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MEMORANDUM FOR: John J. Linehan, Acting Director
Repository Licensing Project Directorate, HLWM

FROM: Ronald L. Ballard, Chief
Geosciences & System Performance Branch, HLWM

SUBJECT: YUCCA MOUNTAIN HYDROGENIC DEPOSITS: CHRONOLOGY OF
ACTIVITIES, 1982-1988, WITH REFERENCES, MEMORANDUM BY
C. ABRAMS

The attached undated memorandum from C. Abrams to P. Justus (should have been
dated September 14, 1988) is a comprehensive summary of the activities and
interactions with DOE/State of Nevada that NRC has had regarding hydrogenic
deposits in the vicinity of Yucca Mountain, NV. This memorandum cites all of
the officially transmitted/documented information on the subject available to
the author. The memorandum does not contain technical data, analyses of data
or interpretations, discussions of correspondence, technical positions, or
policy statements.

I consider the memorandum to represent the complete record of NRC's activities
on the subject, to date, with a chronology and reference list. Thus, the
memorandum indicates to interested parties, the activities that have transpired
and have formed the basis for NRC staff's concepts, comments, judgments and
guidance on this subject.

As stated in the memorandum, its purpose is to establish a reference for
tracking the status of interactions, studies, and reviews of the calcite-silica
(hydrogenic) deposits at and near Yucca Mountain. Thus, in the absence of a
formal tracking system for matters pertaining to the high-level waste repository
program, the subject memorandum and future updates are intended to provide an
interim tracking system for activities associated with hydrogenic deposits.

I recommend that steps be taken to transmit the C. Abrams' memorandum to
interested parties, such as DOE, the State of Nevada and their contractors, for
comments on the accuracy of this record, in so far as they were co-participants
in the chronologued activities, and any references/information that would
enhance the record or our knowledge about the subject. This subject area is
suitable for informal technical discussions among DOE, State of Nevada, local
and tribal governments and NRC. Charlotte Abrams is available for further
information.

/S,
Ronald L. Ba lard, Chief
Geosciences & System Performance Branch, HLWM

Attachment:
As stated
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P. Justus

UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

4-H-3

MEMORANDUM FOR: Philip Justus, Section Leader
Geology/Geophysics Section

FROM: Charlotte Abrams, Geologist
Geology/Geophysics Section

SUBJECT: YUCCA MOUNTAIN HYDROGENIC DEPOSITS: CHRONOLOGY OF
ACTIVITIES, 1982-1988, WITH REFERENCES

PURPOSE OF THIS MEMORANDUM

The purpose of this memorandum is to generate a single-source tracking
reference for the status of interactions, studies, and reviews of the
calcite-silica (hydrogenic) deposits at and near Yucca Mountain. Contents
include a chronological facts sheet of all documented correspondence and
interactions pertaining to the calcite-silica deposits and their study;
documentation of NRC staff's involvement in meetings and field trips; and a
listing of references on the deposits known to the NRC.

INTRODUCTION

Hydrogenic deposits at and near the Yucca Mountain proposed HLW repository site
are currently under study by project investigators from the U.S. Geological
Survey and Los Alamos National Laboratory. Deposits of this type at the Yucca
Mountain site are composed predominantly of calcite and silica and are found as
veining in core, as fault filling exposed in sand ramps and trenches
cross-cutting faults, and as fault breccia cementation.

Probably the best known hydrogenic deposit at Yucca Mountain is located in
Trench 14. Trench 14 is located between the east slope of Yucca Mountain and
Exile Hill and cross-cuts the Bow Ridge fault. Calcite-silica veins, termed
hydrogenic deposits, exposed in Trench 14 and other areas of the Yucca Mountain
site are presently being studied to determine their origin and significance.
Possible origins are:

1) Pedogenic

2) Spring

3)

4)

5)

Hydrothermal

Seismic pumping

Multiple origins

- emplacement from descending water; a local, low
temperature phenomenon of dissolution and
reprecipitation of surface material.

- emplacement from below; low temperature, ascending water
from a perched or deep-seated source.

- emplacement from below; ascending higher temperature
water with probably a deep-seated origin.

- emplacement from below; ascending waters in response to
a seismic event.

- a combination of more than one of the above.

