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MEMORANDUM FOR: King Stablein, Program Manager NNWSI
Operations Branch
Division of High Level Waste, NMSS

- THROUGH: Paul Prestholt, OR NNWSI

FROM: Charlotte Abrams
Geology/Geophysics Section
Technical Review Branch
Division of High-level Waste Management

SUBJECT: APPENDIX 7:.ATTENDENCE AT DOE PEER REVIEW COMMITTEE MEETING
FOR VEINS DEPOSITS

On May 27-29, 1987, a DOE overview presentation for the calcite-silica peer
review group was held at SAIC headquarters in Las Vegas. Participants included
representatives of DOE/WMPO, SAIC, USGS, Los Alamos, and Sandia. NRC and State
of Nevada representatives were invited to attend as observers.

In an April, 1986, workshop on the calcite-silica veins it was decided to set
up an independent peer review of the work plan and study of the veins deposits
(see NRC trip report, 4-26-86 and DOE Summary of Workshop on Calcite-Silica
Deposits, April, 1986). At that time suggestions for possible peer review
committee members were taken from workshop attendees representing DOE/WMPO, .
SAIC, USGS, Los Alamos, State of Nevada, and the NRC. As a result, a committee
of five peer reviewers was chosen. They include:

Phil Bethke, USGS (geochemistry, economic geology, geothermal)

Peter Hudleston, University of Minnesota (geophysics, tectonics,
geomechanics)

Gil Hansen, Suny at Stoneybrook (stable isotopes, geochronology)

Glen Rogquemore, Naval Weapons Center (geomorphology, neotectonics)

Vic Baker, University of Texas, Austin (geology, hydrogeology)

An effort was made to select committee members who are not involved in the work
being reviewed or the NNWSI project. Peer reviewers were chosen for their
technical expertise which covers a broad spectrum of geology (e.q.,
geochemistry, tectonics, geochronology, etc.).

May 27, Field Trip for Peer Review Committee

The meeting opened on May 27 with a day-long field trip to the Yucca Mountain
HLW site (attachment 1). The trip began in Mercury, NV, at the USGS core
facility where committee members were introduced, shown a geologic map of the
area, and given a brief overview of the geology of the site. Following the
geologic overview, the field trip, lead by USGS and Los Alamos project _
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i?vest;gators, departed for the Yucca Mountain site where five stops were
planned.

Stop 1: (See attachment 1 for detailed stop descriptions) At stop 1,
located near the west side of Forty-Mile Wash, the group observed
exposures of middie Pleistocene soil in two pits. In both pits a
calcic, silica-cemented, horizontally oriented caliche zone is exposed.
This horizon lacks veining and formed over time due to the movement of
meteoric water.

Stop 2: An exposure of surficial soil was observed at stop 2. At this stop
Emily Taylor (USGS) explained that soils in the area contained
approximately three times as much secondary silica as carbonate
(approximately 13% carbonate, 42% silica). Due to the abundance of
felsic volcanic rock in the area, this ratio is not surprising. Soil
at this stop is interpreted as 1-2 my old. This age is based on a
loose correlation with soil located to the south in the Amaragosa
Desert. There soil age is based on two independently dated ash
horizons overlying and underlying soil in the Amargosa Desert.

Stop 3: The field trip proceeded to trench 14 area. In that area, on the west
side of Exile Hill, five trenches are present. Trenches 14 and l4a
are the longest and deepest of the five and cross the Bow Ridge fault
in an orientation normal to the fault. Calcite-silica deposits in
trench 14 occur as laminated veins, as breccia zone filling, and as
horizontally layered deposits. The other three trenches (14b, ¢, and
d) are shorter than trenches 14 and 14a and are located up slope on
Exile Hi11 in soil and colluvium. The veins are not exposed in the
three shorter trenches.

At Stop 3 peer reviewers were given time to ask questions and view the
breccia, veining, and soils in trench 14. Trenches 14a, b, ¢, and d
also were examined. Phil Bethke (USGS, peer reviewer) suggested
Hasbrouck Mountain (see Bulk Mineable Gold Deposits Sympos{um,

April 1987, NRC trip report) as a possible analog for study of the
veins. Due to cross-cutting relationships the veins in trench 14
appear to have occurred later than the breccia zone, but both the
breccia filling and the veins are composed of calcite and silica;
therefore, Bethke suggested the need for understanding the breccia as
well as the veins.

Stop 4: Calcite and silica deposits on the western slope of Busted Butte were
the next item on the itinerary. These deposits were visited on the
NRC/State of Nevada trip in February, 1987, and are described in that
trip report. At this stop the group observed an outcrop of brecciated
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tuff located at the base of a sand ramp. The breccia appeared to be
hydrothermally altered and contained silica and calcite filling, with
silica greater in abundance. Breccia fragments were altered and rims
were resorbed.

Carbonate veining is located on trend with the breccia zone within a
sand ramp. The carbonate veining within the sand ramp is interpreted
gs ? post-breccia phenomenon which possibly filled the reactivated
ault.

Between Stops 4 and 5 the field trip participants briefly visited the
top of Yucca Mountain where features (Bare Mountain, basaltic cones,
Solitario Canyon fault trace) located on the west side of Yucca
Mountain were pointed out. ‘

Stop 5: Stop 5 was a brief stop at trench 17 (also visited on the NRC/State of
NV, February, 1987, field trip). At trench 17 the group observed an
exposure of tuff cut by a narrow vein composed predominantly of silica.

May 28, Presentations at SAIC Offices

The meeting resumed on the morning of May 28, 1987, at the offices of SAIC
(agenda, attachment 2). Peer reviewers and representatives of DOE/WMPO, USGS,
SAIC, Los Alamos, Sandia, NRC, State of Nevada, and DOE headquarters were
present.

The second day of the meeting began with a brief presentation by Max Blanchard
(DOE/WMPO, attachment 2). His presentation stated the purpose and objectives

of the review and regulations to be considered. Blanchard also mentioned the

need for good documentation and QA.

The meeting then progressed to the scheduled technical presentations beginning
with an overview (attachment 3) by John Stuckless (USGS) of the status,
implications, proposed studies, and objectives of the veins study. The term
“h{drogenic“ was applied to the deposits to imply no origin other than water
related.

Presentations by project investigators followed the presentation by Stuckless.
Jim 0'Neil (USGS) discussed proposed oxygen isotope work. Dave Vaniman

(Los Alamos) discussed what has been done and what is proposed for study of the
mineralogy and geochemistry of the calcite-silica deposits (attachments 4 and
5). John Stuckless elaborated on tracer isotope studies to determine sources
of the hydrogenic deposits (attachment 6) and Emily Taylor (USGS) discussed the
status of mapping of hydrogenic deposits in the vicinity of the Yucca Mountain
site and, specifically, in trench 14, Her presentation elaborated on proposed
drilling, theories of origin, and other examples of types of vein deposits near
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the site (e.g., Furnace Creek Wash, Death Valley). A discussion of
occurrences, suggested origins, and proposed studies for secondary silica
(attachment 7) in trenches 14, 14a, and 14b, was presented by Schoen Levy (Los
Alamos). Rick Forester (USGS, attachment 8) explained plans for interpretation
of the paleoenvironment of the deposits through the study of microfossils
collected from trench 14, sand ramps, area soils, and springs. He reported
that algae and ostracod fossils have been found associated with trench 14, Joe
Downey (USGS) stated that a three dimensional groundwater model is planned
which will include data derived from the study of the hydrogenic deposits.
Downey's discussion concluded the technical presentations.

Following technical presentations DOE contractors Felton Bigham, Ralph Peters,
and Scott Sinnock (Sandia) explained the purpose, needs, and expected results
of performance assessment to the peer review committee (attachments 9 and 10).
The presentation explained the importance of performance assessment to
licensing. Observers and peer reviewers were concerned that the presentation
might be somewhat biased toward what conclusion was expected from the Peer
Review Committee.

The meeting on Thursday, May 28, concluded with Max Blanchard (WMPO) recapping
what the DOE expected of the peer review. The floor was then opened to the
peer reviewers for additional questions and discussion of the peer review
charter (attachment 11). Reviewers suggested revisions to the charter, but
revisions were not made at this meeting. At the close of Thursday's session it
was decided that the peer review group would meet that evening for discussion
and to choose a chairman.

May 29, Meeting finale at SAIC Offices

The meeting reconvened on Friday, May 29, for the lead technical participants
to answer any remaining questions from the peer review committee. John
Stuckless {USGS) and Schoen Levy (Los Alamos) attended to answer technical
questions. In addition, representatives of DOE/WMPO, DOE headquarters, and
SAIC and observers from the State of Nevada and the NRC were in attendance.

It was announced that Gil Hansen was chosen as the peer committee chairman.
After questions the meeting adjourned and the peer committee retired to meet in
a closed session.

Problems

The performance assessment presentation on Thursday, May 28, generated some
concern by observers and members of the peer review committee. While the
conmittee agreed with the importance of performance assessment they interpreted
the presentation to imply what conclusion was expected from the review group.
The peer review committee voiced their concern to members of the DOE and stated
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that they would ignore that portion of the performance assessment presentation
that told them what their conclusion should be.

More time and detail should have been spent in presenting a geologic,
hydrologic, and engineering design overview of the site ?approximately 30 to 45
minutes?. Because only a very cursory overview was given to the peer reviewers
at the core facility, the group did not have knowledge of the specific
locations of the hydrogenic deposits with respect to the proposed repository
and its boundaries; locations of ramps and surface facilities; extent,
Tocations, and characteristics of faults; stratigraphic relationships; and site
specific studies and concerns. Questions asked by peer reviewers later in the
meeting reflected a desire on their part for a less limiting view of the site
and site studies.

Technical presentations generated a large number of questions and discussion
from peer reviewers. Since NRC and State of Nevada representatives were
invited by the DOE as observers only, they were asked not to participate in
discussions in the interest of time and the volume of information to be
imparted to the peer review committee. As a result of several questions by the
State during technical discussions the State was cautioned by DOE and reminded
of their observer role; although, State representatives' questions were
pertinent and appeared to stimulate discussion by the peer review group.

Peer review committee members were complimentary about the organization of the
meeting and technical presentations, but stated that they wished to know about
other site studies which may have a direct or an indirect relationship to the
hydrogenic deposits study (e.g., faulting).

Observations

The meeting as a whole was well-organized and technical presentations, for the
gost part, did not imply any bias toward any specific origin for the hydrogenic
eposits. '

The importance of QA, performance assessment, and 10CFR60 was integrated into
the meeting.

Reviewers were given a detailed and thorough presentation of technical plans
and work to-date.

Reviewers were allowed ample time for questions and discussion.

At the April, 1986, DOE veins meeting deepening of trench 14 and/or drilling
the vein deposits were recommended as important parts of the study plan (DOE
Summary of Discussions at Workshop on Calcite-Silica Deposits). These tasks
were suggested as a means to determine the vertical extent of the Ca-Si
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deposits and to facilitate study of chemical, mineralogical, and isotopic
changes in the vein deposits with depth. This aspect of the veins study
program along with dating of the deposits is considered by the NRC to be of

highest priority.

The time proposed for finalization of the study of the "hydrogenic" veins
deposits is 30 to 39 months with a proposed preliminary workshop for
presentation of results scheduled for 6 to 8 months after sample collection
(see schedule, attachment 12, USGS-LANL presentation to April, 1987, TPO
meeting, Las Vegas). In light of the length of time proposed for finalization
of the veins study it is extremely important that the scheduled preliminary
vorkshop with presentation of data and results occur in a timely manner.

