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BACKGROUND AND PURPOSE OF TRIP:
The DOE has awarded a grant to Jean Cline (UNLV) to conduct an independent study of secondary
mineralization at Yucca Mountain (YM). The study aims to determine the origin, ages and temperatures of
secondary mineralization while seeking consensus from interested parties [e.g., Nevada, U.S. Geological
Survey (USGS), DOE] on the appropriateness of planned methods and procedures. One of several
occurrences of secondary minerals is within fault zones. Since my work with collaborators at the CNWRA
has focussed on fault rocks at YM, our work has direct bearing on Dr. Cline's study. I attended this meeting
to share the results of our work and engage in the general discussion regarding secondary mineralization at
YM. The meeting agenda and minutes are attached.
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Dr. Cline has agreed to hold quarterly meetings of interested parties at UNLV. The first quarterly meeting
was held in April, 1999. John Stamatakos (CNWRA) and Chad Glen (NRC) were among the attendees. I was
unable to attend due to teaching commitments. I arranged to meet with Jean Cline at UNLV at the end of a
field trip to YM on May 20-21, 1999. During that meeting, Jean and I discussed fluid inclusion assemblages
in fault rocks, among other things and Jean invited me to attend the next quarterly meeting and part of the
pre-meeting workshop. The pre-meeting workshop would be composed of those individuals who had special
interest in fluid inclusions. I agreed to attend with the consent of the CNWRA.
SUMMARY OF PERTINENT POINTS:
Tuesday, June 15, 1999
The small group, pre-meeting workshop on June 14-15, 1999 was attended by Bob Bodnar, (Virginia Tech),
Jean Cline (UNLV), Yuri Dublyansky (Nevada), Ed Roedder (USGS), Joe Whelan (USGS), Nick Wilson.
(UNLV). I attended only the second day of the workshop as per Jean Cline's invitation. Dr. Cline endeavored
to keep this group small because of the space limitations in her lab. Jean Cline had set up her fluid inclusion
apparatus and TV monitor in a lab that contains her YM samples and one other polarizing microscope. The
assembled group variously examined fluid inclusion assemblages on the dedicated microscope for fluid
inclusion analysis, examined thin and thick sections on the "extra microscope", and examined some hand
samples collected for this study.
The group (excluding me) had met the previous day (June 14, 1999) to select and discuss the available two
phase fluid inclusions assemblages in some thick sections that had been prepared from YM. They apparently
cut some fragments from the thick sections so that we could homogenize a few assemblages the next day
without compromising whole thick sections. Yuri Dublyansky evidently passed out copies of two
memoranda that eventually became the focus of much discussion on Wednesday (June 16, 1999) (refer to
discussion under "June 16, 1999" subheading).
The first objective for June 15, 1999 was to agree upon the proper procedure for homogenizing two-phase
fluid inclusions with Dr. Cine's fluid inclusion heating stage and apparatus. After that was accomplished,
we selected three, liquid-vapor, primary fluid inclusion assemblages from.the same sample to homogenize.
The sample was prepared from calcite in a lithophysal cavity. Dr. Cline has not yet written the quality
assurance guidelines for fluid inclusion analyses on her apparatus and therefore the results we obtained will
not be included in her study findings. The fluid inclusion assemblages homogenized at between
approximately 50-52°C.
The homogenization temperatures led to a discussion of what minimum homogenization temperature would
be indicative of "elevated" or "high" fluid paleotemperatures. Yuri Dublyansky stated that he felt it would
be appropriate to calculate the expected ambient temperature of the rocks at the elevation of the ESF based
on present day estimates of the geothermal gradient (approximately. 28°C) and then add another 5°C to
allow for some variability. As a result he considers any homogenization temperature higher than 33°C to
understanding of paleo-overburden
be "elevated" or "high". We also discussed the bases for the present
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estimates at YM. Joe Whelan informally discussed available V C and V'•O data. Joe Whelan and Yuri
Dublyansky had very different interpretations of these data. Yuri Dublyansky pointed to the broad spread
of the 6 80 values for shallow/young rocks perhaps indicative of a young heating event. Joe Whelan pointed
3
to the apparent gradual increase in 61 C values with depth perhaps inconsistent with a young, widespread
heating event.
As requested by Dr. Cline, I brought thin sections of fault rocks containing secondary calcite. These were
examined sporadically by individuals in the group on the extra microscope in the lab. We discussed the
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deformation of the calcite, the fact that there appears to be multiple generations of calcite and noted fluid
inclusion assemblages in the calcite in some of my thin sections. Participants observed the liquid-vapor
inclusions in calcite in my thin sections. Some reports of "high" temperatures of crystallization have been
based on homogenization temperatures of two-phase fluid inclusion assemblages (e.g., Dublyansky, 1998).
Wednesday, June 16, 1999
The entire group of interested parties met from 9:00 AM-5:30 PM on Wednesday, June 16, 1999. Dr. Cline
began the meeting by inviting each participant to introduce themselves, give a brief biography, and provide
some context for their involvement at this meeting. She proceeded to discuss and invite comments on the
agenda for the next two days of meetings. Dr. Cline outlined the project goals and progress to date. Dr. Cline
mentioned that sampling had progressed to near completion before suffering a setback. Some 40 samples
(several days worth of samples) had been exposed to unacceptably high temperatures and needed to be
replaced. These samples were apparently temporarily stored in a defective cooler at the Sample Management
Facility at the Nevada Test Site.
Posters from recent science meetings were on display and Dr. Cline asked each lead author to make a
10-15 minute informal introduction to their work on display. Presentations were given (in order) by Terry
Ann Else (Nevada) on her interpretation of thermophilic bacteria at YM, Yuri Dulyansky (Nevada) on his
interpreted epithermal origin of slope parallel deposits, and a separate presentation on a mechanism for
partially filling lithophysal cavities in a saturated environment based on analogous studies, myself on our
work on calcite-bearing fault rocks, Shoen Levy (DOE) on her interpretations of syngenetic mineralization
in the tuffs at YM, Brian Marshall (USGS) on the apparent lack of supporting evidence for upwelling hot
fluids based on Sr isotope data from secondary minerals, Leonid Neymark (USGS) on U-Th and U-Pb
geochronologic analyses of opal and calcite suggesting steady accumulation of opal and calcite since
deposition of the tuffs, Joe Whelan (USGS) on V1 3C and 00 data from secondary minerals apparently
unindicative of recent upwelling of hot water in the YM vicinity. Each presentation was followed by a few
questions from the audience.
After lunch, Nick Wilson (UT'NLV) presented the results from the fluid inclusion heating runs performed
during the previous day. Some discussion of overburden estimates was initiated by Shoen Levy. Joe Whelan
and Yuri Dublyansky presented general points of agreement on the paragenesis of secondary minerals in
lithophysal cavities. This was followed by a general discussion between Yuri Dublyansky, Joe Whelan, and
Leonid Neymark about the proper procedures for discerning paragenesis and the drawbacks of the U-Pb
dating method. Yuri Dublyansky has summarized his points in separate memos that he handed out to the
participants of the small-group meeting. The Dublyansky and Neymark memos are attached.
Thursday, June 17, 1999
We met at 9:00 AM in Jean Cline's fluid inclusion lab to observe the fluid inclusion apparatus and fluid
inclusion assemblages in prepared thick sections. Nick Wilson homogenized a liquid-vapor, primary fluid
inclusion in quartz from a lithophysal cavity. This was the only known two phase fluid inclusion in quartz
from YM. It yielded a homogenization temperature of approximately 48 °C. After about an hour and a half,
we adjourned to the main meeting room for continued discussion of posters on display. The meeting was
adjourned at 12:00 PM.
IMPRESSIONS/CONCLUSIONS
As I observed Joe Whelan and Yuri Dublyansky offer their different interpretations of the same data sets on
Tuesday, I became impressed that paleo-overburden estimates, present day and past geothermal gradients,
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and geochronology will be of central importance to interpreting the significance of the fluid0 inclusion data
to gathered by this study. The recorded homogenization temperatures of approximately 50 C can be (and
of
have been) alternately used as data to support or refute the upwelling hot fluid hypothesis in the absence
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the calcite to be "early" because it co-precipitated with quartz. Yuri Dublyansky felt that the calcite
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interpretation,
of
difference
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for November 7-11, 1999.
prohibit
Some concerns were raised on Wednesday that the time line for Dr. Cline's study would potentially
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with
These concerns were apparently shared with the press by Jerry Szymanski (Nevada) in his interview
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a Review Journal journalist and were reported in an article that was published in that newspaper on
1999.
studies
Lithophysal occurrences appear to remain the central focus of Dr. Cline's sampling strategy. Some
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may record relevant information that is not be obtained from the lithophysae. Given the limitations
cavity
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other
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records a continuous history of mineralization. Time gaps in mineralization may be represented
(potentially structural) occurrences. Even if the lithophysae record continuous deposition of secondary
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minerals, it remains conceivable that fluid flow histories might be distinctly different in some
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can be gleaned by studying the spectrum of occurrences,
be well represented in Dr. Cline's sample collection.
PROBLEMS ENCOUNTERED
Contentious Discussions
The Wednesday, June 16, 1999 meeting was very contentious. In my judgement, several factors contributed
they
to this atmosphere. Yuri Dublyansky's memos elicited a strong reaction from the USGS geologists and
an
keep
to
appear
not
did
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geologists
Many
came prepared to respond to the memos on Wednesday.
interested
most
seemed
participants
Some
YM.
at
open mind about alternative hypotheses for fluid history
in forwarding data that favored their interpretation and were generally unreceptive to apparently
of
contradictory data. Furthermore, some DOE and USGS geologists routinely referred to the inevitability
that
opposing
of
inevitability
the
recommending licensing and Nevada geologists routinely refer to
involving
recommendation. These foregone conclusions make it difficult to have open-minded exchanges
unfortunate
meeting,
multiple working hypotheses. At some points during Wednesday's and Thursday's
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personal remarks were made by both USGS geologists and Nevada geologists. It is my hope that the level
of discussion could be elevated and more tightly controlled in future meetings.
Restricted Participation by Members of the Press
Dr. Cline had given Mary Manning (Las Vegas Sun) advance permission to attend and report on the
Wednesday meeting. An unidentified journalist from the Review Journal arrived at the meeting late in the
morning. This second journalist had apparently not contacted Jean Cline for advance permission to attend.
As a result, Dr. Cline asked the journalist to leave the meeting. The journalist protested and created a minor
disruption in the meeting room and later, outside of the meeting room.
Concerns about Under-representation of State of Nevada at the Pre-Meeting Workshop
Susan Zimmerman (Nevada) approached Dr. Cline after the meeting on Wednesday to register her concerns
about the apparent imbalance between numbers of "Federal" and "State" geologists at the pre-meeting
workshop. She apparently specifically mentioned that she was unaware that I would be attending and that
my presence exacerbated the imbalance. Dr. Cline related these concerns to me. I then related them to
John Stamatakos (CNWRA), who forwarded them to appropriate individuals at the NRC. Chad Glen (NRC)
attended the Thursday, June 17, 1999 meeting and spoke with Susan Zimmerman regarding her concerns.
The issue is as yet unresolved.
PENDING ACTIONS:
Plans are underway to establish a web server to allow open discussion between interested parties between
meetings. I plan to participate in these discussions.
Meeting minutes will be distributed for comment/correction in the in the immediate future. I plan to carefully
read the minutes and provide comment as necessary.
RECOMMENDATIONS:
I am convinced that it will be important for the NRC or related individuals to maintain a presence at future
quarterly meetings. These meetings cover material that will provide necessary context for the eventual
findings of Dr. Cline's study. Nevada representatives (Dublyansky and Zimmerman) stated that the "recent
hot water" issue will likely be the focus of Nevada's eventual opposition to licensing.
REFERENCES:
Dublyansky, Y.V. 1998. Fluid inclusion studies of samples from the Exploratory Study Facility, Yucca
Mountain, Nevada. Unpublished October, 1998. Report to the Attorney General of the State for Nevada.
Paces, J.B., L.A. Neymark, J.F. Whelan. 1998. Characteristics of Unsaturated-Zone Fracture Flow
Interpreted from Calcite and Opal Deposits at Yucca Mountain, Nevada. EOS, Transactionsof the American
Geophysical Union 80(17): Spring Meeting Supplement: 54.
Paces, J.B., L.A., Neymark, J.F. Marshall, and Z.E. Peterman. 1996. Ages and origins of subsurface
secondary minerals in the exploratory studiesfacility (ESF). USGS 1996 Milestone Report 3GQH450M to
DOE TMPSCO. Denver, CO: United States Geological Survey: 55.
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Thermochronology of Fluid Inclusions Quarterly Meeting

