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Explanation:

LSM - Little Skull Mountain; SM - Skull Mountain; JF - Jackass Flat; KM - Kiwi Mesa;
YD - dike of Yucca Mountain; DM - Dome Mountain; BW - Beatty Wash; CC - Cat Canyon;
B - Beatty

Location map, older post-Ammonia Tanks Member basalts. Region around Yucca Mountain.
From Crowe (1990)
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Explanation:

YM - Yucca Mountain; LW - basalt of Lathrop Wells; PM - basalt of Pahute Mesa; RW - basalt of
Rocket Wash; SB - basalt of Sleeping Butte; SC - basalt of Scarp Canyon; BB - basalt of Buckboard Mesa;
PR - basalt of Paiute Ridge; NC - basalt of Nye Canyon; and stars are approximate locations of acromagnetic

anomalies inferred to represent buried basalt centers or intrusive rocks.

. Location map, younger post-Ammonia Tanks Member basalts. Region around Yucca Mountain.
From Crowe (1990)
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a) Magmatic volume vs. time relationship for the Nevada Test Site region. From Crowe et al. (1982).

Explanation;

SCF - southem Crater Flat basalts; BB - Buckboard Mesa basalts and dacites; WCF - western Crater Flat
basalts; and LW + SB - combined Lathrop Wells and Sleeping Butte basalts.

= i

g ™ (”ﬂ‘l_

L) "

b) The Rb and Sr contents for various Nevada Test Site basalts. From Vaniman et al. (1982).
Explanation:

BSC - basalts older than 6 x 10° years B.P.; 1 - 3.7 x 10° years B.P. old basalts; 2 - 1.2 x 10° years B.P. old
basalts; and 3 - 0.3 x 10° years B.P. old basalits.

SAMPLE/CHONDRITES

Ty
s Ce Smis T v

¢) The chondrite-normalized REE abundance pattern. From Vaniman et al. (1982).
Note:
The fine-stippled field represents the typical REE abundance pattern for hawaiite and related basalt types.

Temporal changes in eruptive volume and trace elements concentrations, basalts from Yucca
Mountain region.
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Explanation:

SM - Stonewall Mountain volcanic center; Mt. Jackson - Mount Jackson rhyolitic lavas and dacites;
OB - rhyolitic lavas of the Obsidian Butte; BM - Black Mountain volcanic center; SC - Silent Canyon

caldera; TM-1 - Timber Mountain caldera I (the Rainier Mesa Member); TM-II - Timber Mountain
caldera II (the Ammonia Tanks Member).

Location map, volcanic centers for youngest silicic activity, region around Yucca Mountain.
From Noble et al. (1991)
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b) Diagrammatic representation of degree of melting vs. temperature in pyrolite under anhydrous conditions
and in the presence of 0.1 percent H,0. From Ringwood (1969).

Note:
a)

pyrolite is a hypothetical mantle material, composed of one part basalt to three parts of dunite and
consisting mainly of olivine and pyroxene.

Melting behavior of upper mantle.

Figure 2-6
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LTBL

b) temperature profile in a center of a convection cell.

Note:

a) Upper and lower thermal boundary layers (UTBL and LTBL, respectively) are delimited by solid lines in A
and dotted lines in B;

b) Inaconvecting system, the temperature gradient must be close to the adiabatic gradient except in thermal
boundary layers;

c) The adiabatic gradient is the rate of increase of temperature with depth resulting from increase in pressure
- (dT/dz), ~ 0.25 - 0.30° Celsius per 1km of depth;

d) On time scales of 10-20 x10° years, plumes of the asthenospheric material (with a pressure-dependent
viscosity) intrude and erode the lithosphere; and

¢) The net effect of the lithosphere erosion is thinning of the upper thermal boundary layer and upward

migration of the adiabatic temperature gradient.

Depthward distribution of temperature, for a convecting upper mantle. From Ranalli (1987).

Figure 2-7
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Seismic tomography map. The uppermost mantle in the western United States. From EOS (1990).

Figure 2-9
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. Location map. Seismic monitoring stations used for detailed analyses of the P-wave residuals. The
Nevada Test Site area. From Monfort and Evans (1982).

Figure 2-10a
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EXPLANATION:

e ZERO VELOCITY PERTURBATION IS THE

MEAN LAYER VELOCITY

e VELOCITY PERTURBATIONS ARE IN PERCENTS
o POSITIVE VELOCITY PERTURBATIONS ARE

RELATIVE HIGH VELOCITIES

Seismic velocity structure, based on teleseismic P-wave residuals. Upper crust at and near the Nevada

Test Site. From Monfort and Evans (1982).

Figure 2-10b
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Explanation:

- Contours shown are zero velocity perturbations; and
- In each block, the upper number is velocity perturbation (%), the middie number is the diagonal element
of the resolution matrix, and the bottom number is the standard error for the block.