ORIGIIAL BIGNED BY

Charlotte Abrams

Geology/Geophysics Section

Technical Review Branch

Division of High-Level Waste Management



NTS Field Trip May 27, 1987
-Introduction to the Review Committee
for the Study Plan on the Origin of the Secondary CaCO; and
Opaline $i0, Deposit Exposed in Trench 14

Stop 1 - , S :

This first stop is to look at the characteristic morphology
of secondary CaCO, and opaline Si0O, in a Middle Pleistocene soil
profile (Fig 1). "This soil is developed on a Q2b deposit and
thought to be between 145-160 ka (Table 1 and 2). o

The soil parent material in the Yucca Mountain area is
derived almost exclusively from welded and non-welded ash-flow
tuffs. Soils in these sediments, and sediments throughout the
arid Southwestern United States, have variations in the amount
and morphology of secondary CaCO, and opaline SiO, because of the
combined effects of: (1) the age of the soil, 12) the amount,
seasonal distribution and concentration of ca’” and readily
soluble silica in the rainfall, and (3) the CaCO; and SiO,
content initially in the deposit, in the airborne dust, and their
influx rates. C€aCO, is leached from the surface and upper
horizons of the §oii by downward percolating meteoric water and
subsequently precipitates in lower soil horizons at a depth
controlled by soil moisture and texture. Over thousands of years
the continual translocation of ca’™ and the precipitation of
CaCO,; forms calcic horizons. The same processes form duripans,
or soil horizons cemented by secondary opaline Si0,.

Stop 2 . )
Stop 2 is to look at a typical soil developed on the QTa

deposit (Fig 1). This soil is thought to be between 1.1 and 2.0
my. Over time there have been increases in the percentage of
secondary CaCO, and opaline SiO,. The physical and chemical
properties of ghis soil are very similar to the deposit exposed
in Trench 14. . :

Stop 3 ' : '
Trench 14.  We will discuss some of the physical and

chemical properties of a typical soil exposed in Trench 14 (Table
3), and the criteria used to distinguish pedogenic vs non- '
pedogenic CaCO3 and opaline Si0, (Table 4). Enclosed is part of
the log of the south wall and accompanying unit descriptions (Fig

.2). Drusy quart and other silica deposits exposed in Trench 14

will be discussed by Schon Levy (Table 5), and clay mineralogy in

. Trench 14 and analog sites by Dave Vaniman (Table 6).

The CaCO5, opaline Si0,, and fine grained sediments in the
vein fillings are of pedogenic origin. In the scenario we
propose, faulting events temporarily preserve an open fracture or
create a shear zone in the sediments that preferentially channels
water down. This is supported by the presence of the black ash
within the veins. The channeling effect is strengthened once the

-laminated horizon, cemented by secondary Cacgg and opaline Sio,

near the surface, has become indurated and subsequently
fractured. Surface and near surface runoff percolates through
the fractures and precipitates CaCO; and opaline Si0,. Because

[P USRI
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the major faults exposed in Trench 14‘6ccur,at and near:the'
bedrock-colluvial contact, the amount of water available for
CaCO, translocation is greater than on an isolated alluvial

surface. .
Trenches 14C and 14D to the south of Trench 14, expose the

main fault entirely in colluvium. Although there are vertical

stringers of CaCO; in the fault zone, which contain the black

. ash, the laminae are much thinner and contain less Cacog. This
C

suggests that (1) a modified morphology of secondary Ca and
opaline Si0, is expressed in faults occurring entirely within

colluvium or alluvium, and (2) a much longer time period of Cacoji

precipitation is represented by the vein fillings within the
bedrock and at the bedrock-colluvial contact. ‘

Stop 4 | ’
Busted Butte and faulted sand ramps.

Stop 5 - time permitting
Trench 17 .

Prepare by Emily Taylor May 21, 1987
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Participants:

c.
v.

R.
P.

" D.

J.
R.
G.

P.

K.
S.
D.
A.
s.
W.

D.

F.
D.
G.

J.

E.
D.

Abrams, NRC, Washington‘D.C.

Baker, Department of Geosciences, University of Arizona,
Tucson, AZ (PEER REVIEWER)

Berry, DOE, Washington D.C.

Bethke, USGS, Reston, VA (PEER REVIEWER)

Dobson, WMPO, DOE, lLas Vegas, NV

Downey, Water Resources, USGS, Denver, CO

Forester, Paleontology and Stratigraphy, USGS, Denver, CO

Hanson, Department of Earth and Space Sciences, Suny at Stony
Brook, NY (PEER REVIEWER)

'Hudleston, Department of Geology and Geophysics, University of

Minnesota, Minneapolis, MN (PEER REVIEWER)
Johnson, NANP, State of Nevada, Carson City, NV
Levy, Geology-Geochemistry, LANL, Los Alamos, NM
Livingston, WMPO, DOE, Las Vegas, NV
Matthusen, SAIC, Las Vegas, NV
Mattson, SAIC, Las Vegas, NV
McKenzie, LINL, Livermore, CA
Muhs, Isotope Geology, USGS, Denver, co
Peters, SAIC,  Las Vegas, NV
Presholt, NRC, Las Vegas, NV
Roquemore, Naval Weapons Center, China Lake, CA (PEER

REVIEWER) v
Stuckless, Isotope Geology, USGS, Denver, CO
Taylor, Central Regional Geology, USGS, Denver, CO

vVaniman, Geology-Geochemistry, LANL, Los Alamos, NM
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- Appendix G. Represéntativg Dates for the Quaternary

‘deposits, NTS

Stratigraphic Uait - Agel Method Location
Materisl Dated (ka)

_ le ' 140 years N cﬁannel trenchihg correlation

(Bryan, 1925)

Qlc Charcoal in  8.3£0.075 14 Amargosa River, Beatty NV
fluvial gravel . .

Q2a Slopewash 4010 U-trend Crater Flat Trench 3, NTS
Slopewash 41£10 U-trend Yucca Mountain Trench 13, NTS
Fluvial gravel 47110 U-trend Yucca Mountain Trench 2, NTS

QZB Fluvial gravei 145425 U-trend Yucca Mountain Trench 3, NIS
Fluvial gravel 160418 U-trend Gravel Pit, Shoshore CA
Colluvium 1604£90 U-trend Yucca Mountain Trench 13, NTS

Q2s Fluvial sand 160#90 U-trend Jackess Flat ETS Trench, NIS

Q2c Fluvial gravel 270+30 U-trend Crater Flat Trench 3, NTS

(younger) " = 270%30 U-trend Jackass Divide Trench, NTS
Fluvial gravel 310130 U-trend Rock Valley Trench 1, NTS

Q2c Fluvial gravel 430140  U-trend Jackass Divide Trench, NTS

(older) " 430460 U-trend Crater Flat S Trench, Beatty
Q2e Bishop Ash 73843 Geochemical Jackass Flat and
' : correlation Amargosa Desert, NV
QTa Basalt Ash 1.1120.3 Geochemical Yucca Mountain Trench 8,
(older than) ny correlation NTS, and Crater Flat
: Trench 1, Beatty NV
Ash ' 2.1#0.4 Fission Carson Slough, Amargosa
(younger than) my track °  Desert

1 Analyzed.byz

l4c, 'S. W. Robinson, U.S. Geological Survey, Menlo Park, CA. .
U-trend: J. N. Rosholt, U.S. Geological Survey, Denver, CO.
Geochemical correlation on Bishop Ash:

G. A. Izett, U.S. Geclogical Survey, Reston, VA.
Geochemical correlation on Basalt Ash:

D. Vaniman, Los Alamos National Laboratory, Los Alamos, NM.

Fission track on Zircon.

C. W, Naeser, U.S. Geological Survey, Menlo Park, CA.
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2.09 g 114 1497 76 D.05 913 11,23 16,26 20,36 1U,75 10,19 H. 06 7.56
% Total by Summation Density CaCa3 [} Carbon )y - P pH q Iron )
. . Eleavation : Depth cm tod) ’ % oad Fa Fe-d Fe-0o Feo/Fed( Si02 )
Surface Profile ft Soil No Horizon top base sand silt clay Qm/cc % % org oM %03 my % 131HZO0 % % % % by wt
* OVa YH-2W 870 F.ul Ave o I 43.44 40,24 16.32 1.53 1.72 0. 04 0.08 0.8 7.9% .09
. 2.02 Ak 3 10 46,67 X9.63 12.70 1.52 0. 51 0.0 0. 07 0,32 7.%95 Y ly
2,03 Pty 10 19 42.19 39,82 17.98 330 I | 0. 08 O.U7 o9 7.860 2%.06
2.04 2Btgely . 19 14 CAB.9Z 3I2.32 18.76 . 1.t 0.2 0.07 0,13 0,32 7540 e
‘2,05 Jutgay h1) 70 S0.41 24.79 20.60 1.79 0.11 0,04 V.07 0,33 7.%0 26.26
‘Ma YH-2E 070 2,06 Btk L} 1% 35,17 2J7.47 3I7.76 1.21 1.3% U, 26 G, A4 . 20 0. 20 .00
2,07 htam 19 HY O T2.87 7.33 H%0.40 1.%6 5. 64 0.6 v.45 U, 606 [* P 2420
2,00 Jh.om 2 114 &6, 17.86 16.610 1.3 12.90 ¢ 30 0,10 0,22 H, 00 SY.9Y
° 209 114 I1Y7 66.0F% .94 33,02 1.73 7.9 o077 0,12 V.%o 7.% 37.81
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Trerich 14, Profile 14-1

Hor i zon Depth amn Boundary Color Structure Conaistence
Soil No top base dry maoist Texture primary secondary dry wet
Unit 1 14-1-01 A o 9 as 10YRS/3 10YR4/3 FISL Jco wbk .o an,pn
- 14-1-02 B k-J 29 sw 10YRE/s3 1O0YR4,3 [ : 2co abl . ao ‘AR, DR
Unit 2 14-1-03 Btk . 20 SO s 10YRS,.S/74 10YR3. 374 L-SiL 2=3m-co pr 2co abk h . m,pw’
- 14-1-04 28+k 30 51 an 10¥YR5/3.9 10YR6/3.5 SL . 2m wubite ah as,pa
Unit 3 14=-1-05 23IKmql 61 PP ma 10YR8/0 10YR8/2 ? Jueco plt oh -0, PO
. . 14-1-06 3Imq2 7?7 119 ms 10YRB/2 10OVR8/3 4 3uco pl - ah s, po
Uit 4 14-1-07 3IKg 119 133 as 10YRQ/0 1OYRS/2 LS -~ ok : 0. pS
Unit S 14-1-08 IBaqm 138 202 = 10YRB/2 10YRS/3 SL 200 able m—ag L Y-} s0, po
Unit 6 14-1-09 3IBKkq 202 247 — 1OYR?. 572 10YRS/3 -1 meag no "0, PO
1 ’ »
. . J
Trench 14, Profile 14-1 ’ ’ %
. . CaCO3 Est Material
Sail No Horizen matrl: gravels Gravel Roots Pores Sio2 Parent Mater :
nlope wasth and Fine
Unit 1 14=-1-01 Ao o ? 1; ?co 1€ f:' 3uf ves O grained eolian material
. 14=-1-02 Bk on 20 wileo, im 1F 1f, 2uf
. - - Btlc. o-es 1 €2 H alope wash & S K plates
Unit 2 ::_:-33 2B+ ea, =v in K ;g :’- 1uf 2vF, 1¥ v . ) 2olluvlum, rx frags up to 20X10cm
‘Unit 3 14-1-05 3Kmal MV 1S 1m. 1€ IV (<Smm) -
= 14=1=-06 3Kmq2 v 1 ’ 10YR?73(d) ,?/74(m) .
S ax 50% eoids . 15 0 111, IV in places .
Unit 4 14=-1-07 ) Lt : 40 ©O . 2uf 11, 111~-1IV In
. -1=08 IVkqm o 11 denae
.l..'ﬂlt S 14-1-0 Q 111 lernses, ocoid l-nl0.4° o 20 “_?}Tso- .
Unit 6 14=1-09 3Bkq - 11 2m abk