Monday - Tuesday, June 14-15, 9:00 am Working session for fluid inclusion
scientists, Lily Fong Geoscience Bldg., Room 208, UNLV Campus
Wednesday, June 16, 9:00 am Group Meeting, Technology Bldg., Room 104, UNLV
Campus
Introduction of attendees
Minutes from previous meeting
Agenda
Brief review of project goals
Report on sample collection, sample transport, and storage
Report on thick section preparation
Discussion of section distribution between State, USGS, and UNLV
Break
Poster presentations by scientists working on related projects (Yuri Dublyanski,
Terry Ann Else, Mary Beth Gray, Schon Levy, Brian Marshall, Leonid
Neymark, and Joe Whelan)
Lunch
Summary of observations by fluid inclusion scientists
Discussion of project Phase II, Sample Characterization
Summary of paragenetic observations
Break
QA requirements for electron microprobe and SEM analyses
Discussion of agenda items for next meeting
Discussion of time for next meeting
Group Meeting
Thursday, June 17, 9:00 am
Open laboratory to examine samples, view thick sections and observe fluid
inclusions under the microscope; Lily Fong Geoscience Bldg., Room 208.
All participants will have the opportunity to examine sample materials and
discuss or ask questions of scientists working on fluid inclusions
Poster session, Technology Bldg., Room 104
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Meeting Minutes
UNLV Yucca Mountain DOE Project Quarterly Meeting

June 14-I7, 1999

Monday and Tuesday, june 14-15, 1999
Attendees:
(Virginia Tech), Ed
Jean Cline (UNLV), Yuri Dublyansky (Nevada), Robert Bodnar
Nick Wilson (UNLV),
Roedder (USGS; Monday PM and Tuesday), Joe Whelan (USGS),
Mary Beth Gray (Bucknell University: Tuesday only)
involved in the fluid
On Monday and Tuesday, June 14-15, 1999, a small group of people
Building at UNLV. The
inclusion study met in Room 208 of the Lily Fong Geosciences
of samples
put-pose of the meeting was to exam the first group of polished sections
for
procedure
collected fromn the Yucca Mountain ESF and to develop and test the
two-phase
of
groups
conducting microthermometric analysis of the inclusions. Several
ESF. Most of these
30+83
number
sample
QA
in
found
were
(liquid + vapor) inclusions
in this sample.
were in calcite, but a single two-phase inclusion was also found in quartz
heating in
during
Approximately 30 inclusions in the calcite were identified and monitored
of the
occurrence
The
the Linkam stage to determine the homogenization temperatures.
show
to
tape
video
on
inclusions and their behavior during heating was also recorded
data collected on
inclusion
the
that
noted
be
should
It
Wednesday.
on
during the meeting
the QA
Tuesday and Thursday (see below) will not be used by the project because
procedures for fluid inclusion data collection have not been written.
took place
During the lab session on Monday and Tuesday, many informal discussions
10 million
past
the
during
concerning the paragenesis at YM, the amount of erosion at YM
reached
was
years, and other topics of interest to the project. A general agreement
further at the
concerning the gross paragenetic sequence at YM, and this was discussed
general meeting on Wednesday.
Wednesday, June 16,. 1999, A.M.
Attendees: (attachment 1)
(Virginia Tech).
Jean Cline (UNLV), Yuri Dublyansky (State of Nevada), Robert Bodnar
Leonid
(USGS),
Whelan
Joe
Ed Roedder (Harvard University), Drew Coleman (DOE),
Zimmerman
Susan
(UNLV),
Neymark (USGS), Zell Peterman (USGS), Nick Wilson
Stuckless (USGS),
(State of Nevada), Schon Levy (Las Alamos National Lab), John
Leon Reiter
University/CNWRA),
William B. Scott (USGS), Mary Beth Gray (Bucknell
Review
Technical
Waste
(Nuclear
(Nuclear Waste Technical Review Board), Mike Carroll
Jerry
(USGS),
Marshall
Board), Joel Rotert (UNLV), Jim Paces (USGS), Brian
Szymanski (TRAC-SA), Terry Anne Else (UNLV)
The meeting began at 9:00 A.M. with introductions of all in attendance.
the April meeting. Yuri
Jean Cline asked if there were any comments on the minutes from
that was added in
Stuckless
John
by
Dublyansky stated that he thought that the comment
was not
that
information
new
proof should be deleted because the comment added
to rebut the
opportunity
the
have
discussed at the April meeting and that hie (Yuri) did not
stated that
Stuckless
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comment before the final version of the minutes was
if the
asked
Neymark
Leonid
what was added had been discussed at the April meeting.
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purpose of the minutes should to make everyone happy or to record what was said. Jean
Cline stated that the purpose of the minutes is to provide a written record of what was said
at the meetings. It was agreed that minutes should reflect what was discussed at the
meetings, and modifications to drafts of the minutes should only be for clarification or
correction of errors, and not for addition of new material.
Jean Cline reviewed the agenda for Wednesday and Thursday (attachment #2) and asked if
anyone had other items to add to the agenda.
JIm Paces indicated that the USGS would like to have the opportunity to address issues
raised in the memo on age dating that was prepared by Yuri Dublyansky (attachment #3).
Jim Paces stated that the USGS disagrees with the conclusions of the memo, and came to
the meeting prepared to argue against them. There was some discussion about how to
handle this, as most participants at the meeting had not seen the memo and were not
prepared to discuss it. Jean Cline suggested that the discussion be delayed until the next
meeting in November. but Leonid Neymark said that the issue was too Important for
discussion to be delayed until November. Jean Cline asked if there was anyone who was
o-pposed to discussing the memo on geochronology. No one was opposed. It was decided
to make copies of the memo for those who had not seen it, and to delay discussion until late
Wednesday afternoon to allow everyone some time to read the memo before the discussion.
Jean Cline reviewed the project goals, questions to be addressed by the project, and the
various phases of the project for those who did not attend the previous meeting in April
(attachment #4). Jerry Szymanski asked Jean Cline what was meant by the word "recent"
in the first of the list of questions to be addressed by the project [Question #1. Do
populations offluid inclusions, that indicate recent influx of thermal waters into the

reposirory, exist?]. Jean indicated that the DOE has identified the last 2 million years as
being the most important for determining the suitability of Yucca Mountain as the site for a
aste repository. The focus of the project will be on the last 2 million years, although the
e:tire history of mineralization at Yucca Mountain will be studied.
Drew Coleman asked what it meant by the phrase "thermal waters" (also in Question #1).
Jean Cline, quoting a statement made by Yuri Dublyansky the previous day, said that
h. drologists define thermal waters as those that are at least 5°C above the ambient
temperature defined by the geothermal gradient.

