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. Geochemistry and Mineralogy Program v

Introduction

The activities in the " Geochemistry .and Mineralogy section of our program support three

independent and interrelated subject areas which are:

1.

2.

3.

Geochemical feiardaﬁon/transport of Aradionuclldes to the accessible environment.

Site-specific mineralogy and geophysical studies to esfab!ish the hydrogeology of the vadose
Zone. :

'Past climate and related genesis of authigenic desert carbonates and silicates.

Within the classification of these three licensing Issues, there are a total of ten intensive review and
research activities that have been performed. These activities are distributed in the following manner.

1.

Geochemical Retardation:

An assessment of the potential for radionuclide sorption as a function of authigenic mineral
stability with respect to thermodynamic properties of zeolites, clays, and associated silicates
and oxyhydroxides. _ S

Determination and characterization of the behavior of authigenic zeolites, clays, and transition
metal oxyhydroxides during sorption and desorption of radionuclides (and proxies) under
laboratory-imposed repository conditions.

An assessment of volcanic glasé stability with respect to magnetic and paramagnetic primary
minerals included in the volcanic glasses of Yucca Mountain.

An assessment of the geochemical and mineralogical stability of rhyolitic glass at Yucca
Mountain with respect to authigenic mineral production and its relation to geochemical

 retardation of radionuclides.

An assessment of desert vamish dating to determine its utility with respect to determining the
rates of authigenic mineral formation from rhyolitic glass at Yucca Mountain.

Site-Specific Hydrogeology:

Utilization of tritium, carbon-14, and lodine concentration exchanged into zeolite supercages
to determine the relative age of last vadose waters of exposure, to assess the rate of fracture
flow in vadose-zone liquid transport.

To determine the magnetic stratigraphy for Yucca Mountain for use as a drilling control during
sample collection and search for vadose water.

Past climate and desert carbonates:

Characterization of diagenetic events at Lake Tecopa for the resolution of hydrostratigraphic
events as they relate to past climate in the region of Yucca Mountain. _

An assessment of genesis of desert carbonates with respect to the interpretation of past
climate events as they can be resolved from trenches and ground-water discharge deposits.
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c. Characterizatioh of opaline and carbonate deposits with specific reference to Trenches 14,
17, 1, and the sand ramps.

The basic design and focus of the geochemical retardationtransport section of the program is to
address the ability or inability of the natural environment to isolate radioactive waste from the accessible
environment after repository closure. In order to accomplish this task, it has been necessary o assess
the thermodynamics of the vadose-zona system with respect to vadose-water chemistry, mineralogy, and
temperature (see Appendix C: Bowers, T. J. and R. G. Bums, 1988). Thesa information can be utilized to
ascertain sorptive mineral stability under repository conditions. Howaver, predictive value is only as good
as input data provided. In this particular cass, thera Is a serious void in good vadose-water chemistry and
therefora until this void is filled, the thermodynamic calculations must remain tenuous.

In a parallel study, the sorption behavior of single-crystal zeolites are being assessed (see
Appendix C: Wood, V. J., et al.,, 1988). Crystallographic orientation, initial supercage composition among
a host of other parameters, affect the sorption capacity of Yucca Mountain type zeolites such as
clinoptilolite and heulandita. These studies will provide a predictive baseline of radionuclide behavior with
respect to zeolite crystal chemistry and allow us to move into whole-rock studies in the future. This
overall base of information will provide an ability to address our ultimate goal which is the retardation
capacity of fracture surfaces, the Topopah Springs Member of the Paintbrush Tuff and tha Calico Hills
formation. With respect to the Calico Hills formation, there Is concern with regards to glass and
authigenic mineral stability. This issue is being addressed with the glass studies that are described in this
report (see Appendix C: Blundy, J., et al., 1987, 1988). '

Site-specific hydrogeology issues that are being addressed In our studies involve drilling and
obtaining tracture and matrix samples that contain zeolites. Utilizing a tandetron in Toronto, we are
developing procedures to analyze for gases such as C-14 to determine the age of the water of last
exposura. These information will give us a better understanding of the fracturs flow mechanism at Yucca
Mountain. o :

Past-climate geochemical studies are primarily support-type studies assisting in the interpretation
of stratigraphic events (sea Appendix C: O'Hara, P. F., et al., 1988). In addition to these, specific studies
regarding authigenic carbonates and opal are alding interpretation of hydrologic and paleoclimatic events
and processes for the Yucca Mountain trenches and surrounding desert region.

Appendix C containg abstracts of papers presented at professional symposia and other technical
documents that are offshoots of our efforts.
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Geochemical Retardatlon/Transport of Radionuclides 1o the Accesslble Environment.

provide meaningful retardation.
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Geochemistry and Mineralogy
ISSUES: '

Can potentially sorptive minerals such as clinoptilolite, mordenite, smectite, and other authigenics

provide retardation of radionuclides to the extent that credit can bae taken by the DOE for Isolation of the
radioactive waste from tha accessible environment after closure in accordance with the requirements set

forth in 40 CFR Part 191, 10 CFR Part 60, and 10 CFR Part 9607 Will these potentially sorptive minerals
remain actively stable and capable to provide sorption sven under near-field and far-field repository
conditions?

Characterizatlion Issues:

Can we construct activity diagrams for clinoptilolite to provide sufficient data relative to the
susceptibility of this zeolite to further diagenetic reactions?

Can wa construct activity diagrams for mordenita?
Can we construct activity diagrams for the smectites?

Can we obtain sufficient in situ chemical data concerning vadose-water chemistry to ba able to
construct activity diagrams for the authigenic minerals situated in the vadose zona?

Can wa obtain sufticient in situ ground-water chemical analysis to be able to construct activity
diagrams for authigenic minerals in the saturated zone?