ov
111 lenses, ocoid lenses
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Horizon ODepth ce : - Z SAND - > z SILY > < % >
Soil Mo top base % Gravel vco co " fi vfi co m e+ fi vfi co.+m Fi
thit 1 14-1-01 Rv - 1] q 16 2.45 2.94 6.09 42.4% 18.65 5.77 8.84 " S.4) 4.51 M |
. 14-1-02 Bk 9 20 5 ©2.34 2.4S 4.9 33.71 19.99 9.56 9.56 4.78 2.64 4.05
Unit 2 14~1-03 Btk 200 S0 10 1.54 1.96 5.45 38.08 17.74 9.40 11,90 5.54 6.79 2.69 .
- 14-1-04 28X (B) 50 6l <S5 1.75 2.07 5.685 39.79 17.65 8.09 .32 4.49 . 5.92 2.87
. .y <5 20.13 15.71 11.34 16.92 8.72 3.85 4,92 .42 4.49° 4.49
Unit 3 14~1-05 3IKaql 61 77 <S 13.21 10. 41 11.5? 32.69 9.92 4.11 5.99 3.29 3.91 3.9
. 14~1-06 3Keq2 77 119 1S 13.76 12.03 14.51 32.67 3.67 4.18 5.23 3. 14 9.63 4.18
Unit 4 14~1-07 3XKq 119 139 <5 12.46 11.79 14.9 28.10 9.14 4.35 7.09 3.66 2.74 5.72
Unit & 14~1-09 3Bkge 139 202 2% 4.66 4.24 9.44  44.07 16.01 5.65 5.05 2.42 - 3.62 3.03
Unit 6 14~1-09 3Bkq 202 247 14 6.37 4.686 7.94 49.02 14.14 J3.64 S.47 2.55 4.01 2.00
Hiscell aneous Saeples s
Fracture Fill from Bedrock Breccias ] :
. : 26.69 16.55 11.59 12.77 .73 4.26 0.25 2.92 1.33 ?.72
Haterial From Main Yein containing Black RAsh
2.60 3.99 11.99 60.40 11,18~ 2.20 1.32 2..0 1.90 2.34
Horizon Oepth ca < TOTAL > Density
Soil Mo top base Z SANO X SILT . CLAY gw/cc % CalO3
tinit 1 14=-1-01 Av g. 9 .77 20.0t 721 1.63 0.46
. 14-1-02 Bx% 9 2 63.40 23,91 -12.69 1.69 1.22
Unit 2 14-1-03 Btk 20 S0 64,77 25.75 9.48 -1.67 0.34
. 14-1-04 28+ (B> S0 6l . 67.32 23.89 a.e0 1.65 2.3
' L2 70.82 12,20 . 6.99 1.34 33.05
Unit 3 14-1-05 2Keql 6! 7”7 77.90 14.20 7.81 - 1.62 - 40.12
. 14-1-06 Fag2 7 119 B82.63 . 12.56 . 4.02 1.66 45.92
Unit 4 14-1-07 2Xq 119 1 76.45 15.09 3.46 1.46 G6.14
Unit S 14-1-08 3Bkqe 139 202 79.22 14.12 6.66 1.73 26.81
11.67 6,01 1.5 23.56

o ; Unit 6  14-1-09 3Bkq 202 247  ©B2.32
Miscellanvous Sasples '

Fracture Fill from Bedrock : .
. c ' Brreccia 75.82 15.43 9.05 69.41

Matérial From Hain Vein
containing Black Ash
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CRITERIA FOR DISTINGUISHING PEDOGENIC VS NON-PEDOGENIC CaCOy and OPALINE S10,

- FACTOR

spatial

- arrangements

2.
3.
&,

5.

- 6e’

-~
[}

Physical

" characteristics
of maximally

. developed Ca003

Location of
initial CaCO,
deposition

Change in amount
‘depth '

Stratification in .
" thin or polished
section

Ca003 -bpercent,'
crystallinity, and

' assoclated

minerals

Opaline 3102 -
percent,
crystallinity and
associated minerals

- eede e

HIGH TEHPERATURﬁ LOW TEMPERATURE

NON-PEDOGENIC

A'Isolated points at or near springa,

downslope of fractures or faults in
bedrock or surficial deposits

Stratiform, mound or drapped strata;

‘cormonly displaying vegetative molds

and vugs; crosscuts depositional
features, may preserve bedding

Random otientdtion, gravels remain
in contact

No systematic cﬁange, uniform
deposition

Poorly stratified

Coarse sparry calcite crystals,

microsparite and sparite; crystals

299,52 pure; impurities related to

changes in depositional enviromment
Silcrete '

>85Z Opal-C >85% Opal-A

(usually Opal-C) (usually Opal=-A)

WHAT IS OBSERVED

PEDOGENIC ~IN TRENCH 14 7 ORIGIN
Follow topography - Laterally Pedogenic
and geomorphic - persistent to
surfaces, laterally
persistent
Laminar layers Laminar p;ates Pedogenic

underlain by bed-
rock or a plugged

horizon
Deposition on the CaCO4 on the Pedogenic

underside of underside of gravel .
gravel, gravel is :
"jacked" apart

Decreases with Decrease with Pedogenic
depth below a depth below a

maximum level maximum

near top '

Well stratified Well stratified Pedogenic

Microcrystalline, Microcrystalline Pedogenic
micrite; commonly with opaline 510,

MgCO4 and opaline. _

8102 present

Duripan, primarily Opal-CT Pedogenic
no minimum :
percentage Opal-CT

(usually Opal-CT)
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CRITERIA FOR DISTINGUISHING PEDOGENIC VS. NON-PEDOGENIC CaCO and OPALINE S10,

1

FACTOR HIGH TEMPERATURE . LOW TEMPERATURE WHAT IS OBSERVED
- : NON-PEDOGENIC PEDOGENIC AT NIS? ORIGIN
. 8« Ca:Mg ratio and No systematic depletion of Mg Progreasive - Mg concentration = Pedogenic
clay mineralogy overtime compared to CaCO, depletion of Mg in to be determined; ' '
precipitation ' secondary CaCO3 formation of Mg-rich
: : and formation of sepiolite

Mg-rich clays

Isotopic Compbsition

9, 1897164 - Systematic change with distance 'No change with’ To be determined
: from fault and with depth down the distance from or
_ fault : down major fault

10'. dDvs 18 1n  shift in o 189 values away from Hypothesized: no To be determined
opaline 510, meteoric water line : shift away from

meteoric water line

11. 13c/12c _ Vegetation dependent : Vegetation dependent To be determined
’ ' "soll COy+ Veg CO,= CaCOy

12. se/pb | . To be determined

uvia
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DESCBIEIIOE‘OE LITHOLOGIC UNITS EXPOSED IN TRENCH 14

. Bedrock is exposed in the east end of Trench 14. The west
end exposes locally derived colluvium with eolian additions.
" Between the bedrock and the colluvium is a wide fault zone
containing various breccilas separated by veipn fillings. There
are five main veins which are labeled I-V east to west.
- Bedrock units are distinguished from breccia units because we .
feel that the bedrock is in place although, in some cases, highly-
fractured. We have separated the units into (1) bedrock, (2)
fault zone, and (3) colluvium.

Color names for bedrock and breccia are from ‘the Rock~-color
Chart (Goddard and others, 1948), and color names for the -
colluvial units, the vein fillings, and the fracture fillings in
bedrock are from the Munsell Soil Color Chart (1954)

BEDROCK

DED TU - Grayish orange pink (10R 8/2),
nonwelded ash-flow tuff, thought to be stratigraphically between
the Rainier Mesa member of the Timber Mountain Tuff (11.3 Ma,
Marvin and otheris, 1970) and the Tiva Canyon member of the
" Paintbrush Tuff (W. Carr, U.S. Geological Survey, oral
communication, 1987). Pumice: vitric, white (N9), pinkish gray

(5YR 8/1) and pale yellowish brown (10YR 6/2). Phenocrysts:
approximately 15 percent (quartz, feldspar, sparse bronze
biotite). Lithic fragments: approximately 5 percent, Paintbrush
Tuff and Calico Hills(?) Tuff. Also contains granules of brown
glass. Tuff is fractured and infiltrated with secondary Caco3
‘and fines. NWT is exposed only on the north wall.

. INTACT TIVA BEDROCK (ITB) - Upper lithophysal zone of the

- Tiva Canyon member of the Paintbrush Tuff, 12.6 Ma (Marvin and

- others, 1970). Pale red (5R6/2), devitrified, moderately to
densely welded ash-flow tuff. Pumice: sparse, very light gray
(N8) to light gray (N7), flattened approximately 4:1 to 6:1;
Phenocrysts: 10-12 percent, sanidine, plagioclase, rare biotite.
Lithic fragments rare to none. Abundant lithophysal cavities
lined with vapor phase minerals, botryoidal chalcedony and drusy
quartz. Lithophysae up to 10 cm. Small MnO, dendrites throughout
groundmass. Intact bedrock may be fracturea by cooling joints,
some of which appear to have been reactivated during faulting and
brecciated (bottom B7) : :

HIQﬂLX FRACTURED TIVA §EDROCK (HFB) - Upper lithophysal Tiva
Canyon bedrock (described above) which, although highly
fractured, does not appear to be sheared. Lithophysae are not
offset, and pumice orientations are preserved. Unit may contain
drusy and botryoidal quartz (C9-C10). Drusy quartz is usually
located in lithophysal cavities, but may also be found in
fractures. May contain small amounts of secondary CaCO; and
"opaline Si0O, in fractures. Fracture spacing is approximately 1-
10 cm, and %ractures are mostly vertical, breaking the bedrock
into long, angular fragments. Unit grades laterally to ITB and
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carbonate4cémented fractured Tiva bedrock (CCB), and the upper -
contact may be gradational to carbonate-cemented fractured Tiva
bedrock (CCB). :

BONATE=-CEME D C ED_TIVA BEDROCK (CCB) - Tiva
bedrock (described above) which has been fractured and weathered.
Carbonate in fractures appears to have infiltrated with fines
from surface, as the bedrock weathered in place. Eighty percent
of the matrix is white (10/YR 8/0 (dry), 10YR 8/3 (moist)), the
other 20 percent of the fine grained matrix resembles CaCO
consumed B horizon with pinkish white-opaline sio, cementa%ion
(7.5YR8/2 (dry), 7.5YR 7/4 (moist)). Matrix CaCO; is powdery
with denser, smoother CaCO,; coating rocks (stage iI and III).
Some opaline Si0, between rock fragments may be replacing the
secondary CaCO,;. Fracture spacing is approximately 7-20 cm,
breaking the rocks into angular to subrounded fragments. About
50 percent of fractures are CaCO,-filled, and the clasts are
partly matrix supported. CCB lagerally grades into densely
carbonate-cemented fractured Tiva bedrock (DCB) and tends to be
above and gradational to HFB.

Y CAR E-CEMEN FRA D A"/ EDROCK (DCB) =
Similar to CCB described above. Rock fragments are matrix ;
supported with a nearly continuocus CaCO; and fine grained cement
infiltrating all fractures.
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the edges where it is in contact with the vein fillings, to less
cemented in the center (E14, D14). CB grades laterally to and
may include some SFB.

(VF) - ' The vein fillings consist of alternating

laminae of hard, white (10YR 8/0 (dry and moist)) CaCO5, light
‘gray to very pale brown (10YR 7/2 (dry), 10YR 7/3 (moist))
opaline §i0,, chalky CaCO,;, and less cemented white to light gray
- (10YR 8/2 (gry), 10YR 7/2 (moist)) sand.  Unit contains <5
percent gravel which is primarily ITB, and a few chunks of
disoriented vein material. Dry consistence varies from extremely
hard to loose.  Individual. laminae do not match or correspond
with laminae on either side of the center fracture and vary in
thickness from a 0.2-10 cm. Contacts between CaCO, and opaline
Sio, stringers are abrupt. Vein fillings are also in abrupt
contact with breccias except where laminae adjacent to breccia
are opaline Si0O,, and where breccia is the softer NWB (D14N,
E14N). Dense opaline $i0, stringers tend to be both near the
center of veins and near %heir contacts with breccia. Unit 3
drapes the bedrock and tends to merge with the vein filling
(bottom right B13, top right €14, upper right B7-N).