110.4



- 2 -

CHRONOLOGY

The south wall of a shallower precursor to the present Trench 14 was mapped in
May, 1982, by Swadley, Parrish, and Huckins. A diagram of that map appears in
USGS OFR 84-788 (Swadley and others, 1984). Carbonate and opal deposits
sampled from Trench 14 were dated by Uranium-series methods and yielded ages
ranging from 350,000 to 550,000 years (Swadley and others, 1984).

The possible implications of fault-related calcite-silica deposits in Trenches
14, 10b, and 8 were recognized by DOE staff and NRC staff members B. Rice and
J. Cutler on a geologic data review in September, 1984 (Rice and Cutler, 1984).
Trench 14 was subsequently deepened after the data review, but prior to July,
1985 (Prestholt, 1985a) and additional calcite-silica veining was exposed in
the deepened trench. As a result of the September, 1984, data review, NRC
Draft EA comments 2 and 6-88 (NRC, 1985) addressed the potential f6r
hydrothermal activity in the area of Yucca Mountain and suggested the
possibility that deposits associated with fault zones adjacent to Yucca
Mountain may result from hydrothermal activity.

Studies of soil and fault related mineralogy around Yucca Mountain were
initiated in late September, 1984 (Vaniman and others, 1984). On the basis of
results from preliminary isotope studies and examination of field relations,
mineralogy, and fluid inclusions, it was concluded that while none of the four
possible interpretations for origin of the fault related calcite-silica
deposits could be ruled out, data indicated an early episode of
high-temperature quartz growth (drusy quartz in tuff) either during cooling of
the tuff or by hot spring activity, and later emplacement, by causes not yet
resolved, of calcite, opal CT, amorphous silica, and sepiolite-palygorskite
deposits.

In May, 1985, the USGS (Downey, 1985) proposed a detailed study of the
calcite-silica deposits. This study and preliminary information pertinent to
the calcite-silica deposits was presented at a TPO meeting on June 26-27, 1985
(Prestholt, 1985b). The study was not specifically limited to the deposits in
Trench 14 and included all known secondary deposits of calcite and silica on or
near Yucca Mountain. Proposed investigators included personnel from the USGS
and LANL.

In a September, 1985, letter R. Loux, State of Nevada, urged that DOE
concentrate more fully on the possible high temperature fraction of the
calcite-silica deposits and their origin (Loux, 1985). The State further
stated that the overall approach proposed by the USGS and LANL appeared
adequate, but found fault with the scope and level of effort of the proposed
investigations.

Some preliminary isotopic results generated as part of the calcite-silica
investigation were transmitted to the DOE NNWSI Project office in July, 1985,
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(Vaniman and others, 1985). From this preliminary isotopic data Vaniman and
others concluded that deposits in Trench 14 were probably low temperature In
origin, but that older, drusy quartz that occurs in faults around Yucca
Mountain "might be a product of hot-spring activity."

On a visit to Yucca Mountain in September, 1985, NRC staff examined
calcite-silica deposits in the deepened and cleaned Trench 14 and observed
deposits in Trench 14a (Trapp, 1985). NRC staff also noted similar deposits in
Trench 8, located on the west side of Yucca Mountain. The site visit also
included discussions with J. Szymanski (WMPO) and G. Dixon (USGS) on the
potential problems posed by the presence of the calcite-silica deposits
(Prestholt, 1985c).

Szymanski (1985), in response to the Vaniman and others (1985) letter,
indicated that interpretation of calcite-silica deposits at Trench'14 and
Busted Butte as low temperature and pedogenic was premature and pointed out
that temperature of formation alone cannot be relied upon as the sole indicator
of origin of the deposits. In his memorandum Szymanski also referred to
deposits of calcite, silica, and sepiolite associated with the Solitario Canyon
and Windy Wash faults and compared those deposits with those found in Trench
14.