GENERAL OBJECTIVE:

Develop activity diagrams for authigenic mineral stability relating to the geochemistry of the
aqueous fluids and temperatures Iin the near and far flelds, so as to be able to predict their stability under
repository conditions and thereby assist in understanding the role of these minerals during potential
retardation of radionuclides.

Speciflc Objectives:

Review the DOE water-chemistry literature to obtain basic chemical conditions that might ba used
for constructing activity diagrams.

Review the open literature for the same purpose, since the DOE Iiterature Is incomplete and
potentially inaccurata.

Review the open literatura for basic thermodynamic properties of clinoptilolite and associated
minerals. : '

Construct multicomponent activity diagrams for clinoptilolite on the basls of aluminosilicate activity
and temperature.

ACTIVITY SUMMARY:

- The stability limits of clinoptilolite and its vulnerability to changes In ground-water chemistry
relative to well J-13 have been assessed, by constructing activity diagrams for clinoptilolite solid solutions
in the system Ca—Na—K—Mg-Fe-AI-SI—HZO employing available thermodynamic data for relevant oxide and

aluminosilicate phases (see Appendix C: Bowers, T. J. and R. G. Buns, 1988, and R. G. Burns and T. J.
Bowers, 1988). ,
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FINDINGS:

The results of our investigations have been submitted to the American Mineralogist for publication
(see Appendix C for a copy of the paper. Significantly, it appears that authigenic minerals such as
clinoptilolite modify and are modified by ground-water composttions. We have been unable to acquire
vadose-water compositions to date and therefore can make no comments concerning zeolite stability in
the vadose zone. :

INTERPRETATION OF FINDINGS:
The following observations are made:

The coexistence of clinoptilolite with opal comelates with its calculated wide stability field in
aqueous solutions saturated with amorphous silica.

Clinoptilolite-smectite assemblages indicate that the zeolite crystallized from ground water with
dissolved Al concentrations lower those saturation values with respect to gibbsite.

Calcime élinopmonte associated with calcite are consistent with crystaliization from fracture-flow
ground water containing Ca*2 and HCO," derived from Inciplent dissolution of microcrystalline devitrified

ttfs. Akall-rich clinoptilolites correlate with ground water having elevated Na* and K* but depleted Ca2+
concentrations which are assoclated with attered vitric tuffs.

The clinoptilolite stability field diminishes appreclably between 25°C and 100°C, correlating with
burial diagenetic reactions; but, confirming doubts about the thermal stability of clinoptilolite when
exposed to repository conditions.

ADDITIONAL WORK REQUIRED:
Obtain vadose-water chemical data and recalculate clinoptilolite stability using these information.

Calculate stability fields of the other zeolites and clays that might provide sorption retardation for
radionuclides. ' _

Previous research into zeolite and clay stability will be utilized more heavily in future analytical
efforts. .

RECOMMENDED PROGRAM:

To continue the existing program of activities and to collect in situ data using our own drilling
technology. These new data could then be utilized to calculate authigenic mineral stability more
accurately than the present analytical efforts. -

Principal Investigator:

Dr. R. G. Burns (MIT) with Dr. T. Bowers (MIT) are Co-Principal Investigators on the project.
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Geochemistry and Mineralogy
ISSUES:

To what extent, if any, can the DOE take credit for radlohucnde sorption by zeolites, clays, and
oxyhydroxides? Can credit be taken for key radionuclides whosa travel time and concentration limits
might otherwise exceed the estabiished limits? ‘

Characterization Issues:

How do clays and zeolites behave during sorptionvdesorption? To what extent do they favor
certain radionuclides? How does temperature affect sorption, sorption rates, desorption, and desorption
rates? How do radionuclide concentrations affect sorption and desorption? How does zeolite crystal
orientation affect sorption and desorption? ~ ' :

How do transition-metal oxyhydroxides respond to actinide transport as colioids? To what extent
if any do transition-metal oxyhydroxides provide sorption? It sorption is provided, by what mechanism
does this occur? '

Review Issue:

Does the sbrpﬁorVdesorption work done by the DOE contractors cover the significant Issues and
ara their methods of analyses sound to the extent that they repost conservative values?

GENERAL OBJECTIVE:

Determination and characterization of the behavior of authigenic zeolites, clays, and transition-
metal oxyhydroxides during sorption and desorption of radionuclides (and proxies) under repository near-
field and far-field conditions. -

Speclflc Objectives:

Review the sormption/desorption literature provided by the DOE contractors and determine the
value of those data with respect to providing a comprehensive understanding of the retardation
parameters for the Yucca Mountain site. Determine whether these parameters are conservative and are
focused towards obtaining realistic in situ approximations. :

Provide basic laboratory analyses on single crystal (pure mineral) sorption/desorption studies
using a variety of proxies for radionuclides. Utilize co-calibrated equipment to insure reproducibility of the
resuits. :

Through the experiments with pure minerals, provide an understanding of the efforts of variation -

in temperature, crystal orientation, time of exposure, crystal size, radionuclide (proxy) concentrations,

competing cations, sieving effects and other parameters that may be important with respect to predicting 7

in situ Yucca Mountain sorption/desorption reactions.

Provide an understanding on an atomic/molecular basis on how, whers, and why
sorption/desorption take place with respect to each mineral and radionuclide in.the potential reaction, so
that thera is a sound theoretical basis for future postclosura predictions of potential retardation.

Provide similar basic information as explained in the previous objectives for minerals in fractures
and compare these data to similar informatlon collected for minerals in pores.
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ACTIVITY SUMMARY:

Constant temperature bath exchange solutions have been utilized to explore single crystals ot
known composition (by electron microprobe [EM], scanning electron microprobe [SEM], and ion micro-
probe analyses [SIMS]). Single crystals of clinoptilolite, mordenite, and analcime have been studied.
After experimental exposure, SEM, EM, and SIMS analyses of each crystal with respect to its
crystallographic orientation is performed. These experiments are run with variations in both solutions
(proxies for radionuclides) and variations in temperatures (see Appendix C: Wood, V. J., M. S. Hubbard,
and R. G. Burns, 1988). , :

Magic angle NMR studies are made on exchanged crystals to determine the sites of sorption by
the radionuclide proxies.

