes,
and geophyslical logs for NTS and other
test areas, and waste management drill
holes. Handling of water samples for both
chemlcal and radlological analyses |Is
expedited in & hydrologlc=chemlcal )abora-
tory. The faclility serves as fleld head-
quarters for USGS geologlsts, hydrolo-
gists, and geophysiclsts, and serves as a
work area for earth sclentists In support
of weapons testing and waste management
projects of the Department of Energy
(DOE) .

The Data Center complex comprises the
three conjolned bulldings at Stop 7, and
three other bulldings. To date, storage
has been provided for about 760,000 m. of
drili-hole samples stored In about 50,000
boxes. Orill-hole samples Include drill-
bit cuttings, nominally collected each 3
m. of drlitled Interval, borehole sidewall
samples, percussion-gun borehole sidewall
samples, and conventional diamond-blt core
samples ranglng In diameter from about
2-1/2 to as much as 20 cm. Samples repre-
sent rocks penetrated In vertical, horl-
zontal, or oblique-angle driit holes,
which average about 550 m. In length, but
range from about 60 m. to 4,171.5 m. in
depth and from about 2 m. to 1,124.7 m. In
horizontal penetration. Detaliled records,
comprising thousands of data cards, are
malntained on all samples, Including date
recelved at the Library, source, and final
storage or disposition.

USE OF ROCK SAMPLES

Contlinuous core, sidewall samples, and
rock cuttings stored at the Core Library
have been used to resolve geologic prob-
lems encountered by programs such as
nuclear test containment and radioactive
waste storage. Primary minerals and whole
rocks are analyzed +to help correlate
volcanic units found at the Test Site, and
secondary (dlagenetic) minerals have been
studied Intensively for their capabillty
inhibiting migration of radioacttive nu-
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clides. Examples of both types of work
are described below. Petrographic ex-
hibitsof various types of rock samples
will be avallable for Iinspection at the

-Core Library.

PRIMARY MINERALS

One major project undertaken by Los Alamos
National Laboratory has been to analyze
phenocryst minerais and whole rocks *to
model the entlre late Tertlary volcanic
sequence at NTS. Recent work has allowed
accurate correlation of Individual petro-
logic units, generally corresponding to
member rank, and entire petrologic sultes
(l.0. Timber Mountaln or Palntbrush
Tuffs), which occur In two widely separa-

ted locatlions - Yucca Mountain and Pahute
Mesa (Warren, 1983a, 1983b). Spatial
distribution patterns of correlative

petrologlic units define the Timber Moun-
+ain-Oasls Valley magmatic system as the
primary source for the entire volcanlic
package. This fact, along with supporting
geochemical data, indicates that the NTS
volcanic plle 1{is 1Indeed +the affuslive
product of a single, large, evolving
rhyolitic magma body (e.g. Hildreth, 1981)
that was located beneath the present
expression of the Timber Mountain caldera.
The model Inferred for the sequence In-
volves two processes: InjJections of new
magma and heat from below and continuing
magmati¢ differentiation. Successlive
petrologic suites eoxhibit dramatically
different mafic mineral chemistry, which
is theorlzed to be the result of Influxes
of magma (usually basaitic) from depth.
Individual petrologlc wunits within the
petrologlc sultes esach show a distinctive
feldspar chemistry which probabty Is
caused by differences In pressure, tem-
perature, and compositional regimes within
the evolving magma body. Good evldence
for the probable cause of chemical changes
between successive petrologlc units can be
seen [n the transitional bedded tuff unit
(Tmpt.), which Iles between the TImber
Mountain and Paintbrush Tuffs and shows
petrochemistry characteristic of both
volcanic sultes. I+ contains quart:z
phenocrysts along with a substantial

Itlic ollivi .
amount of forster c ne (Fo76 80)



Several observatlons Indlcate that this
nonequilibrium mixture Is caused by the
mixing of rhyolltic and basaltic llquids.
At one drill site, an olivine-bearing
alkalil basalt layer was cored between the
Tmpt unit and the top of the Palintbrush
Tuff. Also, basalt fragments are present
In 2ll samples of Tmpt. A particularly
large basalt fregment seen In thin section
shows 2 highly reacted and poorly defined
boundary with t+he tuff matrix which sug-
gests that +he basalt was still Ilquid
when mixed wlth the tuff. Finally, oll-
vine xenocrysts observed in the inclusions
or In Tmpt have altered rims presumably
due +to reaction with & rhyolitic magnms
having & high stllca activity. These
features are 21l 1llustrated In core, thin
sections, chemical diagrams, and photomi-
crographs displayed a2+ this stope.

SECONDARY MINERALS -
YUCCA MOUNTAIN

Many of the glassy volcaniclastic rocks at
NTS have been zeolitlzed durlng low~temp-
erature dlageneslis. Typical hydrous
minera! products of glass alteration are
clinoptlloltite, mordenite, and, at greater
depths, analcime. Dlagenetic processes
and products at NTS have been described by
Hoover (1968) and Moncure and others
(1981).

Drill cores, sldewalil cores, and out-
crop samples from Yucca Mountain, Busted
Butte, and vicinity contain examples of
zeolitized tuff that may not have resulted
from dlageneslis. The lower vitrophyre
(densely welded glassy tuff) In the Topo-
pah Spring Member of the Palintbrush Tuff
has been altered to smectite and the
zeolite heulandite along the boundary
between the vitrophyre and overlying
devitrified densely welded tuff. This
boundary, as seen In outcrop 2t Busted
Butte and In drilll holes, Fig. 10, Is
actually a transition zone about 6 m.
+thick with Interpenetrating lobes of
vitric and devitrified tuff. Fractures
extending downward Into the vitrophyre are
bordered by devitrifled zones, composed
mestly of feldspear and cristobalite (Vani-
man and others, In preparation) as much as
0.3 m. thick. The outermost portions of
these fracture-controlled devitrified

ZEOLITIZATION AT
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LITHOLOGY OF TOPOPAH SPRING VITROPHYRE
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FIGURE 10: Lithelogy of Topopah Spring

vitrophyre (Stop 7), generalized from
drill holes on Yucca Mountazin.

zones contain heulandite and smectite.
Core from dril! hole USW GU-3 (sample at
364.2 m. depth) contains an excellent
example of such alteration. The textural
assocliation of heulandite and smectite
with devitrificatlion products suggests

that the hydrous minerals may have crys-
tallized during subsgerlal cooling of the
tuff (Levy, 1983).

The degree and extent of alteratlion
within the vitrophyre are highly variable
(Flg. 10). At some sites, the hydrous
minerals form only a thin rind along the
boundary between devitrified +tuff and
vitrophyre and Comprise about 1 wt§ or
less of the altered vitrophyre (e.g.,
drill core UYSW GU-3, outcrop at Busted
Butte). Elsewhere the vitrophyre s
highly sltered to depths of up to 15 m.
below the devitrifled-vitric boundary and
locally contains up to about 15 wt$ heul-
andite and 60 wtf smectite, based on x-ray
diffraction (e.q., sidewall core USW H-5
and drill core UE25a2-1). The reasons for
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this variabiiity are wunclear. Highly
altered vitrophyre has been observed only
in driit cores (it may weather too easlly
to be preserved in outcrop), which provide
minimal Information about posslible alter-
ation=-controlling factors such as fracture
abundance. The proposed exploratory shaft
at the USW G-4 site may answer some of
these questlions.

DAY 2

Ml leage
0.0 Leave Mercury heading north on Mer-
cury Highway (Fig. 1) from housing
area. View of Red Mountaln-Mercury
R1dge geology (Barnes and others,
1982). Red Mountain, between 9:00
and 12:30, 1Is composed of gray and
brown Ordovician Antelope Valley
Limestone through Eureka Quart+zite on
left+, Ely Springs Dolomite and Sllu-
rlan dolomite on right. Strata on
Red Mountain generally dip eastward.
Mercury Rldge, between 1:00 and 2:00,
Is composed mainly of Devonlan Nevada
Formation and Devils Gate Limestons.
Nort+h Ridge, between 2:00 and 3:00,
ls composed of Middle and Upper
Cambr1lan carbonates thrust over
Devonian and Mlississippian rocks
(Spotted Range thrust) in the axial
portion of the Spotted Range syn-
cline. South Rlidge, between 2:30 and
4:00 consists of Ordovician through
Mississipplan rocks that form the
southeast !imb of the Spotted Range
syncline. Tower Hills, at 4:00, are
Devils Gate Limestone. Specter Range
in distance, between 7:00 and 9:00,
contalns Cambrian through Devonian
rocks, and a major thrust fault
(Specter Range +thrust) that brings
Upper Cambrian and Ordoviclan rocks
over middle and upper Paleozolc
rocks, a structural situation similar
to that mentioned at Stop 1 in the
southwestern part of the Spotted
Range. The Spotted Range thrust and
the Specter Range thrust may be parts
of a single major thrust system (CP
thrust) In +t+he Test Slite area.
Northeast-trending topography is
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controlled by N45°-60°E trending
Tertlary left-lateral strike-silp
faults of +the Spotted Range-Mine
Mountaln structural zone.

1.9 Checkpolint Pass.

3.3 STOP 8. ORIENTATION STOP.
Turn left off road at Pump Station
No. 4.

Facing north and 1{ooking counter-clock-
wise: Ranger Mountains at 2:00 are com-
posed of southeast dipping Paleozoic rocks
from carbonate rocks of the Ordoviclian
Pogonip Group through Devonian Nevada
Formation. Older Tertlary gravels form
low hllls in foreground. At 1:00 is
Frenchman Lake playa and beyond 1Iis Nye
Canyon containing several basalt centers
dated between 6.0 and 7.0 me.y. old (R. F.
Marvin, written commun., 1980). High peak
on skyline Is Bald Mountalin in the Groom
Rangs 80 km. to NNE. French Pesak and
Massachusetts Mountaln at 12:00 on the
northwest side of Frenchman Flat conslist
primarily of faulted Palntbrush and Timber
Mouatain Tuffs. Flat-topped mountain on
distant skyllne at 11:30 1Is Oak Spring
Butte at north end of Yucca Flat. Strati-.
graphic relationships In the areas of
Yucca and french Flats are shown In Fige.
1te At northwest corner of Frenchman Flat
are CP Pass and CP Hogback (named after
Contro! Point Headquarters). To left of
CP Pass are the CP Hills composed of
Mississipian and Cambrian rocks overlain
by Tertiary volcanics. High skyline iIn

-far distance at 11:00 1is Ralnler Mesa.

Directly to the left of Ralinler Mesa on
the skyline Is Tippipah Point. A+ 10:00
on skyllne [Is Shoshone Mountain which
forms part of the southeast rim of Timber

"Mountain caldera. In the Intermediate

foreground at 10:00 are the Iintermediate
lavas of +the Wahmonie-Salyer volcanic
center on the northeast end of Skull
Mountain. Hampel Hill at 9:30 In Inter-
mediate distance is capped by the Ammonia
Tanks Member of the Timber Mountain Tuff,
which Is underlialin by eolian sandstone.

At 10:00 and 2:00 in the near distance

(1.6 to 3 km.) are hills of Tertiary

gravels and tuffaceous sedimentary rocks
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FIGURE 11:
Fiat, Nevada Test Site, Stops 8 and 10.

of Pavit+s Spring Formation. Light-colored
lacustrine Ilimestones of +the underlylng
Horse Spring Formation are seen 2t 7:00 to
8:00 where they onlap or are faulted
against the Paleozolc rockse. The Horse
Spring contains a tuff bed dated at 29.3
mey. {(Marvin and others, 1970}, which Is
probably airfazli!l of the Needles Range
Formatlon of eastern Nevada (Barnes eand
others, 1982). Continue north on Mercury
Highway.

5.3 At junctlion of Mercury Highway and 5A
Road proceed straight on 5A Road into
Frenchman Flat.

6.0 To left, look along Rock Valley where

Quaternary fault scarps have been
recognized. Fault zone crosses road

2]

—7] GROUSE CANYON
»:~+{ MEMBER, BELTED
~22) RANGE TUFF
SORNDE. TUB SPRING MEMBER,
BELTED RANGE TUFF

TUFF OF YUCCA FLAT

FRACTION TUFF

PS | ROCKS OF PAVITS SPRING

o-.% -] HORSE SPRING FORMATION

m | SHINGLE PASS AND
MONOTONY TUFFS

o] TUFFS AND TUFFACEOUS

7:4%77] RED ROCK VALLEY TUFF  R\\| SEDIMENTS, UNDIFF.

4 COLLUVIUM AND
* 2«4 CARBONACEOUS CLAYSTONE

T PALEOZOIC ROCKS

Dlagrammatic cross-sectlon from Qazk Spring Butte to northwestern Frenchman

at approximately this point and
continues northeast to foot of Ranger
Mountains.

7.0 Gravel pits to right provide material

10.0

11.6

used Iin the stemming of drilt hotes
used for nucliear tests. Thickest
alluvium (1220 me} in Frenchman Fleat,
as determined by gravity, Is approxi-
mately 3 km. northwest of Frenchman
Lake. r

Y In road. At 9:00 observe struc-
tures tested by nuclear blasts,

At 10:00 dark reentrant [s vitrophyre
lava of the Wahmonie Formation onlap-
ped by Topopah Spring Member of the
Palntbrush Tuff.
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12.5 Turn left.
12.9 STOP 9. RADIONUCLIDE MIGRATION.

Turn left onto gravel road. Radionucllde
Migration project site (Fig. 12). The RNM
project was Initiated In 1974 to study
rates of +the underground migration of
radionucl ides from explosion-modified
zones at NTS. The Cambric event, deto-
nated In Frenchman Flat In 1965 was chosen
for the study for several reasonse. The
Cambric exploston cavity Is within the NTS
Area 5 water-supply aquifer, where leakage
could have contaminated the water supply.
Hydrologic modeling Indlicated that suffi-
clent time had elapsed for ground water to
fill the cavity and chlimney to the preshot
static water level, which Is 73 m. above
the detonation polint. The Cambric detona-
tion point Is only 294 m. below ground
surface, and thus the re-entry drilling

" and sampling operations were less diffi-

cult and expensive than for more deeply
buried tests. The site Is also far enough
from the areas of active nuclear testing
so that damage or Iinterruption of the
re-entry and sampling operatlons from
those activities yould be unliikely. Suf-
ficient +ritium ( H or T) was present to
provide an easlily measurable tracer for
water from the cavity region. The post-
shot debrls and ground water In the cavity
and chimney also contained enough pluto-
nfum, wuranfum, and fisslion products so
that they could be measured and compared.
The small nuclear yleld from the Cambric
event was expected to have little effect
on the local hydrology. Further, it was
Judged that the alluvium constituted a
good medlium for hydrologic studies because
i+ was more permeable than tuff and did
not have large fissures or cracks through
which the water might selectively flow.
The Cambric fleld studies can be divi-
ded into two phases. (1) The Cambric
cavity region was re-entered In 1974, and
samples were taken to determine the radio-
nucllide distribution between the solid
materlial and water. (2) Beglnning In
October 1975, water was pumped from a
satellite well tocated 91 m. from the
Cambric cavity; this induced a sufficient
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FIGURE 12: West-central Frenchman Flat,
showing location of the RNM Experiment No.
1 site (Stop 9).

artificlal gradient to draw water from the
Cambric cavity and provide an opportunity
to study radlonucllide +transport wunder
fleld conditions.