. Seismic velocity structure, based on teleseismic P-wave residuals. Lower crust at and near the Nevada
Test Site. From Monfort and Evans (1982).
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Explanation:

- Contours shown are zero velocity perturbations; and
- In each block, the upper number is velocity perturbation (%), the middle number is the diagonal element
of the resolution matrix, and the bottom number is the standard error for the block.

. Seismic velocity structure, based on teleseismic P-wave residuals. Upper mantle (depth 131-231 km) at
and near the Nevada Test Site. From Monfort and Evans (1982).




. Average amplitude vs. travel time decay curve. 40 traces from the explosion record for the shot at station
1549. From Brocker et al. (1989).

Figure 2-11a
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Location map. The Amargosa Desert seismic line AV-1. From Brocker et al. (1989).
Figure 2-11b
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. P-wave velocity anisotropy as a function of [100)] concentrations to the horizontal, natural specimens of
lherzolites and dunites. From Carter et al. (1972).

Figure 2-12




Base of hydrologic system, say the Conrad
/ discontinuity at a depth of ~ 15 km.

AHFU T
20 7

L rr T Tty

a) regional HFU increase, relative to ordinary crustat conditions.

AHFU,,, * descending limb ascending limb

10 v v
0-' _— 1T e

b) local HFU increase over an ascending limb.

X

anFy, A
magma body in the crust

10 v
0 _! T >

¢) local HFU increase over a crustal magma body.

Note:

a) inthe Yucca Mountain region, the heat flux from the upwelling mantle ranges from 2.0 to about 2.5
HFU; and

b) over crustal magma bodies, the heat flow may be as high as 2.5-3.0 HFU.
Estimate of heat flow, the Yucca Mountain region.

Figure 2-13
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a) Lithospheric thickness as a function of heat flow [mW/m?]. From Ranalli, 1987.

Note: for Great Basin, the representative thickness of the lithosphere is ~ 30km, Scholtz et al. 1971.

T

]
$

—1

Heat How (W m?

L8, o J

-

b) Heat flow over a convective instability in the upper mantle. From Fleitout and Yuen, 1984.
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c) Heat flow over an intrusive body in the crust. From Griesser and Rybach (1987).

Heat flow for various geodynamic configurations.

Figure 2-14
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a) Hydro-clastic injection (?) dike, the host rock is the "columnar zone" of the Tiva Canyon Member.

b) hydraulic fracture (?) calcite residuum, the host rock is the bedded tuff from the Upper Topopah
Spring Member.

Example - possible epigenetic hydrothermal features, Harper Valley.




b) close-up.

Example - possible epigenetic hydrothermal features, Harper Valley.

Figure 3-3




b) the upper Harper Valley boiling (?) zone.

Example - possible epigenetic hydrothermal features in unwelded tuff,

Figure 3-4




b) the upper Harper Valley boiling (?) zone.

Example - possible epigenetic hydrothermal features in poorly cemented eolian sand.




b) Windy Wash fault.

Example - GS-textured calcretes.

’ Figure 3-6




Example - F-textured calcrete (south-central Yucea Mountgin).

. Figure 3-7




- F-textured calcretes g

Example

Figure 3-8




Example - M-textured calcretes or sinters (Solitario Canyon fault).

Figure 3-9




Example - M-textured calcretes or opal-carbonate laminated sinters (well pad WT#7).

Figure 3-10




Example - M-textured, laminated calcretes or sinters.




a) silica vein emplaced within locally altered unwelded tuff.
. , o .

YNy "Fﬁ %m‘?ﬁy

b) jégberoidél oal cementing (mpregnaﬁﬂg) unwelded tuff,

Example - localized hydrothermal oxidation and silicification (Solitario Canyon and Harper Valley).

Figure 3-12




R Pt -3

b) the host rock is the Ammonia Tanks Member of the Timber Mountain Tuff,
around Stage Coach Road.

Example - calcitic veins emplaced within oxidized unwelded ignimbrites.

Figure 3-13
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a) vein emplaced along the Solitario Canyon fault scarp.

b) bedrock vein associated with explosive (?) fragmentation of bedrock (well pad WT#7).

Example - laminated calcite-opal veins.

Figure 3-16
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b) silica tubes along fault-scarp contact between unwelded tuff and fine-grained eolian sand.

Example - "intrusions” of calcite and opaline silica into unconsolidated eolian sands.

Figure 3-17




b) silica "tubes" along fault-scarp contact between unwelded tuff and fine-grained eolian sand.

Example - "intrusions” of calcite and opaline silica into unconsolidated eolian sands.

Figure 3-18




b) silicification and localized oxidation of the Pah Canyon hanging-wall.

Example - epigenetic hydrothermal alteration and silicification, the upper Harper Valley Fault.

Figure 3-19a
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a) silicification and carbonatization of the brecciated and altered Topopah Spring Member vitrophyre.

Example - epigenetic hydrothermal alteration and silicification, the upper Harper Valley Fault.

Figure 3-19b




b) breccia and associated devitrification - upper vitrophyre of the Topopah Spring Member
of the Paintbrush Tuff.

Example - localized hydrothermal oxidation and devitrification (southern Yucca Mountain).