Clay minerals and oxyhydroxides have not been utilized as yet during the experiments.
Sorption/desorption data have been reviewed as has been provided by the DOE program.
FINDINGS:

Magic angle studies are beginning to indicate where In the clinoptilolite and heulandite structures
various exchanged lons are located. These information are preliminary and more work is needed to
resolve this basic issue. '

Analcite is not a very good exchanger, primarily because of its tight structure; consequently, it will
be insignificant with respect to acting as a sorbing barrier to radionuclide escape from the repository.

Both heulandite and clinoptilolite are relatively good exchangers and both show crystallographic
influences for Cs (clinoptilolite shows less of an influence than heulandite). The Cs concentration of the
(010) face of heulandite is considerably lower than those of the other two faces, demonstrating that Cs
readily enters the heulandite structure along the open channel [100] and [001] direction. The Cs
concentrations of the heulandite (100) and (001) faces are comparable or slightly greater than
corresponding faces of clinoptilolite which conflicts with older literature which states that the cation
exchange properties of heulandite and clinoptilolite are quite dissimilar (see Appendix C).

Since the ground water flowing through Yucca Mountain is likely (chemistry unknown at present)
fo be dominated by Na, Hcoa, and Cl ions, these were included in some of the experiments. The results

of these analyses Indicate a slight enrichment of Na and a depletion of K occurred in the Na-loaded
crystals (clinoptilolite). The presence of NaCl, however, decreases the uptake of Cs into clinoptilolite and
heulandite (see Appendix C). ‘

Clinoptilolite crystals have been mounted on their (010) faces and reacted with 50 mi aliquots of
CsCl solutions ranging in concentration from 1 M to 0.0001 M. The amount of Cs exchanged into
clinoptilolite crystals decreases with increasing dilution of the CsCl solutions. The efficiency of removal of
Cs uptake by the (010) crystal faces increases from 1 M CsCl 10 0.0001 M CsCl. Heulandite shows
similar effects of CsCl dilution to clinoptilolite (see Appendix C).

INTERPRETATION OF FINDINGS:

The findings of our experiments Indicate that various major sorption issues are not being v
addressed by the DOE subcontractors. Among these Issues are the effects of crystal orientation and
crystal size. The mineralogy investigators working for the DOE do not report crystal orientation for
minerals described from the fractures, therefore, it Is not feasible at present to determine potential
sorption in the fracture system.
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Wa have concluded that of the zeolites present clinoptilolite, heulandite, and mordenita have the
potential to ba good sorbing exchangers. Temperature, crystal siza, crystal orientation, vadose-water
chemistry, concentrations of competing cations, interactions with competing exchangers, initial cations
within the supercage of the exchangers, among other controlling parameters greatly affect the potential
sorption ability of the natural environment. Unless thesa Issues are fully addressed, the predictability of
natural barrier sorption for Yucca Mountain is virtually impossible. '

ADDITIONAL WORK REQUIRED:

Reestablish our program using magic angle NMR.

Continue odr standards exchange SInglé-clystal bath studies.

Start oxyhydroxide studies with actinida proxies.

Stant clay exchanga, ion filtration studies.

Analyze key pore and fracture horizons which may piovtde the bulk of the potential sorption effort '
at Yucca Mountain. ‘

_ Build a predictive model using the fleld and laboratory data collected.
RECOMMENDED PROGRAM/EXISTING PROGRAM:
Objective:
To respond to our Key and Characterization Issues relative to licensing issues.
Activity: -
To continue our efforts as outlined In Additional Work Required.
EXISTING PROGRAM: |

The existing program is moving ahead with very satisfactory progress. it will be necessary to
obtain in situ samples from Yucca Mountain to bring this research In lina with licensing issues.

Principal lnvestlgator_: o .
- Dr. R. G. Bums (MIT) Is the Principal Investigator of this project.
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_ Geochemistry and Mineralogy
\_  ISSUE:

Will glass instability above and below the proposed high-leve! nuclear waste repository jeopardize
the isolation or assist in the isolation of radionuclides from the accessible environment?

Characterization Issues:

To what extent do iron oxides, titanium oxides, and oxyhydroxides as microphenocrysts provide
chemical information regarding geochemical-environmental parameters during the diagenetic hydration of
acid volcanic glass.

To what extent do the iron oxides and oxyhydroxides contribute to volcanic-glass stability?
Instability? In this respect, do they contribute to elevated hydration rates of the glass, and if so, by what
reaction mechanism? _

How can these information be used to assess: sorption chemistry, collold formation, and
neomineralization of smectites and zeolites?

GENERAL OBJECTIVES:

Determination and identification of magnetic and paramagnetic microphenocrysts in volcanic
glass in tuffs at Yucca Mountain. .

Speclfic Ob]e_ctlves:
Identify micromineral phenocrysts in volcanic glass at Yucca Mountain,
Describe their distribution, magnetib properties and crystal structure.

Describe and identity these minerals with respect to their stratigraphic position above and below
the proposed repository horizon. ‘

Coflect similar data from fresh and altered (hydrated) glasses to acquire data on iron mobility.
ACTIVITY SUMMARY:

Samples have been collected from the Tiva Canyon and upper portions of Topopah Springs
Member of the Paintbrush Tuff. Sample collection has been made during magnetic stratigraphy
investigations (see Appendix C: Schiinger, C. M., 1989). '

Laboratory data using Transmission Electron Microscopy (TEM) and magnetics have been
acquired.