The RNM=25 satellite well has been
pumped at the rate of about 600 gal./-
minute. Samples ars analyzed weekly for
tritium. Beglnning in the summer of 1978,

tritium was first detected and reached a

peak of 7000 pCi/ml by late summer of
1980, when the concentration of +ritium
began to decrease. By September 30, 1982,
over 42 percent of the tritium from Cam-
bric had been removed by the satellite
well. These tests significantly enhance
our understanding of the ground water
transport of radionucliides from nuclear
explosion cavities In general (Danlels,
1983).

At 8:00 - 10:00 ENE-trending Quaternary
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CONTACT BETWEEN BEDROCK AND
ALLUVIUM

FAULT--DOTTED WHERE BURIED
FAULT OR FRACTURE OF QUATERNARY AGE

197 EARTHQUAKE EPICENTER SHOWING THE
TWO FAULT-PLANE SOLUTIONS AND

PRESSURE AXIS (heavy line), AND DATE

AFTERSHOCK EPICENTER SHOWING
PRESSURE AXIS

T3 |||

FIGURE 13:
faults and fractures, and location
solutlons, and pressure axes (Stop 10).

fault scarps mey be visible In fans at the
base of the Ranger Mountains. Return to
paved road, turn left.

15.4 Turn right at junctlon with Mercury
Highway. Weahmonie rhyodacitic lavas
form hitls to west.

17.0 Intersection of Mercury Highway and

Cane Spring Road.

18.0 Dark layer low on cliff at 3:00 Is

late Wahmonle tava underiying vitro-

phyre of the Topopah Spring Member.

18.5 In distance at 10:30 is blue~gray

Cambrian Bonanza King Formation

Limestone thrust over brown argii-

fites of the Mississiplan Eleana

Formatlon, overlapped by Tertiary

volcanics.
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Scuthern Yucca Flat and Frenchman area, showing structural pattern, Quaternary
of earthquakes,

thelr aftershocks, fault-plane

CP Hogback at 1:30 is composed of
faulted blocks of Ammonia Tanks
Member of Timber Mountain +tuff dip-
ping toward you.

Cambrian Carrara Formation at 11:00
Is folded Into asymmetric anticline
(McKeown and others, 1976). Topopah

Spring vitrophyre &t 10:00; the same
unit forms the low hill at 1:00,
where It 1Is faulted against the
Ammonia Tanks.

Crest of CP pass.

STOP 10. NEWS KNOB.

Turn right onto road north of were-
house by News Knob. Facllity to west
ls Control Polnt (CP), which houses
equipment used to monlitor nuclear
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FIGURE 14: Isocpach map of late Tertlary

and Quaternary alluvium In Yucca .Flat
(Stop 10).

tests. Climb News Knob.

Facing northward, at 3:00 to 1:00 1Is
Hal fpint Range; at 1:30 Slanted Buttes Is
capped by Ralnier Mesa Member; at 1:00 is
Banded Mountaln (type locality of the
Banded Mountain Member of the Bonanza King
Formation). At 12:00 Is Oak Spring Butte
cut on the east side by the Butte Fault (a
northward extension of the Yucca Fault)
which drops the caprock of Grouse Canyon
Member 425 km. down to the east; to the
left of Oak Spring Butte Is Arglllite
Ridge and Twin Peaks, which Is on the east
flank of a broad depositional syncline in
Tertiary tuffs and underiying sediments
with +hin lamlinae of coal. At 10:00 -
11:00 is Rainier Mesa, at 9:30 Is Tipplpah
Point, to the west at 7:00 to 10:00 are
Paleozolc rocks of the CP Hlills.

The southwest edge of Yucca Lake playa
is paralliel! to and coincident with an
element of the Walker Lane belt -- the
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Yucca-Frenchman right-lateral shear and
flexure zone (Flg. 13). This structure
trends northwest for about 40 km. from the
Spotted Range, across northern Frenchman
Fiat, through the hills between Yuccas and
Frenchman Flats, and along the southwest-
ern side of Yucca Flat. It is exposed
only In the hills southeast of Yucca Flat,
where it consists of a complex shear zone
exhibiting right-laterat drag. This zone
also marks the termination of a major
system of northeast-striking, essentially
left-lateral faults. Major fault zones of
this Spotted Range-Mine Mountalin structu-
rat zone include the Mine Mountaln, Cane
Spring, and Rock Valley faults. Extensive
drill-hole data collected in Yucca Flat
have been used to construct I1sopach and
structure contour maps of Cenozolc units
occupying the basin. The configuration of
these wunits indicates +that +the north-
trending faults controlling present-day
basin morphology were (inactive during
deposition of volcanics from approximately
25 to 11 m.y. However, after 11 m.y., the
overlylng sedimentary sequence was strong-
ly Influenced by these faults. In parti-
cular, an inordinately thick section of
tate Tertiary and Quaternary aliuvium
occurs at the southwestern end of Yucca
Flat (Fig. 14). 1+ s probably a pull-
apart developed at the intersectlon of the
north- and the northeast-trending faults
(Ander, 1983; Ander and Oldow, 1983;
Ander, 1984), or between the north-trend-
Ing Carpetbag fault and Yucca-Frenchman
shear and flexure zone (W. J. Carr, in
prepe). Geologic relations, as well as
slickenside analyses, Indicate that the
pull-apart, along with much of Yucca Flat,
was formed during a N78°W directed exten-
ston. Sometime after deposition of much
of the altuvium, probably about 8 m.y.

-ago, the extension direction rotated +to

the currently active direction of N60°W
(Ander, 1983; Ander and Oldow, 1983;
Ander, 1984). Schematic east-west cross-
sectlons of north, central, and south
Yucca Flat are shown on Fig. 15.

In the last 5 years, during operation
of the southern Great Basln selsmic net,
the Yucca-Frenchman shear and flexure zone
has been a boundary between the seismicat-
ly active Spotted Range-Mine Mountaln
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FIGURE 15: Geologlc sectlons across Yucca Flat (Stop 10).
structural zone to the southwest, and a playa the cracks trend at right angles to
much ltower rate of actlvity to the north- the gravity gradient and to the slde of
east. Before the present selsmlic network, the basin, contrary to what would be
two mediumsized earthquakes (ML 3.5-4.0) expected of they were caused by shrinkage
occurred nesr the Yucca-Frenchman shear resulting from dessication; (4) one of the
and flexure zone, one In 1971 at the cracks is aligned with a small fault scarp
Intersection of the Cane Spring fault (now obliterated) In alluvium, which In
zone, the other in 1973 near the Inter- turn trends toward a bedrock fault Just
section of the Rock Valley fault zone. |In south of News Knob; (5) topographic and
the case of the event near Yucca playa leveling data for Yucca playa Indicate no
(the Massechusetts Mountain earthquake), subslidence has occurred In the area of the
slip occurred as either right-lateral cracks, as might be expected with loss of
motion on & northwest-striking fault soll molsture; (6) large quantitles of
plane, or left-tateral motion on & north- water flow into the cracks when they are
east-striking fault plane. new, indicating they go to considerable
Yucca and Frenchman playas display 3 depths, probably into rocks beneath the
feature found in most playas in tectonl- alluvium; (7) although no vertical offset
cally active areas: tension cracking. occurred across +the cracks, detailed
Air photos show that Frenchman Lake playa topography suggests slight displacements
cracked at some time Just before 1950, as in altuvium beyond the northeast end of
did Yucca playa, but cracking, now nearly . the crackse
obliterated, recurred on Yucca playa In Return to Mercury Hlghway and +turn
1960, 1966, and 1965 (Fig. 16), migrating rlght.
In a southeastward direction. The evi-
dence that the cracking Is tectonic end 25.2 Orange Road Junction on left, weather
not due to dessication Is as follows: (1) station on right.
the cracks In Yuccs playa and In &al] the
other playas of the reglon trend consist- 27.0 Tweezer Road on right. Mine Mountain
ently north to northeast, regardless of at 9:00 has Devonlan carbonate rocks
playa shape; (2) the cracks tend to be thrust over Mississipian Eleana
curvilinear, not polygonal; (3) In Yucca Formatlon (Orkild, 1968; Stop 16).
25
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showing cracks (lettered A to F) and
detallsd topographye. Shaded area |Is
apparently depressed with respect to
unshaded areas, based on distribution of
water In the lake In March 1973 (Stop 10}.

28.0 Area 6 Birdwell casing yard.

31.5 Brick houses at 9:00 are structures
buflt during era of above-ground
nuclear testing.

31.8 Reynolds Electric Company drilling
support yard.

33.1 At Y in road veer left onto Ralnier
‘Mesa Road.

45.5 East-facing Yucca Fault scarp at
3:00.

46.4 Turn left onto Road 2-04- (marked
U2FA).

47.2 STOP 11. MORPHOLOGY OF THE CARPETBAG
FAULT.
Park bus and walk 0.3 miles to Car-
petbag Fault scarps (Fig. 17).

The north-trending Carpetbag fault system
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consists of a serles of east-dipping Basin
and Range style faults which traverse the
length of Yucca Flat on the western side
{D. L. Healey, unpublished gravity data).
Average post-tuff dlp-siip displacement is
600 m.; right-lateral motion of as much as
600 m. has also been postulated (Carr,
1974). Two major fault scarps of the sys-
tem were propagated to the surface as a
result of the detonatlion of the Carpetbag
event In 1970. This event also caused the
Carpetbag sink and a series of concentric
cracks extending out about 1000 m. from
the edge of the sinke. This type of sur-
face cracking may have been due to detona-
tion of the nuclear device below the sta-
+ic water level, a practice now avolided.
The graben bounded by the two fault
scarps extends for about 2600 m. on the
western slde, where 11 to 590 cm. of
post-testing dip-slip displacement has
been documented on the western fault
scarp. On the eastern side, three fault
strands ranging in trend from N-S to N40°E
(E« C. Jonkins, written commun., 1973)
form two major scarps, 1525 m. long, with
dip=-stip displacements of 9 to 490 cm.
About 0.9 m. of right-lateral motion has
been recorded along the system since 1970.
Ramp features extending northeast from
the northern end of the western fault
scarps have surfaces which dip 10° to the
southeast and are bounded by low scarps at
the toe of the slope. Trenching reveals
that the ramps are shallow features whlich
die out a short distance from the main
fault. The ramps are proposed as result-
ing from one or more of the followlng
possible causes: (1) surface expression
of splays or "horsetalls" from the main
Carpetbag faul+t+; (2) lowering of ground-
water table causing surface subsidence;
and (3) underground nuclear testing caus-
Ing differential ground subsldence.
Surficial deposits exposed In the wall
of the graben help constrain the ages of
recent fault movement. Young fluvlal
sands, gravel, and slope-wash post-date
the last major movement on the Carpetbag
fault. Thess deposits have stage | soil-
carbonate morphology of Gile and others
(1966) and are probable equivalents +to
Holocene wunits described by Hoover and
others (1981). The older units pre-dating




fault movement have a thin K horizon with
stages 11l to - IV morphology and have
uranium-trend dates of 270,000 +o 310,000
yrsa. (J. N. Rosholt, written commun.,
1983). Uranlum-series dating of secondary
carbonate along fractures brackets the
displacement between 93,000 and 37,000
yrs. (Knauss, 1981), which correlates well
with the lack of dlstinguishable fault
scarps In the younger (Holocene?) gravels
prior to nuclear testing In 1970.

48.0 Turn left on Rainler Mesa Road then
turn right on 2-05 Road (Fig. 17).

49.6 Yucca fault scarp (early Holocene) In
foreground at approximately 12:00 is
18 to 24 m. highe Climax stock In
background.

51.0 Yucca fault scarp crosses road.
Roughness of road Is due to repeated
fault displacement triggered by
nearby nuclear tests.

51«7 Turn right to Sedan Crater.
52.1 STOP 12. CONTAINMENT GEOLOGY.

Underground tests require a comprehensive
geologic site characterization to help
ensure complete containment of radioactive
debrls and gases created by the nucleer
explosion. Based on device parameters an
approprliate site is selecteds Following
completion of the emplacement hole, using
large~hole (up to 3.7 me in dizmeter)
dritling technlques developed at the NTS,
it Is sampled and logged with large dia-
meter tools that are also unique to the
test site. These data are evaluated and
the detailed site characterization Is pre-
pared (Fig. 18). items of Interest are
the mineralogy/petrology, stratigraphy and
structure, surface features both natural
and cultural, densities, molsture con-
tents, non-condensible gas generation
(CO_.), depth to the static water level,

acoustic Impedances and any features which-

are unusuzl. Adequate characterization
often requires the driliing of exploratory
holes, detailed geophysica! surveys, and
other speclallzed Investigative techanliques
such as borehole photography. Most of the
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tests are conducted In alluvium or tuff
but some have been In carbonate or grani-
tic rocks. Once the geologic setting is
understood, the response of the medlum to
the explosion Is predicted and the poten-
tial for complete containment of the
radioactivity Is evaluated. Not until the
site has been thoroughly reviewed and
approved by the Department of Energy's
panel of experts s the experiment allowed
to proceed.

The explosive device |Is placed into a2
large rack which contains the diagnostic
systems. This rack Is lowered into the

~hole, along with more thanm one hundred

power and signal cables, using a wire rope
harness on a large crane. After
detonation, the effects on the geoclogic
medium are evaluated through surface
mappling, ground motion measurements,
seismic Information and other data as
available.

Peeceful nuclear explosions in the
U.S., as encompassed In the Plowshare
Program, began as a serles of meetings and
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FIGURE 18: Geologlic sectlion through an
emplacement slite (Stop 12).

panels In 1956. Massive nonnucliear high-
explosive excavation and fracturing ex-
periments were conducted at the Nevada
Test Site to derive proper scaling laws to
be applled to the use of low to Inter-
mediate yleld nuclear explosives for
excavationse. in atl, some 15 nuclear
cratering experiments were conducted
between 1962 and 1968, with a few experi-
mental underground appllcations, mostly
gas stimulation, taking place In New
Mexico and Colorado (Projects GNOME,
GASBUGGY, RULISON, RIO BLANCO) as late as
May 1973. The USSR has used nuclear
explosives for oll and gas stimulation as
well as for construction of earthen dams.

SEDAN crater, created In one second on
July 6, 1962, testifles to the excavation
ability of nuclear explosives. A 100 kT
device was detonated at 193.5 m. depth In
tuffaceous altuvium. The resultant Crater
Is 390 me In dlameter, 97.5 m. deep, agd
has a volume of approximately 5 x 106 m .
The helight of the 1ip ranges from 6 to 30
m. above preshot levels. Ejecta were
found as far as 1770 m. from ground zer )
The seismic energy release was 2.45 x 10
ergs, equivalent to an earthquake magni-
tude of 4.8. A cross-sectlion through the
crater 1lp (Fig. 19) shows thrusted and
overturned marker beds resulting from the
explosion In this poorly Indurated allu-
viume.

52.5 Return to paved road and turn left at
stop sign.
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54.1¢Turn right on Road 2-07.