Figure 3-20




a) around Stage Coach Road.

Example - "mosaic"” breccia.

Figure 3-21
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a) explosive breccia ?

b) explosive breccia ?

‘ Example - "mosaic" breccias (well pad WT-#7 - Solitario Canyon).




b) Trench #14 "fragmentation” breccia.

Example - "mosaic" breccias.

Figure 3-23
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Example - hydrothermal oxidation of the hanging-wall of a fault encountered in USW GU-3 borehole, Yucca Mountain vadose zone.
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Location map of Yucca Mountain, Nevada. The candidate repository is diagonally shaded. Solid triangles
. indicate the locations of the exploratory drill holes. Inset map shows the location of Yucca Mountain with
reference to the Timber Mountain-Oasis Valley caldera complex. From WoldeGabriel, 1991.

Figure 4-10




* Table I. Qualitative Mineralogy as Determined by XRD for USW G-1 Fracture Samples

OSSR G-1 Smect- Heul- Stell- Cristeb- Opal- Tridy- Fald- Rancie- Lithio-
——Sample ite  andite _erite Quartz _alite _CY = _mite  _spsr ite phorite _Other
1104.3/1104.5 Trace — —— Major Mineor -——- Minor Minor -— -— Hematite?
"*56.0/1156.4 Major Trace?  --- Major Minor - Minor Minor -— - Hematite®

55.5/1165.8  Major Trace? --- Major  --- - Minor Major Minor? Major Hematite
1225.6/1225.9 Major Trace Major Minor -—- - === “Minor -— -
1281.68/1282.0 Trace Major 2227 Trace . Minor —— —-— Trace -— -—-  calcite®
1297.0/1297.2  Major  ==- - Minor  --- Major -=-  Minor Traced  -—-
1337,0/1337.5 Major Major —-— Minor -—— Major —-—- Minor Minor —-———
1356.0/1356.3 Trace Major -— Minor ——— Major - Minor — -—

—————————————

gualitative Mineralogy as Detesained by XRD for USW G-2 Fractures

UK G-2 Smect- Heul- Mordan- Stell~ Cristob- Opal- Tridy- JFeld- Lithio-

Sample ite  andite ite erite gQuartsz alite __CT aite spar phorite _Other
1178.4/8.7 Trace —-— —-— —— Major —-— -— Minor Trace -— Hematited
1282.0/2.1 Trace — Trace? -— Major — —-— Major Minor -— Hematite
1447 lichoph Minor — Minor — Minor Major — Minor Major — Hematite
1447 breccia Miner Minor Minor 7?77 Major Major —— Trace Major -—— Hematite

——— caleite®

1449 Miner Major Major Major Minor 2728 -—— —-— Minor -——
1456 Trace Trace Major — Minor 2779 —— Trace Minor -—
1488.2 Minor  =--  Trace 2277 Major -— - 2228 Minor  -—-  Hematitef
1505.0/5.2 Minor Trace Major Major Major 2728 — 2228 Trace -—
1516.7/7.0 Trace - Major Major Minor 2778 —— —— Minor ——
1534.4 Trace Trace Major Trace Minor Minor — -——- Minor —
1568.8/9.02a Trace Major Minor Major Trace Minor -— —— -— ——
1568.8/9.01b Trace Major Trace Major Major Minor —— -— ——— -—
1581.0/2.2 Trace Minor Major Major Minor 2798 — -_— Minor —
1603.6/4,0 Minor Major Major 272]  Minor 2728 — — Trace Major Trace’

98.7/0.0 Minor Major Trace? 222 Minor Minor — -—— Minor ——-
-.21.2/1.4 Major -—— Trace ——— Major Major — -—— Major Minor Trace3
1636.7/6.8 Major Minor — — Trace —— — -— — -—
1643,8/4.0 Major Minor — -——- -—— - ——— —— —— -—
1653.4 Major Major — 2727 Trace —— Minor -— Trace —-—
1669 Major Major Trace ——— ——— - Major ——- Trace —
1680.7 Minor Major —— - Minor —-—— uajo:w — —— -—— Trace’
1687.6 Minor Major Trace —— Minor - Major -— Trace ——