FINDINGS:

The iron-oxide phases appear to be mostly magnetite-maghemite microphenocrysts. Euhedral
microphenocrysts of silicate phases have been found to be present In the upper Topopah Springs
Member. It appears that the upper Topopah Springs Member has undergone remagnetization (CRM)
which suggests that the time stratigraphic depositional history may be correct. This period of
remagnetization probably has occurred during the emplacement of the Tiva Canyon Member (see
Appendix C). ,
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INTERPRETATION OF FINDINGS:

Magnetic and paramagnetic microphenocrysts are 'sub]ect to diagenetic alteration changing their
magnetic properties and therefore the paleomagnetic signatura of the host rock. The geochemical
interaction of these components with the host glass Is not yet understood as changes in funding have not
allowed for this line of research. ' '
ADDITIONAL WORK REQUIRED:

Additional TEM and probe data must be acquired to resolve the geochemical interaction of
volcanic glass and oxyhydroxide phenocrysts. : '

RECOMMENDED PROGRAM:
Objective:

To respond to our Key and Characterization Issues.
Actlivity: |

To continue our efforts by accomplishing the additional work that wé stated Is required.
EXISTING PROGRAM:
Status of Previous Research: '

Although our preliminary results indicate that significant geochemical reactions have taken place
and are probably taking place, we have not followed through to analyze the significance of these
reactions with respect to repository performances. Future work Is scheduled to accomplish our goals.

Principal Investigator:

Dr. C. M. Schiinger (University of Utah) Is the Principal Investigator of the project. After the TEM

work Is completed, Dr. R. G. Burns will become the Principal Investigator dealing with the mineralogy and
geochemistry problems. o
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Geochemistry and Mlneraiogy
ISSUES:

Can the stability (chemical and physical) of volcanic glass above and below the repository horizon
at Yucca Mountain affect the postclosure performance of the proposed repository?

Can the chemical stability of vblcanic glass at the desert surface act as an analog for past and
future geochemical reactions within the vadose zone? _ _

Characterlzétlon Issues:

To what extent will there be an evolution of heat from hydrating volcanic glass below the pro-
posed repository and to what extent might heat ponding affect repository performance?

To what extent is volcanic glass from Yucca Mountain chemically stable or unstable with respect

to forming authigenic minerals in the recent past?

Can rates of volcanic-glass hydration be determined from soll samples?

If volcanic glass Is not chemically stable under repository conditions, how might this change water
chemistry and thereby affect authigenic-mineral stability and radionuclide retardation?

Might additional authigenic minerals be formed from future volcanic glass hydration?

The potential future hydration of volcanic glass might change the phyéical properties of the vitrifier
below the proposed repository. How might this affect potential future transport of radionuclides, in
particular, travel-time estimates? '

Revlew Issue:

The DOE has stated in their EA that they do not expect dissolution and that volcanic glass that
could be altered has already been altered. To what extent can thelr statements be supported by our
research into glass stability? : .

GENERAL OBJECTIVES: : _ ‘

Assess the geochemical and mineralogicé! stability of rhyolitic volcanic glass at Yucca Mountain
under present conditions and under proposed repostitory conditions, so as 1o be able to predict the rates
of authigenic-mineral formation, the chemistry of fracture fiow and pore-water liquids and whole-rock
stability. : '

Specific Objectives:

Obtain geochemical data relative to the hydration reactions of volcanic glass at Yucca Mountain.

Obtain mineralogical data for neomineral formation and authigenic-mineral stability.

Obtain rates of potential reactions that are presently oécurring at Yucca Mountain.

Assess statements made by the DOE in the literature, which appear to be unfounded based upon
lack of supportive evidence. .

Assess authigenic mineral production to assist in resolving Issues relative to the genesis of
Trench 14 deposits.
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Obtain basic information as to the heats of reactions for glass hydration, so as to be abla to
predict future repository conditions. :

ACTIVITY SUMMARY:

Bedded tuft éobbles and pebbleé actihg as clastics have been studied geochemically and
mineralogically. Literature produced by the DOE has been reviewed.

FINDINGS:
Rain-water acting on bedded tuif cobbles at the surface have a tendency to replicate diagenetic
and textural features of similar lithologies at depth In Yucca Mountain, such as in the Calico Hills

formation. Opal formed as a consequence of glass-hydration reactions appear similar to opal observed
from Trench 14 (see Appendix C: Blundy, J., et al., 1987, 1988).

INTERPRETATION OF FINDINGS:

Our findings at present raise fundamental questions conceming future diagenetic reactions within
Yucca Mountain. Wa find that contaminated fluids leaking from the proposed repository may not pass
through highly sorptive zeolite-rich tuffs aitered 11 million years ago, but along fractures lined with more
recently formed authigenic minerals containing nonsorptive calcite and silica assemblages. We find
evidence to suggest that volcanic glass at Yucca Mountain Is very reactive and that reaction rates are
relative to the availability of water and affected dramatically by Increasing temperatures. A manuscript
with some of our results has been submitted to Earth and Planetary Science Letters for publication (a
copy is included in Appendix C). : :

ADDITIONAL WORK REQUIRED:
Obtain the actual rates of reaction of suiface-glass hydration and authigenic-mineral production.
Obtain basic geochemical and mineralogical data from glass at depth at Yucca Mountain.
RECOMMENDED PROGRAMEXISTING PROGRAM:

As a result of funding cuts, this program has been temporarily suspended until the 1989-1990
funding period. 1t is recommmended that this program be reactivated as soon as possible.