Magnetic black ash (Sarna-Wojcicki, U.S. Geological Survey,
oral communication, 1986) loosely fills some fractures. Ash .
lined fractures tend to be in the center of vertically oriented
veins. Fractures containing ash crosscut all other laminae in
the vein filling and unit 3. Although the ash is usually
contained in discrete fractures, in the upper right section of
€15, the black ash is disseminated throughout a pod of ooidic
CacO5 which is connected to the top of unit 3 by a fracture
surrounded by disseminated ash. The shape of the ash pod
suggests it may be a paleoanimal burrow.
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FAULT zgug--B_R_EccrA AND VEIN FILLING

ngunELDED TUFF BRECCIA_iﬂE&l - Grayish orange pink (10R 8/2)
fault breccia containing angular clasts (0.5-2 cm) of the

nonwvelded tuff (NWT, described above). This breccia contains
some apparently silicified tuff or breccia clasts and clasts of
what seems to be broken opaline silica vein material. Breccia is
matrix supported with a matrix of rock powder and secondary
CaCO3. In places it is moderately indurated by CaCoO,. Contact:
with vein fillings is gradational. Unit tends to be in contact
with opaline §i0O, laminae, although opaline S$i0O, laminae are not
found within the unit and Caco3 laminae are. NﬁB is only found
in .the North wall. - A

UNCEMENTED FAULT BRECCIA (UFB) -Light gray (N7) to light
brownish gray (SYR €6/1) fault breccia composed of upper

lithophysal Tiva with little matrix cement. Clasts range from
silt sized rock powder to angular fragments from 5 to 10 cm.
Where coarse grained, UFB is loose and contains drusy and
botryoidal quartz. Where UFB is fine-grained, it tends to be .
moderately indurated and silicified in places, especially around
the edges. Fine-grained UFB is probably a non-silicified version
of cataclastic breccia (CB). UFB tends to grade upward to silica
'ceme?ted fault breccia (SFB). Contains some infiltrated basaltic
ash in E14. : ‘

SILICA-CEMENTED FAULT BRECCIA (SFB) -Matrix supported fault
breccia containing angular to subrounded clasts of welded tuff in

a grayish orange (10YR 7/4) to pale yellowish brown (10YR 6/2)
opaline silica matrix. Clasts range in size from 1 mm to 12 cm.
The matrix is nearly the same color as the secondary opaline Sio,
in unit 3 and the vein fillings (2.5YR 7/2). 1In thin section,
matrix cement contains microcrystalline calcite as well as
opaline Si0, Most clasts under 10 cm appear pervasively
‘silicified.” SFB is extremely hard and breaks through clasts.
Clasts in SFB are of the Tiva lithophysal unit described as ITB
above, and also of the lower part of the densely welded Tiva
Canyon caprock (D15). The light brownish gray (5YR 6/1) caprock
has fewer and much more flattened lithophysae, common white and
medium light gray (N6) pumice, flattened approximately 5:1, and
16-20 percent phenocrysts (sanidine, bronze biotite). Botryoidal
quartz may occurs as a coating on SFB (D13, D16, and Cl10). Grades
laterally to CB. Some areas of softer Caco3 cemented breccia may
be included with SFB (B7N, D7N, A2)

CATACLASTIC BRECCIA (CB) -We propose that CB is a powdered
and recemented breccia. Pumice and 1lithophysae are not

preserved except in a few intact clasts of the Tiva Canyon
caprock (D15) described under SFB above. Color is between
grayish red (10R4/2) and grayish red-purple (5RP 4/2), also
medium gray (N5) to medium dark gray (N4) on outsides of some
areas which grade to light gray inside. (E14, D14). Densely

silicified and hard, although opaline Si0o, is not distinguishablev-

‘as a visible matrix. Often silicification grades from good at
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. COLLUVIUM

There are two lithologic units in the colluvium, but the
colluvium has been divided into six units based on the morphology
of secondary CaCO, and opaline Si0,, and the amount of secondary
clay (appendix 1), Lithologic uni%scare separated on the log by
a solid line, and the individual units by a dashed line.

Unless otherwise stated, colors refer to the <2 mm fraction.
Soil textures refer to the <2 mm fraction with secondary CaCO,
and organics removed.

Hﬂll_l (SURFICIAL A AND BKk) - Pale brown (10YR 6/3 (dry)) to
dark brown (10YR 4/3 (moist)), soft, moderately sorted, sandy to

l . very sandy silt (soil texture: loamy sand to sandy loam) with 15-

30 percent pebble, cobble gravel. Gravel is angular to
subrounded and up to 20 cm. Generally nonbedded but may contain
a few stone lines near base. Contains a large eolian component.
Vesicular (Av) at the surface grades into clay enriched (Btk)
zone with scarce secondary CaCO5. The CaCO4 forms thin coats on
the underside of pebbles (stage I). Basal contact is abrupt and
wavy. Unit thickness is from 10 to 60 cm. ~

gulz_g (PRISMATIC B) - Yellowish brown (10YR 5/4 (dry)) to
dark yellowish brown (10YR 3/4 (moist)), slightly hard to hard,
moderately sorted, sandy silt (soil texture: sandy loam), <5-10
percent angular to subangular gravel (pebbles with cobbles up to
15 cm). Top of unit has a well developed prismatic structure,
with virtually no secondary CaCO,. Basal section may contain
CacO,5 (stage III) and opaline SiO, cemented plates (stage III)
that have been moved up from and/or downslope from unit 3. Basal
contact is abrupt and wavy. Unit thickness is from <1 to 50 cm.
Pinches out at column 42. Unit 2 has been dated by the uranium-
trend method as 90b50 ka and 30p1l0 ka (Swadley and others, 1984;
Rosholt and others, 1985). )

UNIT 3 (PLATY) - White (10YR 8/0-2 (dry)) to very pale
brown (10YR 8/2-3 (moist)), extremely hard, well sorted, silty
'sand to sandy silt (soil texture: loamy sand to sandy loam) with
- <5 percent gravel, gravel clasts up to 10 X 20 cm. Unit is
characterized by well developed secondary CaCO3, and opaline sio,
cemented plates (stage IV). Up to 10 percent of unit 3 is
composed of discrete opaline §i0, stringers that form "sandwich"
like zones within the platy CaCO,;. - Plates vary in length from 5
to 40 cm, and in width from 3 to 10 cm. Unit 3 is also found
over the main fault zone and the bedrock on the upthrown side of
the fault. In places unit 3 merges with the fault filling (Bl1l).
Unit 3 thins and plates decrease in size downslope with distance
from the main fault (C21).  Plates downslope also have an
increased percentage of infiltrated fines (F45) until in some
cases unit 3 appears to be floating in the fine grained matrix
(E27). In some cases there is evidence for animal burrowing,
overall it seems to be due to soil creep downslope. Unit 3 may

contain lenses with up to 80 percent white (10YR 8/0 (dry), 10/3"'

(moist)) ooidic cacoj (top 24). Basal contact is abrupt and

DRAFT

- © e At Rhir, s S h 7 e

P R e I N L TR



wavy. Urnit thickness is from <1 to 50 cm. Unit 3 has been dated
by the uranium~trend method as 270p90 ka, however, dense opaline
S8i0, stringers above the main fault have infinite uranium-series
ages of >400, >350, and >550 ka (Swadley and others, 1984;
Rosholt and others, 1985).

- UNIT 4 (STAGE III) - white (10YR 8/0 (dry), ‘10YR 8/2
(moist)), extremely hard, moderately well sorted, pebbly silty
sand to pebbly sandy silt (soil texture: loamy sand to sandy
loam), <5 percent gravel with clasts up to 4.5 cm. Cemented by
disseminated CaCO5 (stage III) and <5 percent thin stringers of
opaline si0, (stage III). In places up to 50 percent of unit 4
is ooidic caco;. Contains filled paleoanimal burrows (E31-E32).
Unit 4 can be a dense lens of CaCO, and opaline S$i0, with very
few clasts (Cl12-13, B12-13). Basai contact is abrupt and smooth.
- Unit thickness is from <1 to 50 cm (average 40cm). Unit 4 has
been dated by the uranium-trend method as 420p50 and 480p90 ka
(Swadley and others, 1984).

HHII_i (STRINGERS) - white (10YR 8/2 (dry)) to brown (10Y¥YR
5/3 (moist)), soft except for stringers, non-bedded and poorly
sorted, silty sahd (soil texture: loamy sand), pebble cobble
gravel, subangular to subrounded. Stringers are composed of
~ dense continuous CaCO5 (stage III).. Between stringers caco
forms continuous coats on the underside of gravel clasts wigh
some matrix bridging (stage II). Lenses within the stringers may
be entirely ooidic CcaCO,. Rare opaline Si0, stringers <4 mm
“thick are contained witgin the CaCO, stringers. Stringers are
more massive and dip more steeply west in the colluvium adjacent
“to the fault zone. They tend to follow the bedrock in this area.
Compared to unit 6 below, unit § is coarser, better CacCoO o
cemented in the matrix, and is more dominated by CaCO4 sgringers.
A filled paleocanimal burrow is evident (F31). Basal contact is
abrupt and wavy. Unit thickness is from 50 to 175 cm.

‘UNIT 6 (BASAL) - white to light gray (10YR 7-8/2 (dry)) to
brown (10YR 5/3 (moist)), soft, silty sand (soil texture: loamy
sand). 15 percent angular to subrounded pebbles and cobbles up
to 16 cm. Unit 6 is less consolidated and increases in thickness
.away from main fault as stringers in unit 5 decrease. Unit 6 is
only recognized with distance from the main fault. Lenses may be
entirely ooidic Caco3. Basal contact is unknown. - Unit thickness

is from <1 to 60 cm. ' - .
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- Drusy Quarti and Other Silica Deposits in Treach 14, KTS

Schon Levy, LANL

In addition to the siiica associated with the prominent carbonate deposits |
| fn the trenches, there are other silica occurrences that are not associated
~ with carbonate. The relationships of these silfca deposits to the fault and

to hydrologic activity are under fnvestigation.

Description of Drusy Qdartz Occurrence

, After the first phase of excavatfon, Trench 14 was about half as deep as. )
- 4t §s now. The fnitial excavation revealed clusters of quartz crystals 'é_tn-

bedded in thick carbonate veins Tocated fn the Tiva Canyon tuff east of the
present mafn fault trace. Samples were collected for petrographic and isoto_be
study. Petrographic study suggested that the veins had formed by carbonate
replacement of brecciated tuff, leaving the quartz clusters as resistant {n-
clusfons.

After the trench was deepened, {t became clear that _the drusy quartz
clusters in the carbonate vefns had, in fact, not crystalifzed in place. The
drusy quartz lines fractures and 1ithophysal cavities in the Tiva Canyon tuff
and is most abundant near the fault contact with the Rafnier Mesa tuff.; Some
of the quartz-lined fractures may be part of an earifer fault trace. Frag-

ments of drusy quartz are present in the carbonate-bearing fault gouge, but no -

§n situ drusy quartz crystals have been found in the Rafnfer HMesa tuff. This
suggests that the quartz predates fault juxtaposition of the two tuff units.