Qualitative Mineralogy as Determined by XRD for USW GU-3 Fracture Sasples

USW GU-3 " sSmect- Eeul- Morden- Cristob- Opal- Tridy- Teld- Rancie- Lithio-

Sample Ate andite ite Quartz _alite [~ ] site Spar its phorite _ Other
799.7/800.0 Minor  =-- - Mmajor  277° - Minor Minor == -—-  Hematite’
811.0/811.1 Major ==  Trace? Majer Minmer -— Minor Minor ==~ - Hegatitel
818.6/818.0 Majozr — ——— Major 7229 - Minor Minor Trace® Major Hematite
829.4/829.8a Major —— — -— ——— - —-— Trace — ——— Calecite
829.4/829.8b Trace -— — Minor Minor - - Trace -— -— caleita®
846,.0/846.2 T e -— -— Majer ——— — Minox —~— — -—
876.0/876.2 Trace — — Major ———— — - Minor -— — Hematited
944.5/944.9 -—— — —— Major —— ——— Major Minor -_— Trace Hematite
973.0/973.1 —-— — — Major — -—— Minor Trace = —-—
981.0/981.5 Major — - Major 222% -— Major Minor Trace® Minor
987.5/988.0 Minor —— ——— Major Minor -— Major Major — Minor Hematited
1162.7/1163.0 Major —-— Minor Minor Trace -—— -—— Minor Trace3 -— Hematite?d
1189.3/1189.6 Minor Major -—— Major —— Minoxr — Trace Tracel --- Erionite
1210.2/1210.6 Major -— Trace? Minor Minor -— -— Minor Trace? -—-—- Fluorite
T 1,0/1232.1 Major ——— -—— —— Minor —-— — Trace Traced  --- Fluorite®

Qualitative mineralogy - fracture lining minerals in the lower Topopah Spring Member of the Paintbrush
Tuff. Yucca Mountain. From Carlos et al., 1990.

Figure 4-11a




. ¢ Aaba® 4 (OORT'A.)

OSW G-4 Sasat- Reul- Morden- Cristob~ Opal- Tridy- Feld- Rancie~ Lithio-
—ftmple  _ _ite sndite __ite gQuartx _slite _CFT = _=mite  _spar __ite phorite _ Other
349,0.349.3 Trace — Major —— Minor - Minor Major -—— —— Hematite?
*69.9/670.3 Trace -— —— Trace Trace -—— -— Trace -— — Calcite®

7.8/7778.0 Trace —— -—- Majer 2279 - Major Minor -—— —— Hemazite
010.7/811.2 Major -—- Mador Minor -— -— —-— " Trace -— ——
87.2/887.4 Minor —-—— taid Major ???9 -—— Minor Major -—— —— Hematite?
984.0/984.4 Trace —— -— Major ???9 -—— Minor Minor —-—— — Hematite
1001.4/1001.8 Minor —-— -— Major Minecr -— Trace Major -—— -— Hematite
1008.1/1008.3 Trace —-— Minor? Major Minor - -— Major -— — Hematite
1038.0/1038.7 Major - Trace Major Minor -—- Major Major -— -—— Hematite
1072A type-l -—— — —-— Major —— —— Minor Minor -—— —— Hematite!
1072B type-2 Minor — Minor Major Minor - Minor Major -— — Hematite
1083 rractid Major — -— Miner Major -—— Major Major -— —— Hematite
1148.2/1148.4 Major —— -— Majer Minor —— -—— Major —-— ——
1160.1/1160,2 Trace — —— Major Minor —-— Trace Major ——— ——
1173,0/1173.2 Trace —— Major Minor Minor —— —-— Major ——— ———
1201.6/1201.8  Trace  -—- ---  Major 272° --- Minor  Major  ---  Minor Hematite®
1244.5/1244.38 Minor —— —— Major Minor —-— -——— Major - -— Hematite
1254 FPract$) Trace Major Minor Minor M.Lnorlo —— ——— Major -— ——
1254 Fractil —-—— Major Trace Minor Minori? - -— Major -— Minor
1258,.9/12588.1 Minor Major ——— Minor Minorl® --- — Minor Trace Minor
1309.0/1309.4 — Major —-— — -— -—— -— -— -— -——
1341 Blue Minor Major Trace — - Minor ——— ——— ——— —
1341 Beige Minor Minor —— -—— - Minor -——— -—— ——— ———
1341 Cream Major Minor - -— -— Minor — - - -—
1350.1/1350.3 Major Major Trace Trace -— Trace — -— Trace -——-
1362.1/1362.3 Major Minor Trace —— ——— Minor - Trace - —
1361.2/1381.5 —— Major Trace Trace —-— Major —-— — —-— -——

Ce2Sedl Sasqt- Beul- Morden- Xrion- Phillip- Opal- TFeld- Rancie-
—Semple Aite Mica andite ite ite site Quarte [~ 4 _spar ite

.42.7/1243.1 —== — Major Minor ——— — Minor Minor —— —
1252.3 Trace —— Mineor Major ——— — Minor Minor Minor -—
1274.5 Major Trace Major Trace — —— Miner Minor Minor Trace3
1276.0/1276.2 Major Trace Minor Minor —— — Minor Minor Minor Trace®
1282.6 Major ——— Major Trace —— —— ——— — —— Trace?
1296.2 Minor Trace Major —— Major ——— —-— — —— ——
1301.5/1302.0 Minor —-— Major —-— —-— Major Trace ——— — Trace3
1309.0/1309.2 Minor —— Major —— — — — Minor Trace Trace
1318.4/1319.5 Trace — Major Minor —-— —-——— Trace Minor — ——
1322.9/1323.2 Miner — Major Minor -— —— Trace Minor Minor e
1339.5/1339.7 Minor Tzace Major Major — -—— Tzace Trace Trace ———
1361.8/1362.0 Minor Trace Major Minor —— —— Trace Major Minor ———