STATUS OF PREVIOUS RESEARCH:
Wa are presently awaiting the publication of our last manuscript.
Principal Investigator:

Dr. R. G. Burns (MIT) is the Principal Investigator assisted by Dr. M. Morgenstein and Dr. J.
Blundy (Oxford). -
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Geochemistry and Mineralogy
ISSUES:

Can the rates of vadose-zone chemical reactions be determined to the extent that we understand
the roles of these reactions in providing retardation of radionuclides, thereby establishing Isolation of the
radioactive waste from the accessible environment after closure in accordance with the requirements set
forth in 40 CFR Part 191, 10 CFR Part 60, and 10 CFR Part 9607 ‘ '
Characterization Issues:

~ Can desert-vamish dating by cation-ratio tebhnlques be used to determine geologic ages of
terraces in the Yucca Mountain area? :

Can desert-vamish dating by cation-ratio techniques be used to determine rates of authigenic
mineral formation from rhyolitic glass at Yucca Mountain?

Can desert-varnish dating by cation-ratio techniques assist in resolving Trench 14 problems and
sandramp problems? . »

Review Issue:

Can the desert-varnish dating by cation-ratio techniques utilized by the USGS be reproduced
with similar results? '

OBJECTIVES OF ACTIVITY:

Make an independent assessment of desert-varnish dating cation-ratio lechniqué by doing the
following:

Review the cation-ratio dating literature and determine the methods employed.

Reproduce this established methodology and assess the results relative to those data which have
been reported in the literature.

If the resutts do not match, determine the reason(s).
Provide support data for the work completed.
ACTIVITY SUMMARY:

) The following techniques have been scmtin!zed with respect to cation-ratio dating of desert
varnish: - _ ’

Backscatter Electron Microscopy (BSE).

Electron Microprobe (EM). N

Scanning Electron Microsoope with Enefgiy Dfépersive bAnalyses (SEM/EDX).
PIXE element analysis. '

The literature generated by Dorn, Harrington, and Whitney have been reviewed.
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Samples of desert vamish have been examined by the'varlods techniques from various locations
in Nevada and South Mountain, Arizona. '

FINDINGS:

Preliminarily, thera appears to be various serious problems with the established methods of
investigation. Element concentrations and element/element ratios show extrems variability. Potassium,
calcium, K+Ca, and K+Ca/Ti do not consistently decreass with vamish age (depth of the varnish layer) as
the cation ratio dating method implies. Using EDX analysis, as was done by Harrington and Whitney
(1987), Ba in the vamish interferes with the Ti signal, suggesting that all previously reported cation ratio
dating values are effectively K+Ca/Ba+Ti instead of K+Ca/Tl. Since Ba, like K and Ca, i3 a mobile
element, the accuracy of the cation ratio dating technique Is compromised. The PIXE method used by
Dorn has the same problem as the EDX method used by the USGS. Finally, the oldest varnish on a rock
specimen, due to its location in hollows and fractures, makes up only a small percentage of the total
varnish and is biased against sampling (PIXE) on analysis (SEM/EDX) (see Appendix C: Krinsley, D. and
S. Anderson, 1989). : '

INTERPRETATION OF FINDINGS:

At present, we do not understand why the established cation-dating method appears to give
usable minimum ages. We do not know if the method as s or as possibly modified will provide accurate
chronological information. On these basls, we have been unable to respond to our Kay Issue or
Characterization Issues. With respect 1o our Review Issue, we find that the results of our investigation to
date do not match the USGS data. ‘ : :

ADDITIONAL WORK REQUIRED:

Analyze desert varnish using a varety of techniques including SEM/WDX (wave length dispérsive
which appears to distinguish between Ba and Ti).

Analyze desert varnishes for two major locations praviously analyzed by Dorn.
RECOMMENDED PROGRAM/EXISTING PROGRAM:
Objective:

To respond to our Key and Characterization Issues.
Actlvity:

To continue our efforts by accomplishirig the additional work that wa stated above.

STATUS OF PREVIOUS RESEARCH: 7 ,

Although our preliminary results indicate serious problems with the cation-dating method for
desert vamish dating, we must stress that more work is required prior to obtaining reliable conclusions.
The information we presently have is not publishable without additional supportive data which needs to be
~ collected. ‘ ) v .

Princlpal Investigator:

Dr. D. Krinsley (ASU) is the Principal Investigator on this Project.
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sne-Spéclflc Mineralogic and Geophyslcal Studles to Establish the Hydrogeology of the Vadose
Zone. : )

The complex and essentially unknown hydrologic conditions in the vadose zone and general ab-
sence of demonstrated investigative techniques that are powerful enough to characterize this
environment with confidence have stimulated several alternative investigative approaches. The following

efiorts explore possibilities that have been recognized as potentially useful in drilling investigations and in
establishing indirect evidence of ephemeral fracture flow. ,
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Geochemlstry and Mineralogy
ISSUES:

Is there a method, that complements hydrogeologic observations (water sampling and moisture
monitoring), such as utilizing the geochemistry of authigenic zeolites, that will provide an understanding of
fracture flow in the vadose zona? If such a method Is developed, to what extent does it predict the motion
of vadose-zone water? And how would data obtained using such a method affect radioactive waste
isolation?

Characterization Issues:

Can the tandetron (accelerator mass spectrometer, or AMS) identify the presence of carbon-14,
tritium, and/or lodine in single zeolite crystals? And, if so, can a technique ba developed to do this on a
routine basis?

Will this technique be able to distinguish between liquid flow and vapor flow?

Can we distinguish between authigenic zeolites in fracture and matrix with respect to their
exposure to relatively “young” waters?

GENERAL OBJECTIVES:

Utilize AMS (tandetron) technology to develop a new technique whereby tritium, carbon-14, and
iodine can be analyzed in single crystals of zeolites to determine the relative age of last waters of possible
exposures within the zeolite supercage. This will make an assessment of the rola of fracture flow in
vadose-zone liquid transport possible. ' '

Specific Objectives:

Davelop an ability to utilize mora than one key ion so as to strengthen the rdating ability of this
technique (such as carbon-14 and tritium).