Other Silica Deposits

- Silfca occurrences textura'l‘iy distinct from the drusy quartz, but aliso not
genetfcally assocfated with carbonate, ‘inﬂud‘e botryoidal chalcedony/opal CT
and arborescent silica. The occurrence of arborescent sflfca {s simflar to
that of drusy quartz, but this materfal has not yet been studfed {in detafl.
Like drusy quartz, chalcedony lines fractures and voids fn the Tiva Canyon
tuff. Botryoidal chalcedony/opal CT. also fﬂls fractures in the vitric
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Rainier Mesa tuff and has been found fn the zeolitizede nonwelded tuff in
Trench 14B (the small trench due north of Trench 14). It remafns to be est-
ablished whether the various chalcedony occurrences in different rock units
represent separate episodes of silfca depositfon.

Ongoing Work

The original sample of drusy quartz fron the carbonate veins has been utfi-
fzed for fluid {nclusfon study and oxygen 1sotopic determinatfon, A fluid

fnclusfon homogenfzation temperature of 145°C was obtatned with a heatfnglcoo1-

- ing stage. The de118g value of +22.1 per mil (relative to SMOH; analysis by

J. R. 0'Hefl, USES) gives a temperature around 50°C, assuming equflibrium with

meteoric water having del 185 of -13 per mf{l. O°Nefl has suggested del-D det-

ermination for extracted fluld fnclusions as a check. '
Experimental electron spin resonance dating is being attempted on a sample

«of drusy quartz from cavities in the Tiva Canyon tuff. Final results are not

expected for several months, but preliminary results suggest an age greater
than several hundred thousand years.,

~ Reasons for Studying the Quartz/S{liica 0ccurrences

0 address concerns of fnterested parties that quartz fs a product of recent
hydrothermal activity

o help to understand the history of the Bow Ridge fault
help to understand the history of alteratfon associated with the fault

o characterize the varfous sfifca deposfts in the trenches to facilitate
-comparison among the deposits and identify differences in mode of origin
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| Table T

. ' TABLE 1 '

 PREPARATION PROCEDURES USED FOR SAMPLES DESCRIBED
. - IN THE TEXT

Bailey Hot Spring altered rock (BT-6-7-2): crushed only.

Brady Spring tufa (RMV-201-82): crushed only.

Busted Butte north side surface (BB-1): crushed only.

Busted Butte west side surface (BB-3): crushed only. '

Busted Butte west side fault filling (BB-2): crushed only. :

Busted Butte west side fault filling (BB-2 2-5 m acid): crushed, washed

- twice in pH 5 acetate buffer with Na-acetate rinses, rinsed in ethyl
alcohol, treated in ultrasonic bath, sampled from precipitate after
overnight settling. . , :

Busted Butte west side surface (BB-3 2-5 m acid): crushed, washed twice in
pH 5 acetate buffer with Na-acetate rinses, washed in ethyl alcohol,
trea%id in ultrasonic bath, sampled from precipitate after overnight
settiing. , , , : B

Busted Butte west side surface (BB-3 1 day): sediment from supernatant over
sample "BB-3 2-5 m acid" after 24 hours settling time. .

Busted Butte west side buried sand (BB-4 <2 m): crushed, treated in
ultrasonic bath, set aside overnight to allow settling of >2 m fraction,
collection from supernatant following evaporation. .

Busted Butte west side surface sand (BB-5 <2 m): crushed, treated in

ultrasonic bath, set aside overnight to allow settling of >2 m fraction, -

: collected from supernatant after evaporation. ,

Busted Butte west side surface sand (BB-5 oriented-EG): XRD of sample BB-5
<2 m following preparation of oriented mount with ethylene glycol
saturation. : '

Calico Hills (CH-2): crushed only,

Cane Spring (CS-1 white): crushed only. _

Fluer de Lis Canyon (FDL-CYN-1-86): crushed only.

Fran Ridge (FR6): crushed only. '

Moapa spring mound (MO-1): crushed only.

Moapa spring mound (MO-1 acidified): crushed, washed four times in pH 5

: acetate buffer with Na-acetate rinses, rinsed in ethyl alcohol, sampled
from precipitate after centrifuging thirty minutes at 9,000 rpm.

Moapa spring mound (MO-1 <2.m acid): sampled from residue left after
evaporation of supernatant from sample "MO-1 acidified".

Moapa outfiow at 3' depth (MO-2): crushed only. v

‘Moapa outflow at 3' depth (M0-2 acidified): crushed, washed four times in
PH § acetate buffer with Na-acetate rinses, washed in ethyl alcohol,
sampled from precipitate after centrifuging thirty minutes at 9,000 rpm.

Moapa outflow at 3' depth (M0-2 <2 m acid): sampled from residue left after
evaporation of supernatant from sample "M0-2 acidified".

Moapa outflow surface (M0-3): crushed only. . :

Moapa outflow surface (M0-3 acidified): crushed, washed four times in pH 5
acetate buffer with Na-acetate rinses, washed in ethyl alcohol, sampled

- from precipitate after centrifuging thirty minutes at 9,000 rpm.

Moapa outflow surface (MO-3 <2 m acid): Sampled from residue left after ,

evaporation of supernatant over sample M0-3 acidified. '

Moapa outflow surface (M0-3 <2 m oriented): XRD of oriented mount made from

sample M0-3 <2 m acid. :

Moapa outflow surface (M0-3 <2 m ori/eg): XRD of glycolated mouﬁt MO-3 <z»m ;

~ oriented. S
Navares Spring (Navares): crushed only.
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U.S. DEPARTMENT OF ENERGY

— .
Lol s o

CALC!TE AND OPALINE SILICA PEER REVIEW
OVERVIEW

~ PURPOSE: ASSESSMENT OF THE PRESENT INFORMATION ABOUT THE PROCESSES AND MODELS OF ORIGIN,
AND THE PROPOSED WORK IN RELATION TO SATISFY!NG THE PERFORMANCE ASSESSMENT
- REQUIREMENTS OF 10 CFR 60.

" REVISED AGENDA:

DAY 1 - FIELD TRIP
DAY 2 - PRESENTATIONS: |
8:00 A.m. -InTrRODUCTION, PurPose, OBJECTIVES, ReEGu-  Max BLAncHARD/Don LIVINGSTON,
LATORY IMPLICATIONS, APPLICABLE REGULA- DOE/HMPO, AND STEVE MATTSON,
TioNs, STePS, Si1TE CHARACTERIZATION, Executive SEcrReTaRrY, SAIC
QuaL1TY ASSURANCE, AND SELECTION OF CHAIR- -
'MAN FOR Peer Review PANEL |
g:00 A.M. - TECHNICAL PRESENTATIONS ABOUT PRESENT - JoHN -StuckiLEss, USGS, AnD
’ e KNOWLENGE AND PrROPOSED WORK . - Dave Vaniman, LANL
2:15 p.m. ~ PRESENTATIONS ABOUT PERFORMANCE AssesSMENT  RALPH PETERs, SNL

4:00 p.nM. REview oF CHARTER wiTH Peer Review PAaneL . Max BrancHArD/Don LivinesTon,
| , WMPO/DOE, Steve Mattson, SAIC

e ¢ hden st s ben o sas A . e . a et lhe e s e eaen e miemat ot i h s § el an ) bk e o m sk 1L
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~ CALCITE AND OPALINE SILICA PEER REVIEW
OVERVIEW (CONT’D)

A S
AP S R

* Dav 3 .- PEER REVIEW PANEL MEETING

R:00 A.M.  Leap ProJect PARTICIPANTS (STUCKLESS AND  CONDUCTED BY CHAIRMAN
VANIMAN) ANSWER REMAINING QUESTIONS FROM '
Peer Review PanNEL ' '

9:00 A.m. Peer Review 'Goes INTo CLoSED SEssToN MEETING

. .
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U.S. DEPARTMENT OF ENERGY

PEER REVIEW OBJECT[VES p

_10’ DEVELOP AN UNDERSTANDING OF THE POTENTIAL REGULATORY/LICENSING ISSUES
‘0o EVALUATE ONGOING WORK RELATED TO THE ORIGIN OF THESE DEPOSITS
o EVALUATE PROPOSED PLANS FOR SITE: CHARACTERIZATION RELATED TO THE ORIGIN OF THESE DEPOSITS

‘o ASSESS THE ARILITY OF THE ONGOING AND PLANNED WORK TO PROVIDE INFORMATION NEEDED BY
~ PERFORMANCE ASSESSMENT | |




. 5 DEPART'ENT OF ENERGY

INJ evada
| N8 ucleor.
| Wl aste
S e tion IR L |
PROJECT| POSSIBLE REGULATORY IMPLICATIONS OF CALCIT

0:&#;} , | OPALINE SILICA DEPOSITS N UCCA MOUNTAIN

O
o
R
W
M
OGR

o

~

o~ POSSIBLE REGULATORY IMPLICATIONS FOCUS ON ANTICIPATED AND UNANTICIPATED PROCESSES AND
EVENTS

o NEED TO ASSESS LIKELIHOOD OF DISRUPTING OR INTERFERING WITH CONTAINMENT AND ISOLATION




'U.B. DEPARTMENT. OF ENEROY

REGULATIONS CALLING FOR_INFORMATION ABOUT_ANTICIPATED AND/OR |
~ UNANTICIPATED PROCESSES AND EVENTS

. __ oty

R

o 10 CFR 60.21 ~ CONTENT OF APPLICATION

~EVALWATION OF PERFORMANCE OF GEOLOGIC REPOSITORY SYSTEM AFTER CLOSURE...FOR ANTICIPATED
~ AND UNANTICIPATED PROCESSES AND EVENTS

o 10 CFR f0.122 - SITING CRITERIA
~FAVORARLE CONDITIONS

NATURE AND RATES OF...HYDROGEOLOGIC...PROCESSES HITHIN THE QUATERNARY PERIOD WOULD
NOT...AFFECT...THE ABILITY Tn ISOLATE..

-POTENTIAL ADVERSE CONDITIONS

POTENTIAL FOR CHANGES IN HYDROLUGIC CONDITIONS THAT WOULD AFFECT THE MIGRATION OF
~ RADINNUCLIDES....




U.8. DEPARTMENT OF ENERGY

»t

5
e .
R (35 S |
W pleiiiis REGULATIONS CALLING FOR INFORMATION ABOUT ANTICIPATED AND/OR
'\'I 0, UNANTICIPATED PROCESSES AND EVENTS

THREE PERFORMANCE DBJECTIVES:
o 10 CFR 60.112 - OVERALL SYSTEM PERFORMANCE
“EPA RELEASE LINITS CONSIDERTNG ROTH ANTICIPATED AND UNANTICIPATED EVENTS
o 10 tFR 60.113 - PERFORMANCE OF BARRIERS AFTER CLOSURE

-RELEASE RATE OF ANY RADIONUCLIDE SHALL NOT EXCEED ONE PART IN 100,000 PER YEAR OF THE
INVENTORY AT 1,000 YEARS (FOR ANTICIPATED PROCESSES AND EVENTS)

-CONTA!NMFNT WITHIN WASTE PACKAGES HILL BE ESSENTIALLY COMPLETE FOR 300- 1 000 YEARS
-~ (FOR ANTICIPATED PROCESSFS AND EVENTS) |
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U.8. DEPARTMENT OF ENERGY

* STEPS [N PREPARING LICENSE APPLICATIO

m
e i

1. BERS%R”A“CE GOALS AND PARAMETERS ARE ESTABLISHED IN SCP AND STUDY

2. CONDUCT SITE CHARACTERIZATION»TO ACQUIRE PERFORMANCE PARAMETERS.

3. USE PERFORMANCE PARAMETERS TO ESTABLISH VALUES,
ROUNDS, AND LIMITS ON PERFORMANCE GOALS. -

4. %gg?g%{ogERFORMANCE ASSESSMENT (DETERMINE IMPACT ON CONTAINMENT AND

5. PREPARE I.CENSING APPLICATION.
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e . . L &Y , 20 |, 91 . 92 . 93 ' 94 s 95 .4
o sch ' SEMI-A;JNUAL scp morl;ness REPORTS ' ' i i h
'REGULATORY & .
TS TTUTONAL o] ———u -—s — -