J-13 Saect~ Heul- Morden~ Chab~ Cristob- Opal- Tridy- Yeld- Hemat-
—fample _its andite _ jite _asite Quartzr  _alite __ CT aite  _spar _ite  Othery
800 Major —_— ——— -— Minor 27?8 — Major Major Trace =---

1101 ——— Trace? --- —-— Major —— ——— — Minor Trace Lithlophcxius
1102 ———— —— ——— -—— Major -—— -— — Trace Trace -—-

1345 Trace Major ——— Major Trace — Major —— Trace — -

1456 Minor Major Miner -——— 27?2 —— Major — 7 ——. e=-

1519 Trace Major Major -— Minor —— Minor —— Minor - e

1 Clinoptilolite/heulandite group mineral

2 Zeolite -- unknown whether heulandite/clinoptilolite or mordenite

3 Rancieite believed to be present based on chemistry and a single XRD reflection

“race amount Minor amount Major amount

ressnce uncertain due to peak overlaps with heulandite and mordenite
“ Presence uncertain due to peak overlaps with stellerite

9 Presence uncertain due to peak overlaps with feldspar or tridymite
1°ur.lut poorly crystallized cristobalite or opal-C

. Qualitative mineralogy - fracture lining minerals in the lower Topopah Spring Member of the Paintbrush
Tuff. Yucca Mountain. From Carlos et al., 1990.

Figure 4-11b
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. TABLE 5. Trace element data for Pore Water Sampies from UZ#4
. | COnans sfons W SED wen our} .
Sample # Pore wat | error USGS | Porewat | error USGS
6110926 (reported)# T 6110923 (reported)#
pH | 6.5 5.5
504(ppm) | 190
U | 58~ 35 10
B
Na(ppm) 48 53
g(ppm) 27 5 _21 25 1 23
Al <5
(ppm 74 T3
Cl{ppm 180 210
K s 14
Calppm) 120 10 120 110 10 130
C <3 1 0.4
" <3
Cr ) <3 0.4 0.1
Mn_ 133 25 150 14 3 90
Fe 3 3 150 <20 <3
Co <1
NI 40 10 <50 16
(7] 40 10 10 1
n 150 15 71 [
Rb 3 2 12 2
T SF 1020 110 1180 110
Y 0.3 0.1 0.21 0.05
Mo_ 1880 160 1400 30
o7 4 0.2
SO 1 0.7 0.5
I 50 40
Cs __05 0.1 044 0.08
Ba 7 3 18 T
a <0.1 0.007 0.007
(2] <0.1 0.048 0.02
Pr <0.04 <0.008
N Y] <0.08
Sm <03 <0.008
Eu <0.08 <0.008
__Gd <0.2 <0.003
D <0.03 0.013 0.008
Dy 0.09 0.03 0.082 0.008
Ho <0. 0022 _ 0.008
Er 0.14 0.04 0.12 0.02
Tm 0.08 0.02 0.04 0.01
Yb 05 02 _ [X] 0.10
Ly 0.14 0.08 0.18 0.08
W 0.01 03 0.4
Ta 05 02
W 600 200 3% 50
Re 02 _ 0.00 0. 0.1
Pt 0.2 0.1 0. 0.06
Ay 0.12 0.08 02 0.1
k1l 0.2 0.2
Pb_ 0.25_ 0.1 7 03
Bl <©0.03 «0.1
™ 0.0024 0.0008 <0.01
. U 0.48 0.08 0.13 0.03
Note: 5 mersomat commumcaton AlYang

a) concentrations are in ppb unless noted; and

b) samples of the interstitial fluids were obtained employing the high-speed centrifugation method.

Chemical composition of the vadose zone interstitial fluids. Yucca Mountain. From Smith (1991).