56+6 Turn right onto Ralnier Mesa Road.

60.8 Area 12 camp on right. At 3:00 are
the orange to brownish-gray tuffs of
the Miocene Tunnel Beds. The welded
unit overtying the Tunnel Beds ap-
proximately 2/3 of the way to the top
Is Miocene Grouse Canyon Member of
the peralkaline Belted Range Tuff.
Keep to left on Stockade Wash high-
way, continuing southward toward pass
at south slide of Rainier Mesa.

62.5 Thrust fault between the Devonlan
Devils Gate |imestone and Missipplan
Eleana on right.

63.1 To left observe Tunne! Beds filllng
paleovalley In Eleana Formation.
Bright red zones are areas of Intense
weathering and alteration.

64.3 Tuff/Paleozolc contact, very altered.

65.6 STOP 13. ORIENTATION.
Pass on south side, Rainier Mesa (see
Fige 1) Walk approximateiy 100 m.
to eastern overlook.

To the east Is eroslonal unconformity of
Tunnel Beds on Eleana. In distance to
northeast is the Groom Lake Playa. Pahra-
nagat Range on skyline. On Survey Butte,
just to left of Area 12 camp are small
faults in Ralnier Mesa Member. In same
area welded Grouse Canyon Member can be
seen fllling eroslonal valleys in Tunnel
Beds.

LUNCH. Return to Stockade Wash Highway,
turn right.

66.8 Stockade Wash Tuff forms bluffs on
either side of Stockade Wash and
thickens westward. Mesas on both
slides of road are capped by resis-
t+ant ledges of Tliva Canyon and
Rainler Mesa Members, down-=-faulted
Yo the west along outer ring frac-
ture faults associated with +the
Timber Mountain caldera collapse.



67.3 Wide valley held up by dip slope of
densely welded (eroslon resistant)
but unexposed Grouse Canyon Member.
Conflguration of less resistant on
resistant units allows valley +o
widen but Inhibits downcutting.

€9.3 Intersection with Pahute Mesa Road,
continue straight zhead.

69.6 Rozd parallels rim of caldera marked
by cuesta of onlapping intracslidera
Ammonia Tanks Member to left. Flat-
lying tuffs of Arez 20 underlying
Stockade Wash Tuff to the right.

70.8 At 1:00 Is Rattiesnake Butte capped
by Rainier Mesa Member. Road goes
up dlp slope of welded perelkallne
Grouse Canyon.

71.8 Road cut exposes peraikaline alirfall
tuff above welded Grouse Canyon. At
12:00, upthrown fault block approxi=-
mately 1 kme. from roed Is welded
Grouse Canyon.

73.1 Contact between Grouse Canyon welded

tuff and underlylng Grouse Canyon
alrfall tuff.

NEVADA TEST SITE GEOLOGY

westward toward Split Ridge.

77.2 STOP 14. PAHUTE MESA (see Flg. 1)}.
Bus drops particlipants off and
continues to Echo Mesa Road to turn
around (1.1 km.).

To south overlooking Blg Burn Valley,
cuestas of Ammonla Tanks 4 km. away are
dipping Into the Timber Mountain caldera,
with Stockade Wash Tuff and Grouse Canyon
Member forming the walls of the caldera.
On the distant skyline to the south,
rhyolite of Shoshone Mountalin overlles the
southeastern caldera wel! and rim. Visl-
ble on the far skyline to the southeast
are the Spring Mountains. Ralnier Mesa
can be seen to the left+ capped by Rainier
Mesa Member; the bench partway up side of
mesa is formed by Tiva Canyon Member.
Cuestas ringing 81g Burn Valley are welded
Grouse Canyon Member.

fn t+he road cut we see bedded vitric
tuff of Area 20. At the western end of
t+he road cut, this tuff Is overlalin uncon-
formably by 2 2-~3 cm. thick ash fall and
the base surge of the Rainier Mesa Member.
The entire section of Pasintbrush Tuff tis
absent here. Although the spectacular
eroslonal unconformity might suggest
erosional stripping of the Psintbrush, no

74.8 Grouse Canyon alrfall tuff +thickens Paintbrush equlvalent other than the
GRAVEL MARKER BED "A"
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FIGURE 19: Geologle sectlon through +the Sedan Crater |lp exposed In cross sectlon

trending NSB8°W from ground zero (Stop 12).
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uppermost member, the Tiva Canyon has been
found by geochemical sampling In this
general area. The absence of Paintbrush
Tuff at thls exposure and the thinning of
the Rainier Mesa Member towards the south-
ern rim of Pahute mesa Indlcates that the
rim of Pahute Mesa was topographically
high during all of Paintbrush time.

To the northwest of us Is located a
major volcano~tectonic subslidence feature,
the Silent Canyon caldera of Orkild and
others (1968). This Is actually a very
complex feature, all but hidden beneath
outflow sheets from the Timber Mountain
caldera to the south. The earliest vol-
canism associated wlith ;he Silent Canyon
center erupted >200 km of comenditic
(highly alkallc rhyollte) magma, largely
beneath Pahute Mesa and the Belted Range
to the east (Noble and others, 1968).
Major outflow sheets are the Tub Spring
and Grouse Canyon Members of the Belted
Range Tuff, the latter (younger)  unit
exposed In the valley below. Calcalkaline
volcanics containlng Mg-rich mafic mine-
rals are Interbedded with the Belted Range
Tuff.

Following cessation of comenditic
volcanism, a sequence of calcalkaline
volcanics contalning Fe-rich mafic mine-
rals was erupted. These are the tuffs and
lavas of Area 20 at Pahute Mesa, and the
Crater Fflat Tuff, tuffs and lavas of
Calico Hills, and the rhyolitic (lower)
portion of the Topopah Spring Member of
the Paintbrush Tuff at Yucca Mountain.
Return to bus and continue down Pahute
Mesa Road.

852 Turn right (south) on Pahute Mesa
Road.

85.9 Turn right on alirstrip road entering
caldera. Ammonia Tanks Member at
3:00.

86.4-87.4 Traverse alluvial caldera fill.

89.4 End of pavement.

89.5 Turn right onto Road 18.01., A+ 7:00
to 8:00 is Timber Mountaln resurgent

dome. Also to southwest are 2.8
m.y.=0ld basalt cinder cones and
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lavas of Buckboard Mesa. The basalts
were erupted where Basin and Range
faults Iintersect Inner caldera ring
fracture zone.

91.2 Cuesta of Ammonia Tanks Member, which
was banked into scallop of caldera.

91.5 Unconformable contact and debris
flows between Split Ridge lavas to 47
left and Ammonia Tanks tuff to right.

92.2 At 9:00 is Split Ridge lava overlain
by bedded peralkaline +tuffs and
welded Grouse Canyon Member.

92.6 STOP 15,
(Fig. 20).

TIMBER MOUNTAIN CALDERA

Here we are in a deep paleotopographic
"scallop” In the wall of Timber Mountaln
caldera (Byers and others, 1976a). At
this scallop the topographic wall of the
caldera changes direction from northerly
to westerly. This wall Is the result of
cauldron subsidence relgfed +to the erup-
tion of more than 1250 km™ of the Rainier
Mesa Member, the older of two major ash-
flow tuff sheets of the Timber Mountain
Tuff (Byers and others, 1976b). The
caldera collapse assoclated with +the
younger ash-flow sheet, the Ammonia Tanks
Member, Is nested within the collapse area
associated with the eruption of the Raln-
fer Mesa (Byers and others, 1976a, 1976b).
Timber Mountaln resurgent dome in the cen-
tral part of the caldera (Carr, 1964; Carr
and Quintivan, 1968) occurred soon after
collapse related to +t+he Ammonia Tanks
Member and exposes about 1000 m. of the
Intracaldera facles of the Ammonia Tanks
(Byers and others, 1976a, 1976b).

At Well 8 (Fig. 20), the cuesta rim to
the south s an eroded rim of onlapping
Ammonla Tanks ash-flow tuff, underlain by
Interbedded coarse reworked tuff and
cauldron subsidence~related debrls flowse.
To the north, the rim of the caldera wall
Is welded Grouse Canyon underlaln by
bedded peralkaline +uff onlapped by the
upper lithic-bearing, intracaldera Ralnier
Mesa Member of quartz latitic composition.
Lithic clasts in the Ralnier Mesa are
derived not only from the welded Grouse



Canyon rim above but also from a basal
partially-welded rhyolltic Rainler Mesa
ash-flow, which was formerly In the cal-
derz wzl! above the Grouse Canyon but Is
now eroded away. Sparse granitic xeno-
1ths, presumably from depth, Indicate
crystalline rocks sbove the magma chamber
at the site of Ralnler Mesa ash-flow tuff
vent(s). Well 8 penetrated 45 m. of
quartz latitic facles of the uppermost
Rainler Meses Member before penetrating
precalderaz rocks. The quartz latite
represents the lowest erupted portion of
the magma column, 11.3 m.y. ago (Marvin
and others, 1970).

95.6 Turn left onto Atrstrip Road.
89.3 Turn right on Pahute Mesz Road.

99.6 Road parallels wall of caldera, with
Intracatdera Ammonia Tanks on right
fapping on wall of Stockade Wash
Tuftf wunderlain by Grouse Ceanyon
Member.

101.7 Leave caldera wall. At 12:00 are
Blg Butte and Sugar Loaves capped by
Tiva Canyon Member. At 9:00, Pinyon
Butte.

103.5 Altered multi-colored tuffs and thin
Grouse Canyon Member cut by minor
fault crossing the roade.

104.1 Contact between Red Rock Valley Tuff
and underlying Eleanaz Formation at
1:00. Valley at 9:00 +to 12:00 is
type locality of Red Rock Valley
Tuff.

104.4 On lef+, contact between Red Rock
Valley Tuff and Eleana Formatlion in
road cut.

106.7 Highway parallels Syncline Rldge at
12:30 formed by Pennsylvanlan Tippl-
pah Limestone.

109.0 Pass the axlal trace of Syncline
Ridge, best exposed on right (south)
side of bus, 1100 m. of Pennsyliva-
nian Tipplpah Limestone Is exposed
ftn the west limbe From 1977-79,
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;5 Czal - Quaternary-Tertiory aliuviom & { Tpb - Bedded Tuft

Tt - Amemonis Tanks Member § Tow - Stockace Wash Tult
® 5 { Trr - Aainier Mesa Member 3§ { Tbg - Grouss Canyon Member
§ Ta - Reworked tutf i Tht - Bedded Wil
3 Tdt - Detris flows & Trw - Riyolite of Spit Ridge

FIGURE 20: Sketch of geologlc relations
at Well 8 (Stop 15).

several drlll holes were drilled on
the flanks of Syncliline Ridge to test
the underlylng argillite of the
Eleana for suitability as a nuclear
waste reposltory. The slite was
rejected, primarily because of Its
proximity to nuclear testing.

110.9 Turn right on Orange Road (Tippipah
Highway) .

116.2 Turn right on Mine Mountain Road.

118.1 Entering east side of Mine Mountain,
Devils Gate Limestone thrust over
Eleana Formattion.

118.4 Thrust contact between red Eleana
arglilite and upper plate of I|ight
gray Devlils Gate Limestone.

118.7 Structure to left Is old mercury
retort.

119.5 STOP 16. MINE MOUNTAIN THRUST.

The route to this stop crosses the Mine
Mountalin +hrust fault, which separates
argtllite of the Mlississipplan Eleana
Formation In the lower plate from carbo-
nate rocks of the Devonlan Devils Gate
Limestone and Nevada Formation 1in the
upper plate (Fig. 21). Overlook Polnt
offers an excelient panorama of Mine
Mountalin thrust and of Yucca Flat.
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FIGURE 21: Geology in vicinlity of Mine Mountaln (Stop 16.)

Several thrust faults In the reglon of
the NTS emplace upper Precambrlan and
lower Paleozolc rocks on top of middie and
upper Paleczolc rocks. These occurrences
include the Mine Mountain and CP thrusts
In the Yucca Flat area, the Specter Range
thruyst west of Mercury, and the Spotted
Range thrust (also seen from Stop ‘1) east
of Mercury. Similar klippen are distribu-
ted over a distance of 120 km. along
north-trending axes of majJor synclines
2ast of the Test Site. Regionally the
direction of movement 1s toward the south-
east but local underthrusting, as In the
CP hills, has resulted in some overturning
of folds toward the west. The prepon-
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derance of evidence suggests that folding
and thrusting occurred at moderate depths
during Mesozoic time. Most of the thrust
plates have been extensively sliced by
strike-slip faults and by later normal
fauits during Tertiary +ime. Bus con-
tinues on to Mid Valley and turns around
for return (6 km.).

122.8 Turn right on Tippipah Highway for
return to Mercury.

150.6 Exit NTS at main guard station In
Mercury. Turn In badges, RAD-safe
check. Return to Las Vegas. Hope
you enjoyed the fleld trip.
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INTRCOUCT ION

This +trilp was formulated to present &
broad overview of the hydrogeology of the
Nevada Test Site (NTS) and the Southern
Amargosz Desert which Is thought to be the
discharge eares for the reglone! ground-
water flow system encompassing part of the
NTS. There has been much Interest in the
hydrogeolagy of the sareas because of the
potential of radionuclide migration away
from the slte, due to underground nuclesr
testing and the potentlal Yucca Mountaln
High Level Nucleer Waste Reposlitory which
might be slted on the western edge of the
NTS.

The flrst day fleld trip begins with e
tour of the NTS starting In Las Vegas and
ending In Beatty, Nevada where we wlll
spend the night. The next day wil! be 2
*rlp to the Southern Amargosa Desert
ending In Las Vegas. Fig. 1 Is & simpii-
fled map of the fleld *rip.

LOCATION

The Nevadas Test Site Is located In Nye
County In southern Neveada, with |t+s south-
ernmost polnt aboutr 100 km. northwest of
Las Veges. The site contalns 3,500 sq.
km. of federally-owned land with restric-
ted access.

The Nevada Test Slte s bordered on
three sides by 10,700 sq. km. of land
comprising the Nellis Alr Force Range,
another federally-owned, restricted area
(see Flg. 1). This buffer zone verles
from 24-104 km. between the test area and
land thet |s open to the publlic. A north-
western portlon of the Nellls Alr Force
Renge 1s occupled by the Tonopsh Test
Range, an ares of 1,615 sq. knm. The
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combination of the Tonopah Test Range, the
Nellis Alr Force Range, and the Nevada
Test Slte 1s one of the largest unpopula-
ted {and arees {a the United States,
comprising some 15,815 sgq. km.

Flgs 2 shows the generzl layout of the
Nevada Test Slte and ldentifles some of
the areas within the site. The shaded
arees Indlcate princlipal arees used for
underground testing.

Mercury Is the maln base camp at NTS.
The ceamp provides general support fecliii-
tles and overnight accommodations for 960
persons.