~ Once developed, test this technique to insura its utility with respect to licensing issues.

Utllize this technique on a survey of fractures and matrix in situ materials obtained from Yucca
Mountain to make a determination of the depth of penetration of “young® water through the vadose zone.

ACTIVITY SUMMARY:

Utilizing the tandetron 1aciiity at the Unliversity of Toronto, we have been successtul in developing
a laboratory technique to measura carbon-14 in single crystals of clinoptilolita. These results indicata that

140 {as C02) are exchangeable into clinoptilolita. The fractionation factors are being worked out for the

exchange reaction. Consequently, we should be able to distinguish the relative activity of vadosa fracture
flow if and when we ara able to obtain Yucca Mountain samples. .

We are progressing with iodine and tritium techniques so that we would be able to usa these in
conjunction with 140 when in situ samples become availabla.
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FINDINGS:

We are optimistic about the relevance of this approach since we now have the capability to obtain
the ages of the water of last exposure to zeolites In the vadose zone. If actual liquid samples are not
obtained from Yucca Mountain, then whole-rock samples may prove useful in deciphering the relative
importance of fracture flow in the vadose zone. ,
INTERPRETATION OF FINDINGS:

At present, we are unable to make an interpretation of our findings since we have not had the
opportunity to obtain Yucca Mountain samples to apply our laboratory results. With an appropriate drilling
program, we will be in a position to be able to distinguish the potential flow paths to the accessible
environment and the mechanism of that transport.

ADDITIONAL WORK REQUIRED: _ .

Continuation of our laboratory efforts in development of techniques utilizing the Tandetroh.

Acquisition of Yucca Mountain whole-ro_ck samples for pore and fracture analyses.
RECOMMENDED PROGRAM:

Objective:

To respond to our Key and Charécterizaﬁon Issues.

Activity:

To continue our laboratory efforts and to expand our efforts into a field/laboratory program
specific to Yucca Mountain materials. ‘

EXISTING PROGRAM:

The existing program is moving ahead very slowly due to constraints with funding, and obtaining
in situ samples from Yucca Mountain. The design aspects of the program with respect to the
development of new techniques have been extremely satisfying. \ :
Principal Investigator:

The Principa! Investigator of the program is Dr. J. C. Rucklidge (University of Toronto, Canada).
Dr. R. G. Burns (MIT) is assisting with respect to issues in mineralogy.
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CGeochemlstry and Mineralogy

ISSUE: ' e
. Will the geologic barriers isolate the radioactive waste from the accessible environment after
closurs in accordance with the requirements set forth in 40 CFR Part 191, 10 CFR Part 60, and 10 CFR
Part 9607 _

Characterization Issue:

Can magnetic stratigraphy of the volcanic units at Yucca Mountain be used to fingerprint time
stratigraphic units, thereby aiding the control of depth of drilling stratigraphy? S

GENERAL OBJECTIVE: A »
Determination of magnetic stratigraphy for Yucca Mountain for use as a drilling control tool.
Specific Oblectlires: | | | |
Establish the feasibility for using magnetics to determine stratigraphic position dﬁring drilling.
Establish the similarities and variabilities of magnetic properties in a lateral extent per unit.
Establish the similarities and differences of magnetic properties in stratigraphic profiles.
ACTIVITY SUMMARY: | o -
Field-data collection of samples and magnetic data from outcrop samples from Tiva Canyon to
the upper beds of Topopah Springs Member hava been carefully made. The sampling areas have been \J
carefully mapped and susceptibility and NRM data have been collected. Magnetic-background data hava

been collected also. Data have been collected from the west side of Yucca Mountain (see Appendix C:
Schlinger, C. M., 1989). .

Transmission-electron microscopy (TEM) has been used to chafacterlze the size, distribution,
and mineralogy of the magnetic minerals. ‘ :

FINDINGS:

Magnetic-field data collected suggest that there is good lateral continuity and stratigraphic
susceptibility anomalies to utilize magnetics as a “fingerprinting” Indication of drilling depth (formation
stratigraphy). ' _ R

There appears to be a time stratigraphic problem in the upper Topopah Springs Member of the
Paintbrush Tuft where this portion of the unit has NMR characteristics similar to the overlapping unit (Tiva
Canyon) and Is dissimilar with the Topopah Springs Member below. This may suggest that the
emplacement and cooling history of the stratigraphic framework is not well understood or that the top of
the Topopah Springs Member has a CRM component (see Appendix C).

" INTERPRETATION OF FINDINGS:

The findings thus far suggest that magnetics appears to be a good tool to use to obtain
stratigraphic control during drilling. Nevertheless, more field data are required to obtain detailed
information not presently exposed. In order to accomplish this, drilling samples must be obtained. It
appears that magnetic data can assist in refining time-stratigraphic cooling history of the tuff units and that ‘
our present understanding of the parameters are limited and potentially inaccurate. W,
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ADDITIONAL WORK REQUIRED:

Obtain closely-spaced detailed magnetic dafa from core samples aﬁd boreholes.

Compare the magnetic data with petrographic data so that magnetic profiles can be constructed.
RECOMMENDED PROGRAM: |

A field-sampling program is recommended to obtain detailed magnetic information.
Objective:

The objective of this program is to establish detailed magnetic stratigraphy of Yucca Mountain to
be used in drilling control and to refine our understanding of the time stratigraphic units.

EXISTING PROGRAM:

The existing program has been held on standbyddue to budget constraints.
Principal Investigator: |

The Principal Investigator for this project is Dr. C. M. Schlinger (University of Utah).
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Past Climate and Related Genesls of Authigenic Desert Carbonates and sulcateé. u

There are analytical support activities of a geochemical and mineralogic nature that have been
called upon to aid climate-change investigations. These generally seek to establish paleohydrologic
conditions of formations based on textures, mineralogy, geochemistry, and other parameters that can only
be established by indepth laboratory analyses.
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Geochemistry and Mineralogy .
ISSUE:

- Can authigenic reactions within volcanic ash be sufficiently understood so that these ashes can
be correlated across the Tecopa Basin, and be used in obtaining accurate stratigraphic data which then
can be utilized for interpretation of past climate and paleohydrologic issues?