During the week of November 4, 1985, NRC staff members J. Bradbury, P.
Prestholt, and C. Abrams and NRC consultants L. McKague and C. Purcell (LLNL)
accompanied representatives of the USGS, DOE, LANL, SAIC, and States of Nevada
and New Mexico on a field workshop on calcite-silica deposits in southern
Nevada (Bradbury and Abrams, 1986; McKague and Purcell, 1985). The purpose of
the workshop was to 'familiarize everyone with the many forms of
calcite-silicate deposits found in southern Nevada in order to have a common
frame of reference in future discussions of the geology of Yucca Mountain."
Stops included spring and/or vein deposits in Death Valley, Ash Meadows,
Amargosa Desert, and near Glendale, Nevada. Deposits indicated that water
levels were once much higher in areas of southern Nevada.

A working group meeting on fault-related calcite-silica deposits near Yucca
Mountain was held February 28, 1986 (Blanchard, 1986a; McKague, 1986a). The
working group's purpose was "to assure that the field and laboratory
activities, both ongoing and planned' would address the Oregulatory/licensing
implications of the carbonate-silicate deposits.' Project investigators gave
presentations on what was known at that time about the deposits based on
preliminary laboratory tests and directly and indirectly related field studies.
Presenters were J. Szymanski and U. Clanton, WMPO; E. Taylor, J. Stuckless, and
J. Whitney, USGS; and D. Vaniman and S. Levy, LANL. Presentations were -
followed by discussion and questions. USGS presentations made a case for a
pedogenic origin, but the origin remained unresolved in light of the
preliminary nature of the evidence. Evidence presented to support.a pedogenic
origin included preliminary isotope data which could support a low temperature
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origin, inclusion of basaltic ash in the calcite-silica veins, the presence of
sepiolite and opal CT in the deposits, and lateral persistence of the
calcite-silica deposits. It was decided to review planned activities and
priorities, then schedule a follow-up working group meeting.

At the Rocky Mountain Section meeting of the Geological Society of America in
March, 1986, Taylor and Huckins (1986) presented preliminary information on the
"carbonate and opaline silica fault-filling" near Yucca Mountain. Those
investigators believe that the laminae within the fault-filling resulted from
"continuous reopening and refilling of the fault" and presented possible
evidence for a pedogenic solution including degree of crystallinity of the
carbonate, presence of basaltic ash, and oxygen isotope data.

The second working group meeting was held April 28, 1986 (Blanchard, 1986b;
McKague, 1986b; Abrams, 1986). The purpose of this meeting was to~decide on a
program of investigations for the hydrogenic deposits which could be presented
to an outside peer review. The aim of the investigative program was to have
investigations of scientific merit that would also be pertinent to the
regulatory guidelines in 10 CFR Part 60. Investigative plans and the status of
previous work were presented by J. Stuckless (USGS), E. Taylor (USGS), and D.
Vaniman (LANL). Proposed investigations included drilling or deepening Trench
14 to determine depth of calcite-silica deposits, geochronology, detailed
mapping, and mineral, isotopic, fluid inclusion, and analog studies. It was
decided that the USGS and LANL project investigators would submit their
investigative plans for resolution of the calcite-silica issue and these plans
would be evaluated by an outside (non-project related) peer review committee.

A peer review committee was chosen by DOE from names suggested by State of
Nevada, NRC, and DOE personnel, and DOE consultant attendees of the April,
1986, workshop. Efforts were made to insure that all five members of the peer
review committee were technical experts who were not involved in the work being
reviewed or the NNWSI project. Peer reviewers included: Phil Bethke, USGS;
Peter Hudleston, U. of Minnesota; Gil Hanson, SUNY at Stoneybrook; Glen
Roquemore, Naval Weapons Center; and Vic Baker, U. of Texas. On May 27-29,
1987, members of the peer review committee were given a tour of Trench 14 and
Busted Butte and an overview presentation of previous and planned work and
possible interpretations for origin and implications of the calcite/silica
deposits. Meeting participants included representatives from DOE/WMPO, SAIC,
USGS, LANL, and Sandia; NRC and State of Nevada representatives attended as
observers. The term "hydrogenic" deposits was adopted at this meeting in an
effort to imply no origin other than one which was water related (Abrams,
.1987).

As a result of presentations at the May, 1987, peer review committee meeting
the peer review panel issued a report on the proposed program of studies of the
calcite and opaline-silica deposits in the Yucca Mountain area (Hanson and
others, 1987). In that report, the committee stated that Ndata available for
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the veins at Trench 14 are not adequate to allow us to evaluate ... " which of
the possible models for origin of the deposits is the correct one and
recommended various studies for determining origin and implications.