__STUDY PLAN PREPARATION AND REVIEW

—
L SCOPING_HEARINGS NEPA ENVIRONMENTAL tMPACT STATEMENT :
[«] -— - SUITABILITY ASSESSMENT _(_10CFR960__HLF) oes / FESS
ISSUE RESOLUTION '

(NRC WORKSHOPS) T o ey
(UCENSNG OPEN .l‘!‘n?“ . u".mu- u.;.““m oy S8 80LYTON ﬂ-xm
ITEM RESOLUTION) ool e _ e . ——-r

(1SSUE ORTENTED - =l e o e e
POSITION PAPERS) - reamce , 30 | o o foru) s
(SUITABILITY/PERFORMANCE ‘ - N -
ASSESSMENTS) _
REPOSTTORY [&3] @ —ACD X3 LAD
e ~ . START FREEZE / START - FREEZE
WASTE . ACD . &———-L0
PACKAGE ‘ OSTART_ B START

A Y A

INFORMATION Dew e Bhem Bem
REPORTS v e e
; : FINAL TECTONIC
A : MODEL ,GEOLOGY MODEL
GEOLOGY M —aToRaL TONEOUS T bseswic e ATURATED ZONE
| : GEOLOGIC MAP RESOURCES REPORT  ACTIVITY REPORT  HAZARD REPORT HY 0aQY
HYOROLO G', _ , FINAL g.mare - ’__ggget“unog%_"'_-fw;zo SATURA Lo
‘ R ‘ ' B . L HYDROLOG
« GE . : ’me. SORPTION/ GEQCHEMISTRY/ FINAL
: PERCIPITATION REPORT GEOPHYSICS MODEL SOLUBILITY .
. L ARATION ' : - REPORY
R PREP ’ SHAFTS DRIFTING ‘ o
EXPLORATORY . ~ CONNECTED ~ COMPLETE
CSHAFT ¢ 9-  J
, START SHAFTS i : ‘ , , ,
K, e 4
es PRELIMARY .  ES FINAL
TESTING , : ' do e €S  TESTS €S

- DATA COMPLETE  REPORTS
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u.8. DEPARTMENT OF ENEROY

© QUALITY ASSURANCE (QA) PROCEDURES

R e S

10 CFR PART 60, SWBPART G, FEDERAL CODE OF REGULATIONS
10 CFR PART 50, APPENDIX B, FEDERAL CODE OF REGULATIONS
NNWST QAP/Nvd 196-17, SUALITY ASSURAMCE
WHPO/QAPP/AVO 195-18, QUALITY ASSURANCE

QNP 03-01

ot




PEER REVIEW PROCESS IN ACCORDANCE WITH GMP 03-01

o - S S e
]

CHAIRMAN S RESPONSIBIL]TY 10:
- PREPARE AN AGENDA FOR FRIDAY AND CONDUCT MEETING.

- - PREPARE AND ISSUE CONSFNSUS REPORT OF EVALUATION AND RECOMMENDATIONS TO WMPO. MINORITY

"OPINIONS CAN BE INCLUDED.
- PREPARE SUMMARY LETTER AND TRANSMIT REPORT OF PEER REVIEW MEETING TO HMPO FOR
CONCURRFNCE

> ORGANIZATION'S WORK THAT IS BEING REVIEWED RECEIVES REPORT AND INCORPORATES COMMENTS.

- ANY DlSAGREEMEMTS.HILL BE REVIEWED BY WMPO AND CORRECTIVE ACTION TAKEN.

FINAL REPORT, .INCLUDING ALL POCUMENTATION, IS ISSUED BY WHPO.

RE AVAILARLE TO DISCUSS REPORT WITH OTHERS, IF NEEDED.
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DEPARTMENT OF ENERGY

S toroge
X nvestigations
PROJECT

Weea
n MANTAIN

QMP 03-01 .
QliA ITY ASSURANCE PROC DURE oN

R REVIEW

A m

_ S

RESPONSIBILITY OF WMPO BRANCH CHIEF TO INITIATE AND TO CONDUCT PEER REVIEH OR TO HAVE PEER
_ REVIFHS CONDUCTED IN ACCORDANCE HITH THIS PROCEDURE.

RRANCH CHIEF DESIGNATES CHAIRMAN.

J‘:..'“,-.u P Y

REVIEWERS ARE T0 BE'INDEPENDENT OF CONTRACTOR WHOSE WORK IS BEING REVIEWED.




HYDRUGEN I C DEPUS ITS

| 1. Minerals and mineraloids precipitated
- from water. |

o 2{,Types identified around Yucca Mountaint'
a. Calcite and opaline silica
b. Silicqécemented breccia

c. Drusy quartz



U. 8. NEPARTMENT OF ENEROY

Q [recs. |
| N urleor
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| C | - REPOSITORY
SYSTEMS INVESTIGATIONS
TECHNICAL DATA FACIUTIES ' REPOSITORY PERFORMANCE
BASE MANAGEMENT ASSESSMENT |
1213 1244 1.2.4.6
i
TECTONICS & . »| CLIMATOLOGY | PALEOHYDROLOGY
VOLCANSM [t 1.2.3.3.7 —
1123231 T 1.2.3.3.6
L) N | v‘ :
STUDIES OF CALCITE & OPALINE—
SILICA VEIN DEPOSITS
1L
| - =
UNSATURATED| | REMOTE | | ISOTOPE | | GEOCHEMISTRY | [DRILLING
ZONE SENSING | | GEOLOGY | | | '
HYDROLOGY 1.23.2.25| [1.23232| | 1.23.4 1.2.35




3.

STATEMENT OF PROBLEM

Do any hydrogenic depoSits have signiFicant5_
implications for repository performance ? |

What do hydrogenzc dep091ts imply about

‘water at repository depth ?

Do any hydrogenic deposits have
potential economic implications 7



U.8. NEPARTIENT OF ENEROY

TRENCH 14

Current Status

MAP OF SOUTH WALL OF TRENCH 14
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'U. 8. NCPARTMENT OF ENEROY

gfE|  TRENCH 14
\Io'l qroseet | - Current Status
—ocn ' ' e ' _II ——

1. Available data are consistent with a |
pedogenic origin for the calcite and
opaline silica deposit. |

'2. Pre1iminary findings argue against high
~ temperature origin for calcite and silica.
‘@) Stable isotopes suggest ~15°C.
b) Fine-grqined texture suggests low T.
¢) No obvious alteration'oF wall rock.

d> Opal types and occurrences are
consistent with low T origin.




U, 8. NEPARTMENT OF ENERQY

SBE |  TRENCH 14
W

rrosECt - Current Status

3. Low-temperature spring seems unlikéiy..

a) Biota are not abundant.

'b) Opal occurrence is not comsistent with
- low-temperature spring analogues.

,'4.'Four‘oges for calcitevand,opal!suggest
deposition more than 400, 000 years ago.




8EE ] TRENCH 14

PROJECT ,~Current Status

| Jaminin N

gsnnu:1

S. Szlzca-cemented breccxas are probably
older than calcite & opaline silica
(based on field relations).

- Depositicnal mechanism is currently

unknown.
. | | | /)W/ﬂ,é >/my |
8. Drusy quartz is oldest hydrogenic dep091t‘ o
~ and may be syn—volcanlc._ . ﬂéudwmyﬁ““/ o)

- F1u1d-1ncluszen aond isotope data suggest
higher temperature of formation than for
calcite and opaline silica. |
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COORDINATED INTERDISCIPLINARY STUDIES

Field work o f) Tracer isotopes
Mineralogy ) Stable isot
Mznera ogy 9 ‘ able é23§ZPGS
Geochemistry h) PaleohtOIOQy_‘
Fluid.inclusions i) Hydrology '_ 

Geochronology > Data integration
»'%aiéfi' %%“JdaLygvaégz;dﬁzig




Deepen Trench 14.

Trench unfaulted, bedrock-colluvium

| .contoct for comparison to Trench 14.

; Trench parallel to Trench 14 to reveal
lateral extent and morphology of dep031ts.

Compile regxonal'map of hydrogenic'depOsits
" with emphasis on calcite-silica deposits. |

é?uocm,&u/{aw aJe: o/ v Bomal. THi

/1



5 TRENCH MAPPING
\IOI, Ob Jectives

" 1. To characterize in detail the morphology

of fault-related deposits.

- 2. To determine relative age relations
within the hydrogenic deposits.




U.8. NEPARTMENT OF ENEROY

2 | DRILLING

- Mo
C
- BRIt
WV \groseer| Ob jectives
- W 032 |
—OGR —

“~1.'To determine the vertical extent of
hydrogenic deposits.

2. To investigate chemical, isotopicgldnd‘
‘mineralogic changes with depth.




DRILLING

Approach

(To be used if trenching does not expose the
base of thae calcite and opo11na silica
deposit in Trench 14.) |

L

2

Series of shallow vertical holes (up to 5
- to intarsect_deposit_at depths up to 20 m.

~An angle hole to intersect deposxt at
fopproxzmately 80 m.




U.8. NEPARTMENT OF ENEROY .

¢l | MINERALOGY
‘:0:’ o) - Ob jectives

1. To prov1de a comporlson to deposzts of
- known orlgzn.

a2 To determine-the petrogenic history of wall
- rocks, included blocks, and fault fillings
“in Trench, including some temperatures
and ages (e.g. ESR dating of quartz).
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o
S §§.‘&wm N GECCHEMISTRY
| ‘I\AI{ | Ob jectives

1. Compare maJor and minor element
compositions of Trench 14 dep031ts to
spring, lake, and pedogenlc depos1ts
at and near NTS.

2. Compqre to published data elsewhere.




FLUID INCLUSIONS
| 'ObJectiveS“

1.

2

Determine temperatures of precipitation.

b) Isotopic analyses. pm@a/ew%aahvwbxameO

Determine chemistry of depositing fluids
in materials of known origin and minerals

" from Trench 1A4.

) Homogenlzat1on temperatures.




Y.8, NEPARTMENT OF ENEROY

Sgg,,:rm TRACER ISOTDPES

'To.detérmine'sources'dF watef—pheqipitated
- deposits and hence, paleo ground. water paths.

ﬂw Iors see o Lo




" " u.S.nerannEnT oF eneROY

ISOTDP IC DAT ING
DbJectlves

Determine absolute ogee of spring, lake,
'and pedogen1c deposits at and near NTS.

Detailed dat;ng of Trench 14 to :

- compare ages to deposits of known origin.
- determine history of ca101te*9111ca

development



'ffﬁ'
= STABLE ISOTOPES
‘Icll Db Jectives

1. To determine temperature of deposition
- for hydrogenic deposits.

2. To determxne paleo isotopic composition'
of ground water. | |

; 3. To look for mlcro-zonation within
_ hydrogenic deposits. |




PALEONTOLOGY

Ob jectives

1. To examine hydrogenic deposits for
avidence of biological remains.

2. To compare taxa found with those
in nearby modern—-day analogues.




Er=al
e HYDROLOGIC MOIELS
}\All’ ObJectlves |

1. To determine what 3-dimensional flow models
are consistent with constraints developad
by other parts of the study.

2. To develop input for movement of water
- at repository depth under either saturated
or unsaturated conditions.
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VALIDATING
__ RESULTS

1. Revzew of Study Plan by Peer Revxew Panel
~ (to be composed of ocknowledged experts).

2. Workshop to review prellmxnory results ond

- n /e
~ to obtain input from outside personnal and /
-agenczes.
3. Workshop to present final results and g

-~ conclusions.

\

: ‘

4. Review of final report by Peer Rev1ew Panel - w3 1
of experts. S e

f(Lﬂfw



U, 8. NEPARTMENT OF ENERGY

VALIDATING
RESULT

A R

(CONTINUED)=="x
S. Review by scientific community during the
project will be encouraged by :
a)'Papers submitted to refereed journals.

b) Presentations at technibalmeetings;'.