Characterization Issues:

Can the history of diagenesis in volcanic ashes in the Tecopa region be of assistance in studying
authigenic reactions in volcanic tuffs at Yucca Mountain? -

Can the history of diagenesis in volcanic ashes in the Tecopa region be of assistance in
understanding the paleohydrology of Lake Tecopa with respect to the last 100,000 years?

GENERAL OBJECTIVE;

Characterize the diagenetic geochemical activities that have taken place in volcanic ashes in
Lake Tecopa, to assist in resolving stratigraphic correlation of units and thereby resolving the interpretive
hydrogeologic activity of the area, as it may relate to past climate in the region of Yucca Mountain. 4
Specliic Objectives:

Develop an understanding of the variation of volcanic-glass diagenesis and authigenic-mineral
production in the Lake Tecopa Basin and margins, with respect to key ash horizons. :

Provide geochemical data, which can be utilized to quantify the diagenetic changes across the
Tecopa Basin.

Provide these data to the senior Field Stratigrapher, so that he may utilize these information in
mapping the sediments of the Tecopa Basin.

ACTIVITY SUMMARY:
Field data and samples have been collected from Lake Tecopa and geochemically analyzed.

Laboratory and field data have been provided to Dr. R. Morrison, senior Field Stratigrapher, to
assist him in his efforts. ’

FINDINGS:

A paper containing our findings has been presented at the Denver GSA meeting in 1988. Tuff B
(Bishop Ash) has been found to alter differently depending upon its geographic location. As a
consequence, it is assumed at present that there are three fluid gources reacting with the ash: '

a. hot springs;

b. hydrothermal fiuids (atkali enriched); and

¢. carbonate-enriched ground water venting into the lake as cold springs.

The details of these information will assist in the mapping of the Tecopa Beds (see Appendix C:
O'Harg, P. F., et al., 1988).
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INTERPRETATION OF FINDINGS:

At present, the stratigraphic units in Tecopa are being mapped and each bed is being classified
as 1o the environment of deposition. When this process is completed, a better history of the hydrogeology
of the Tecopa Basin will be available. Thesa Information will then be utilized to understand the regional
past climate and paleohydrology of the southern Great Basin near Yucca Mountain (see Appendix C).
ADDITIONAL WORK REQUIRED:

Additional work required In this program will primarily be In resolving various ages of the ashas
located by the principal investigator. Most of the program is designed fo support Dr. R. Morrison’s work
on Lake Tecopa stratigraphy and thus, until more fleld work Is completed, it is difficult to predict the
geochemical and mineralogic requirements for the future.

RECOMMENDED PROGRAM:
Objective:

To respond to our Key and Characterization Issues and to assist Dr. Morrison with geochemical
and mineralogic sample studies. : ' ‘ ’

STATUS OF PREVIOUS RESEARCH:
The research Is progressing at a satisfactory pace.
Principal Investigator:

Dr. D. Krinsley (ASU) Is assisting Dr. R. 8. Morrison in obtaining bastc geochemical and
mineralogic data.
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‘ Geochemistry and Mineralogy

ISSUES:

‘Carbonates, as sedimentary precipitates forming on the desert surface, in fracture fillings, and as
K horizons in desert soils, have distinguishing characteristics with respect to the environment of
deposition (geochemical and biogeochemical precipitation). If the environment of deposition is affected
by the past climate and paleohydrology, desert carbonates could prove of importance with respect to
resolving licensing Issues. Can sufficient paleohydrological information be acquired from desert
carbonates to assist in interpreting the past climate for the past 100,000 years? :
Charaéterlzatlon Issues:

Can desert carbonates be distinguished on the basis of petrological and geochemical evidence to
the extent that these information impart information concerning the environment of genesis? .

To what extent does biological activity such as algal growth promote carbonate precipitation in
desert marsh lands, desert lakes, and temporary desert ponds?

To what extent are these deposits different/similar to inorganic-carbonate precipitation? To what
extent do biocarbonate deposits inform us of past climate conditions? : .

How do Trench 1 carbonate sediments compare with modern-day desert-pond sediments? .

How do marshland sediments ditfer from desert-lake sediments?

How variable is the aerosol-carbonate depositional contribution to desert soils in the immediate
area of Yucca Mountain? What is the relative contribution between aerosol and jn situ biotic transter
carbonate precipitation in the immediate area of Yucca Mountain.

GENERAL OBJECTIVE:

Obtain sufficient baseline information concerning the petrographic, geochemical. and
biogeochemical composition of desert carbonates fo be able to understand their genesis from the
standpoint of environmental parameters.

Speclfic Objectives:

: Be able to distinguish the mechanism and environment of deposition of carbonate sediments
including clastic deposition and reprecipitation, biocarbonate precipitation, and evaporite precipitation,

Develop petrological tools for distinguishing varieties of carbonate deposttion.
Develop geochemical tools for distinguishing varieties of carbonate deposition.

Utilize these Information in interpreting the environments of deposition and thereby the
paleohydrology and past climate of the area of deposition. -

Utilize these information in interpreting the conditions which promoted sedimentation in Trenches
14,17, and 1, '

ACTIVITY SUMMARY:

Utllizing the SEM, TEM, and electron microprobes determine the fabric and geochemical
compositions of desert carbonates from various known and unknown environments of deposition.
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Determine whether the information collected are significant in distinguishing various envirdnments
and mechanisms of carbonate precipitation from each other. Utilize these information to assist in
interpreting past climate conditions and genesis of opal-carbonate deposits.