HISTORICAL BACKGROUND OF NTS
Use of the NTS areas prlor to 1951 malnly

comprised mlalng, grazing, and hunting.
Two Inactive mining districts, Oak Springs
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and Wshmonle, Jle wholly or partially
within the borders of the NTS. Ozk Spring
District occupled part of the northeast
corner of the test site end iIncluded st
least two onsite propertles, the Climax
Mine and the Crystal Mine, when the NTS
was established (Aree 15, Flg. 2). Pros-
pecting and exploration started bdefore
1905, and numerous small plts, shafts, and
tunnels at higher elevatlions remaln eas
evidence of sporadlc eactivity which con-
ttnued untii NTS was established. Most of
the prospects are at locatlons showling
slight minersiization and low values In
copper, leed, sliver, gold, or mercury.

In 1937, low-grade tungsten ore was
found In the Oak Spring miniag district
near the northeast corner of NKTS. This
small deposlt was outlined as Cllmax and
Crystal ore bodles (Fig. 2) by driiling
and exploration conducted In 1940. Sligni-
ftcant production of ore did not occur
until 1956 when high tungsten oprices
permitted economic extraction of most of
the ore. After 10 yrs. of co-use the
mining claims were acquired by the govern-
ment through routine condemnetion proce-
dures and the owners relmbursed. The
worklings have slnce remained In disuse.

The Wehmonl{e District, tocated {n south
central NTS, was prospected about 1905 for
gold and sllver ores. N6 production
occurred unt!l 1928 when a high greade
sliver-gold ore was rediscovered at the
Horn Slliver mine located In Area 26 (Flg.
2). This resulted In minor shipments of
ore and caused an Influx of 1,500 pecple
intc Wehmonle. However, after several
shefts and extensive prospecting In the
sres revealed no edditional ore finds,
Interest repldly waned and the town was
abandoned by the summer of 1929.

in addition t¢ these developnments,
there |s evldence of sporadic prospecting
throughout the Nevads Test Site. Disrup-
+ilon of the Jandscape by mining and pros-
pecting was tocally severe, but the total
Impact of these activities on the environ-
ment has been slight. Extenslve geologle
investigations made by the U.S. Geologlcal
Survey usling samples taken from explora-
tory drill holes, emplacement holes, and
tunnels In the areas used for nucleer
testing have revesied no mineral deposlts

" testing purposes.
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-districts mentioned above,

v~ —— -

which
consldering today's mineral
Other than the deposlts

would be economfcally recoverable
requlrements.
tan the mining
no additlonal
quallifying mineral deposlts have been
found.

Prior to 1955 the NTS area was used for
cattle grazing, and waterholes were deve-
loped and cablins and corrals bullt at
several points on the slite. Impact of the
grazing ladustry on the environment, prior
to the establishment of +the NTS, was
evidently smali and Is now indlscernible.

in the years Immediately following
World War 11, nuclear weapons tests were
conducted In the atmosphere or underwsater.
Before 1951, zll of thls work wes done at
remote Peciflc Island sites. ¥hen weapons
development wes accelerated In 1949 and
1950 In response to the natlona! defense
policy 1t became Increaslingly clear that
It nuclesr wezpons could be tested safely
within the continental boundarles, wszpons
development (ead ftimes would be reduced
and conslderably less expense {acurred.
At that time, 8 number of sites throughout
the continental Unlited Stetes, Includinag
Alasks, were considered on the bsasls of
low population density, safety, favorable
year-round weather conditions, securlty,
avallable labor sources, reasonsble ecces-
sibllity lncluding transportatlion routes,
and favoreble geology. Of s&il the fac-

tors, publlic safety weas conslidered the
most Important. It was determined that
under careful controls, an eresz within

whet Is now the Nellls Alr Force Range
could be used for reletively lovw vyleld
nuclear detonations with full assurance of
publlc safety.

Originally,
drawn on Februery

1,760 sq. km. were with-
19, 1652, for nuclear
This resulted In the
fermation of approximately +he eastern
half of the present Nevade Test Slte. The
predominant features of thls area are the
closed drsinage basins of Frenchman Flat
and Yucce Flat where the early atmospheric
tests were conducted. The main Control
Polnt was located and remalns on the crest
of Yuccs Pass between these two beslins
(Fig. 2). Additional land wlthdrawals In
19%8, 1961, and 1964 added to the site,
and wlth the use of the Pshute Mesa ares




acqulrad In 1967, provide lts present slze
of about 3,500 sq. kme.

Although ths NTS was originaly selected
to meet criteria for atmospheric tests, 1+
also has proved satisfactory for under-
ground tests. For tests of up to one
megaton and for those of a scmewhat higher
yleld, the NTS continues to be the most
sultable area and provides an establlshed
factitty iIn a locatfon remote from popu-
tatlion centers. The geologlic medla at the
exploslon sltes permit t+he placement of
nuclear devices at sufficlent depth for
proper contalnment and contrel of radla-
tion. The water table Is relatlively deep
and water movement Is very slow. Weather
conditions permit s year-round testing
program.

Constructlion of the Nevada Test Site
facllities began on January 1, 1951.
Operatlion RANGER was the first serles of
tests for which the Nevada Test Site was
utitlzed. The first test was of a one-
kiloton device which was airdropped and
detonated on January 27, 1951, in French-
man Filat.

After 1951, nuclisar test serles were
carried out alternately at the Nevada Test
Stte and at Paclflc test locatlons.
Testing at that time was conducted on an
intermittent task force basls at both the
Nevada Test Slte and In the Paclflc and
continued In that mode until October,
1958.

On October 31, 1958, the United States
and the USSR entered Into a voluntary test
moratorium which lasted unttl the USSR
resumed testing on September 1, 1961.
After resuming the U.S. test program at
the NTS on September 15, 1961, the Atomlic
Energy Commlsslon (AEC) revised l+ts mode
of operations from an intermittent annual
activity to a continuilng year-round pro-
gram. )

From 1951 untll early 1962, all nuclear
tosts at the NTS were under management of
the AEC's Albuquerque Operations Office.
Because of the slignificantly Increased
activities resulting from the resumption
of weapons testing In the fall of 1961,
the Nevada Operations Office (NV) was
astablished In Las Vegas on March 6, 1962.
Since the establlishment of the Nevada Test
Site In 1951 up untll the beglinning of
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January 1983, thers have been around 750
announced nuclear tests conducted at the
Nevada Test Site. All atmospheric tests
and Plowshare program tests conducted at
the Nevada Test Slte have been announced.
Underground nuclear tests that may cause
signlflcant ground motion are announced iIn
advance to0 news meadla 3s a safety pre-
cautlon, so that persons In communitles
nearby may avold belng In a hazardous
location at the time of detonation. Other
tests are announced after they have bhasen
conducted. Some tests with low ylelds are
not announced.

1f cratering experiments are excluded,
all but four (small surface tests) of the
atmospheric detonatlons occurred prlor to
the 1958 moratorfum. The first full-scale
nuclear detonatlon, which was desligned to
contaln all radloactlivity underground, was
flred at the Nevada Tast Site In 1957 [n 2
sealed tunnsel. Slnce late 1962, the
United States has conducted all of Its
nuclear weapons tests underground.

A nuclear cratering devlce, code named
DANNY B0Y, was detonated on Buckboard Mesa
on the western portion of the test slite In
1962 as a mliltary experiment for the
Department of Defense. Three of the four
small atmospherlc (surfaces) teosts men-
+loned above weres also conducted on the
flats Just to the east of Buckboard Mesa
and one, SMALL B8QY, was conducted In
Frenchman Flat for the Department of
Defense (DOD) {In 1962. Theresafter, nu-
clear cratering tests wors conducted as
part of the peaceful appllcations (Plow-
share) program. There have been six such
experlments, throe of whlch are mentloned
hers. The flrst and largest was SEDAN, a
100~k loton eaxploslon on July 6, 1962,
which created a huge crater In the allu-
vium of Area 10 roughly 340 m. across and

98 m. deep.
Nuclear tests have been conducted for a
varlety of reasons: 1} Improvement of

long-range sealsalc detectlon technlques;
2) conductlon of Jolnt US-UK tests of
Unlted Klingdom devices; 3) development
tests. for potentlal peacetul appilcations
(Plowshare); 4) research to collect sclen-
tiflc data to better understand the physi-
cal princlples lavolved (n nuclear explo-
slons; 5) exploration of new and untried
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deslgns for & glven weapon concept; 6)
determining the Interactlon between two or
more demonstrated components; 7) proof

testing of ectual warhead desligns; 8)
conductlion of safety <tests on certaln
designs to test +the wvulnersbllity +to

possible accldents; and 9) conductlon of
weapchs effects tests for the Department
of Defense (for the most psrt In tunnels)
to determine +the effects produced by
specliflc wespon outputs wupon verlous
mil{tary systems and components.

Although the major effort a2t the Nevade
Test Slte has been In nuclear weszpons-
related “*Yesting, the activities have
Included a varlety of both nuclear and
non~-nuclear projects whereln the Depart-
ment of Energy (DOE) laboratories, DOE
contractors, as well as other government
agencles and thelr contractors have taken
advantage of the facllltles avaliable, the
climate, the remoteness, and the control-
led access of the test site.

As & pert of the program to develop
methods for predicting buliding response
+o ground motion, two (dentical four-story
relnforced concrete test structures were
constructed In Area 1. Between 1966 and
1973, structurel response measurements
were recorded for 42 underground nuclear
experiments. These structures were elso
subJected tc & serles of low-amplltude
dynamic tests for gathering englneerling
data on the response of structures to
ground motlon both with and wlthout non-
structura!l Inflll walls and partitions.
By 1973, after sufflclent low-amplitude
data had besn accumulated, hligh-amplltude,
destructive level testing was conducted on
one of these structures. These tests werse
carried out In 1974,

A herd of renge cattie hes been main-
talned onslte since the mid-1950's and an
experimental delry farm In Ares 15 had
been operated until earily 1980's. .Levels
of radlonuclldes In these experlimental
herds were monltored as part of the rou-
tine radlologlcal survelllance program.
Data from experiments wlth animals taken
from these herds are belng used to Improve
human-dose prediction models and to fur-
- ntsh Informatlon on the effectliveness of
protective asctlons which may be taken to
reduce the amounts of radlonuclildes get-
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ting Into human food under verlous con-
+aminating sltuattions.

in edditlon to Its other responsiblliil-
tles, beglinning In FY 1974, t+he Nevada
Operetlons Office became responsible for
+he cuystody and adminlstration of the
geographlical ares and the faclliltles at
the former Nuclear Rocket Development
Statlon (NRDS) (Arez 25). The NRDS occu-
pled the southwest corner of the Nevada
Test Site (see Flg. 2). Area 25 contains
some $140 mililon of speclallzed facllli-

tles: (1) nuclear reactor/engline/nuclesar
furnace test stands (known e&s ETS-1, Test
Cell C, 2nd Test Cell A); (2) englne
maintenance, s&ssembly, and dlsassembly
bullding (known as E-MAD); (3) resactor
malntenance, assembly, and dlsassembly

byllding (known as R-MAD); (4) radloactive
material storage facllity (known as RMSF);
and (%) other support faclililtles.

Twenty experlmentel reactor/nuclesar
engine/nuclesr furnace tests have been
conducted In thls area between 1959 and

termination of program Iin 1973.

In Area 26 (also known as Area 401),
the Lawrence Llvermore Natlonal Laboratory
conducted six experimental tests Invoiving
development of a nuclear reactor for a
ramjet engine as a part of Project Pluto.
A radloactive leach fleld was constructed
adJscent to the dlsassembly bullding to
handle radloective llqulds resulting from
these tests. This fleld Is some 75 m. by
80 m. occupylng an ares of sbout 6,000 sq.
m., and appropriately fenced and marked.

CLIMATE

The NTS area lles In the most arid portlion
of Nevada where average rainfall In +he
valleys range from 7.0 cm. to 15.0 cm. and
up to 25 cm. per yr. on the rldges (Wino~
grad and Thordarson, 1975). Mean maxImum
dally temperatures for the NTS valley

reglon In January ranges from 5°C +o
10.5°C and In July ranges from 32°C to
41°C. Temperatures are 3 to 9° lower on

the rldges and mesas. Relatlive humldlty
ranges from 10 to 30 percent In summer and
20 o 60 percent In winter.

Most precipltation on the NTS falls
during the winter and summer months.
Summer convectlve storms occur over 2-3




3q. km. and are very I(ntense, In contrast
to winter storms which may cover the
entlre NTS and are less Intense (WInograd
and Thordarson 1975).

GECLOGICAL SETTING

The followlng Geologlcal and Hydrogeologl-
cal sstting sectlons were referenced from
Wlnograd and Thordarson (1975), which Is
In part a compllation of other work, and
Fenske (1973).

The NTS lles In a mlogeosyncllnal belt
of the Cordllieran geosynclines. Durlng
the Precambrlan through the Paleozolc eora
up to 11,000 m. of sediments were depos-
1ted. Except for a few, scattered and

small tlgneous Intruslve masses, sedlment-
ary Mesozolc rocks are not present on the
NTS. In Late Mlocene and Early Pllocane

the reglon underwent a perlod of volcanism
emplacing 4,000 m. of rocks orlginating
from caldera centers. The Quaternary
system Is represented by an eroslonal
period resulting In detritus of up to 600
m. thick fllilng la the low lylng areas.

Two major orogenles have deformed the
reglon. The flrst occurred In late Meso-
zolec, and resulted In major folding and
thrust faultling of +he Precambrlan and
Paleoczolc Frocks. In the mliddie to late
Cenozolc the second perlod of deformatlion
occurred causlng majJor block faulting
forming the basin and range structure.
During both orogenles strike sllp faults
were common wlth dlsplacements measured up
to several mlles long.

The Precambrlan and Paleozolc sedliment
plle s dlvided Into 16 formatlons. The
Precambrlan and lower Cambrlan are com-
prisad malnly of quartzite Intermixed with
minor amounts of slitstone and dolomite.
Mtddle Cambrlan to mliddle Ordoviclan Is
dominated by Ilmestones Interbedded wlth
some claystones, wlth the upper Ordoviclan
to upper Devonlan conslsting of dolomlte
and mlnor amounts of quartzite. Mlssls-
slppltan and Pennsylvanlan rocks are large-
ly arglllltes and ilmastone respectively.

The Cenozole rocks are divided Into two
systoems, Tortlary and Quaternary, whlch
contaln twelve formations. Volcanlcs and
assoclated sedimentary rocks make up the
bulk of Tertlary sediments whlle Quater-
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nary sadliments ars chlefly alluvial vallay
fill. The Ollgocene and lower Mlocene are
composed of freshwater |Imestones, sand-
stones, and slitstones while upper Mlocene
rocks are chlefly ash fall tuffs, ash flow
Puffs, and tuff brecclas. Pllocene rocks
contaln moderately welded +t0 densaly
walded tuffs wlth overlying basalt rhyo-
1'1te flows. Quaternary sediments are
chiefly alluvial and fluvlial fanglomer~
ates, Interbedded wi{th mud flows and |ake
depositse.

HYDROGEOLOGICAL SETTING

The NTS lles In the most arld reglon of
the U.S., thus any surface water ex!sts as
aphemeral streams, however durlng perlods
of extended preclipltation, runoff does
collect In Yucca and Frenchman playas
forming shallow, temporary lakes. Ground-
water hydroliogy on the NTS Is complex and
Is best discussed In the following sec-
tlons: the grouping of geologle forma-
tlons In aqulfers and aquitards; the
dlstribution and saturatlion sxtent of the
aqulfers; and groundwater movement.