“@..A.VLM/ fmb g

R . T R RPN . Lo . P P U L e T e R I I




SlEE. | COMMUNICATING
_wm ) RESULTS

. I.Preliminarywdrkshop & reports.
2. Final workshop.
.3.‘Series of Fina14reports in 2
Q. 0pen—F1le format.

'b. Final revised reports collacted in
Pro?essxonal Paper or outside Journol.'




MINERALOGY

1 ,’ . "
t

Los Alamos

——— —

MINERALOGY: WHAT HAS BEEN DONE

Mineralogic and 'Petrographic Comparisons of Five Possible
Analogs for the Deposits in Faults at Yucca Mountain

(1) Hydrothermal Veins.and Alteration
(2) Warm-Spring Deposits |

- (8) Cold-Spring or Seep Deposnts

. (4) Soils
(6) Sand Ramps
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M\ \ PrROJECT |
- - Los Alamos
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o N

Possnble Analog #1: Hydrothermal Veins and Alteration
- mineralogy unhke Trench 14 -

~ (A) Wahmonie (gypsvum)

. (B) Beatty (alunite, gypsum) |

- (C) Calico Hills (cryptomelane, pyrite, barite)
(D) _Yucca Mountain (todoroklte pyrite, barite,

( fluorite) |
%M“y’ v SOB o Aeéu
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- Possuble Analog #2: Warm-Spring Deposnts
- mlneralogy unlike Trench 14 -

. '(A'), ‘Brady
- (B) Steamboat opal-A, sulfur
- (C) Sou

(D) Beatty (Bailey) = sulfur-rich efflorescence '
| ~ (burkeite) .
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& LOCATIONS OF
SINTER DEPOSITS,
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Possnble Analog #3: Cold-Sprmg or Seep Deposnts |
- mlneralogy unlike Trench 14'7 -

(A) Tufa Mounds: Calcite (calcite & smectite
| ~ in outflow sheets)

,t_if'(B) Springs in PlayaEnvironments: Calcite and clays;
) replacement by quartz, chalcedony, opal-CT




TUFA MOUND

SPRING DEPOSITS NEAR MOAPA
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Possible Analog #4: Soils
Similar to Trench 14? (opal-CT, calcite, clays)

Questions: sepiolite distribution?
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y ;/
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MINERALOGY

 Los Alamos

Possnble Analog #5: Sand Ramp Slope-Parallel
and Fault—Fllhng Deposits -

Similar to Trench 14.

Qu estions: multiple origins of opaI-A?
| ~ opal-A to opal-CT transition?
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ASSOCIATIONS AND ASSEMBLAGES
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HYDROTHERMAL VEINS X X X X
~ WARM SPRINGS X | X
 COLD SPRINGS AND SEEPS X X X X
sos X X
SANDRAMPS @ @ ® X

FAULTS R ® |
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~ WHAT WILL BE DONE




‘l’:),’ ngosz - WITH POSSIBLE ANALOGS Los Alaéms |
How: (1) XRD ) (bulk,acid- leached, and <2um
L | o fractlons)

‘ (2) Optlcal petrography y
| | | (3) Mmeral chemlstry (ANAA accuracy)
Why: Empirical Mmeraloglc Comparisons

. P Aﬁl’lﬁ T OF ENERGY

D ' INJ evada
' NJuclear
Clum

MINERALOGY FURTHER |
COMPARISON OF FAULT-FILLINGS

to Potentuai Analogs :



'MINERALOGY:. SURVEY OF
" NEAR-SURFACE VEIN-FILLINGS
(CalicogHiIIlelaim Canyon)

Los Alamos

- How: . (1) Field Work
(@ XRD |
 (3) Optical Petrography |
~ (4) Mineral chemistry (probe accuracy)

- Why:  Empirical Search for Any Similarities _to" B
~ Trench 14 among the Hydrothermal Vein

types that occur Near Yucca Mountain



. NEPARTMENT OF ENERGY

" MINERALOGY: SEARCH FOR TRENCH-14

“GT="] TYPE DEPOSITS AMONG SEEPS AND
- REm5el  SOILS, AS WELL AS SAND RAMPS,
- M1 3= AROUND YUCCA MOUNTAIN = Los mamos
S B &b%mj(%;@w Aecerid,) |
“How: (1) . Field Work
: (@) XRD
(3) Optical petrography
(4) Mineral chem|stry (ANAA accuracy)
Why: 'Emplncal Companson to the Closest

| ‘and Most Snmllar Analogs



S. ARTMENT OF ENERGY

" MINERALOGY: ORIGINS OF

~ 9[E= | OPALA, BIOGENIC vs. ABIOGENIC
IR Z evtgotions (Trench 14 and appllcable analogs)
| "ol’ Pno::: - | ~ Los Alamos'
—OoGR E m—
How: (1) XRD
- (2) Optical petrcgraphy
(3) lon-etching and SEM
(4) Mmeral chemistry (quadrupole ANAA
| | accuracy) |
- Why: Determine the Various Origins of

 Silica at Trench 14 and Possible Analogs
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jzem00;

" MINERALOGY: TIMING AND GENESES

OF SILICA DEPOSITS IN TRENCH 14

Los Alamos |

How: -

)
©

(1)

- (2
)

(4)

,XRD

ESR dating

Fluid inclusion analysis

Stable isotopes

Ion-etching and SEM
W%

Optical petrography

To Determlne the Orlglns of Silica Deposits
(Why are they dlfferent from the fault fllllngs’?)




MINERALOGY BRECCIATED TUFFS
-~ ALONG FAULTS

- Los Alamos

How:

(1) XRD
(2) Optical petrography

~ (3) lon-etching and SEM
- (4) Mineral chemistry (probe accuracy)

. ..Determivne Whether the Secondary Minerals -

in Brecciated Tuffs are Related to the
Banded Fault Fillings

Aok it %&Mumc@ w/%oé 7%4444,_,_ | ‘
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DCPARTMENT OF . ENERGY ’

lDdeo

MINERALOGY FORMATION OF
-~ ASH COATINGS

Los Alamos

A, ————
R

SR

- ,(1) XRD

(2) Optical petrography |
(3) lon-etching and SEM

(4) Mineral chemistry (probe accuracy)

7 Cahbratlon ofExtent andtyp.e of. Deposnt. |
- Formed since Ash was Introduced
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82 | GEOCHEMISTRY:
5. BULK-ROCK ANALYSIS
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PROJECT

Los Alamos |
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$25000;

- How: (1) XRF
~ (3) ANAA (PIXE?)
- (4) Assay

WHY: Two reasons- o
~ (1) Constrain possible ore potential
(2) Empirical comparison of compositional
ranges between analogs -

P R I
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2= | GEOCHEMISTRY: METHODS
- R AF rhion| (Major and Minor Elements)
‘IOI’ A:.....,. : | | — " Los Alamos
—OGR: N — — —
| 7,
Microprobe “AA A{I{{;ﬂ Xs
Si | A" Si
Ti T Ti Ti
Al AL Al Al
Fe Fe Fe Fe
Mn Mn Mn Mn
Mg Mg Mg Mg
Ca - Ca Ca Ca
Na ‘Na - Na ‘Na
K K K K
P P | P
S - S

) . J)
L] -1
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© 1.5. DEPARTMENT OF ENERGY

N GEOCHEMISTRY METHODS
X reestgotions (T race Elements)

PROJECT

ainno?.e

Los Alamos

N RSRR,

. —och -

AR ANAA/?TXD <7 L/'

- Ba | Au-Rb
Cd ~ Ba Sb
Co Ce Sc
Cr -~ Cl Sm
- Cu | Co . Sr
L ~ Cr Ta
- Ni o Cs Tb
~ Pb | Dy Th
Sr -  Eu U W7
Vv  Hf V. tveny?
- Zn =« La Yb
| | | Lu Zn
| Zr

R T S L o o
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$38300;

Mo | GEOCHEMISTRY METHODS

| X mestotos (Assay) -
o pm | Los Alamos

To be used only on samples from the :
V|cm|ty of Yucca Mountam

" AAVICP/Fire Assay

- Ag Hg-
As Mo
Au Se
Bi Sn

cd

w-
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DEPARTMENT OF ENERC

Of= | GEOCHEMISTRY: MICROBEAM |
B(Ez..  ANALYSIS OF MINERALS | _
. ‘|c|, RD::- - | - In Situ o o :LOSAIamos

How: (1) Electron mlcroprobe |

- Why: Empmcal companson of chemical
- variations between minerals
common to several analogs.




GEOCHEMISTRY: ANALYSIS
OF MINERAL SEPARATES

- | Los Alamos

e R

(1) Na- polytungstate he'avy' quuids & XRD
- (2) Hand-picking & XBRD

(3) Water and volatiles by quadrupole coupled
with TGA My ™

'(4) Anhydrous minerals and reSIdues by XRF,

AA, ANAA, probe

Empirical Comparison of Chemical Variations
between Minerals Common to Several Analogs

Z,l%‘y.«?\:aﬁ A—V'LLL’MW“; j)

'H/OG’Q
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ggﬁ%.} GEOCHEM!STRY METHODS
| I‘ell | PRD:: - | QU&depOle . - Los Alamos

- HO

- CO,
S-spemes |
- Ar |
K
N-species
cL
- organic species




| "Todetermine'sources of water-precipitated
. deposits and hence. palec ground water paths
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= - TRACER ISOTOPES =
‘lcl, . - | .Bockgr'opnd;_: R  _ N

- "Thé-isotOPid,COmpositiohs of Pb and Sr vary
widely in different geologic material.as a -
- function of time and di£Fering,U/Pb or Rb/Sr.

~ Waters in contact with"yariousugeolbgic
materials acquire the isotopic composition of
those. materials.. LT g

o lThese.compositions.dbélthén_pdééed~td .
chemical precipitates from those waters.



TRACER ISOTOPES

" USEFUL SYSTEMS
.87Rb 4;§ 87Sr'

238, _, 206,

- 2327, 208p,
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=./ TRACER ISOTOPES
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: PROJECY
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' Rese?6irs1to‘be 6horacterizéd:
- 1) Pedogenic carbohate nedr*TbenCh 14,
'2) Wind-blown corbohqté near Trenéh'l4.
3 Tuffs near Trench 14.
4 Corbonate aquiFér.aﬁk*%kym_

- 3 Modern ground water.
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BlES.| TRACER ISOTOPES

ANALYTICAL SENSETIVITY

Sr composition measured better than .005%

 Pb'composition meosured better than .01%

 Small differences can be measured, but many

P analyses are needed to churately define

- compositional range of source materials.
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‘BES.| TRACER ISOTOPES

_OtheE possibilities:For qharactéhizing
-~ source of Pb or Sr includé'isotopic

~ composition versus concentration.
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SILICA DEPOS!TS IN TRENCHES 14— 14A 14B
o Generahzed Occurrences — Not to Scale,

sz

PRQJECT

Devitrified Tpc' | | | 'Calmte—snllca veins Non—welded tuff 5"“’

~ [drusy quartz and] [ partly silicified botryoidal
chalcedony . breccia silica

L@S Aﬂam@)g
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| SILICA DEPOSITS - POSSIBLE OF%IGINc

Los Alamos

50 ¥ /0D °C

. MODERATE - TEMPERATURE HYDROTHERMAL
e DIAGENETIC
e PEDOGENIC

@ SPRING DEPOSITION
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PROJECT

FLUID INCLUSION STUDIES

Los Alamos

e
R

\\"

- M

—acR

o e Bulk composition — liquids & gases

@ Microthermometry of individual inclusions
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= |  FLUID INCLUSION GASES

S tornge

X nvestigotions » —— a
PROJECT ‘

$25100;

DRUSY QUARTZ, YUCCA MOUNTAIN

(H20 excl‘uded)' sy e Compora T
‘No - Hy,
| CO2 o - nButane
H:S ~ Hexene
CH, A
Ethane . Benzene -
SOz | " He




U.%. DCPARTMENT OF ENERGY

PROJECT

g, FLUID INCLUSION GASES

Los Alamos

Oilfield Brines

Methane
Ethane
Propane

-~ n-Butane
Isobutane
Methylpentane

- Methylcyclopentane

Cyclopentane .
n-Pentane
Cyclohexane

- Benzene
Toluene
Hexene

A W W W U U U W W W W W W

Fiuid Inclusions in Secondary Quartz
Mineralized Paleozoic Topopah Spring tuff,
basin fill - Yucca Mountain

I Y I Y\
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= | FLUID INCLUSION STUDIES

| € toroge v
X nvestigations
PROJECT |.