Leon Reiter asked about the timing of the different phases of the project (attachment #4).
Jean Cline replied that Phase I, involving sample collection and thin section preparation, is
nearly completed. Phase 11, involving petrographic studies, will take about one year and is
just starting. Phases III (fluid inclusion analysis) and IV (geochronology) will follow and
probably overlap with the later stages of Phase II.
Nick Wilson described the sampling program and distributed a map of the ESF and ECRB
m-,.owing locations of samples collected so far (attachment #5). Nick mentioned that a
-.alfunction of the refrigerator at the SMF at the Nevada Test Site resulted in 48 of the
rmples being cooled to 13'F, which is below the limit of 32°F defined by QA. These 48
< mple sites will be re-collected. and the original 48 samples will not be used for fluid
il?2usion studies, although they may be used for other studies not requiring controlled
tt mperature storage.
-:I collected samples were labeled and wrapped in aluminum foil, and placed into cloth
':mple bags. Samples collected during Monday - Wednesday were left at the SMF. These
rnples were retrieved from the SMF and returned to UNLV on Thursday afternoon, along
2
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with samples collected on Thursday. All samples are stored in locked Lane storage
cabinets in room 208 of the Lily Fong Geosciences Building at UNLV.
Leonid Neymark asked Nick to describe why he is so concerned about controlling the
temperature environment of the collected samples. Nick pointed out that if the inclusions in
the samples are frozen, the inclusions might stretch and give incorrect homogenization
temperatures. Similarly, if the inclusions are heated to high temperatures, the inclusions
might homogenization with loss of the bubbles, precluding later determining of the
homogenization temperature in the lab, or the inclusions may stretch, also resulting in
incorrect homogenization temperatures.
John Stuckless mentioned that it might be worthwhile to look at inclusions in some of the
frozen samples and compare these to results from samples from the same sites that were not
frozen. This could provide useful information concerning the effect of freezing on Yucca
Mountain inclusions.
Drew Coleman reminded Jean Cline that he needs a formal, written request telling him what
to do with the damaged (frozen) samples that are at the SMF. One option is to leave the
samples at the SMF until some later time when they may be needed.
Mary Beth Gray asked if sample orientation was being measured during collection. Nick
said that the general orientation is noted, but that he is not using a compass to measure the
orientation. Drew Coleman noted that a standard (metal) Brunton compass will not provide
accurate results in the ESF because of all the steel and the power lines.
Nick Wilson described the thin section preparation procedure. The QA document on
sample prep is attachment #6.
Joe Whelan asked how Mark Mercer was shipping the samples back to UNLV. Jean Cline
replied that one shipment was by UPS and one was by the U.S. Postal Service. Jean said
Mercer will use the U. S. Postal Service for all future shipments because the samples spend
less time in the back of (a potentially hot) truck with the Postal Service (compared to other
delivery services) because the post office is across the street from UNLV and the
University is the first delivery stop.
Brian Marshall asked if sample polishing is manual. Nick answered that it is done by hand
(not using automated polishing machines).
Jean Cline discussed the plan for distributing thin sections to the USGS. the State and
UNLV. Both UNLV and the USGS asked for two sections cut back-to-back from the
sample billet. The State requested that their section be the one that is taken between the two
USGS sections and the two UNLV sections. The State sections will be stored at UNLV
until they are needed by the State.
After lunch, each person who brought a poster was given a few minutes to introduce the
contents of the posters. The 8 posters presented were:
Ontogenetic observations on the scepter-like calcite and hyalite opal from the ESF, Yucca
Mountain, Nevada: Evidence of depositional environment. Y. Dublyansky & S. Smirnov
Stable isotope properties of carbonaceous slope-parallel deposits at Yucca Mountain:
Recognizing fossil spring activity. Yuri Dublyansky and Jerry Szymanski
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Moderately thermophilic calcium-precipitating bacteria found in calcite deposits at Yucca
Mountain. T. A. Else, C. Pantle, P.S. Amy, Y. Dublyansky, G. Southam, R. Mielke
Microstructural and microtextural analysis of faulting at Yucca Mountain, Nevada. M.B.
Gray, J.A. Stamatakos, D.A. Ferrill
Overview of syngenetic mineralization at Yucca Mountain, Nevada, USA. S. Levy, D.
Bish. S. Chipera
Hvdrologic inferences from strontium isotopes in pore water from the unsaturated zone at
Yucca Mountain, Nevada. B. Marshall, K. Futa and Z. E. Peterman
Neogene to Quaternary U-Th-Pb geochronology using opal, Yucca Mountain., Nevada. L.
A. Neymark, J. B. Paces and Y. V. Amelin
Paraenesis and oxygen isotopes of calcite in the unsaturated zone at Yucca Mountain,
Nevada. Evidence of an early thermal event. J.F. Whelan, J.B. Paces. R,.. Moscati.
L.A. Neymark, B.D. Marshall, Z.E. Peterman
Wednesday, june 16, 1999, P.M.
Jean Cline noted that the quarterly meetings are technical meetings to discuss results of
research by the UNLV Yucca Mountain team and are not open to the public. Those in
attendance should not invite friends or colleagues to attend the meetings without first
contacting Jean Cline.
Nick Wilson discussed the results of fluid inclusion studies conducted by the smaller fluid
inclusion group on Monday and Tuesday. Nick played a video tape showing the inclusions
that were studied and their behavior during heating. Much discussion followed concerning
the meaning of the data, possible causes of incorrect fluid inclusion data, etc. Because the
QA document for fluid inclusion analysis has not yet been prepared, the significance and
details of the measurements were not discussed.
Jean Cline asked for input from the group concerning the best way characterize samples.
Joe Whelan began with a summary of the general paragenesis of lithophysal cavities at
Yucca Mountain. Joe, Yuri Dublyansky and the rest of the fluid inclusion group had
discussed this issue on Monday and Tuesday, and the paragenesis described by Joe was
one that both Joe and Yuri agreed upon. Joe noted that calcite is present throughout the
entire paragenetic sequence. He has classified calcite as early, middle and late. Early
calcite is associated with drusy quartz and chalcedony and may contain some fluorite. Both
middle and late stage calcite are associated with opal. The opal can be either globular or
laminar in appearance in both stages. Late-stage calcite is usually blocky and clear
compared to middle-stage calcite which is usually darker and cloudy from numerous
ir.clusions. The thickness of deposits varies from less than a millimeter to several
centimeters. Joe believes that it is possible to tell approximately which stage in the
p.ragenesis a calcite is from based on its carbon isotopic composition. John Stuckless
a'ked if the paragenesis could be constrained better if both carbon and strontium isotopes
are used. Joe said that yes it could. Mary Beth Gray asked if there were unconformities in
the paragenesis. Joe said that there are. Leon Reiter asked about the resolution of "events"
ir. the deposits. Jim Paces said that the dating resolution is tens of thousands of years,
v.nich corresponds to millimeters of mineral deposition. Leon asked if Milankovitch cycles
culd be resolved, and Jim said they could not.
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Joe Whelan,
Yuri Dublyansky agreed with the general paragenetic sequence described by
the paragenesis
including the three stages of mineral (calcite?) growth. Yuri noted thatand breccias. Joe
fractures
vertical
to
apply
not
might
described for lithophysal cavities
Whelan thought that the mineralization in lithophysal cavities and mineralization occurring
in fractures was the same, but that there was less silica in the fractures.
in the paragenetic
Yuri does not agree that stable isotopes can be used to determine the stage emphasized
that
Joe
sequence, pointing out the large scatter in the oxygen isotope values.
but
stage,
paragenetic
he would not use carbon and oxygen isotopes alone to determine the
evidence.
would use this information along with other chemical and textural
to suggest
Leonid Neymark showed a photograph of an opal sphere cut in cross section
could be
shown
banding
that the opal was not deposited instantaneously. Yuri thought the
out
pointed
Paces
Jim
due to diffusion of impurities in the opal and are not growth bands.
older
progressively
gets
that when the opal spheres are incrementally dissolved, the opal
towards the center, suggesting opal deposition over a period of time.
lots of
Schon Levy mentioned studies of "fast paths" in the ESF. Levy noted that there are of
60%
that
and
Fault,
fast paths in the hanging wall of the Sundance? (Ghost Dance?)
these contained calcite.
in
Jim Paces agreed with Yuri Dublyansky that it is very difficult to correlate mineralization
lithophysal cavities with mineralization in connecting fractures.
to
Yuri Dublyansky noted that no work has been done on the shapes of crystals as it relates
of
crystallization
from
paragenesis. Yuri Dublyansky believes that some quartz results
chalcedony, but that other quartz precipitates directly, and that work should be undertaken
to understand this process,
Leon Reiter summarized some upcoming DOE deadlines. The complete site
recommendation from DOE must be to the President in July, 2001. Various other
deadlines were noted leading up to the July, 2001, deadline. In order for results from
UNLV project to be included in the draft version of the site recommendation, written
results must be submitted before July 2000.
the
Susan Zimmerman noted that the deadlines keep changing, and asked that the quality of
agreed.
All
others.
by
imposed
science not be compromised in order to meet deadlines
Schbn Levy summarized what is known about erosion at Yucca Mountain. Yucca
Mountain has been a topographic high for the past 10 million years. Based on a variety of
studies summarized by John Stuckless, the maximum amount of erosion that could have
taken place at Yucca Mountain since deposition of the Rainier Mesa Tuff is about 100
meters, and most of this erosion would have occurred early in the history of Yucca
Mountain. This amount of erosion is sufficiently small that fluid inclusions at Yucca
Mountain can be assumed to have formed at their present depth below the surface of YM.
Jean Cline summarized the QA procedure for the electron microprobe and SEM. Both
machines will be delivered on June 28. A technician has been hired to operate the lab.
Standards will be obtained from NIST, the Smithsonian Institution, and from other electron
microprobe labs.
The next meeting will be held on November 7-11. The small fluid inclusion group will
to
meet on November 7-8. On November 9, the entire group will visit Yucca Mountain
recent
11
and
10
November
On
meetings.
observe features discussed in this and previous
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project results as well as approved agenda items will be discussed by the entire group at
UNLV. Items for the agenda should be submitted to Jean Cline at least 14 days before the
meeting. Electronic and paper copies of any materials to be discussed at the next meeting
should also be sent to Jean at least 14 days before the meeting.
Agenda items suggested for next meeting:
Drew Coleman asked if we could get a summary of areas of agreement between Joe
W\helan and Yuri Dublyansky.
Drew Coleman said we should discuss a mid-term report
uri-i Dublyansky asked for a discussion of how to distinguish between vadose /phreatic
zone mineralization.
Some discussion about bringing in experts not related to the project to provide advice on
V\iLouS issues currently being debated, including geochronology and vadose/phreatic zone
Lmnironments. Jim Paces noted that if this is done the experts should have experience in
environments similar to Yucca Mountain.
Yuri Dublyansky summarized his memo on geochronology (attachment #3). The main
concern was that Yuri did not believe that it was possible for the sample studied by
Nevmark et al to have grown continuously for 7 million years as the age dates imply.
Arguments against this include textural information, gas-filled inclusions that would have
required 25-100 ka to trap, and a bimodal distribution of fluid inclusion homogenization
temperatures recorded from the base to the tip of the sample.
Leonid Neymark addressed Yuri's concerns with a series of view graphs. Yuri accepted
Leonid's explanation of the age dates and the technique used.
Thursday,. June 17. 1999, A.M.
Jean Cline (UNLV), Yuri Dublyansky (State of Nevada), Robert Bodnar (Virginia Tech),
Ed Roedder (Harvard University), Drew Coleman (DOE), Joe Whelan (USGS), Leonid
Nevmark (USGS), Zell Peterman (USGS), Nick Wilson (UNLV), Susan Zimmerman
(State of Nevada), Mary Beth Gray (Bucknell University/CNWRA), Leon Reiter (Nuclear
Waste Technical Review Board), Brian Marshall (USGS), Jerry Szymanski (TRAC-SA),
Terry Anne Else (UNLV - present for poster only)
The group met in room 208, Lily Fong Geosciences Building to observe a heating
e::periment on a fluid inclusion in quartz in sample 30+83 ESF. According to Yuri
Dublyansky, this is the first two-phase (liquid + vapor) inclusion in quartz that has been
reoorted from Yucca Mountain.
-)llowing this demonstration, the group returned to the Technology building where
acditional discussions of posters took place. The meeting adjourned at noon.
Attachments
A:tachment #1:
.ttachment #2:
At:tachment #3:
.:tachment #4:
7.tachment
#5:
Attachment #6:

Attendance sheet, Wednesday, June 16, 1999
Agenda for meeting
Dublyansky memo on geochronology
Project Description
Sample collection location maps
Sample preparation QA document
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Memorandum
Draft criteria for distinguishing between phreatic/saturatedl
for the
hydrothermal and vadose/unsaturated depositional environment
Yucca Mountain secondary calcite
To: Participants of the UNLV Yucca Mountain DOE project
Prepared by: Yuri Dublyansky
for
As was agreed during the previous Project meeting in April, 1999, I submit
for discriminating
discussion by the group draft criteria, which should provide guidelines
depositional
between the phreatic/saturatedlhydrothermal and the vadose/unsaturated
anticipated that
environments of growth of the secondary calcite at Yucca Mountain. It is
group. The
this list of criteria will be discussed, refined and eventually approved by the
the course of
list is considered to be a working document and must remain open through
the Project for additions and/or corrections.