Ten hydrogeologlc unlts were deslignated
from the geologlc formatlons present In
the area from well data. By order of
decreasing age they Include the followlng
(Table 1): lower clastic aqultard; lower
carbonate aqulfer; upper clastic agqultard;
upper carbonate aqulfer; tuff aqultard;
lava flow agqultard; bedded tuff aqulfer;
walded tuff aquifer; lava flow aqulfer;
and the valley flll aqulfer. The lower
clastic aqultard 1Is wldely dlstributed
throughout the NTS, Is +the hydraullc
basement for carbonate rocks Ian the re-
glon, and perhaps controls the reglonal
groundwater movement. The lower carbonate
aqulfer overlles the lower clastlc aqul-
tard and groundwater movement Fthrough 1+
s controlled primarlly by fractures and
subsequeat solutlon enlargement. Major
eastern Nevada springs are fed through
thls aquifer and It Is the only source of
potable water on the NTS whors the vallay
flil aqulfer s unsaturated. The upper
clastlc aqultard |s hydrogeologlcally
slgniflcant as |+ separates the upper and
lower carbonate squlifers hydraullcally and
stratigraphlicailly. The upper carbonate
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aquifer consists of Pennsylvanlan |ime-
stone and ls sbsent from most of the study
arez wlth exceptlon to western Yucca Flat
where It 1s saturated at depths below 600
m. Reglonal groundwater movement s not
effected or controlled by the upper car-
bonate asqulfer because of 1ts Ilimlted
aresl and satursted extent. The tuff
aqultard separates the Paleozolc and
Cenczolc squlfers In Frenchmen, Yucecs, and
Jackass Flats. Poor Interstitlal permea-
btilty and hydrazullc connectlion of frac-
tures probably accounts for the agultard's
abiltty to control reglonal groundwater
movemaent. Most nuclear devices are tested
In tuffs edove the carbonate aqulfers
because of I[ts poor hydraullc conductivi-
ty, great thlckness and wlde arezl extent.
Little s known about the lavas flow agqul-
tard because few dril! holes have penetra-
ted 1+. Occurrence of the lave flow
aqultard s limlted primerily *to the
northwest sectlion of Frenchman Flat. The
bedded tuff, welded tyff, and lava flow
aquifers are widely distributed throughout
the NTS, however saturation is limited to
structurally deep portlons of Frenchman,
Yucca and Jackass Flats.

Depresslons created by post-Pllocene
block faulting and subsequent erosion of
ridges producing alluvial-colluvlial fans,
mud flows and lake bed deposlits !s the
valley fill. Valley flll deposlts conslst
of brown to tan to gray, tuffaceous slits,
sands, and gravels moderately cemented
with calclum carbonzte. Hard callche
layers are common {n Jackass, Frenchman,
and Yuccs Flats alluvlal fan sediments at
approximately one meter and s a common
comenting materlal throughout the valley
flil sediments. Lake bed deposlts are
chlefly 1lllte, mixed~layered clay mlner-
als, and montmorlllonlte, thinly lamineted
a2+ the surface and becoming more masslive
with depth (Moore and Garber 1962).
Thickness of the valley il Is 570 m.
beneath central Yucca Flat, 370 m. beneath
central Frenchman Flat and 320 m. beneath
centrel Jackass Flats. The valley fl1l] Is
the major asqulfer used for water supply In
Frenchman Flat and |s saturated locally In
structural lows of Yucca and Jackass
Flats. Pump tests of the valley flll
equifer yleids transmiss(b{ilty values
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ranglng from 10 to 420 msld/m.

Distributlon and saturated thlcknesses
of the hydrogeologlc unlts dlscussed are
highly varlable both laterally end ver-
tically In the subsurface due to Tertlary
block faulting and pre-Tertlary folding,
faultling, and eroslon. The lower car-
bonate aqulfer Is generally satuyrated
throughout the area. It Is conflned In
structuraslly deep parts of basins and
unconfined beneath rildges. The tuff
aqulterd separates the welded tuff equlfer
and valley flll aquifers from the lower
carbonate aqulfer In structurslly deep
portions of Frenchman, Yucca, and Jackass
Flats. In burled pre~Tertliary structural
highs *+he Cenczolc aqulfer may be In
dlrect contact wlth the lower carbonate
aqulter; and water table depth ls not an
{mportant factor for determinling extent of
saturation of the lower carbonate aqulfers
due to great thlcknesses of the upper and
lower clastlc aqultards.

Three types of groundwater movement
occur In the NTS; movement of perched
water, Intrabasin movement, and Interbesin
movement of water. Perched water or water
separated from an underlying body of
groundwater by unsaturated rock occurs {n
ridges and foothlils of Frenchman and
Yucca Flats In lave flows and tuff aqul-
tards. Nine perched springs have been
observed In the area. Intrabasin movement
of water |s downward movement or drailnage
of water from the Quaternary valley fli!
aqul fer to Peleczolc carbonate aqulfers.
Evidence of thils kind of movement was
cbtalned via test drilling tn Yucce Flat
(Moore 1963). Interbasin movement of
water s water whlich moves laterally
beneath basin floors end surfrounding
ridges. Water levels In wells penetrating
+he lower carbonate aqulfer Indlcate a
hydraullc gradient from northwest Yucca
and eastern Frenchman Flat toward Ash
Meadows and the Amargosa desert rangling
from 0.06 to 1.10 m./km. towards the
scuthwest. Groundwater movement toward
+he Ash Meadows dlscharge arez s con-
trolled by major strlke sllp, normal, and
thrust faults. It Is suggested that the

'NTS Is hydraullcally connected through

Interbasin movement to at least ten Inter-
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montane valleys and recelves slignlflcant
amounts of underflow from northeastern
basins (MIfflin, 1968, and Winograd and
Thordarson, 1975).

ROADLCG

DAY 1
Novada Test Slte

Ml leage

0.0 Department of Energy 8ullding. Las
Yegas, NY¥. The trip begins from the
parklng lot and proceeds north to the
Nevada Test Slte. Exact dlrections
are not glven slince thils trip cannot
be dupllcated wlthout the permlssion
of the Department of Energy (DOE).

27.6 STOP 1.
BADLANDS

NORTHWEST LAS VEGAS VALLEY

Exposed Intermittently from southeast of
the Tule Springs area, about 13 kme to the
north of Las Vegas, to wlithin 13 km. of
the Mercury turnoff (a total of asbout 67
km.) are Ilght colored flne-graln sedl-
ments of Quaternary age. These contrast
sharply with the coarse alluvial fan
gravels presently belng deposlted. In
some areas, such as around and Immedlately
north of Tule Sprlings, the combination of
Inclston by Las Vegas Wash (developed
along the axlal part of the valley) and
alluvial fan tributary washes has created
badland topography on the {lght colored
sedlments. On casual examlinatlon soms of
these deposlts appear to be lacustrine and

were attributed +to pluvial "Lake Las
Vegas" by early lInvestligators. Howasver,
as polinted out by Mifflin and Wheat

(1979), paleociimate mode!s based on the
distributton of well-documented pluvlal
lakes In the Great Basin strongly argue
agalinst such a large, excluslve lake In
Las Vegas and Indlan Springs Valleys, and
absence of basin closure and shorellnes
add additlonal welght to another mode of
orlgin. The ovidence to date polnts to
perlods of active and extensive ground-
water dlscharge assoclated wi{th the past
pluvial climates. Thess sediments have
been studlied by Haynes (1967) and Quade
(1982) In great detall In several areas of
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thelr extent. The majortty of exposed
flne~gralned sediments range In age from
greater than 30,000 yrs. B8.P. to about
less than 5,000 yrs. B.P., wlth C-14
dates, fossll assemblages, facles changes,
and palseosols being used to establlish the
general age and stratligraphlc relatlon-
ships. Depositional environments Indlca-
tlve of spring dlscharge, wet meadows,
marshes and perennial stream flow are
Indlcated by sedimentary features and
fossi! assemblages Incorporated within
various unlts and facles of the deposlits.
Wet perlods are Interprested as *times of
extenslive ground-water dlscharge, and
other unlts Indicate dry perlods with
markedly reduced dlschargs of ground
water, perhaps simllar to current con-
ditlons of ground-water dlscharge Il.e.,
only a few lsolated spring areas: Tule
Springs, Corn Cresk Springs, and Indlan
Spring/Cactus Springs. Evidance has been
noted by Quade (1982) for secondary cal-
clte related to former water-table posi-

tions (the calcareous zones cut across
stratigraphlc horlzons when traced from
axlal valley exposures *to more valley
marglinal exposures). Foss!l assemblages
tnclude large mammals, motlusks, and In
some horlzons, abundant casts of clcada
burrows.

The stratlgraphlc sequence, Inltlally
descrlbed by Hayes (1967) In the Tule
Springs area, extends to the flne-gralned
deposlts to the north, sround Corn Cresk
Flat and the Indlan Springs area, studled
i{n detall by Quade (1982). Quade comblnes
and summar{zes the flndings as follows:
Units A and 8 ars only exposad In +the
lower valley In the vicinlty of the Tule
Spring, the oldest exposed srchasologlcai
slte. Haynes correlates at lesast the
upper part of Unit B to the Altontan
Substage of the midwestern glaclal se-
quence. Unit B contalns greenlish pond
clays, black mats, and clcada bdurrows
Indlicative of maolst condltlons. Overlylng
Unlt C represents s shift to dryer condl-
tlons prilor to the onset of Late Wilscons!n
plenlglaclal condltlons. All these unlts
fall beyond the range of carbon-14 dating.

Unit+ D contalas a sulte of different
facles Interpreted to represent an exten-
slve marsh-lake complex deposlted within
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the time Intervel of 30,000 yrs. B.P. to
roughly 16,000 yrs. B.P. On Corn Creek
Flat durilng thils +Ime, & broad alluvlal
sand flat surrounded shallow marshy or wet
meedow areas In the valley center. Around
+he Tule Spring archaeological site, a
more contlnuous body of shallow water was
surrounded by & similar alluvial flat.
Abundant secondary carbonate found I[n beds
of Unit D and eariler, was 2t least part
preclpltsted off of & caplilary fringe.
Unlt D probably correlates with Eerly and
Mtd-Plenlglaclel (25,000 +to 15,000 yrs.
B.P.) deposlts of Pluvial Lakes Lshontan
and Bonnevllile.

Unl+ E Is younger than Unl+ D end slso
conslsts of facles Indlcative of perennlal
water at or near evidence for gradusl
shrinkage of the marsh-lake complex durling
the period 13,500 +o0 7,200 yrs. B.P. This
change may have been entlrely due +o
changing ctiimatlc conditlons or In the
case of Unit E, possibly It resulited from
disryptlion of basin closure shortly before
E. deposltion. Standing bodles of water
persisted In the Corn Creek zreas through
Unlt E time, end they were connected to
Tule Springs Flat by a marsh-fringed per-
ennlal stream occesloned by horse, camel,
mammoth, and other megafauna. Unlt E_ re-
cords perslistence of melst conditlons to
7,200 yrs. ago {n the form of black mats,
mollusk=-rich fluvlal deposlts, and sbun-
dant burrowling by clceadas. Megsfauna were
probably present In +the area Into early
Unl+ E_ +ime (11,200 - 7,200 yrs. B.P.)
when the earllest presence of palsolndlans
Is also recorded.

Unbloturbated eollan and fluvlal depos-
1ts testlfy to the xerlic depositlional
condltlions under which Units F and G were
formed after sbout 6,500 yrs. B.P. Limi-
ted dlssection of fringing areas probably
began durlng Unlt E_ depositon, whereas
wldespread dissectlion of flne-gralned de-
poslts began after 7,000 yrs. &go. An
Increase of exotlc volcanlc detritus (from
the northwestward volcanlc terrane of the
NTS erea?) In mld-Holocene sedliments and
younger eargues for & greater role of
eollan processes (n sedlment +transport
during the shift to & dryer and/or warmer
climate.

42.8 Indlan Springs == A small communlty
and Alr Force Base named after a
perennlal spring vg?h e dlscharge of
approximately 0.04 i /s.

44,2 Cactus Spring.

64.0 Gate to the Test Site =~

Mercury, Nevada

Nevada

68.0 View of Frenchman Flat.

Traveling north of Mercury, an exposure of
Paleozole carbonate rock can be seen (n
Red Mountain to the west and the Mercury
Ridge to the east. These Cambrien to
Devonlan age rocks represent the southern
extent of the Cordllleran Mlogeosyncllne.
The Range Mountalns and the Burled Hllls
esst and northeast of Frenchman Flat are
also Paleozolec exposure. The Rock Valley
fault zone crosses the road south of
frenchman Lake. This fault zone Is a left
lateral component of the major rlght
lateral, northeast trending component of
the major right lzteral, northeast trend-
Ing Walker Lake-Las Vegas Shear zone. The
Cane Spring fault, northwest of Frenchmen
Flat ts a sImllarly assoclated left-later-
gl fault system. North end west of the
playa are the Massachusetts Mountains and
Mt. Selyer respectively. These mountains
conslst of Tertlery volcanlc rocks, most
of which are ash flow or ash fall tuffs.
The broad, gently sloping basin s under-~

" lain by about 400 m. of alluvial and
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colluvlal ftll derlved from the borderling
mountalns.

75.7 SToP 2. RAD I ONUCL IDE
PROGRAM (RNM Ditch).
This program has been & cooperative
effort between the DRI, LANL, LLNL,
USGS.

MIGRATION

The Radlonuctlde Mligratlon Program (RNM)
ls & study of the factors that control
movement both on and off the Nevada Test
Slte of radloactivity from underground
nuclear exploslons. This [Information Is
appliceble to the hydrologle studles
related to long~term safety wilth regard to
contamination of water supplles both on-
and off-slte.

———— -
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The RNM Program conslsts of varlous
tasks Including experiments at specific
sltas on the NTS, laboratory work rslated
to the fleld experliments, and mathematlcal
modeling of +the flald and laboratory
rasuits. The most Intensive I[nvestigatlion
s currently In progress st the sits of
+he Cambrlc event.

Cambric was chosen for a number of
reasons: 1) the Cambric exploslion cavlity
Is within the NTS Area 5 water-supply
aqulfer, and there was particular Interest
In possible contaninatlon of water sup-
plles; 2) It was predicted that sufflclent
time had slapsed so that the cavity and
chimney had fllled wilth ground water +o
the preshot statlc water level, 73 m.
above the detonation polnt. If so, radlo-
nucllides alght be present In the water and
constltute a potentlal source for migra-
+lon; 3) the Cambrlc detonatlon point Is
only 294 m. below ground surface, and thus
the raentry drilling and sampling opera-
ttons would bes less difflcult and expen-
slve than for more deeply burled tests.
The site In Frenchman Flat Is far enough
trom the areas of actlve nuclear testing
so that damage or Interruptlion of the
reentry and samplling operatlons from those
activittes would_ be unllkely; 4) suffi-
clent tritlum ("H or T) was present +o
provide an easlly measurable tracer for
water from the cavity reglon; 5) the
postshot debrls also contalned plutonium,
uranfum, and flsslon products whose con-
centrations In the rubble and ground water
from the cavity and chimhey reglons could
be measured and compared; 6) the small
yleld (0.75 kt.) was expected to have had
I1ttle offect on the local hydrology; 7)
1+ was Judged that the alluvium constitu-
ted a good medlum for hydrologic studles
because 1!t was more permeabls than *tuff
and did not have large flssures oF cracks
through whlich the water mlght selectlively
flow.