Los Alamos

32S100:.

n RNt

| Bulk Composition
o Compare with other enwronments | .
Coryooun T¥ w/“““‘g/g%(fmk Stecen. Mo
® Fluid characteristics

Fh | 5.
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5= | FLUID INCLUSION STUDIES

| S lorage
X avestigations

PROJECT

Los Alamos

Microthermometry
'® Temperature

®  Fluid salinity




‘U.%. NEPARTMENT OF ENERGY

* FLUID INCLUSION STUDIES

Los Alamos

Microthermometry

'7‘}/)4,\ Al A

® Bubble homogenization temperature
® Bubble reappearance temperature

® Freezing point
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S
I PROJICT

\l'\\l’ ELECTRON SPIN RESONANCE DATING (ESR)

ALPHA RECOIL FROM U,Th DECAY CREATES PEROXY
CENTER DEFECTS

o

- 0 AG’E 'IS CALCULATED FROM QUANTITY AND |
- ACCUMULATION RATE OF DEFECTS //-;'543 ergVal &9“@

o USED FOR DATING QUARTZ; MAY BE
 APPLICABLE FOR OTHER SILICA,




W\  ESR DATING
IU;HO-'I'ICT____‘ - |

Natural ESR signal in equivalent radiation dose
Annual dose rate

ESR age (yr) =

 LosAlamos

T N a hi L ] .
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ESR DATING

Los Alamos

| -ApplicatiOns to secondary silica deposits:

S ST C I SN

Srlrca cemented breccuas

_ /£ e
Drusy quartz in progress "‘*é}f}wﬁ’,}m&

‘Silica in non-welded tuffs forcen - e

Yo %h{ny,,(,
Wo/ :

0t 3w &zq .‘VQ)@@&mﬂx

J&/w |
gw weed, O Mﬁwu o
g orfier

Biogenic opal
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DATA.FOR PALEOENVIRONMENTAL INTERPRETATIONS

kModern Analogue‘ Samples
| Faunal & Floral Data Base"Established
- with QA Criteria for Local Springs,

4:,,,_ . Seeps, Playas
S ' I

Available Information on

Physical-Chemical-Habitat
Tolerances for |
Aquatic Taxa




TRANSPORTATION & PRESERVATION
 OF AQUATIC MICROFOSSILS IN

. TERRESTRIAL SEDIMENTS

Sediment Samples from Soil Profiles,
Sand Ramps, Alluvial Fans, Others

?? Aquatic Microfossils
| Preservation Abundance ??
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SAMPLES FROM T14 & OTHER CARBONATE-SILICA DEPOSITS

Aquatic Microfossils I |

Present Absent |-«
. ..---—-— - (N
Mineralogy _-=" 1
1 _e=" ? Terrestrial
Preservation =~ Environment
. B i)
Species Diversity L _/’
‘| . & Abundance Sso p
| | Transportation |
Species & Environmental |_~ |

- Compatablility

I .
Paleoenvironmental
Interpretation

Nature of

Original Environment
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NNWS PROJECT CONCERNS RELATED TO DEPOSITS

RESTRICTED IN TIME (QUATERNARY PROCESSES)
RESTRICTED IN SPACE (AREA AND DEPTH)
RESTRICTED IN CONTENT:

- QUANTITATIVE (PERFORMANCE ASSESSMENT AND DESIGN)
- QUALITATIVE (REASONABLE ASSURANCE)
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" (THICKNFSS EXAGGPRATED)
e WATER TABLE v
1111 FLUX THROUGH THE UNSATURATED ZONE

< UNSATURATED FLOW PATHS USED FOR TRAVEL TIME
CALCULATIONS '

=  SATINATED FLOW PATH fOH WATER THAT HAS PASSED
L THROUGH THE REPOSITOAY LEVEL )

‘, DFEP SATURATED FLOW PATHS FOR WATER THAT HAS NOT PASSED
THROUGH. THE REPOSITONY LEVIL .
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PAINTBRUSH TUFF
NONWELDED

PTn
TOPOPAH SPRING
WELDED

Tow

CALICO HiLLS
NONWELDED VITRIC

CALICO MILLS
NONWELDED ZEOLITIC

PROW PASS
WELDED

PROW PASS
NONWELDED

‘10788 FEETY

1000 FEET
4

METERS

BULLFROG
NONWELDED

SATURATED ZONE
PROPOSED REPOSITORY '
ZEOLITIC REGIONS
WATER TABLE
SATURATED ZONE
GHOST DANCE FAULT

TRUE DIP = 77
APPARENT DiP = 57
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~ 'INFORMATION ABOUT DEPOSITS MAY SUPPORT QUANTIFICATION OF
PERFORMANCE ASSESSMENT MODELING PARAMETERS FOR CURRENT CONDITIONS

INITIAL & BOUNDARY CONDITIONS  UZ WATER FLUX
UZ PNEUMATIC FLUX

TEMPERATURE

PERMEABILITY
POROSITY | |
_ RETARDATION - DISSOLUTION
‘ | " WATER CHEMISTRY
CALCITE, CARBON CONTENT .
FRACTURE FILLINGS |

* MATERIAL PROPERTIES

- FAULT OFFSETS

SYSTEM GEOMETRY
- o FAULT OFFSETS

VALIDATION OF MODELING CONCEPTS

BELOW REPOSITORY
ABOVE REPOSITORY

MATRIX,
MATRIX,
MATRIX,

REPOSITORY AREA
REPOSITORY AREA

- ERACTURES
FRACTURES"
ERACTURES



'INFORMATION ABOUT DEPOSITS MAY SUPPORT QUANTIFICATION OF PERFORMANCE ASSESSMENT,.

) &
s -

MODELlNG.PARAMETERS FOR SCENARIO DEFINITION (BASED ON PROCESSES OPERATING DURING QUATERNARY)

':FL"X,CHANGES, BELOW REPOSITORY

~ MATERIAL PROPERTY CHANGES
" (PERMEABILITY, POROSITY, o,
Hy0 CHEMISTRY)

'WATER TABLE CHANGES -

FAULTING PRORABILITIES
(RECURRENCE INTERVALS)

RATE AND DEPTH OF POTENTIAL
DRILLING

SRR N S VSRS T S SN e Ca e A

DUE TO CLIMATE

DUE TO SURFACE DRAINAGE CHANGES
DUE TO TECTONISM

DUE TO FLUX, SOLUTION, PRECIPITATION CHANGES
DUE TO FAULTING

DUE TO CLIMATE

DUE TO TECTONISHM

DUE TO MINERAL POTENTIAL
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PROJECT © CHARTER FOR PEER REVIEW
“ n o LM+ ‘ )

PHRPOSF' TO PROVIDE ASSESSMENTS AND RECOMMENDATIONS ABOUT (1) POSSIBLE PROCESSES AND MODELS OF
IVORIGIN, (7) PROPOSED WORK REING PLANNED, AND (3) IMPLICATIONS ON CONTAINMENT AND ISOLATION OF
\RADIOACTIVF NASTE FROM THE ACCESSIBLE ENVIRONMENT.

POINTS OF EMPHA§ES: THE DRIVING MECHANISM FOR ANY WORK PROVIDED TO THE NNWSI PROJECT 1S
_PERFORMANCE ASSESSMENT-BECAUSE CONTAINMENT AND ISOLATION IS DEMONSTRATED THROUGH PERFORMANCE
- ASSESSMENT. ALTHOUGH MUCH RESEARCH COULD BE IDENTIFIED AS BEING OF ACADEMIC INTEREST, THE MAIN
"EMPHASIS OF YOUR EVALUATION SHOULD FOCUS ON WHAT INFORMATION COULD SUCCESSFULLY LEAD T0
: ADDRESSING PERFORMANCE ASSESSMENT CONCERNS.

GIVEN YOUR EVALUATION OF THE PRESENT KNOMLEDGE ABOUT THE DEPOSITS, THE PROPOSED WORK, AND THE
PERFORMANCE ASSESSHENT CONCERNS, THE WHPO WOULD LIKE YOU TO PROVIDE THE FOLLOWING INFORMATION
IN AS MUCH DETAIL AS YOU FEEL THE PRESENT INFORMATION ALLONS: |
A Homeeprsponsnd
1. ARE THERE PROCESSESJOR MODELS OF ORIGIN THAT ARE NOT LIKELY TO BE RESPONSIBLE FOR THE
DEPOSITS OF CONCERN? ARE THERE ADDITIONAL MODELS OR' PROCESSES THAT SHOULD BE CONSIDERED?
GIVEN THE PRESENT INFORMATION,ABOUT THE DEPOSITS WHAT IS THE MOST LIKELY ORIGINS) OR

| .~ \PROCESS(ES) RESPONSIBLE FOR/THEIR DEPOSITION?
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' U.8. DEPARTMENT OF ENERGY

CHARTER FOR_PEER REVIEW (CONT'D)

Kot ® %65 T
2. GIVEN THE REAL'?TIf MODELS AND PROCESSES OF ORIGIN WHICH CREDIBLE DISRUPTIVE OR EXPECTED

'SCFMARIOS COULD BE BETTER UNDERSTOOD BY CONTINUED STUDY OF THE DEPOSITS’

C | Ao 2DV
3. GIVEN THE POTFNTIAL DISRUPTIVE NR EXPECTED SCENARIOS, WHICH REALISTIC MODELS HOULD HAVE AD'ﬁuhy

ﬁ%§f§§”’ HIGH, MODERATE, Loy e

(4
LS Wi .
T

4. CONQIDFRING THE PROPOSED RESEARCH BY THE NNWST PROJECT PARTICIPANTS, IS T¢§ QfOSED —
~ RESEARCH ADEQUATE AND LIKELY TO GENERATE INFORMATION DIRECTLY USEABLE IN EVALUATING THE
CREDIRLE SCENARIOS RELEVANT TO CONTAINMENT AND ISOLATION OF THE WASTE MATERIAL? A RANKING |
" OF THE PERCEIVED USEFULNESS OF THE PROPOSED WORK IS REQUIRED. IS THERE OTHER RESEARCH THAT
SHOULD BE PROPOSED THAT WOULD HAVE DIRECT IMPACT ON PERFORMANCE ASSESSMENT CONCERNS? .
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" U.5. DEPARTMENT OF ENERGY o (',;
Oy - 3
- ::w, PROJECT | NRC DRAFT TECHNICA! PROCEDURE ON P REVI o ,
| | n-n"ﬁ;m ' | | : ‘ ' ’ ’
M \o=) o

o DOE PROVIDES DOCUMENTED’ REPORT ON THE PROCEEDINGS AND FINDINGS» OF THE PEER REVIEW.

’-

o PEER REVIEW SHOULD EVALUATE AND REPORT ON:

 (A) _VALIDITY OF ASSUMPTIONS
(B) UNCERTAINTY IN RESULTS
~(C) ALTERNATE INTERPRETATIONS
M APPROPRIATENESS AND LIMITATIONS OF METHODOLOGY AND PROCEDURES
. ~(E) ADEQUACY OF APPLICATION
.« (F) ACCURACY OF CALCULATIONS
(6) VALIDITY OF CONCLUSIONS

B P R ) e e s b s et ik {I e e ke — -

<