Draft criteria: Phreatic vs. vadose environments of calcite growth
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1. Crystal morphology criteria

*.A.

I.B.

Phreatic/saturated/hydrothermal

Vadose/unsaturated

Large (>-3-5 mm) euhedral crystals
oriented roughly perpendicularly to
the substratum. (In low-angle fractures
and lithophysal cavities the absence of
local ponding needs to be established
to apply this criteria).

Deposits, reflecting deposition from
gravitation-driven water films.
Laminated deposits - palisade
aggregates of micro-crystals (typically
<I mm) aligned perpendicularly to
lamina. Possible relatively large tabular
cri stals with orientation parallel to the
substratum.

Crystal habits characterized by
combinations of simple forms other
than sharp rhombohedron and
scalenohedron.

Sharp rhombohedral and scalenohedral
habits, typical of calcite crystals formed
in ambient-temperature environment.

i

2. Fluid inclusion criteria
Phreatic/saturated/hydrothermal

I

Vadose/unsaturated

2.A.

Fluid Inclusion Assemblages (FIAs)
reflecting the homogeneity of the
phreatic zone. FIAs consisted of allliquid inclusions (low-temperature
setting) and/or all-liquid and liquidvapor inclusions with consistent L:V
ratios (elevated temperature setting).

Fluid Inclusion Assemblages (FIAs)
indicating heterogeneity of the crystal
forming media, typical of the vadose
zone. All-liquid and liquid-vapor
inclusions with highly inconsistent L:V
ratios. (Note: Re-equilibration and
necking-down must be ruled out).

2.B.

FIAs of liquid-vapor inclusions,
yielding consistent homogenization
temperatures. 90% of inclusions in a
FIA homogenize within 10 TC interval,
as suggested by Goldstein & Reinolds,
1994. (Note: Moderate spread of
temperatures, - 10-20 TC may be
caused by stress-related disturbance of
fluid inclusions).

Liquid-vapor inclusions yielding highly
inconsistent homogenization
temperatures. Spread of homogenization
temperatures in individual FIAs - several
tens of TC.

2.C.

Homogenization temperatures -5 TC
higher than expected at a given depth
under the reference vadose-zone
geothermal gradient. Reference
Ingradient will be constructed by

Homogenization temperatures, which do
not exceed by more than -5 TC
temperatures expected at a given depth
according to the reference geothermal
gradient.

averaging gradients measured within

Draft criteria: Phreatic vs. vadose environments of calcite growth
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the contemporary vadose zone at
Yucca Mountain in boreholes located
in structural position similar to that of
the nrosnective repositorv block.
2.D.

Salinities of waters trapped in
inclusions exceeding 0.5 wt. % (5000
ppm or 5 gll).

Salinities of waters trapped in inclusions
less than 0.5 wt. % (5000 ppm or 5 g/l).

2.E.

Internal pressure in gas-rich inclusions
higher than I atm. or lower than I
atm. Reflected by either expansion or
contraction of a gas on crushing.
Decrease of volume on crushing must

Internal pressure in gas-rich equal to or
slightly lower than I atm. Reflected by
the absence of change or insignificant
contraction of gas on crushing. Decrease
of gas volume on crushing must not

be more than 20 %.

exceed 20 %.

Chemical composition of gases in gasrich inclusions incompatible with the
vadose-zone atmosphere. This may be
expressed as significant deviation
from atmospheric N:O ratio or
predominance of gases other than N

Chemical composition of gases in gas
rich inclusions compatible with-the
vadose-zone atmosphere (N:O ratio
similar to that of the atmosphere).

2.F.

and

0.

Yuri Dublyansky
June 13, 1999

Memorandum

Reliability of the U-Pb dating of opals from the Yucca Mountain subsurface
To: Participants of the UNLV Yucca Mountain DOE project
Prepared by: Yuri Dublyansky

The ability to determine with sufficient degree of confidence the age of secondary
minerals at Yucca Mountain will be crucial to the success of the project. Thus far, three methods
have been used to date calcite and opal at Yucca Mountain: (1) radiocarbon, (2) "Th-U, and (3)
U-Pb. The purpose of this memo is to draw the attention of the group to the possible problem
with the U-Pb dating as applied to the Yucca Mountain minerals.
The stage of the Project when the attempts of dating will be made is still remote.
Nevertheless, I feel it important to address and clarify the potential problem as soon as possible.

1. Apparent conflict between U-Pb ages and results otherstudies
The results of U-Pb dating are interpreted as being indicative of (a) deposition of calcite
in lithophysal cavities over a period of 9-10 Ma, and (b) "remarkably constant" deposition rates
of 1 to 5 mm per million years (Neymark, et al., 1998). Calcite and opal are interpreted as being
deposited from films of meteoric waters percolating through the interconnected fractures.
Two observations seem to lend credence to the reported old U-Pb ages of opal from the
Yucca Mountain subsurface:
a). Systematic change in measured ages in accord with relative micro-starti graphic depth in
the sample (with at least one reported exception in sample HD 2257); and
b). The absence of measured ages older than the age of bedrock tuffs (-12.7 Ma).

/
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1.1 Apparent conflict between the U-Pb data and fluid inclusion results
Elevated homogenization temperatures (35 to 85 TC; Dublyansky. 1998) obtained from
13 samples of the Yucca Mountain calcite seem to be in conflict with the nostulated rainwater
model of calcite formation. In view of that, the USGS researcher suggested that: (a) all elevated
temperatures were obtained on calcite near the contact with the bedrock tuff. (b) this calcite is
old; and (c) elevated temperatures reflect either cooling of tuffs (-12.5 Ma) or the Timber
Mountain hydrothermal event (~-10 Ma).
In order to clarify this issue, I collected samples from several locations, dated by the
USGS researchers ("Th-U and U-Pb methods; Paces et al., 1996; Neymark et al., 1998). For one
of the samples (station 2881 in the ESF), results of the dating indicate an apparent seven million
years growth history with oldest U-Pb age of -7 Ma measured at the base of the sample and
youngest "NTh-U age of 94 Ka measured at the surface of the crust.
Sample collected at station 2881 was subdivided into three zones (basal, middle and top,
reflecting early, intermediate and late stages of calcite growth) and fluid inclusion studies were
performed on the splits. Homogenization temperatures yielded two peaks on frequency
histograms at 35-45 and 50-60 'C. Importantly, no difference in homogenization temperatures
between early, intermediate and late zones of calcite crust was detected (except for slight
disturbance of fluid inclusions in the oldest zone related, most probably, to natural mechanical
deformation of calcite).
Apparently, these two results, dating and fluid inclusions are mutually exclusive'. The
depth of the sample location from land surface is -260 m. If both sets of data were correct, this
would require that the temperature of 60 TC have been maintained at a shallow depth (250-300

' An argument can be made that one cannot be sure that the two samples, studied by USGS and by me, are
comparable. I do not think this is the case. Sampling location represents a low-angle open fracture (-4 cm wide and
-70 cm long), the floor of which is lined with a crust of calcite. In the field I did not observe any, difference in the
calcite appearance at different parts of the fracture. Both samples cover entire vertical cross-section of the crust

from contact with the tuff to the outer surface with euhedral cr'stal terminations. Therefore, I believe, the
comparison of these two samples is legitimate.
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m) from the surface of the mountain (bordered by topographic lows) over a time period of 7 Ma.
In turn, this would require geothermal gradient of -150-170 °C/km. also persistent through -7
Ma. This does not seem to be a geologically plausible scenario.
Additional fact, which makes this hypothetical scenario untenable, is the presence of
21ass in the Yucca Mountain tuffs. Such prolonged exposure to fluids with elevated temperatures
would have caused complete devitrification.
1.2 Apparent conflict between the U-Pb data and crystallographic/petrographic
observations
Crystallographic and petrographic observations, too, seem to be in conflict with the
reported ages (or, rather, with inferred long periods and steady rates of growth) of calcite
crystals.
a) Stratigraphically oldest parts of bladed crystals exhibit pronounced features of the
2
diffusional regime of growth. This means that the diffusion of ions of Ca ' and HCO 3 was

the slowest process, controlling the rate of crystal growth. Even the lowest coefficients of
diffusion possible in aqueous or colloidal solutions would not make the crystal with
characteristic size of 1 cm to grow continuously for several millions of years.
b) Calcite crusts from many different locations in the ESF contain relatively large (20 to 130
jim) gas-filled inclusions. If the rates of growth suggested by U-Pb dating (i.e., 1-4 mm/Ma)
were correct, the layer of calcite 100 ýtm thick, in which inclusion resides, would require 25
to 100 thousand years to form. From the standpoint of physics, it is inconceivable that a gas
bubble would exist thousands of years in aqueous fluid without being dissolved due to
diffusion.
1.3 Possible conflict between U-Pb and

234 Th-U

methods of dating

One of samples in which I studied fluid inclusions (station 112) was dated by means of
"T1'h-U method at McMaster University, Hamilton, Ontario, Canada at 169 (+13/-12) Ka. The

Memo: U-Pb dating -- by Yuri Dublyansky

4

sample, relatively large in size (4.6 g), was dissolved for analysis completely. Besides calcite,
sample contained opal and chalcedony. Relatively high concentration of uranium determined in
this sample (-1.5 ppm) suggests that this opal could have been partly dissolved2 .
Sample from the same location was dated by USGS using U-Pb method at 6.4 - 3.6
3.89 - 3.64 - 3.87 - 3.75 - 3.18 - 3.13 Ma (sample HD 1838; Neymark et al., 1998).
Preliminary memorandum report, which was made available to me by USGS (USGS,
1997) states that "Th-U ages appear to be systematically younger than U-Pb ages. Although this
discrepancy may be accounted for by several different reasons (e.g.. non-uniform growth
process, difference in sample sizes, etc.) discussed in the USGS report, the possibility that this
discrepancy reflects some fundamental feature cannot be presently ruled out.
2. Basics of the U-Pb method of dating
The `8 U decays to 206Pb and

5U

23

to 207Pb through chains of intermediate daughters. The

decay constants for the elements involved are known, therefore, it is theoretically possible to

calculate the time elapsed from the beginning of the decay reaction by comparing the amounts of
parent `U and "5 U with the amounts of their respective Pb daughters. The basic equation used
to make age determinations of rocks and minerals based on the decay of radioactive parent to
stable daughter is':
D = Do + N(et - 1),

"2We discussed possible causes of this discrepancy with Leonid Neymark on April 20. Erroneously young ages
could be measured if the some uranium has been selectively removed from opal during dissolution in the laboratory.
This may be a valid explanation provided two conditions are met: (a) only part of opal is dissolved, which is not
supported by lab technical report ("no insoluble residuum"); and (b) thorium-234 is not removed from opal. This

quest~on cannot be resolved on the basis of theoretical calculations. Repeat analyses must be performed on the same
sample to verify the result.
3Thir equation assumes that activities of all intermediate daughter isotopes in the decay chain are in secular
equilibrium. This is not true for samples younger than -50 Ma. To accounts for the absence of secular equilibrium, a
somewhat more complex set of equations should be used. Equation presented here, however, illustrates the principle
of the dating.
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in a system, D. is the number of daughters
where D is the total number of daughter atoms present
remaining in the system, X is the
present initially (at time t = 0), N is the number of parent atoms
quantities, while D, "... is a constant
decay constant, and t is time. Both D and N are measurable
datafor cogenetic samples of the same
whose value can be either assumed or calculatedfrom
to Do"
age ... It must be possible to assign a reliable value

(Faure. 1986, p. 40-41).

minerals is critically
Therefore, the reliability of the U-Pb ages of the Yucca Mountain
the initial amount of radiogenic :Pb
dependent on the reliability of the assumption regarding
2
and "Pb

trapped at the time of mineral formation.