The Information from Cambrlc has con-
tributsd significantiy to the understand-
ing of the radlonuclide moblllzatlion and
transport mechanism {n the NTS ground-
water environment.

In 1974, two holes were drililed for
radlonucliide migration studlss at the site
of the Cambric test. The Cambric cavity
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roglon was reentered, and a hole (RNM-1)
was completed to a depth of 370 m. Sam-
plas were taken to determline the radlo-
nuclide dlstrtbution between +the solld
materlal and water at the time the experl-
ment was started. Water was then pumped
from a nearby satelllts well (RNM-2s,
actually drlliled befors RNM-1 to avold
contamination), so as to Induce an artl-
flclal gradlent suffliclent to draw water
from the Cambric cavity and provide an
opportunlty for the study of radlonucilde
migration under fleld conditlons. The
pumped water was dlscharged to a dltch and
conducted to a pond on Frenchman Flat
whers [+ s permltted +o evaporate and
iInflitrate.

Three types of samples were removed
from the RNM-1 reentry hole Into the
Cambrlc cavity: slde cores, pumped water,
and water wilth contalned gases. Soltd
samples and water removed from the slde
wall cores from the lower cavity rs lon
Yg;e analyzgg9 radlochemlically for sr,

Cs, and Pu, and eoffective distrl-
button coefflclaents (ratlo of the concen-
tration In or on the solld to the concen-
tration In the aqueous phase) were deter-
mined. These eaffectlive dlistributlion
coefflclents are a measure of both reten-
tlon In the fusad materlal and sorption.
The radlonucllides wers found to be almost
entlrely Incorporated In oF on the solld
materlal.

After sldewall cors sampling had been
completed and the hole had been cleaned,
casing was (astalled. Beginning at the
bottom, the water In flve zones was sam—
pled successlvely by lisolating the zones
with Internal packers and perforating the
casing.

Ten years after the test most of the
radloactivity and the hlghest concentra-
tlons of all radlonucildes were stlil
found In the raglon of the origlnal explo
slon cavity. No activlty was foynd 50 m.
bealow the cavity. The measured Kre to T
ratlos for water from the exploslon cavity
zohe were conslstent wlith the relative
smounts resylting from the Cambric test.
No krypton was observed !n water or solld
materlal from cores taken above the water
table. Water from t+he reglon of hlighest
Fadlo-activity at the bottom of the cavity
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contalned only tritium and 905r at levels
higher then the recommended concentration
guldes for effluent water In uncontrolled
ereas. ’

By compering the measured ratlo of each
nuclide detected ([(n the water to the
tritum In the water wilth the calculzted
ratlo of the same nucllde to *ritum for
the Cambric test, an effectlive overall
retention factor, €., for each nucllde
{ratlo of the total activity In or on
sclld to the total actlivity In the aquecus

se) est! ed. The I ldes Sr,
quRu, Ygng. Tg;Cs, and agg?u were ali
found *o have hligh retention factors,
Indlcating they sre elther retalned [n the
fused debris or highly sorbed on the solld
materlal, or both.

After completion of the Inltlal studles
descrlbed above, +the packer between the
two uppermost zones was drilled out and
the pump was left In place to sample the
water. Since pumping started at the
satelllte well, perlodlic samplling has been
performed to determline remalning levels of
radloactlivity. For example, In 1982 after
6:5 yrs. of pumping st RNM-2s (6.5 X 10
m~ of water), the tritlum concentration In
water pumped from RNM=-1 had decreased
gsarly Z,OO?S;OId- Concentration of Kr,

Sr, and Cs have also been megsured
and had decreased (Danlels, 1981).

The satelllte well RNM=-2s s located 91
m. from +the Cambric exploslon cavity.
Pumpling was - begu In October 1575 at o
reste of about 1 & /min; In October 19;7,
the rate was Increased to asbout 2.3 m /-
mine. Slignlflcant amounts of tritliated
water, slgnallng errival of water from the
Cambrlc cavity reglen, vage Slnally detec~
ted after about 1.44 x 10 m~ of water had
been pumped from the satelllte well.
After seven yrs. of pumplng, the tritlum
concentration In the pumped water reached
a maximum of nearly 3 nCi/ml (the maximum
permissible concentration for drinking
water In a controlled area such as the
NTS) ang s now decreasing. Removal of
7.1 x 10 m of water from RNM-2s by early
October 1982 has also removed 42 percent
of the tritium avallable from Cambrlc.

Large volume water samples (0.21 to
0.50 m ), teken at Intervals from RNM-2s
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since the flrst observation of tritium,
were reduced to solld residues by evapora-
tlon, and the gamma-ray spectra observed.
wtfvoghe exceptlion of & very small amount
f Ru (concentretlon < 1 percent of
that produced tn Cambric), no gamma~emlt-
ting nuclildes have been Ildentlfled In
these samples. Radlochemical analyses of
other waSer samples for the beta-emltting
nuct lde Sr also gave negeative results.

Chlorlne-36 producad by +the Cambrlc
event has been detected In water samples
from RNM=-2s using accelerator-based ggss
spectrometry. The breskthrough of ct
appears to errive earller than that of
tritlum, and the peek In the chlorlde
elutlon clesrly occurs before tritium.
This phenomencn, (called anlon excluslion)
where anlons arrive eariler then catlons
or neutral specles In packed columns, has
been observed In soll chemlstry studles
and column chromatography.

lodine-129 has been observed In water
pumped from RNM-2s. Although the concen-
*ratlons are well below the maximym per-
missible concentration of 6 x 10 ~ nCi/mi
for drinking water In & controlled eres,
moblle radlonucllde specles of any kind
are of [nterest to the general understand-
tng of radlonucllde ?rfg port.

Reletive to +the { _concentrations
measured In RNM1 (1.1 x 10.. nCl/ml), only
about one quarter as much ]! compared to
*ritim has been recovered &t RNM-2s.

A DC earth reslistivity study along the
RNM dltch was conducted In the hopes that
relstive distributlons of soll molsture
could be distingulshed. A sertes of
vertical socundings were completed at 3,
15, 25, 30, and 45 m. away from the ditch
and on beth sldes of the ditch In order to
provide & two-dimenslonal, cross-sectlonsal
view of resistivity. These date have been
converted from apparent reststivity versus
electrode spacing to +true resistivity
versus depth and have been contoured on
the basls of electrical conductlvity. Two
hcles have been drillied for soll molsture
samples near the dlitch for comper!son wlith
the reststivity data.

A  three-dlmenslonal hydreullc and
sclute transport numerlczl modellng study
has been recently completed. The goal of
this study was to formulate a conceptual
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model of the RNM slte and Incorporate It
Into a three dimenslional solute transport
model (n order to monltor the migratlion of
tritium and chlorlda=-36 through the geolo-
glc system and to predict the time neces-
sary to extract ail the tritlum from the
system.

Hydrologlc data from a nearby wel! was
usad and corralated wlth that of RNM=-i.
Analysls Indlcates that playa type seadl-
meants dominated the deposlitlional scheme at
depths of 285-330 m. below the present
land surfacs. Hydrologlc parameters such
as hydraullc conductivity and poroslty
wores eostimated from these correslations.
Dispersivity valuss weres ostimated from
analytic solutlons. The *tritium source
term and the trittum sxchange radlus weore
determined stat!sticaily using a T-test at
a 95% confldence lavel.

The model selected for thils study was
titled the Deep Wall Dlsposal Model. I+
was solected for I[ts versatlility of uss
and |+s Incorporation of the third dimen-
slon. Symmetry of the radlally convergling
flow fleld was applled by using 1/4 of the
total cylinder of pumplng. This scheme
allowed for consliderable savings In compu-
ter memory and execution *time.

The hydraullc conductivity and poroslty
of the cavity region were estimated usling
trtal and error tests. Once the hydrolo-
glc scenarlo was establlished, [+ was
necessary to Incorporate a retardation or
retention factor to get the simulated
breakthrough data to flt+ the fleld data.
Varilous possibliitles for the delay Inclu-
ded adscrptlon of ¢tritlum, exchange of
trltium with structural water, and self
diffuslon of tritlum Into zones of Immo-
blis water between pores.

Predictlons as to ths tIlme needed +to
pump out the tritium mass were determined.
Break through curve data dldn't represent
the peak concentratlon withln the system
at that particular tIme. Contour plots
showed that signlflcant tritlum remalned
tn the system woill after RNM-2s readings
showed IIttle or no tritlum remalning.

Chlorlde-36 data was analyzed for *wo
reasons. Flrst, Its breakthrough tIme and
+Ime to peak occurred earller than that of
tritlum. Results Indlcated that anlon
excluston might have been the major reason
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for the time dlfference. Secondly, by
using the same hydrologlc data used for
*ritium, but lowering the retardation
factor and reduclng the slzs of the source

term, slmulated results showed excellent
agresment wlth +he fleld data. This
Indlcated that the conceptual model used
closely approximates that of the "real
world®™.

Although |+ may be dlsturblng to flind

that tritlum wil] remain In the system In
lower conductlivity laysrs for more than 22
yoars after the Inltlation of pumpling,
which |s much longer than RNM-2s brsak-
+through curve data Indlcates, evlidence
Indlcates that there [s Ilttle danger of
flsslon products migrating any signiflcant
distance away from nuclear-produced cavi-
tles.

One major question stlil remalning
which wlil be attempted to be answered
through the ongolng RNM research s whe-
ther tritium Is actually belng delayed by
adsorption, or lon exchange processes, orF
whether l+s delay can be explalned by self
dlffuslon Into Ilmmcblle water reglons. I+
will also be beneficlal +to determlne
whether chlorlde~36 |s axperlencing accel-
erated movement through the system due to
anlon excluslon or whether [+ too Is
actually belng delayed by the self dlffu-
slon process to some degree.

0f moderate concern ls the possiblilty
that tritlum may be reenterling the system
through a dralnage ditch which ls used to
carry pumped water away from the RNM slte.
if trittum Is belng recycled, It would be
Interesting to determlne how the break-
through curve would be affected If at all.

Overall, there Is still much continued
work that needs to be done. Thls project
has answered many questlons on the migra-
tton of tracers, but an equal amount have
arlsen In conjunctlon wlth the flndings In
this study. In many Instances, average
values were used; especlally In and around
the cavity reglon where there was [lImlted
data avallable. However, strong agreement
of simulated data to fleld data Indlicates
that average values wlthin +he cavity
reglon are adequate for predictlive model-
Ing purposes. Addltlonal Information Is
not needed to accurately simulate the
fleld sltuatlon. The work In this study




HESS & JACOBSON

does offer Inslight Into the Ilong range
plcture deallng with radlionucllide trans-
port and the rlsks Invoived In underground
nuclear testling.

78.7 STOP 3.
SITE.

RADIOACTIVE WASTE MANAGEMENT

The third stop Is the transport study slte
In Area $ (Flg. 2). The slite 1s adjacent
to the Radlosctive ¥Yaste Management Site
(RWMS) and provides & fleld laboratory
where data may be collected which quanti-
+atively describe the physlcal processes
controlling molsture movement In the upper
6 m. of the unsaturated zone. The un-
saturated flow characteristics of the soltl
{n and eround the RWMS are belng dellnea-
ted In order to estimate the rate of
movement, should movement occur, and hence
the possible time of arrival of radlonu-
clldes travellng from the RWMS +o the
water table and possibly +o the blosphere.

The relevant unsaturated flow charac-
teristics are the pore~-volume fregusncy
distribution, pore-radius frequency dls-
tributlon, porostity, chemlical Interactlons
between Impuritles In +the water and the
soll-ceplilary walls, degree of satura-
+ilon, and the amblent temperature as well
as the varlatlions In these parasmeters wlth
posltlon and +time as cheracterlzed In
summary form by the matrlc potentlal of
the water (Y) In the soll. The negative
gradlent of the matric potential Is +the
driving force for the movement of water In
the vadose zone.

These parameters are related to the
flow veloclties In +the following way.
From matric potentlal data 1+ ls posslble
to compute gradlents of matric potential
as a functlon of posltlion and time. A
curve fltting technique described by Van
Genuchten (1978) was used Yo celculate =
curve of unsaturzted hydraullc conductivl-
ty (K(@s)) ss a function of degree of
saturatlon (0s). Informatlon used to
generate thls curve sre volumetric mols-
ture content, a site specliflc molsture
characterlistic curve, and the sasturated
hydraullc conductlvity of the soll. From
the degree of saturstlon data, It s
possibie, using thls curve, to generate
unsaturated hydraullc conductivity values
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as & function of posltion and time. The
hydraul lc conductivitlies combined wilth the
gradlents of matrlc potential a2llow compu-
tation of volume flux (J), volume per eres

per unlt time, or Darcy velocity, l.e.

2
J

-K(es)oﬁ]

where h Is the head or matrlc potentlal
dlvided by the product of the density of
the fluld In the porous medfum tIimes the
acceleratlion due to gravity. {Sample
resul+s are shown In Flg. 3 and sre dis-
cussed below). The actual water veloclty
In the pores, or pore veloclity (Vp) Is the
Darcy veloclty dlvided by the average
poroslty (€), of the medium.

The chemistry of the soll water and
soll mineralogy determine what nucllde
specles wlll be soluble such as uranlum In
a carbonate environment--and which wlll be
{nscludble--such as wuranlum 1In & high
sulfate environment. The catlon exchange
and sorptlon cheracterlstics of the soll
determine whether the molsture movement In
the unsatureted zone may be Inhlblted or
enhanced, dlrectiy saffecting the rate of
radlonuclide transport.

Three [ndependent studles to dste have
been conducted at the +transport study
slte. They Include: a slimulated 500 year
precipltation event and construction of a
soll molsture characterlstic curve for the
RWMS (Keerl, 1982); describing the soll
mineralogy and chemlstry wlth an emphasls
on sorptlon prggerf!es of ceslum (Cs ) and
stronttum (Sp ) (Keutsky, 1984); and de-
termining the spatial verlabtiity of
unsaturated hydraullc conductivity In the
near surfsce (Panlan, work In progress).

To measure temperature and water poten-
*tal, thermocouple psychrometers were
burled a2t varlous depths on the study
plot. The psychrometer probes contaln a
copperchromel thermocouple for measurling
the matrlc potential (Y) In the sol! and a
copper-constantan thermocouple to measure
temperature. The psychrometers were
connected *to & central Instrument shed
contalning a psychrometer scanner used to
automatlcally record and measure these
perameters. A neutron molsture probe was
used to meeasure molsture content In the
study erea. Elght aluminum access tubes
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wore Installed to a depth of about 6 m. A
neutron molsture gauge contalning an
amerliclum=241 berylllum source was lowered
Into +the +tubes and measured wmolsture
content wlith depth.