Figure 5-2a
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TABLE 4 Trace element data for J-12 and J-13 Well waters l
. Sample # 12 , srror 13 error | SLRS-1* f cort. val [
] | 1 '
OH (fleid) 7.3 ' .. T I
H (Iab) 7.8 | T
F{ppm) 2.00 )
Ci{pem) 7.8 = ;
NO3(ppm) 8.2 ?
Odppm) 22.2 ;
HCO3(ppm 117
_L_l 50 1 40 10 1.8
8 130 1
Na(ppm) ;1. ] o1.: . 10.4
L_T‘ggggm) X 1 74 Q. 539
Al _15 08 0.5 23.5
Sippm) 25.8 . 0 S
E(gglsml Z
. ] 1.3
caggmn 18 2 14 3 = —28.1
e <t _ <3 0.34
b1 0.08 0.1 0.7
v 4 1 5 1 0.73 0.68
Cr 0.37 0,12 0.33 0.03 28 0.38
M 013 | 008 <03 19 27
0 7 ; 1 73 31.8
Co <0.01 <0.01 023 043
1 0.03 o1 0.08 0.01 0.7 07
0.2 0.8 0.2 28 3.58
in 27 ~ 24 L .98 13
As 3 33 0.5%
0 9.2 1.1 6.3 83
$¢ % 1 = 33 138
Y 3.0028 | 0.0008 3.0028 | 0.0008 .28
—No 03 L ot 0.62 [
Pd 0.01 "<0.01 —
cd <0.08 <0.08 611 0.018
D) 0.15 | 0.01 0.21 0.01 0.57 0.63
1 2 222
Te <001 <0.03 0.01
Cs - 0.5 | 002 093 0.18 ")
Ba 1.7 0.38 188 21 223
ta 0.0004 | 0.0003 _ 0.04
Ca <0. 0.0008 — 0,030
Br_ 001 <0.001 0.01
—n e P Aog:'i o
<0. 1 X
—Bu__ <0.00 <0.001 %.'ﬁ‘l.
0.00 <0.001_
T —<0.00 <0.001_ 0.0007
<0. <0.001_ 0.0038
Ho <0.00 <0.001 0.0008
<0.00 <0.001 ~ 0003
Tm 0. <0.001_ —3.0003
Yo <0. <0.001 0.0028__|'
Tu .00 <0.001 ~3.0004
W o.o% X —
Ta <0.001 <0.001
W — 1.0 [ F] 2.0 0.4 313
Re Q.08 | 0.01 (X 0.003
.
Afll_l " 0.0008_
0.01 .008
Pb 0.2 | 0.3 0.1 —0.082 0,108
—lrﬂ' 6% 1 <0003 Eg:
L - 03% 1013 04 1 0.14 X% 020
* Fivenne Water Halerence Mamnal for Trace Metais (Nasonsl Hesaarch Councl
| [ | []
Note:
a) concentrations are in ppb uniess noted.
. Chemical composition of the fracture-based fluids from below the water table. Yucca Mountain.
From Smith (1991).

Figure 5-3a
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Note:

a) the data shown are average values from four samples of each tuff.

. Chondrite-normalized REE abundance patterns, samples of the Crater Flat ignimbrites. Yucca Mountain.
From Scott and Castellanos (1984).

Figure 5-7
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Location map for fault traces marked by the occurrance of the "mosaic" breccias. The Yucca

Mountain area.
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(cxpramad it parts per mullion)

Ag As Ay Cu Hg Mo Po Sb T Zn B Ga Se Te
1y 04 140 0005 79 0.799 65.3 154 46 <0.49 332 <0.249 1.90 <0.99% <049~
ta) 0129 100 0002 6.49 0.202 L1 150 0.763 «<0.487 “é <0.243 1.1 <0973 <{( 487
) - . . . 003 - . . . . . . . .

-\) 0048 tte 0 004 (S8 ogg 1.3 16.4 10.1 <0488 908 <0.244 <0.488 <0977 <0 488

. - . 0. - . . « . . . . B
a <0 015 $39 0.001 p ) 0.342 180 107 2 <0.498 147 <0.249 <0498 <0.996 <0498
. . - 0012 . - - . . . . . .

3 00-l8 e 0.001 4.11 832 pib. ) 148 6.36 <0.492 758 <0.246 <0.492 <0.984 <0497

48) - . . - X . - . . . - . . .

5) 0039 e 0.002 298 ‘2’.82’ 1.58 466 .89 <0492 892 «<0.246 <0.492 <0.983 <0497
fa) - . . - 012 . - . . . . . . .

8} 0141 w3 000! 144 36‘2‘ .54 8.6 869 <0.487 k2 <0.244 <0.487 <0.978 <0 487

02) - . . M - X . . . . . . . - -

Ty 0054 IS 000! o3s 0.160 0.7%9 327 <0247 <04 500 «<0.247 0.84% <0987 <0 4%

731 0053 1.83  <0.0008 3.1 0.188 0.686 349 <0245 <0.49 “%3 <0.245 0.799 <0979 <049

i) g 0.049 1.57 0.001 1.68 8 tl';g 0637 - <0.28 <°J 494 <0.25 0576 <0999 <03

ey - . . - <0. - - . . . . . .

$Y 004 109 <0000 1.3 0214 0.688 402 <0.245 <0.09 (28] <0.248 0.606 <0979 <049

3a) 005§ 308 <0.0008 1.31 0.184 0712 402 <024 032 440 <0.248 0.684 <0992  <Odw

4n) 0.083 181 0.001 .57 g 53 0.883 43 <0245 <0.49] .7 <0.248 0.650 <0982 <04y

%) - . . <0 - - - - - - - - .

0048 434 <0.0005 1.3 Q.134 0.703 368 <0247 «<0.4% 434 <0.247 0.538 <0989 <049

v3) 0081 334 <0.000§ 117 0.178 0.498 360 <0244 <0488 a8 <0.2¢4 0524 <0.976 <0 48s

::) 047 409 <0.0008 i.16 g & 0.680 349 <0246 <0 491 41.1 <0.246 0.559 <0982 <049
) - . . <0, . . . . . . . .