3. No initial lead?
indication on how thus
The USGS preliminary report gives a somewhat confusing
from the text that it has been assumed
problem was dealt with. On one hand, it might be inferred
2
were negligible. The assumption
2
that the contents of 'Pb and 'Pb trapped in studied minerals
aqueous solutions is low, and
is based on two postulates: (a) the solubility of lead in oxidizing
be a justifiable assumption for ground
(2) its residence time in ground water is short. This might
(e.g., films of water percolating through
waters whose highly oxidized character is beyond doubt
for hot waters that welled up
aerated vadose zone). However, this may not be a valid assumption
therefore, requires assumption
from significant depth. The "no initial lead" assumption,
regarding the "per descensum" origin of studied minerals.
in the Yucca Mountain
Available data, which demonstrate the extent of lead migration
subsurface are given in the appendix to this memo.
4. Common lead correction
was applied. The term
On another hand, report says that the common lead correction
U/Pb (and/or Th/Pb) ratios such that no
common lead refers to the lead from the phase with low
the phase formed. The common lead
significant radiogenic lead has been produced in situ since
sample.
correction is used to account for the initial lead in the
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The USGS report acknowledges that common lead correction is particularly crucial for
young samples with low concentrations of radiogenic Pb. It does not, however, provide the
rationale for the chosen approach of calculating the common lead correction. The correction
applied by USGS was based on the averaged data from 7 samples of Yucca Mountain filtered
ground waters and 22 subsurface calcites with low U/Pb ratios (source of data is identified as
Zartman and Kwak, written communication, 1993). The values used for correction were
211pb/2
-4pb

= 18.83±-0.82 and 2"Pb/ 2 04Pb = 15.62±0.09.

This approach does look questionable. Firstly, it compares isotopic compositions of opals
with apparently old ages (up to 7-9 Ma, according to the USGS report) with compositions of
modem ground waters. The use of modem ground waters may only be justified by assuming that:
(a) opals at Yucca Mountain were deposited from waters genetically identical to modem ground
waters, and (b) isotopic composition of these ground waters did not change over a period of -9
Ma. First assumption is not necessarily valid (and it is definitely not valid if studied minerals are
shown to be hydrothermal); the second assumption does not look scientifically defensible for
both, hydrothermal and pedogenic, competing models.
Secondly, the used approach for calculating the common lead correction compares
isotopic compositions of silicate minerals with those of the carbonate minerals with low U/Pb
ratios. Temporal and spatial relationships between these minerals are not known, so, there is no
justification for using them as a reference standard.
Meanwhile, the data on three calcite samples co-existing (and, probably, co-precipitated)
with opal, are provided in the USGS report. All three samples have low U/Pb ratios (0.8, 0.8, and
3.13). However, the

206pb/ 204Pb

ratios in these samples are 1,171.2, 155.56, and 1,751.0 (sic!).

Compare with 18.83 used for correction.
These extremely high

216Pb/ 2C4Pb

ratios are very interesting. The USGS states that lead

2
isotopic compositions in calcite are enriched in uranogenic 16Pb beyond the amount that can be

attributed to the in situ decay of U. The report interprets this feature as indication of co-
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half-life of "26Ra is only 1.599 years, which
precipitation of 226Ra during the calcite growth. The
therefore, cannot be tested. Plus,
means all Ra will decay after - 16,000 years. The hypothesis,
of such large amounts of Ra?
important question remains unanswered: What could be the source
of the latter is 4.51
Both 226Ra and 2"Pb are products of the decay of "U. The half-life
226Ra andlor 2•Pb large quantities
billion years. Therefore, in order to obtain high enrichment in
of U in calcite, nor time
of "U and significant time are required. Neither concentrations
to produce a thousand-fold
available for in-situ decay (maximum. -12-13 Ma) are sufficient
of the rciiogenic Pb must be
enrichment in 2'Pb observed in calcite. Thus, significant input
inferred.
some 2 orders of
If radiogenic lead was introduced into the system in the amounts
correction, the ages based on this
magnitude larger than was accounted for by used common lead
correction may not be correct.
5. Issues to be addressed
5.1 Bounding calculations
dating need to be
Careful evaluation and computation of the sensitivity of the U-Pb
performed.
colloids
5.2 Element and isotope fractionation in a system containing
formed from colloidal
Textural observations indicate that at Yucca Mountain opal was
of simultaneous growth of opal
solution. Observations in thin sections reveal multiple examples
fluid was heterogeneous and
and calcite. It may be inferred, therefore, that the mineral forming
consisted of an ionic solution and silica gel.
contain one to three
It is known from the results published by USGS that opal typically
more Pb. There is, therefore, quite
orders of magnitude more U than calcite, and calcite contains
elements that are used for
large partitioning of elements in the system - of those particular
to be evaluated.
dating. Possible implications of this partitioning on dating need
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5.3. Search for the methods of dating, which do not employ U and Pb isotope
systematics
Geochemical properties of the Yucca Mountain secondary minerals (complex interaction
of ionic and colloidal solution; "scavenging" of U by opal, possible contamination of the fluid
with radiogenic Pb, etc.) seem to be virtually prohibitive with regards to the application of dating
methods which use U and Pb systematics. Therefore, we need to begin thinking about methods
of dating that do not employ this systematics.
Summary
1. New data obtained in the course of mineralogical and fluid inclusion studies of the
Yucca Mountain secondary minerals seem to be in conflict with old ages, long
periods of deposition and inferred low rates of crystal growth obtained through U-Pb
dating.
2. It is possible, therefore, that U-Pb ages obtained on the Yucca Mountain samples may
prove to be non-reliable, or that it won't be possible to demonstrate the reliability of
the data.
3. 1believe that thorough evaluation of the U-Pb method, as applied to young Yucca
Mountain samples, used assumptions, and interpretations is warranted.
4. We must to be ready to the situation that it won't be possible to overcome the
problems with U-Pb dating. Therefore, I believe we need to begin searching for the
dating methods, which do not employ U and Pb systematics.

Finally I want to emphasize that the U-Pb dating of geologically young minerals is
clearly not an out-of-shelf technology. Presently, the UNLV-DOE project does not have an
expert on the U-Pb dating on board. It is my assessment that any dating method which could
potentially be used on the Yucca Mountain samples, will require significant amount of work and
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time. In view of that, I recommend that preliminary work on the dating should begin earlier than
it is scheduled by project's outline and proceed parallel with the petrographic/fluid inclusion
studies.

Yuri Dublyansky

June 13, 1999
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Appendix: Migrationof lead at Yucca Mountain
A. 1 Lead in rocks at Yucca Mountain
A.LI Lead in bedrock tufts and mosaic breccias
breccias (tuff clasts
The data on the contents of lead in bedrock tuffs and epi genetic mosaic
cemented by silica and calcite) are given in Tables I and 2.
Table 1
eastern slope of Yucca Mountain
Lead in bedrock tufts and mosaic breccias at Trench 14, Bow Ridge Fault.
(data from Castor et aL. 1989 (tuffs) and Larson et aL, 1988)
Rock
Bedrock tuffs (mean)
Mosaic breccia at Trench 14 -

North wall
North wall
South wall

Pb, ppmi
0.25
7.75 1
154.00
5.30 1
Table 2

Mountain
Lead in bedrock tuffs, mosaic breecias, and micritic calcite-silica veins at Yucca
1990)
al.,
et
Weiss
(data from
Sample ID
3SW1 _5
3SW329

Location
Trench 14,
North wall
Trench 14,

Analyzed material,
Fractured Tiva Canyon Member tuff with weak silicification.
Siliceous carbonate vein filling.

Pb, ppm
154.0;
15.0
16.4

South wall
10.7

Trench 14,
South wall

Silicified breccia of Tiva Canyon Member tuff between
calcareous veins.
Siliceous margin of 1-2 cm thick white calcareous vein. Buff to
light-brown silica-replaced fragments of Tiva Canyon Member

3SW335

Trench 14,

Silicified breccia of Tiva Canyon Member tuff -2 m east of

46.6

3LT029

'North wall.
Trench 14,

-thick white calcareous ve .in.
rSilicified brre-ccia of Tiva Canyon Member tuff -2 mmeeast oof

3SW433(*)

1South wail.
East side of

3SW331
9

3SW333

Trench 14,
South wall

14.8

S~tuff.

thick white calcareous vein.
Dense lithophysal Tiva Canyon Member tuff.

778.66
3.27-.3-419;
2.93

Exile Hill

3SW435(*)

The same

The same

4.02; 4.02;
4.31

3SW437(*)

The same

The same

3,68; 3.60;
3.44

graphically equivalent to altered
Note: (*) last three samples represent supposedly unaltered tuffs, strati
tuffs exposed in Trench 14.
calcite-opal veins
Tables I and 2 demonstrate that mosaic breccias, silicified tuffs and micritic
enrichment relative to the
associated with the Bow Ridge fault zone reveal at least one order of magnitude

ItI
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stratigraphically equivalent bedrock tuff4. Even apparently unaltered tuffs contain lead in the amounts of
several ppm. Typical isotopic composition of lead in unaltered volcanic rocks at Yucca Mountain was
2
2
20
2
04Pb = 38.70-39.15.
reported by Zartman and Kwak (1993) to be 6Pb/ 4Pb = 18.11-18.24 and 'Pb/
A.1.2 Lead in Paleozoic Limestone
Paleozoic carbonate rocks underlying the Yucca Mountain tuffs and cropping out as
tectonic blocks east and west of Yucca Mountain are considered to be a major hypothetical
source of the carbonaceous secondary minerals, both under "pedogenic" and "hypogene"
scenarios. Contents of U, Th, and Pb measured in carbonate rocks are presented in Table 3 along
with the isotopic characteristics of Pb.
Table 3
Uranium, thorium and lead in Paleozoic carbonate rocks from the Yucca Mountain area
(from Zartman and Kwack, 1993)
Sample
ID

HD-218

HD-522

HD-541

Sample
description

Dolomitic marble,
west end of Black
Marbe.Hill
(whole rock)
Leachate - 52 %
Residue - 48 %
Dolomite,