FINDINGS:

Petrographic and mineral analyses of carbonate sediments from known environments of desernt-
marsh lands have been completed. Backscatter SEM data have been obtained from Trench 1 samples
indicating cool fresh-water environment for carbonate deposition. These information, along with
geochemical data which ara yet to be collected, will provide the startup data accumulation for this
program. Trench 14 and sandramp samples have been collected and are planned for future laboratory
analysis. Carbonates from Tecopa have been studied to ascertain the contribution of detrital volcanic
glass and these information have been provided to the Tecopa project personnel.

INTERPRETATION OF FINDINGS:

At present, our findings are insufficient to obtain firm conclusions. | More samples and more
analyses are necessary prior to obtaining usable conclusions.

ADDITIONAL WORK REQUIRED:

Continuation of laboratory efforts in the acquisition of petrographic and geochemical data on
carbonate sediments from Yucca Mountain and surrounding areas.

Start comprehensive analyses of Trench 14 sanvplés as soon as we have completed Trench 1
samples.

RECOMMENDED PROGRAM:
Objectlve:

To respond to our Key and Characterization Issues.
Activity:

To continue our laboratory and field data collection efforts.
EXISTING PROGRAM:

Thé axisting progfam will expand its efforts as soon as we have oompleted working on deseit-
varnish studies. '

Princlpal Investigator:
The Principal Investigator for this effort is Dr. D. Krinsley (ASU) assisted by Mr. J. Quade

(University of Utah) and paleontologists (from Columbia University, Lamont-Doherty Geological
Observatory).
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Geochemistry and Mineralogy
ISSUES: '

Silica and carbonate tracture-fillin’g' deposits located in Trench 14 are geochemical precipitates
from aqueous solutions. To what extent do the aqueous solutions responsible for these authigenic miner-
al precipitates jeopardize the postclosure performance of the proposed repository at Yucca Mountain, if
the conditions responsible for their formation were to reoccur? - '
Characterization Issues: _

What is the genesis of fracture-filling opal in Trench 14?

What is the genesis of fracture-filling carbonates In Trench 147

What is the immediate source for ash and bioclastic(?) debris In the fracture filling of Trench 147

Is there geochemical evidence, such as might be obtained from isotope analyses, that might
suggest the origin and timing of these deposits? ‘ .

Are there anabg deposits that have known oﬁgins that might assist in Inteipretlng the genesis of
deposits in Trench 147 ‘ .

GENERAL OBJECTIVES:
Provide a comprehensive understanding of the genesis of the carbonate and silicate deposits and
features within Trench 14 and similar and potentially related structures (such as sandramps and Trench

17), to be able to assess their significance on the postclosure performance of the proposed repository at
Yucca Mountain. _

Specific Objectives:
Study carbonate and opa! deposits of known origin for comparison to Trench 14 deposits.

Analyze Trench 1 deposits from the carbonate characterization study to assess the significance
of biological-carbonate production (in situ) in desert fractures and faults. o

Obtain field and laboratory data utilizing paleontological, geochemical, and mineralogical
techniques so that a reasonable understanding is obtained for the genesis of Trench 14 deposits.

ACTIVITY SUMMARY:

Soil-opé! genesis from diagenetic reactions of volcanic glass at Yucca Mountain have been
investigated both geochemically and mineralogically. These information indicate that CT opal is presently
or relatively recently being formed in the desert soiis juxtaposed to _-Yucca Mountain. _

Trench 1 studies indicate that biocarbonate precipitate may be more important than previously
recognized and that not all of the tj.tesert carbonates are a function of aerosol accumulation. ’

Field evidence of fracture boundaries Iindicate that host rocks do not appear to be hydrothermally
altered; consequently, the liquids responsible for the deposition of the opal and carbonates may have
been ambient in temperature. ‘ ‘ :

SEM backscatter analysis has been determined as a usable tool to distinguish textural carbonate
data important to the project. : .
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FINDINGS:

Desent-soil opal formed from the diagenesis of voicanic glass can be partially and possibly wholiy
responsible for the opal deposits as observed in Trench 14. Additionally, other mechanisms of opal
genesis for Trench 14 ars certainly possible (see Appendix C: Blundy, J., et al., 1987, 1988).

Bfotic-carbonéte genesis Iin desert environments such as ponding water in fractures, may be a
fairly significant mode of carbonate production (see Appendix C). '

Calcium Is released from volcanic-glass hydration reactions at the desert surface. This release of
calcium may be partially responsible for carbonate precipitation in desert soils. All of the calcium is not
necessarily supplied through aeolian transport and deposition (see Appendix C).

INTERPRETATION OF FINDINGS:

At present, there is insufficlent data to resolve the Kay and Characteﬁzatibn Issues. Diagenetic
reactions in the soil zone and on outcrops may In part provide sufficient sourca materials to form opaling
and carbonate deposits. In addition, aeolian transport may contribute to the supply. Sinca the timing of
these reactions and the relative importance of other variables such as biological precipitation of

authigenic minerals are essentially unknown, it Is presently too early to establish the genesis of thess
deposits (sea Appendix C).

ADDITIONAL WORK REQUIRED:
To analyze Trench 14 material recently collected during the USGS fiekd trip to Yucca Mountain.
To completa analyses of Trench 1 samples.

To reestablish the volcanic-glass alteration studies and obtaln rates of chemical reactions for the
desert-suiface authigenics. .

RECOMMEND_ED PROGRAM:
Objective:
To respond to our Key and Characterization Issues.
Actlvity:
To continue our efforts as stated in Additional Work Required.

EXISTING PROGRAM:
Status of Previous Research:

As a consequence of funding cuts, we hava been unable to continue our glass-hydration research
and have had to slowly schedule Trench 1, 14, 17 and sandramp samples Into our laboratory.
Consequently, although our res