1) $3SW195B: north wall. {ractured Tiva Canvon Member with weak silicification, = drusy Quant in lishophysae. analysus from Weus et al. (1989). **
13) Spiit of hand-sampie remaning (rom ISW.195B. **
1b) ¢ Later spiit of hang-sampie remaining from 3SW-[95B.
2) 23SW329: south wall, siiiceous bulf 1o white carvonate vemn filling. *
22) 4Spuit of hand-sampie remaining from ISWI29.
1) FISW331: south wail. dark purpish. sihcified breccis of Tva Canyon Member berween calcareous vains. *
32) #Split of hand-sampie remaining {rom ASW33L.
Hr 3 .
) \sd\::: south ::.unmm mgé?w:ugxcmw-u& Margia is compasad of bufl to light brown silica vein matenal conunning small,

42)¥Spiut of hand-sampie remaimng from ISWI3I.

. 5) FISW3IIS: north wail. sibcified bmaaorTm Canyon Member with bieached mwdnuqu-hm lithophyssi cavities, _ 2 metens
east of thick, white, C3ICAreous veia.

$2) *Spin of hand-sarapie remaining from ISW33S,

6) *3LT029: south wail. uiicilied deecais of Tiva Canyon Member, purplish rock fragments in buff silicsous matnx. *

6a) *Spiit of hand-sampie remaining (rom JLTU29.

7) ASW4l3: dense. uthophyssl Tiva Canyon Member. east side of Exile Hill. **

7a) Dupiicate spiit of ISW431, *¢

7b) Triphicate spin of ISW433, **

7¢) #Spiit of hand-sampie remaining from ISW433.

8) ISW41S: dense. Linophysal Tiva Canyon Member, east side of Exile Hill **

8a2) Duplicate spit of ISW43S. *°

8b) Triplicate splite of ISW41S. *°

8c) “Spiut of hand-sampie remaniag from 3SW43S.

9) 3SW437. dense, Lithophvaal Tiva Canyos Member, aast side of Exile HilL **

93) Duplicate spiit of 3SW4;

9b) Trplicate split of ISW437. *¢

9¢) SSphit of hand-sampie remmmng from 3ISWE37.

Except Geochemical inductively-coupied plasma emission spectrography; * = 10 digestion; *° = IS
uon. vzm;nmzaﬁmdw%ﬁ-uuuanmcmd Fan g dgm-
¥ denotes analyses (rom Weins ot ol (19990).

¥ denotes mercury analveas by the Nevads Mining and Assiytical Laborassory, Nevads Bureas of Miass and Geology, usiag stomic sbeorplion metbods.

. A comparison of the noble metal and the indicator-element concentrations, the silicified " mosaic" breccia
from Trench #14, relative to the stratigraphically equivalent background. From Weiss et al. (1990).

Figure 6-3b
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Origin of Analcime.

Analcime crystallizes in many different environments, including hydrothermal solutions in volcanics,
pegmatites, alteration of volcanic ash in saline alkaline lakes, deep-sea sediments, and as a primary mineral
crystallizing from basaltic magma.

The temperature, pressure, and solution composition in which analcime crystallizes is well known from data
obtained in geothermal areas in Iceland, Japan, and the USA. Geothermal wells, drilled through Tertiary basalt
in Iceland, show that analcime crystallized at temperatures from 60° to 300°C, at depths from 72 to 1600 meters,
and is dominant above 175°C (Kristmannsdéttir and Témasson, 1978). Calcium-rich analcime is believed to
have crystallized at 280° to 380°C in thermally metamorphosed aureoles in Miocene basalt and andesite tuff
breccia in Japan (Seki and Oki, 1969; Seki et al., 1969). Analcime is found in low-temperature zone (below
120r - 150°C) surrounding the Kuroko ore (= black ore) derived from "Black Smoker” hydrothermal vents, under
water in Miocene seafloor volcanics (Utada, 1988).

Liquid inclusions in calcite, associated with analcime, indicate that the zeolites crystallized at 133°C on the
Keweenaw Peninsula, Michigan (Stoiber and Davidson, 1959). Cesium-bearing analcime crystallized at 170° C
at 80 meters, and at 198°C at 124 meters, in obsidian-rich sands and gravels in the Upper and Lower Geyser
Basins, in Yellowstone National Park (Keith et al., 1983).

Analcime crystallizes from late-stage hydrothermal fluids, estimated at 200° to 300° C, in nepheline syenite
complexes on the Kola Peninsula, U.S.S.R. (Fersman, 1926).

Volcanic ash, which fell into an Eocene saline, alkaline lake in Wyoming, was first altered by the saline, alkaline
solutions (SiO, = 10 ppm, K = 50 ppm, Na = 1000 ppm, pH 8) to heulandite and mordenite. Later, sodium
carbonate brines (SiO, = 1000 ppm, K = 5000, Na = 100,000, pH 9 to 10) replaced heulandite and mordenite by
analcime (Surdam and Parker, 1972; Ratterman and Surdam, 1981). High-alkaline brines in the lakes take up to
3.18 million years to produce beds of analcime from rhyolitic glass tuff (Hay and Guldman, 1987).