2OPb/ 2°4Pb

2

°Pb/!04Pb

Pb,

0.52

0.14

0.42

22.42

15.95

139.25

0.53

0.15

0.46

22.23

15.94

39.23
39.28
38.85

0.50
0.44

Tarantula Canyon,
Bare Mountain
(whole rock)
7
Leachate - 59 % i 0.21
0.76
Residue - 41 %
Marble, mouth of 5.88
Carrara Canyon,
Bare Mountain
(whole rock)
0.76
Ieachate - 81 %
Residue - 19 %

•Pb/ 2•Pb

2

Th,
ppm

U,
ppm

27.7

__ppm____

0.12
0.15

0.38
0.70

22.60
23.30

15,96
15.91

0.049
0.29
3.27

0.66
0.75
37.60

24.42
24.42
19.21

15.84
16.00
15.74

38.70
39.05
38.67

1.41

35.10

15.74

38.64

11.20

48.5

19.20
19.26

15.76

38.75

4

"There is room for potential controversy here. During my conversations with Leonid Neymark on April 22, 1 asked
him what is know regarding the contents of lead in bedrock tuffs and breccias at Trench 14. He answered that he
studied samples from Trench 14 and that he has found samples of breccias to be depleted in lead relative to the
bedrock tuffs.
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Table 3 (continued)

ID
i HD546-

2

2

' 6Pb/21 4Pb

20

ppm
0.73

23.76

16.01

39.00

0.041

0.48

21.77

15.89

38.82

1.19

0.14

0.89

24.42

16.05

39.06

Limestone,
northern part of
Stnpped Hills

1.67

1.23

3.10

25.34

16.01

38.88

Leachate-71 %

0.72

0.17

0.65

24.23

15.86

38.69

Residue - 29 %

3.99

3.84

9.11

25.53

16.04

38.91

Limestone, westcentral Stripped

0.46

0.15

0126

29.06

15.86

37.90

0.36

0.10

0.11

36.32

16.72

39.81

0.72

0.26

0.62

25.90

15.49

37.07

Th,

Pb,

PPML
0.10

1.37

Residue - 62 %

Sape
Sml
description
Dolomite, western

1
ppm
1.26

i

'Pb/2"Pb

Pbfl04Pb

outlier of Stripped

1B

Hills (whole rock)
Leachate - 381%
HD-549

HD-557

Hills (whole rock)
Leachate - 71%
Residue - 29 %

i

Note: Leachate and residue fractions are the dissolved and residue portions of the sample after reacting in 0.8N
CHCOOH for 2 hours. Whole rock values are calculated as weighted sums of leachate and residue fractions.

Table 3 demonstrates that carbonate rocks contain comparable amounts of uranium and lead
(U/Pb = I to 0.3). There is a trend of enrichment in lead relative to uranium (UiPb = 0.02) in altered

carbonates. Unaltered rocks are substantially enriched in uranogenic lead whereas hydrothermally altered
zones contain more thorogenic lead. In all samples, most of lead is radiogenic.
A.1-3 Lead in eolian dust

Eolian dust is viewed as a major source of dissolved calcium carbonate in a hypothetical rain
water responsible for deposition of calcite in the Yucca Mountain subsurface within the pedogenic model.
Table 4 presents the data on U, Th and Pb contents in dust.
It may be inferred from the data shown in Table 4 that: (a) the dust and its carbonaceous fraction
contain substantial amounts (ppm's) of U, Th, and Pb; (b) the content of Pb is significantly (1-2 orders of
magnitude) higher than that of U (U/Pb = 0.19 and 0.036)- and (c) most of Pb in samples is radiogenic.

.

.................
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Table 4
Uranium, thorium and lead in eolian dust from the Yucca Mountain area
(from Zartman and Kwack, 1993)

3.22

Leachate - 3 %

2.05

7.42

Residue - 97 %

3.26

2.04

24.9

Eolian dust.
millsite

219

0.86

Sample

U,

ID

description

ppm

1 Eolian dust,
vesicular A soil
horizon, Crater

HD204-01

Pb,

Th,
M
ppm
2.22

Sample

i'Pb/OPb

z'Pb/"Pb

°Pb/•'Pb

ppm

24.2

18.79

15.64

39.13

106

18.83

1565

39.00

18.74

15.64

39.13

25.1

18.59

15.62

38.56

Flat (whole rock)

HD223-01

foundation,
C~arr~ara (whole
rock)
38.24
15.61
18.50
1 226
1.55
0.82
Leachate - 9 %
38.59
15.62
18.60
25.4
0.79
2.33
Residue - 91 %
after reacting in 0.8N
Note: Leachate and residue fractions are the dissolved and residue portions of the sample
CH 3COOH for 2 hours. Whole rock values are calculated as weighted sums of leachate and residue fractions.
A.1.4. Lead in carbonate fraction of the near-surface micritic veins and "calcretes"

Zartman and Kwak (1993) state that:
"Paleozoic and Late Proterozoicmarine carbonaterocks (limestones, dolomites. and their
metamorphic equivalents) cropping out in the vicinity of Yucca Mountain contain lead with an
isotopic composition strongly suggesting them to be the major source of the lead observed at
(p.
Trench 14 in the carbonate phase of carbonate-silicaveins and nearby caicrete deposits"
1953).
Lead in carbonate fraction of these deposits (removed by dissolution in 0.1 N CH 3COOH) reveals
2
2°4Pb = 18.11-20.21 and 2 8Pb/l2NPb
"significantly more uranogeniclead in most of the calcite ('°•Pb/
rocks
38.60-39.34)" (Zartman and Kwak, 1993), as opposed to isotopic composition of volcanic
2
2
('Pb/21 Pb = 18.11-18.24 and 0Pb/ °4Pb = 38.70-39.15)
A.I.5. Summary: Lead in rocks at Yucca Mountain

Information pertinent to the subject of this memo may be summarized as follows:
a). Rocks and materials which are considered to be the most probable source(s) of secondary
through which the
minerals at Yucca Mountain (Paleozoic carbonate rocks, eolian dust), as well as rocks,
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fluids responsible for secondary mineral deposition migrated. contain significant amounts of Pb (from n
to n* 10' ppm);
b). The content of Pb in these rocks is comparable with or higher than the content of U; and
c). Pb in carbonate rocks and eolian dust has predominantly racdiogenic origin.
A.2 Lead in waters at Yucca Mountain
A.2.1 Lead in waters from wells
Since the solubility of lead in low-temperature waters is often assumed to be low, it is worthwhile
to assess the actual amounts of lead determined in waters from the bedrock tuffs. Data in Table 5
represent waters from two wells drilled at Yucca Mountain. The waters represent so-called Tertiary
aquifer in volcanic tuffs. As of now, there is no data available on waters from carbonate semi-confined
aquifer in Paleozoic rocks.

Table 5

Uranium. thorium, and lead in waters from wells (saturated zone) at Yucca Mountain
(data from Smith, 1991)

Sample (well)

Pb, ppb

Th, ppb

U, ppb

J-12

0.550.13

10.0001±oo
.00003

0.2o0.06

J-13

0.4_-0.14

0.0004±-0.0002

03±0.1

0125±0.28

0.003

0.082_+0.106

,SLRS-1 ()

Note: (*) - Riverine Water Reference Material for Trace Metals (Natural Resources
Council, Canada)
As it is apparent from Table 5, the ambient-temperature well waters from Yucca Mountain
contain comparable amounts of uranium and lead (U/Pb = 2.75 and 1.33).
A.2.2 Lead in pore waters
Pore waters in the unsaturated-zone tuffs at Yucca Mountain may represent relics of waters that
moved through the mountain in the past. Results of the two analyses of pore waters are presented in Table
6.
Table 6
Uranium and lead in pore waters from the unsaturated zone at Yucca Mountain
(data from Smith, 1991)

Sample ID

U, ppb

Pb, ppb

6110926
6110923

0,45-006
0.13±0.03

0.25---.1
1.7--0.3

Note: Samples of the interstitial fluid were obtained by high-speed centrifugation.
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Water in one sample contains comparable amounts of lead and uranium (U/Pb = 1.8); another
sample is enriched in lead by an order of magnitude (U/Pb = 0.1)
A.2.3. Summary: Lead in waters
should
Although the number of data on chemical composition of waters is limited, two features

be noted:
of lead than rocks
a). Waters generally contain some three orders of magnitude smaller amounts
(ppb's); and
b). The ratio U/Pb in waters is similar to that in rocks.
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Memorandum

U-Pb dating of opals from Yucca Mountain
To: Participants of the UNLV - DOE "Fluid inclusions" project
Prepared by: Leonid Neymark
EXECUTIVE SUMMARY
U-Pb
This document replies to Yuri Dublyansky's memorandum entitled "Reliability of the
quarterly UNLV
dating of opals from the Yucca Mountain subsurface", which he distributed at the last
USGS U-Pb dating
"Fluid Inclusions" meeting (June 14-17, 1999). Dublyansky strongly criticized the
between U-Pb
of opal in ESF fracture and cavity coatings on the basis of an apparent discrepancy
2 0
age data). He
ages and results of other studies (fluid inclusions, crystallographic data, and 3 Th/U
correction
stated that the U-Pb ages are suspect because of an incorrect procedure for common-lead
of the U-Pb
that was applied by the USGS for the age calculations. He also questions the applicability
the main
dating techniques to systems where severe fractionation of uranium and lead occurs. As
in
conclusion from these concerns, Dublyansky recommends to abandon the U-Pb dating technique
the future DOE-UNLV "Fluid Inclusions" project. We strongly disagree with this recommendation,
because the concerns expressed in Dublyansky's document are groundless.
First, we fail to see any conflict between Dublyansky's fluid inclusion data and the U-Pb ages
lateral
because the respective studies have not been conducted on the same specimens. Because of the
variability in the coatings, we consider it to be premature to derive any conclusions from the fluid
the
inclusion data concerning the thermal history and source of fluids before dating is conducted on
23 0
same samples. Second, there is no conflict between the U-Pb and Th!U dating results when the data
are obtained from the same samples. As a rule, young U-series ages were obtained for outermost
mineral surfaces, and older U-Pb ages are typical for deeper layers in the same samples. There are no
obvious contradictions between the USGS U-Pb dating results and other well-documented data sets for
Yucca Mountain fracture- and cavity-coating minerals (U-series ages) or rock formation ages (Sawyer
et al., 1994). Moreover, U-Pb dating results are in agreement with internal microstratigraphic
observations and other isotope data (0, C, Sr) obtained for the ESF calcites.
The common-lead correction that Dublyansky considers a problem is not relevant to the
USGS U-Pb age results, because all the USGS conclusions were based on the ages calculated from the
2

1

2

7

Pb/ 235U ratios, while the criticism in Dublyansky's memorandum concerns the ages based upon

°6Pb/ 238U ratios. Indeed, some low-U ESF calcites contain elevated abundances of

206

Pb, but these

I
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same calcites do not have any excess
Pb inconsequential for the

207

2

'7Pb thus making the potential presence of initial radiogenic

3

Pb/'2U ages.