The saturated hydraullc conductivity
was measursd In the fleld with a flooding
single ring Inflltrometer and In the
laboratory from undisturbed soll cores
taken from the study area.

The porosity of the soll was estimated
from comparlson of the graln slze distri-
bution of the sol! at the study site to
solls of khown poroslty dlscusssd In the
tlterature.

Representative soll samples were col-
lected at the slte In order to character-
1ze the soll and Its adsorpflog’properfles
with respect to Cs and Sr . Samples
wers collected using a hand auger and a
traller-mounted hollow stem auger at
depths rangling from 2 0 9 m.

Chemlical analyses thus far have con-
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slsted of eastimates of catlon exchange

capaclty, soluble salts, @exchangeable
sodlum percentage, pH, and electrical
conductance. Textural analysas were

conducted by the hydrometer method and the
clay fractlon was X-rayed In order to
{dentlfy minsrals whose lon adsorption
characterlistics may be unlque.

From the curve of unsaturated hydraullc
conductivity for near-surface sol! near
+he study slts as a functlion of degree of
saturation, along with the other para-
maters describaed above, a volume flux (J)
and a pore valoclty (Vp) were computed for
the study slte. A typlcal value of pore
veloclty for the cogglflons of saturation
found to date Is 10 cm/sec or about 1/3
of a cm/yr. Example results of volume
flux as a functlon of time are shown for
two depths at one locatton In Fig. 3. (¢
s seen that near land surface molsture
flows toward land surfacs for most of the
year oxcept for the winter months when the

1.9m

downward
_\ -=3.1m movament
“\
+] —
-~ — -upward
i 1 movemant
q
- 23— T T e - | Y

A S O N D J

F M A M J J

TIME (MONTHS)

FIGURE 3

Unsaturated groundwater flow velocity as a

function of time at two respresentative depths.
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+rend |s downwarde.
FLOOD HAZARD EVALUATION

Hydrologlc snalyses In general and flood
hazard evalusations In psrtlcular are
difficult to perform (In desert and arld
reglons. In such areas stream gaglng
records are usually of short length, when
they exlist, and are usually composed of
many low cuttlers wlth only 8 few meaning-
ful vslues. Wlth these data |im!tatlons,
+he traditional methods of peak flood fiow
estimstion are not epplliceble and reglonal
peak flood flow regresslon equations or
ralnfall runoff models are frequently
used.

Another difflculty In evaluating poten-
+1al flood hazards to facllitles In arld
reglons occurs when the faclllity s sited
on one or more alluvlial fans. From &
quantitative viewpolnt, the formation of
these Important geologlical features and
the movement of flood flows across them
are very poorly understocod.

The Radloactive Waste Management Slite
(RWMS) Is located at the Jjunction of major
alluvlal fans +o the east and west, wlth
several smaller fans mergling from +the
north; Flg. 4. The concluston Is that the
RWMS [Is Ilkely t+o be hit several times
during an assumed deslign Illfe of 100 yrs.
by flash flood events of significant
magnltude. This concluslon was arrlved at
by uslng reglonal peak flood flow equa-
tions developed by the U.S. Geologlcal
Survey and varlous hypotheses regarding
flood processes on aliuvial fans.

Although this analysils Is subject to s
number of serlous Iimlitations, the con-
cluslon was substantlated by the fact that
the RWMS {s located on & number of allu-
vial fans whlch were formed by eroslonal
processes that are stlll actlive.

83.1 Golng up the alluvlial fan Yo your
left Is the road to Jackass Flat,
Fortymlile Canyon and Yucca Mountain.
Ten km. up thls fan !s Cane Spring,
the slite of Investligations of the
behavior of 2 shallow perched ground-
water system.

Time-seri{es data have been collec-
ted over the past 4 yrs. The pera-
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meters measured were dlscharge, gross
chemlstry and environmental [sotopes.
These data are used to enzlyze re-
charge to shalliow ground water In 2
sem|{-ari{d environment. This ls used
to resolve travel +times and flow
velocltles [In & fractured medlium
(Jeccbson and Hess, 1984). 1+ ap-
pears that the resldence time for
some of the dlschargling water In the
unsaturated zone Is spproximately one
month and approximately six months In
the saturated zone.

Cane Spring Is loceted at 36°47'56™ N.
Lat., 116°05'42" W. Long. at an elevation
of 1238 m. on the northeast trending Cane
Spring Fault Zone. The spring )lles low on
8 hillside sbout 0.9 km. south from e
southward bend in Czne Spring Road at =a
polnt roughty 10 km. west from its junc-
ture wlth Mercury Highwaye.

Solls In the area are poorly developed
In alluviel materials, which derive from
the surrounding hlgh ground composed of
Mlocene aged volcanics of the Wahmonle and
Salyer Formations (Poole, Etston, and Carr
1965)« The ¥Wahmonie In the spring vicinl-
ty Is primerily composed of dacite end
rhyodacite lava flows contalning quartz,
plagloclase feldspars, pyroxene, horn-
btende, blotite, and magnetite. The
Salyer here Is composed of {lthic brec-
clas, breccla flows, tuffs and tuff brec-
clas, and sandstones of similar mlinera-
logye The bedrock in the ares Is highly
fractured and faul ted, with numerous
smaller feults terminating In the Cane
Spring Fault Zone, mosti{y from the south.

Water 2t the spring collects In an
edit, hand dug roughly 15 m. southward
into the hillside 2t a shallow angle. The

‘adit pool contalns an estimated 21 cu. m.

of water. The water, audibly +tricklilng
Into the pool near the back, currentiy
discharges through a gravity-feed plpe
under a smeall earthen dam at the mouth of
the adit. However, large trees e&nd wet
solls (the latter observed In July of
1980), some 50 me. from the adit et the
same elevation, Indlcate local ground-
water discharges other than that repre-
sented by the adit pool.
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100.0 Intersection of Tipplpah Highway and
Pahute Mesa Roads. To the west of
+his Intersection Is the site of the
wash Infllitration study.

WATER MOVEMENT IN DESERT ORY WASHES

Recent lIsotoplc and water chemistry stud-
les Indicate that groundwater recharge In
arid zones occurs via ephemeral wash
channels after flood events. This study
assesses such recharge potentlial! by exam-
Ining the soll-water-c!imate-vegetation
Intersctions in the upper 9 m. of 2 wash
chennel, &8s the primary water Inflitration
restralints of evaporation and transplra-
tion by vegetation are most intease In
this reglon.

Based on the geomorphic sand geologlc
characteristics of the wash and i+s drain-
age basin, and the availabllity of past
precipitation, psychrometer and electrical
resistivity survey data, of a particularly
flood prone wash above the NTS Ares 1
Shaker Plant was chosen. The study slite
elevation Is about 1525 m. and the average
annual preclipttation Is 20 cm. After
doing a shallow selsmic survey so as to
avold caliche underlaln areas, 9 m. holes
were drilled In a well-defined alluvial
channel and an Interchannel area (2s a
control), each Instrumented with 2 psy~
chrometers (which messure temperature and
soll water potential) and a soll gss
collection port (to collect soll water
vapor) at 0.5, 1.0, 2.6, 4.2, 5.8, 7.4,
and 9.0 m. Aluminum cased neutron probe
access holes were Installed adjacent to
each of these to sllow determination of
water content. To collect water samples
Independent of the gas collection ports,
suction lysimeters were Installed at 0.5
and 1 m. depths. Flg. 5 ls a cross-sec-
tion showling Instrumentation In the wash
site. .

A sol] molsture potential, water con-
tent, and temperature profiie of ail of
the holes Is made weekly. Soll! water and
vegetation sampies have been collected
monthly and analyzed for oxygen and hydro-
gen Isotope ratios. Through comparison
with collected preclipitation and runoff, s
calculation of the evaporative processes
acting on the water during Infiltration
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has been made, 2and the horlzons theat
several slzes and species of plents uti-
lize as water sources Ildentifled. Com-
bined, the resulting data wlll Indlcate
the net direction, magnltude, and cherac-
ter of water movement In thils micro-en-
vironment through time, thus establishing
2 basellne for further studies of epheme-
ral wash recharge on a2 larger scale.

105.4 To the right, down the alfuvial fan
is hydrologlic test well Ue2ce.

109.5 STOP 4. AREA 12 CAMP == Lunche.

111.6 View of Ralinler Mesa and Tunnel

Portals.

113.0 STOP 5. VIEW OF RAINIER MESA AND
YUCCA VALLEY.

The tunnels Into the tuffs of Ralnler Mesa
afford a unique opportunlty to Intercept
unsaturated flow halfway down to the water
table. This allows Investigations of
recharge mechanlisms and the movement of
water through thick unsaturated zones.
Preclipitation amounts, chemistry and
Isotoplc composition are measured on the
top of the mesa at severa! polnts. Addi-
tlionally, soll moisture contents and chem-~
fstry are also determined. These datzs are
then compared to dlischerge, water quality
and lIsotoplc compos!tion of tunnel waters.
This zllows the calculation of residence
times and probable flow paths.

The geclogy of Ralnier Mesa affects
both the groundwater flow and the geo-
chemlcal reactlons that occur within the
tuffs. Minerals found In the varlous
strate of the mess show those constlituents
which might be at saturation level wlthin
the groundwater. The groundwater flow and
mineral preciplitation govern the chemistry
of waters collected from the tuffs of the
mesa.

As seen from Yucce Flat, Ralnier Mess
Is composed of a3 succession of neerly
perallel stratigraphlic unlts with a siight
dip of 10 to 25° to the west. Thicknesses
of these strata very consldersably, depen-
dent wupon {ocation. Measurements have
been made In numerous drll!l holes, in
tunanels penetrating +he mesa, and In
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FIGURE 5

exposad areas on the sldes of the mesa. A
compilation of these data is glven In
Table 1.

Faultling and fracturing of the volcanlc
tuffs are found In many locatlons through-
out Ralnler Mesa; at times these faul¥ts
extond only through one or several stratl-
graphic units. Many of the faults visible
on thes surface of the mesa are iIndlicated
on the map by Gibbons et al., (1963). The
surface Is eoxtensively scarred by ero-
slonal gullles controlled by coolling
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Instrumentation schematic of the Wash Site

fractures, Joints, or small faults (Fairer
et al. 1979)., The mesa has been modifled
Iin one locatlon by a serifes of broad
shallow anticlines and synclines (Hansen,
et al., 1963).

Abundant fractures In Rainler Mesa are
most vislble In the welded and partlially
welded tuffs, where they were created by
coolling as well as structural deforma-
tions. Fractures are also present in the
zeolitlzed tuffs, although to a lesser
extent. The frlable nature of the vitric-
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TABLE 1. Stratigraphic and hydrogeologic units
at Nevada Test Site and vicinity
(After Winograd and Thordarson, 1975)
Sors s ) » .m"mmu Hydrox p w-mmwmd
i v {toet} et semrapon ¢
tarnary sod Holocens, Valley git Alluvial fsa, fluvisl, 2000 Valley-All CoefBicient of trarsomissibility ranges from 1.000 to
q“"l,ctmry Plewstocwns, !l:;;uuuu. . squifer 35,000 gpd pur ft; costficient of intersatial
and and mudilow deposits qummswm}nnnm
Piocsse d betieath > of
Yuces Flac and Frenchman Flac,
Basals of Kiwi Mesa Basalt !lon. deoss and 250 Water llad by p v (cooling)
dary tre and p ly by rubbls
Riryolits of Shashomne Riyolite dowe. 2.000 Lave-flow flows: intercrystalline poromity and permesbility
ountain aquifer negligibie: sximated cosfficient of transmissibuility
Basals of Skull Basalt & =0 - mmwlg.%mmmm
. AmmoniaTanks | Ash-flow tufl, moderately 2
2 Member w y weided: thin
j:-% sah-full tuf at base. Watar lled by pri ,‘d" “.:-4
2 — secondary joints in densely weided asn-
F§ Rainier Mess Ash-flow tufl, 600 tuff: coudicient of tremecsimeibiti ::-mwo
Member 0 denssly weided: thin to 100.000 gpd Per f: intercrysuailine parosicy and
é- - ash-{ail taff at bese. Weided-tullf bility negligibi "‘mq(-h-da-_v
S Tiva Canyon Asb-flow tufl. nonweided | 300-330 T o b 5 pil
i Member lnd-utgﬂ-ﬂdtd:m (gm’".‘mm”’m._ﬁmnﬂé
nnd h d parts
éE T b Sori wff, ponweidsd a0 Yucca. Freachman, and Sackass Flass.
k-3 Member to dsewely weided: thin
i § ail wff near base.
3 Bedded tafl Ash-{ail tuff and fuviaily 1,000 Badded.cult Cosllicieat of transmissibility ranges from 200 w
& (. ; sufl. mywm of Yue:‘ Frenchman
Flat, and Jackass Flata: Occurs locaily beicw asa.
Aow 1Y membdery of Paintdrush Tuff and betow
Geouse Cantyon Membar of Indisa Trail Formatioa.
m and interflow 4,000 Lave-flow Water movemant coatroiled by coanactad frac-
breecia; locally aquitard tres: intevssitial permeadility neglic-
hydrotharmaily sitered. ble: cosfficient of licy aad l::-
than 500 par ft; containe minor perched wetar
in F Flas and Jacxam
Wahmosie Formasi LS
wuff, Bl (.700
u-d_lw:no, sad tulg
matrix commonly clayey
or .
Breecia fow. lithic bree. 2,000
tuff, mwio-hl.i‘l.tn
T % Salyer Formacion ™ . ‘
m-ea?y clayey or
eaicarsous.
m
Geouss Cagyos Menber Ash-(low tuff, densely . 20
waided.
J [ TubBoring Mamber. n:u-mmumuut 200
; Loeal informed umits Ash-fall 2000
g ::x-vidod ash-{low Coufficient of tranwmissibility ranges from 100 to 200
& stone, miltstone. end x0d per {t; intersutial porosity s as high af 40 per-
sl ox 10 t0 €10+ R): owing t
i aitered to eolite or clay ‘hJ Mol ""r._‘_‘ }: owing to poor
iocuily, minor < Tuos f :
mded e Tur | pemesaley orobably emivls woceal g
iaor rhyolite aad squitard . n foochills Qanii leys: fully y
bsoeath structursily despest parts of Yucca
™ ] ”n.'{ Frenchmaen Flac llytd Jackass Flaws: Grouse
R T e T e Y
flows and ooswelded and >2.000 ormation may
bada of ash flow, ash-fail os Flat
Calioo Hills wif breccis, tuf-
facsous sendstons;
at Calico Hills: matrix of
tufl and saaxistoos com-
monly clzywy or ssalitic.
T\ of Cracer s Ash-fow taff, nooweided X0
to partly weided, im.
tufly . 'w
matrix
claywy or msolitic.
Miacwoe d
aod Rocks of Pevits Spring Tuffaceous sandetoos and 1,400
Oligoceny siltstons, cisystone:
frosh-water limestone
sad conglomersts:
minoe ; macrix
ccamealy eclayey,
seolitie, or calesrenus.
Oligoesns Horee Sgring Formation 1.000