Following receipt of the peer review committee's report and findings, project
investigators made comments to the report (Blanchard, 1987) and requested
clarification of statements made by the peer review committee. The DOE/WMPO at
that time stated that the recommendations made by the peer review committee in
their report would be closely compared to work proposed as part of the study
plan for the hydrogenic deposits and that "differences or deviations from the
peer review recommendations should be clearly stated and defended in the study
plans."

Planned studies recommended by the peer review committee include field,
petrographic, geochronological, stable isotope, and paleontological studies.
Recommended field studies include plans to deepen Trench 14 and conduct shallow
exploratory drilling to provide subsurface information on the the deposits.
The peer review committee did not think that deep drilling would provide useful
information as "many vein systems are discontinuous" (Hanson and others, 1987).
The committee expects that proposed studies will place some age constraints on
the deposits (both vein and breccia cement) and the periods of fault movement,
provide information as to the source and temperature of the depositing fluids,
and provide information on the origin of the breccia and vein deposits.

In a November, 1987, letter from D. Schweitzer (BNL) to R. Stein (DOE) BNL
staff expressed concern over the potential for warm waters intersecting the
waste containment canisters if the outcome of the hydrogenic deposits did
indicate a warm springs or hydrothermal origin (Schweitzer, 1987). The BNL
letter further stated concerns that even if the favorable pedogenic origin was
shown to be correct, "KNWSI claims on limited water over 10,000 years still
will be considered indefensible."

Proposed activities for study of the Ca/Si (hydrogenic) deposits were briefly
described in Section 8.3.1.5 (Climate) of DOE's January, 1988, Consultation
Draft Site Characterization Plan (DOE, 1988). A more detailed description of
proposed studies will appear in the study plan for hydrogenic deposits which
will be released for NRC review in association with the final Site
Characterization Plan for Yucca Mountain.

A hydrogenic deposits sampling trip was held February 22-26, 1988, for the
purpose of sampling of calcite-silica deposits in Trenches 14 and 14a and at
Busted Butte (Abrams, 1988a). On this trip project investigators from the USGS
and LANL took documented samples for paleontological studies, radiogenic, -
strontium, and oxygen isotope analyses; chlorine 36 studies; x-ray analyses;
and petrographic examination. State of Nevada investigators were given splits
of samples to conduct similar studies for State-sponsored investigations. In
addition, the group, which included observers from the DOE/WMPO, NRC, and SAIC,
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visited potential analog studies sites to be sampled at a later date. Studies
on samples resulting from this trip will be conducted under the site charac-
terization study plan designed for hydrogenic deposits. Until finalization of
that Study Plan by the DOE and review by the NRC, current studies are being
conducted as ongoing work under Scientific Investigation Plan (SIP) 3370G-02
(DOE, 1987).

A preliminary report, released in May, 1988, on mineralogical studies of Trench
14 and analog samples compares the mineralogy of Trench 14 deposits with those
of known hydrothermal, warm spring, cold spring, seeps, playa, and soil origin
(Vaniman and others, 1988). Those authors conclude that deposition of the
fault zone deposits located in Trench 14 'did not require upward transport from
depth," but that further studies would be necessary to confirm or test this
preliminary conclusion (See document review of 7-15-88 by Abrams, 1988b).

POSSIBLE MODELS

Proposed studies will test the possibility of several models or combination of
models with respect to the hydrogenic deposits. Models that have been
suggested for the origin of calcite/silica deposits in Trench 14 and at the
Yucca Mountain site include:

1) Pedogenic - formed by meteoric waters passing through the soil and
depositing calcite and silica along pathways formed by fracture or fault
zones.

2) Cold spring - formed by waters with temperatures of less than 30 degrees
centigrade (Hanson and others, 1987) which have moved upward along a fault
depositing calcite and silica along the fault zone and at the surface.

3) Hydrothermal and warm spring - formed by waters of elevated temperature
(greater than 30 degrees centigrade, Hanson and others, 1987) moving upward
along a fault or fracture zones depositing calcite and silica along the
fracture path and at the surface.

4) Seismic pumping - formed by hot, warm, or cold waters moving upward along a
fault or fracture zone in response to seismic activity.
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