Dublyansky's concern about extreme elemental partitioning during the opal formation
questions the basis of geochronology, because such partitioning is the main requirement for successful
dating. One of the basics of isotope geochronology is that the most precise ages in all techniques that
use parent - daughter isotope pairs can be obtained for materials initially maximally enriched in a
parent isotope and depleted in a daughter isotope. In fact, subsurface opals at Yucca Mountain
provide an excellent opportunity for U-series and U-Pb dating, because this condition is fully met in
a majority of the studied samples.
Finally, none of the points made in Yu. Dublyansky's memno are legitimate concerns about
the reliability of the previously obtained U-Pb results, and, therefore. there is no need for the DOE
UNLV "Fluid Inclusions" project to search for another dating method to constrain ages of fluid
inclusions with elevated temperatures. The U-Pb dating technique is one of the most reliable
geochronological tools in use, because it involves different parent-daughter isotope pairs and has
several internal criteria that check the reliability of the age results.
INTRODUCTION
USGS U-Pb dating results of opal in ESF fracture and cavity coatings presented in a
preliminary report (Paces et al., 1997) have been strongly criticized in Yuri Dublyansky's
memorandum "Reliability of the U-Pb dating of opals from the Yucca Mountain subsurface", which
he distributed at the last quarterly UNLV "Fluid Inclusions" meeting (June 14-17, 1999). Appendix E
of the USGS report on U-Pb dating of the ESF opals is attached to this memo. Reliable
geochronology is crucial for establishing a time framework to evaluate the thermal implications of
fluid inclusions in ESF calcite. However, Dublyansky recommends abandoning the U-Pb dating
technique in favor of some other unspecified dating method. The present memo will show that the
concerns about U-Pb dating expressed by Yu. Dublyansky are groundless. Dublyansky admitted (at the
June UNLV meeting) that he is not an expert in U-Th-Pb systematics, one of the most complex and
reliable geochronologic systems in use, which may explain a number of inaccuracies and erroneous
statements in his assessment. Dublyansky's concerns about U-Pb dating are considered hereafter on a
section by section basis from his memo.
1. Apparent conflict between U-Pb ages and results of other studies (fluid inclusions,
crystallographic/petrographicdata, and Th/U dating).
Dublyansky states that USGS U-Pb dating results for Yucca Mountain ESF opals are suspect
because they are in conflict with some other data and interpretations. His argument assumes, with no
proof, that all the data and interpretations except the U-Pb results are correct. His reasoning has a
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this
circularity that leads him to the desired conclusion. The major questions raised by Dublyansky in
section are discussed below.
1. Fluid inclusions. We fail to see any conflict between Dublyansky's fluid inclusion data and
At ESF
the U-Pb ages because the respective studies have not been conducted on the same specimens.
were sampled
station 2881 where Dublyansky collected his controversial sample, three different sites
from
by USGS. The dated sample was collected from a lithophysal cavity, whereas it appears
from a fracture
Dublyansky's description and photo that the fluid inclusion sample was collected
for more than
cavity. Because of the lateral variability in the coatings, samples cannot be correlated
premature to
a few centimeters and certainly not between cavities. Therefore, we consider it to be
and source of
derive any conclusions from the fluid inclusion data concerning the thermal history
fluids before dating is conducted on the same specimens.
2. Crystallographic/petrographic data.
a) Dublyansky states that "Stratigraphically oldest parts of bladed crystals exhibit pronounced
possible
features of the diffusional regime of growth... Even the lowest coefficients of diffusion
to
in aqueous or colloidal solutions would not make the crystal with characteristic size of I cm
grow continuously for several millions of years". Although it is not clear exactly what the
statement is
"diffusional regime of growth" means (no explanations or references are given), this
questionable. First, it assumes that source solutions were present at the sites of calcite deposition
continuously for millions of years, which is not true (for example, these sites are dry now).
bladed
Second, it says that the "diffusional regime" of growth was typical only for oldest parts of
crystals, but then goes on to assume these conditions for the whole history of the mineral growth
by saying that it couldn't last for millions of years to form 1-cm-sized crystals.
b) The presence of relatively large gas-filled inclusions (assuming they are primary) may contradict
the concept of slow rates of calcite deposition, but it is pointless to discuss this issue until
combined fluid inclusion and dating results become available. The USGS interpretations of slow
growth of coatings in the deep UZ at Yucca Mountain are based on 37 opal ages calculated from
2 07

Pb/ 235U ratios determined for 7 individual calcite/opal coatings collected in the main drift of

the ESF. All these data are presented in Fig. 1, where age is plotted against the relative depth of
the sampled opal layer (distance of the layer from the surface of the coating / total thickness of
the coating). This normalization of the sample position to relative depth allows ages for
2
different samples to be plotted on the same graph. The good linear correlation of the data (R =
0.77) agrees with previous USGS concepts of slow long-term average growth rates of the
coatings. Calculations of slopes for individual coatings give long-term average depositional rates
from 1.3 ± 0.4 to 3.9 ± 0.3 mm/m.y. (uncertainties are at the 95 percent confidence level).
These slow long-term average rates of calcite deposition in the deep UZ (not applicable for the

3
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occurrences in the Tiva Canyon Tuff) are based on U-Pb dating of opal intercalated with calcite
in the age range of 10 to •-0 Ma (Fig. 1). No predictions were made about the rates of deposition
in the parts of coatings older than 10 Ma because of the absence of isotopic ages.
3, Comparison between U-Pb and

234

Th-U methods of dating'. Dublyansky asserts there is a

conflict between ages from U-Pb and 2'34Th-U methods based on a single 230Th-U dating result of 169
(-13/-12) ka obtained at McMaster University, Hamilton, Ontario. His dated calcite (-5 gram) was
sampled approximately at the same site as USGS sample HD1838 (ESF station 111.55 meters), which
had U-Pb ages of 6.4 to 3.1 Ma. The following comments address this apparent conflict.
a) The data were obtained on different samples and, therefore, any comparison must be
made with caution. Also, the spatial resolution of sampling is very different (multi-gram
bulk calcite sample in Dublyansky's case and mg-sized samples from individual opal layers
of different relative age for USGS data).
b) Analytical details of the McMaster analysis never were sufficiently described by
Dublyansky, therefore this age may not be reliable.
c)

In bulk (multigram) samples of intermixed opal and calcite, problems can arise as a result
of incomplete digestion of adherent opal (USGS sample HD1838 from this locality
predominantly consisted of opal with lesser calcite). Our laboratory acid leaching
experiments of opal + calcite mixtures demonstrated severe U-Th fractionation that
resulted in erroneously young ages in "calcites" dissolved by acid leaching (Neymark and
Paces, 1999).

d) Hundreds of USGS U-series ages, which in general agree with youngest U-Pb ages
considering slow growth of opal, were ignored.
Although in outermost (youngest) opals from the ESF systematic discordance between U
series and U-Pb ages was observed, for most cases it was logically explained by the slow growth of
these minerals and it was shown that U-Pb ages give more accurate estimates for the average ages of
composite multi-age samples (Neymark et al., submitted to GCA). In addition, the majority of opal
samples from deep stratigraphic positions within individual coatings are in secular radioactive
equilibrium (234U/ 238U and 230Th/ 238U activity ratios are unity within error limits), which proves their
ages are older than - 500 ka.
There are no obvious contradictions between the USGS U-Pb dating results and other well
documented data sets for Yucca Mountain fracture- and cavity-coating minerals (U-series ages) or
rock formation ages (Sawyer et al., 1994). Moreover, U-Pb dating results are in agreement with
Obviously, Dublyansky must have meant 2 °Th-U method here, because 234Th has a half-life of only about 24 days.
and therefore, cannot be used for dating in a thousand- to hundred-thousand year age range ("1 4Th" also was used
several other times in the Dublyansky memo)
4
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internal microstratigraphic observations and systematic variations in 0, C, and Sr isotopes obtained
for the ESF calcites.
2. Basics of the U-Pb method of dating
Referencing Faure (1986), this section of Dublyansky's memo describes the basics of U-Pb
minerals is
dating and correctly states that "the reliabilily of the U-Pb ages of the Yucca Mountain
radiogenic
critically dependent on the reliabilily of the assumption regarding the initial amount of
Pb trapped at the time of mineral formation". Nonetheless, clarifications of some
207
2
inaccuracies in this discussion are in order. Natural Pb consists of four isotopes, of which -'6Pb, Pb,
of 138U, 23SU,
and 2"-Pbare radiogenic., that is they are final daughter products of radioactive decay
20
radioactive
and 23 2Th, respectively (Fig. 2). One more natural lead isotope ( 'Pb) does not have a
in
parent and its abundance in a dated mineral is used to make a correction for the Pb initiallypresent
2 04
the ESF
a mineral at the time of formation. Measured low abundances of Pb in the majority of
opals are good indicators of small amounts of initially present common Pb that was incorporated

20

"Pb and

207

into the minerals during their precipitation from water.
2 4
2 8
Radioactive disequilibrium in the 3 U decay chain (elevated amounts of the long-lived 3 U
23
initially
daughter isotope, which has identical hydrochemical properties with its parent MU and is
present in opal) was observed in previous USGS studies (Paces et al., 1997, 1998; Neymark and
Paces, 1999) for samples of opal younger than IMa. Because of that reliable U-Pb ages based on
206
Pb/238 U ratios could not be calculated (see Appendix 1). Therefore, all USGS interpretations of the
3
2 07
long-term history of ESF coatings were based upon U-Pb ages calculated from the Pb/ 2U ratio,
which is much less affected by radioactive disequilibrium because no long-lived daughter uranium

isotope is present in the

235

U decay chain (Fig. 2).

3. No Initial lead?
20
2
Dublyansky states that the USGS report assumed negligible initial amounts of 06Pb and 'Pb
in its age calculations "based on two postulates: (a) the solubility of lead in oxidizing aqueous
solutions is low, and (2) its residence time in ground water is short... The "no initial lead"
assumption, therefore, requires assumption regarding the "per descensum" origin of studied minerals."