Frash-water limestous,
conglomersts. tud.
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Maximum Myd ) Watee- . . and of
# Major | thickness o
Sysem Series Stratigraphic unit ajor ithology prit 'Wmm bearn "“'“"m' axaent
Cretaceous to Granitie stocks Granodiorite and quartz (A minor Complezly fractured but nesrly impermeable.
Permian ngon:oun;- in stocks, aquitard)
1 an
] Permian and Tippipah Limestooe Limestons. 3.600 Upper Complexziy fractured aguifer: coefficient of
Pennsylvaniaa carbonate transmissibility estima in range from 1,000 w0
2aul lmmd vl ft'l;lﬂ ted onl bcm‘anndh
pmn ty e; saturs
u.ﬁh" ucea Flat. ’
Mississippian Eleana Formation Aryillits, quartzits, cone 7.900 Upper Complexiy fractured but nnrly impermeable: co-
j and glomerate, conglomer- clastic efficient of transmissibility estimated less than 500
ite, limestons. asquitard #pd per ft; interstitial eability negiigible but
owing te poor h ic connection of
probably contMund--nur movement;
satursted only westera Yucca Flat and
Jackas Flata.
Upper Devils Gate Limestone Limestone, dolomite, >1,380
_ D . ’ minor quartzite.
1 Middls Nevads Formatioa Dolomita. >1,528
ian and Undifferentisted Dolomits. 1418
Silurian
) Upper Ely Springs Dolomite Dolomits. 108
) Eurvka Quartrite Quartzite, minor lime- uo
Middle Stone.
Ordovician ? — g Anl?:pﬂl:llq Ll‘xinuton.o snd silty 1.530
> Ninemile Formation Cla and limestone, 38 c lexly fra d ifer which lies major
Lower S im o : spring throughout eastarn Nevads: coefficient gt
3 Lower trangmissibilicy runew trom 1000 ta 1.000.000 god
g © per ft: intercrystalline y
- Goodwin Limestone Limestonse. >9800 mu “'l'“:':h' are p k::‘ul:'db‘;;
. 9 reno ground-water movement is con
N Formation Dolomits. limestone. 1.070 bility; much
moky Member of study eres.
U Halfpint Member Lirmestons, dolomite,
ppee silty limestone. s
Shale Shale. minor limestons. 28
Member
Bonanza King Formation Limestone, dolomite,
Banded Mountain rainor siltstone. 2440
. Meraber
Papoose Lake Member Limestone, dolomite,
Middle minor siltstone. 2,160
Carrars Formation Siltstene, limestone, in- 1.050
terbedded. Upper 1.050
feet predominantly
limestone; lower 950 feet 950
predominantly siltstonae.
Lower Zabriskie Quartzite Quartzite. 20 Complexly (ractured but nearly impermeable:
supplies no major npnnn. coefficient of
Wood Canyon Formation Quartzite. siltstone. shale, 2,288 Lower transmissibility less than 1.000 gpd per ft; in-
minoe dolomite. clastic terstitial ity and permesbility is negligible,
- ) aquitard® but probably controls ground-water move-
Stirling Quartzite Quartzite. siltatone. 1,400 ment gwng to poor h ulic connection of [rac-
Precambrian tures: satursted beneath most of study area.
Johnnie Formation Quartzite, sandstone, 1,200
siltatone, minor lime-
stone and dolomite.

'Costficient of transmiseibility has the units gallons perday  “The three Miocene sequences occur in separate parts of the ‘The Noonday(?) Dolomite, which underiiss the Johnnie
per foot {gpd per M) width of aquifer: coefficient of mApmhtlanbumtbﬂnmmeqm Formatien, is considered part of the lower clastic squitard.
p-mngnyh:‘y hum}!numusﬂbmp.dlyp.mfou (gpd pisced vertically in table to save space.
per 3q aquifer
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bedded tuffs suggests that open fractures
are rarely preserved In these rocks.
Fractures observed In outcrops of the
frigble-vitric tuffs ere fllled with =&
clayey gouge-like deposlit (Thordarson,
1965) .

The tuffs have been dlivided Into three
types based upon thelir mineralogy eand
compos|tion.

1) The zeolltic-bedded tuffs are found
In Tunnel Beds 1 through 4 and portions of
the Paintbrush Tuff. They were depos!ted
by the fall of volcanlc ash, which con-
sisted predominantly of pumice and glass
shards (Thordarson, 1965). Thls material
was later massively altered, predominantiy
to the zeolitic minerals clinoptiiolite,
mordenlte, and analcime. Minor amounts of
clay minerals as well as some slllica and
hematite are ealso present (Thordarson,
1965). Non-zeolltlc constltuents general-
ly make up 5 to 30 percent of the zeolltlic
bedded tuff. These are small crystals of
quartz, feldspar, blotite, and dense
i11thic fragments.

2) The friable-bedded tuffs dominate In
Tunne! Beds, Unit 5 and most of the Palnt-
brush Tuff. They were deposited as an
ash=-fall, but, In contrast to the zeollitic
tuffs, the pumice and glass shards have
undergone only minor alteration. The
absence of zeolltes and other cementing
materials mazke these tuffs very friable.
Only small quantities of quartz, quartz-
jte, K-feldspar and plagloclase have been
noted in Tunnel Beds, Unit 5 and the
Palntbrush Tuff.

3) The welded and pertlially welded
tuffs compose the Railnler Mesa member of
the Timber Mountalin Tuff, the Stockade
Wash and Tiva Canyon members of the Palnt-
brush Tuff, the Grouse Canyon and Tub
Spring members of the Belted Range Tuff,
and porticons of the Crater Flat Tuff.
They were deposited &8s ash flows and
welded together by thelr own heat and
welght. Some of the unit+s have frlable,
partlally welded or nonwelded bases that
grade Indistinctly into welded +tuffs.
Sanldine, andeslne, blotite, anorthoclase,
quartz and plagloclase have been reported
to occcur locelly In these tuffs (Hansen,
et sl., 1963; Emerlick, 1966).

The chemical composltion of the tuffs
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is more homogeneous than +the physical
composition. Sillca concentratlons vary
only slightly between the different units
of Rainler Mesa and catlon concentrstlions,
although more varled, remaln wlthin the
same order of magnltude.

PRECIPITATION NETWORK

In order to provide baseline Input data
for many of the hydrogeologlc Investliga-
tlons on the NTS, a precipltation network
of 16 stations has been set up to collect
preclpitation samples for I1sotoplic compo-
sltion (Fig. 2). These are located around
the NTS at different elevations. They are
desligned to suppress evaporation. Associ-
ated with each gauge Is a suctlion lysi-
meter for sampling soil! waters or gases.

The groundwater flow regimes on NTS
have been studied for gpproximately 20
yrs. and are still not wel! understood. A
large part of the problem Is the low
denslity of wells drilled for hydrologlc
purposes and stil!l a smaller number from
which good quallity water chemlstry samples
may be obtalned. At the present time the
well denslity with pumps Is one well per
200 sq. kme.

The groundwater potentiometric surface
Indicates the flow on NTS should be gener-
ally south with several major deviations
of flow. One major feature on the poten-
tiometric surface Is a trough In the Yuccsa
and Frenchmen Flat area. Waters recharged
or flowing under the NTS are generally
belleved to discharge In the Amargosa
Desert/Ash Meadows ares, which are west
and south of NTS.

126.0 STOP 6. SEDAN CRATER.

~The crater was formed by 2 100 kt. device

as part of the Plowshare Program July 6,
1962. I+ Is 340 m. across and 98 m. deep.

135.5 Orill yard on the left.

140.0 Driving through east Yucca Vzalley
wvhere collapsed craters can be seen
on elther side. DRI and USGS have
been studying the Infllration of
water In the craters. They may
represent Important [locations of
groundwater - recharge. Geophyslics
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and soll molsturs measurements have
been used to track ths movement of
soll water as a functlon of crater
slze and age.

145.6 STOP 7. YUCCA LAKE.
Yucca Lake is a typlical "recharging”
playa. it Is 14.25 km In area.
The depth to groundwater s greater
+han 450 m. it recelves approxi-
mately 200 mm/yr precipitation with
a potential avaporation of 1,700
mm/yr. Several times a year the
playa s covered with a shallow lake

recelving runoff from adfacent
araas.

175.7 Mercury, Nevada.

202.0 Lathrop Wells, Nevada -- Note large

sand dunes to the left (south) of
the highway. To the right Is Yucca
Mountain, the site of a proposed
High Lavel Nuclear Wasts Repository.

23t .0 Beatty, Nevada -~ Spend the nlght
near U.S. Ecology - a low level
nucliear waste disposal sits.

DAY 2
SOUTHERN AMARGOSA DESERT

The following fleld +rip to the Southern
Amargosa Desert Is a modification of ones
run during the March 1974 Geological
Soclety of America Cordilleran Section
Meeting, Las Vegas, Nevada (Naff, ot. al.,
1974) and the September 1979 Sixth Con-
ference on Karst Hydrogeology and Speieo-
logy. Mlleages are approximate.

231.0 Beatty, Nevada
U.S. Ecology
Yucca Mountailn

260.0 Lathrop Wells, Nevada -- Turn right
on State Route 373. ’

275.3 Turn left onto paved road - turns to
gravel.

276.%5 Clay Campe. In the abandoned clay
pits (the clay mined here was used
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In fliters) structures and strati-
graphy of the Tertlary and later
valley fill may be ssen. Near this
point Ash Spring discharges water of
very different quality from the
water In the valley of the Amargosa
River to the west or from that In
Ash Meadows to the east. The flow
system here exhiblts a relatively
high "rldge” with discharge points
saeveral feet higher than Is dis-
charged alther to the east or west.
This rldge |Is obviously clossly
ralated to the complexly fau!ted and
folded Tertiary valley fill in this
area. The groundwater ridge |Is
obviously accentuated by low water
levals resulting from evapotrans-
pitration of ground water to the east
In Carson Slough.

281.4 STOP 8. CRYSTAL POOL.
Spring (Turn right through gate to
spring).

A typlcal large spring representing dis-
charge from the Ash Msadows ground-water
system. Temperature of the water Is 31°C
with an electrical conductivity f 650

mhos and a discharge of 15,700 m /day.
4ﬁfal spring discharge from the aqulfer _at
Ash Meadows Is approximately 58,000 m /-~
day. The average carbon-14 content of
Crystal Pool Is 11.1% modern while the
average for the other springs In the area
is 2.3%8 modern (Winograd and Pearson,
1976) .

282.3 Turn right on County Road.
284.8 Turn leoft.
286.2 Turn left.

286.3 STOP 9. DEVIL'S HOLE.

This location demonstrates the role of
reservolr mechanics In- relation to the
probtem of preserving an endangered spe-
cies, the Dssert Pupflsh. Pumpling of the
alluvial aquifer for agricultural purposss
lowered the water level In Devil's Hola, a
karst fenster. Water temperature s

33.5°C.
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286.4 Turn right.
287.5 Turn l(eft.
288.0 Turn left.

289.7 STOP -10.
Lunche.

POINT OF ROCKS SPRING =~

Another spring discharging from the Ash
Meadows groundwater sysfgm. The discharge
Is approximately 8,400 m~ /day with a temp~-

erature of 33°C and an electrical conduc-
tivity of 660 /Lmhos.
306.2 Contlnue to the east on roed.

Intersectlion of Bellvista Road and
Leslle Street. Turn right.

307.2 Turn teft on to Mesqulite.

509.6 Turn right on to Route 160.

312.4 Pahrump Valley.

324.2 Road to the left goes to Trout
Canyon. Several caves are in the

canyon Including Deer Spring Cave.

332.0 Road to the right goes to Tacopa Hot
Springs.

348.1 Mountain Springs Summit.

348.8 Road to left goes to Potosi Mine and
Pinnacle Cave In the Potos! Moun-
tains.

349.5 Cross the Keystone Thrust fault In
which Jurasslic Aztec Sandstone has
been thrust over the Paleozolc
carbonates.

352.7 Gypsum Mine on the rlght.

361.1 STOP 11. REDROCK OVERLOOK.
The generel stratigraphy and struc-
ture of the Las Vegas area may be
observed from thls location.

Bedrock here consists of Permlan Kaibab
Limestone very close to the Permlan-Trias-
sic boundary. Looklng westward the vslley

) the several
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s cut Into the Moenkopl Shale. The
Shinarump Conglomerate forms the small
dark hogback on the west side of the
valley. It Is overlisln successively by
the Chinle (purpltish eand red beds), the
Kayenta, end the cliff-forming Aztec
Sandstone. The Aztec, In turn, is over-
lain by Paleozolic Jimestones which were
thrust over the Aztec In Laramide time
(Keystone and Red Rock thrust faults).
Breccla belleved to be the sole of the
thrust Is draped over the Aztec eand under-
lylng rocks In 8 few places. The Keystone
and related thrusts dld not dlsplace the
crust as much on the southwest side of Las
Vegas Valley as the Muddy Mountain and
retated faults did on the northeast side.
Thils resulted In & shear zone now occupled
by Las Vegas Yalley. Thls shear :zone
extends under the Tertlary volcanic rocks
of the River Mountalns and McCullough
Range to the south. 1t extends northward
beyond indlan Springs, and s belleved to
be assoclated with the Walker Lane, pos-
sibly Intersecting the latter.
362.1 STOP 12. REDROCK MUSEUM.
375.4 STOP 13,
District Well

Las Yeges Valley Water
Fleld.

This Is the West Charleston well fleld, an
area f{about 1/2 section) which has been
chlef source of the supply of groundwater
for Las Vegas Valtley. The site of Blg
Spring was at the north end of the well
fleld sbout 0.5 km. esst of here. It
supplied the clty for many years, until
pumping from wells reduced the head and
the spring stopped fiowlng (about 1947).
Note the scarp at thls locatlion, one of
scarps belleved to be the
result of differential compection of the
valley~fill materials. Another (possibly
two?) such scarp occurs west of here, and
the largest scarp occurs a few kilometers
to the east In the eastern pert of Las
Yegas and the western peart of North Las
Vegeas. All of these scarps ere allgned
north-south end veer to the northeast of
Las Vegas. Relatlonshlp to tectonic
features In the bedrock has been searched
for, but none has ever been dlscovered.
Since the scarps occur where the I1thology



changes from predominantly gravel and sand
on the west to predominantly silt and clay
on the east they are Interpreted as dif-
ferential compaction features. Evidence
of subsldence as a result of withdrawal of
groundwater has been observed along most
of the scarpse. Cracking at the surface,
vertical extrusion of wel! casings, dis-
placed water mains, and displaced and
distorted structures, all! attest to such
sybsidence. Correlation betwean fluctua-
tions In wlthdrawal of water and subsli-
dence has been documented.

The Las Yegas Valley groundwater system
roughly occuples the watershed area of Las
Vegas Valley but may be connected hydraul-
ically with systems contiguous to 1+,
especlally t+o the north (Ash Meadows
system), and to the northeast (White Rlver
Valley system). Little Is known of the
deeper part of the system (below about 600
me.) slnce only a few oll, brine, and
geothermal! test wells have been drilted.
The despest reported test hols Is approxli-
mately 2600 m.

379.7 Return to the Las Vegas Alrport.
Trip ends.
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