This statement is not correct and misrepresents information from the USGS report. An absence of
initial radiogenic lead in the ESF opals was not assumed, but was derived from the isotope data
(radiogenic Pb in opals is supported by measured uranium contents). Further, age calculations are
independent of models of water percolation and are strictly based upon measured isotope abundances
and assumed closed behavior of the mineral system after formation. This section of the Dublyansky
memo misrepresented concepts from the USGS work he criticized, and then tried to prove these
misrepresented concepts wrong.
5
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4. Common lead correction
Dublyansky's memo contains two main criticisms about how the common Pb correction was
applied in the USGS report. It questions I) the validity of comparing the Pb isotopic compositions in
opals "with apparently old ages (up to 7-9 Ma, according to the USGS report) with compositions of
modern ground waters"; and 2) not using the Pb isotopic compositions of coexisting calcites for the
common Pb correction.
The first point is irrelevant for U-Pb dating because changes in

2 06

Pbi 2`)"Pb and in 2°Pb/204 Ib

ratios in major Earth reservoirs were extremely small during the last 100 Ma (Fig. 3, Doe and
Zartman, 1979) and the 10-Ma interval is only a small dot on these evolution curves (Fig. 3).
Considerable changes in initial Pb isotope compositions of calcite (in u°;Pb,- 4Pb in particular) would
only happen if waters precipitating calcite at different times were equilibrated with dramatieally
different lithospheric domains.
The old U-Pb ages here are an internal conflict in Dublyansky's arguments. Before they
contradicted with the "diffusional mechanism" of mineral growth, but here they are assumed to be
true to question the common Pb correction using Pb in modem waters.
The second point (correction for Pb from coexisting calcite) is irrelevant to the U-Pb dating
conflict, because only

20

'Pb/ 235U ages were used in the USGS report. The
20

20

1Pb/

2 5

3 U age calculations

2 4

require a common-Pb correction for the °Pb/ 1Pb ratio. This ratio in modem Yucca Mountain
waters is identical within error limits to isotopic ratios in low-U calcites (including ones with elevated
2

"6Pb/ 204Pb ratios, Fig. 4). The "radiogenic" Pb isotope signature of calcite discussed in the

Dublyansky memo may correspond to elevated
opals have measured

2 06

Pb contents, but not to 20
•Pb. Besides, most ESF

2 07

Pb/ 2 4Pb ratios much larger than the values used for the common Pb

correction (Fig. 5), which makes this point of the Dublyansky memo inconsequential for the
accuracy of USGS age determinations. Further, corrections proposed by Dublyansky for Pb isotopic
composition of coexisting calcite in some cases would result in negative calculated 206Pb- 238U
apparent ages.
Dublyansky in his memo correctly points to an interesting observation made in the USGS
report that some of the ESF calcites associated with opal contain excess 2""Pb unsupported by in situ
238
U decay. The origin of this excess radiogenic 216Pb in some Yucca Mountain subsurface calcites
currently is not fully understood. Although this problem is not relevant to the age determinations, it
would be interesting to collect more Pb-isotope data on the ESF calcites. These data would help to
constrain potential hypotheses of the origin of this excess
present in the samples, coprecipitation of

226

2 06

Pb (importance of adjacent opal

Ra during calcite deposition, or mineral formation under

elevated partial pressure of 222Rn), and better understand the mechanism of the mineral formation.
The discussion of the initial Ra hypotheses in Dublyansky's memo is irrelevant

to

20 7

Pb/ 23 5U

dating
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22 6
Ra
Ra is only 1,599 years... Therefore, in order to obtain high enrichment in
2
of U in
and!or 206 Pb large quantities of '3U and significant time are required. Neither concentrations
calcite, nor time available for in-situ decay (maximum, 12-13 Ma) are sufficient to produce a

("The half-life of

226

Pb observed in calcite. Thus, significant input of the radiogenic Pb
U and
must be inferred"). It also indicates that Dublyansky has not considered the hydrochemistry of
the
its daughters, or the concept of distribution coefficients of trace elements between water and
of
depositing solid phase. Co-precipitation of Ra with Ca may cause very significant enrichment
thousand-fold enrichment in

206

calcite with 226Ra.
5. Issues to be addressed
5.1 Bounding calculations
In his memo Dublyansky stated that "Careful evaluation and computation of the sensitivity
meant.
of the U-Pb dating need to be performed." It is not clear what kind of sensitivity analyses he
types of
but in the USGS report all the uncertainties in the measured isotope compositions and all
were
corrections applied (for mass-discrimination, blank and spike contributions, and common Pb)
carefully propagated through the age calculations using an algorithm by Ludwig (1987) and were
reflected in final 2ar errors assigned to the ages.
5.2 Element and isotope fractionation in a system containing colloids
Dublyansky stated in this section of the memo that there is "quite large partitioning of
elements in the system - of those particular elements that are used for dating. Possible implications
of this partitioning on dating need to be evaluated." It is not clear what kind of isotope fractionation
to
was meant in the title of this section, because it was not further discussed in the text. With regard
elemental partitioning, efficient elemental fractionation during the mineral-forming process is the
main requirement for successful dating. In isotope geochronology using parent - daughter isotope
pairs the most precise ages are obtained from materials that have the largest parent-to-daughter
element ratios. The large U/Th and UiPb ratios present in subsurface opals at Yucca Mountain are
what allows these minerals to be used for precise geochronological work.

5.3. Search for the methods of dating, which do not employ U and Pb isotope
systematics
In this section Dublyansky states that "geochemical properties of the Yucca Mountain
secondary minerals (complex interaction of ionic and colloidal solution; "scavenging" of U by opal,
possible contamination of the fluid with radiogenic Pb, etc.) seem to be virtually prohibitive with
7
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regards to the application of dating methods which use U and Pb systematics. Therefore, we need to
begin thinking about methods of dating that do not employ this systematics". As has been shown, the
initial presence of radiogenic Pb in Yucca Mountain opals is not an issue. Other processes invoked by
Dublyansky as causing problems for U-Pb dating may have occurred before the opal formation, but
are not relevant issues after solidification of opal as a closed isotopic system. The two real concerns
for the reliability of U-Pb dating of Yucca Mountain opals may be I) elevated concentrations of
common lead, either natural or introduced during sample handling, and 2) possible migration of U and
its daughter isotopes after the opal deposition. The first problem is easily identifiable and would
simply result in large errors of ages. The second problem is more difficult to address, but can be
handled by using the internal check criteria of the U-Pb dating method, considering variations in U
abundance (low concentrations as a result of U loss), reasonable values for calculated initial 2'U/ 23•U
activity ratios, and consistency of U-Pb ages with independent microstratigraphic and
geochronological (rock age) data.
Summary
I. There are no obvious contradictions between the USGS U-Pb dating results and other
well-documented data sets for Yucca Mountain fracture- and cavity-coating minerals (U
series ages) or rock formation ages (Sawyer et al.. 1994). Moreover, U-Pb dating results
are in agreement with internal microstratigraphic observations and other isotope data (0,
C, Sr) obtained for the ESF calcites.
2. All the concerns about the reliability of USGS U-Pb dating results expressed in
Dublyansky's memo were based on his misunderstanding of the USGS concepts, or of the
principles of the U-Th-Pb isotope systematics. None of the points in Dublyansky's
memo are serious concerns about the reliability of the previously obtained U-Pb results.
3. The thorough evaluation of the U-Pb method, as applied to young Yucca Mountain
samples, including assumptions and interpretations, will be accomplished through the
publication of the results in peer-reviewed scientific journals. The first paper has been
accepted by Chemical Geology, the second has been submitted to Geochimica et
Cosmochimica Acta, and the third one will be submitted to Applied Geochemistry.
Preliminary results of USGS work in collaboration with Royal Ontario Museum (ROM),
Toronto on creation of a series of opal standards for U-series and U-Pb dating will be
presented at the 9th annual Goldschmidt Conference in Boston, August 23, 1999.

8

Memo: U-Pb dating'- by Leonid Neymark

tools,
4. The U-Pb dating technique is currently one of the most reliable geochronological
decay, involves
because it is based on a well-established physical law of radioactive
criteria for the
different parent-daughter isotope pairs, and has several internal check
dating method
reliability of resulting ages. Using an additional independent and reliable
studies.
(if such a method can be found) is always highly desirable in geochronological
evolving technology, the
Although the U-Pb dating of geologically young minerals is an
almost 20 years
first promising results on U-Pb dating of Tertiary opals were published
allowed this challenging
ago (Ludwig et al., 1980). Usage of modem analytical techniques
Mountain opals by
task to be successfully accomplished for microsamples of Yucca
view that there is
collaborative effort of USGS and ROM. We do not share Dublyansky's
ones that have
a desperate need for finding alternative dating techniques, especially
demonstrated only marginal credibilit,.
Appendices to Dublyansky's memorandum
Mountain and its
The data on U and Pb abundances in waters and rocks at Yucca
geochemical interest, but
vicinity presented in the appendices to the YD memo are of some
from the isotope
are irrelevant to the U-Pb dating efforts. Again, the ages are calculated
hydrochemistry of
abundances of U and Pb measured in opals, and do not depend on the
of U and Pb were
these elements. The potential differences in hydrochemical properties
geochronometer that was
considered only as a promising factor for choosing opal as a U-Pb
confirmed by the experimental data presented in the USGS report.
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Appendix 1: Equations for U-Pb Age Calculations
Uranium-lead ages can be calculated from

206

Pb*/238U and

207

Pb*/Ž..U ratios using the following conventional

equations (Faure. 1986):

(Al)

C
-° b*

Pb ),"'

207
35
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235-
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235 u
where t is age of formation,
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(

k 23i
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ek238[

u

and X238 are decay constants of 23SU and

230

U correspondingly, and

2

0'Pb*

and 107Pb*

are radiogenic Pb isotope abundances (measured values corrected for the procedural blank and for the common Pb
initially present).
Equations A I and A2 are accurate only for the case of initial secular radioactive equilibrium in uranium
radioactive decay chains, that is, they assume that activities of all radioactive intermediate daughter isotopes were
equal to the activity of their parent isotope at the moment of formation of the analyzed rock or mineral. Using
equations that take into account initial radioactive disequilibria of the uranium daughters is highly desirable in
solving problems of dating very young minerals. The more general form of the apparent age equations for a closed
system older than 1,000 years is given by the following equations (Ludwig, 1977; Catchen , 1984; Wendt and Carl.
1985), which consider only daughters with half-lives longer than I year:
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U, "3Th, " Ra, and 21 °Pb), t

ae

n

age; and

( 234U/ -•U)Ao is the initial activity ratio of 234U/238U. Bi, Ci, and Di are the Bateman's coefficients (Bateman, 1910) for

a chain of multiple successive decays. Because (234•UI23 U),4 varies widely in the Yucca Mountain opals (for
youngest opals this ratio ranges from 2 to -10), 2"Pb*/2'/Uages for these materials can not be determined
reliably and were not used by USGS for dating of opal from deeper stratigraphic positions within
individual coatings.
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FIGURE CAPTIONS.
Fig. 1. Graph showing

1P7Pb/2-l>t

ages of opal and chalcedony layers versus their relative depths within

individual coatings. Samples are from the main drift of the ESF. The relative depth equal to
zero corresponds to the surface of a coating. Errors are shown at 95% confidence level,
Fig. 2. Radioactive decay chains for 23SU,

U, and 232Th.

235

Fig. 3. Lead isotope evolution curves for four major Earth reservoirs (Doe, Zartman, 1979).
Fig. 4.

Pb/ 204 Pb ratios in ESF and drill-core calcites and spring and well waters in vicitity of Yucca

207

Mountain.
Fig. 5. Plot showing measured

20

'Pb/204Pb ratios in the ESF opals versus a value of this ratio

(horizontal line) used for the common-lead correction.
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