Analcime and other zeolites form a white, natural cement between volcanic fragments at surface conditions from
a reaction between seawater spray altering nephelinite tuffs near Honolulu Oahu (Iijima and Harada, 1969).

Analcime can crystallize from magma only under special conditions (5 to 13 kb pressure and at 600° to 640° C)
when water is present (Roux and Hamilton, 1976). The analcime crystals then must be brought quickly to the
surface and quenched for them to survive. Analcime phenocrysts, found embedded in tuffs, can also be derived
by metasomatic replacement of leucite (Gottardi and Galli, 1985). Additional information on the origin of
analcime can be found in Gottardi and Galli (1985).

Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Analcime.
From Tschemich (1992).

Figure 7-4a




Origin of Chabazite.

Date from geothermal wells, in basalt in Iceland, show that chabazite crystallizes at depths from 50 to 400 meters
and at temperatures from 55° to 75° C (Kristmannsd6ttir and Témasson, 1978). With increasing depth, empty
cavities are first encountered followed by clay-chabazite-phillipsite-levyne > thomsonite-mesolite-scolecite >
stilbite-heulandite-epistilbite-mordenite > laumontite > analcime-wairakite (Kristmannsddéttir and Témasson,
1978). Mapping of zeolites exposed in basalt in eastern Iceland and Northem Ireland also showed that chabazite
was the characteristic zeolite in the shallowest zone, and, therefore, it crystallized at a lower temperature and
pressure than all the other zeolites in those areas (Walker, 1951, 1960a, 1960b). Mapping of chabazite into
zones, based on crystal morphology (thombohedra, complex twins, and phacolite) in Northemn Ireland by Walker
(1951), is not valid since several of these habits are commonly present at a single locality and the morphology of
synthetic chabazite is related to pH rather than temperature or pressure (RWT),

Chabazite has been synthesized from silica-poor basaltic and phonolitic glass in a sodium hydroxide (NaOH) or
postassium hydroxide (KOH) solution with low pH at a wide range of temperatures (S0° to 100° C), but in silica-
rich rocks like rhyolite, chabazite only crystallizes in a solution with high pH (H6ller and Wirsching, 1988). The
composition of the reacting solution influenced the morphology. In solutions with low pH concentration, all the
habits can form, commonly in the same sample. In solutions with a high concentration of NaOH, simple rhom-
bohedra (some with penetration twins and negative thombohedral faces) were produced, while a high concentra-
tion of KOH in the solution produced lenslike phacolite disks or rosettelike aggregates (Holler and Wirsching,
1988). Surface morphology of the crystal is determined by the amount of time that crystal reacts with the
solution. Poorly shaped cyrstals are first produced, which in time, develop into rhombohedra on the phacolite
disks. In a KOH solution, chabazite commonly forms alone, but in NaOH it crystallizes with phillipsite and
analcime (Holler and Wirsching, 1988). In rhyolite, phillipsite formed first, but over a longer period of time, it
was converted to chabazite. These reactions simulate conditions found in the center of a saline-alkaline lake

. where a high pH (high-alkaline concentration) is present.

Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Chabazite.
From Tschemich (1992).

Figure 7-4b




Origin of Erionite.

Erionite, found in drill cores from rhyolite-derived sediments in geyser basins in Yellowstone National Park,
crystallized at a temperature below 110°C (Honda and Muffler, 1970). Data from geothermal wells passing
through olivine basalt in Iceland indicate that levyne (which commonly precedes erionite) crystallized in the
temperature range from 55° to 70° C (Kristmannsd6ttir and Témasson, 1978). Crystallization of levyne, with a
low Si/Al ratio and low potassium content, causes an increase in silica and potassium in the solution. The
potassium ion is the precursor for the cancrinite cage, which is the building block for offretite and erionite
(Gard and Tait, 1972). Offretite forms rather than the more silica-rich erionite because offretite has a Si/Al
ratio nearest that of levyne. As the Si/Al increases in solution, intergrowths with erionite occur. In silica-rich
environments, such as andesite and sedimentary ash beds, erionite is dominant.

Woolly erionite may be a result of low-temperature hydrothermal solutions dissolving locally abundant
sedimentary erionite and redepositing it in cavities and seams in adjacent rhyolite (Gottardi and Galli, 1985).

Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Erionite.
From Tschemich (1992).




Origin of Heulandite (= Clinoptilolite).

Data from geothermal wells, in basalt in Iceland, indicate that heulandite crystallizes at depths from 30 to 1200
meters, and at temperatures from 63° to 200° C (Kristmannsdéttir and Témasson, 1978). With increasing depth,
empty cavities are first encountered, followed by chabazite-phillipsite-levyne > thomsonite-mesolite-scolecite >
stilbite-heulandite-epistilbite-mordenite > laumontite > analcime-wairakite (Kristmannsd6ttir and Témasson,
1978). Heulandite commonly crystallizes in a cavity in the order: heulandite-mordenite-quartz > stilbite >
mesolite-scolecite > thomsonite > chabazite (RWT).

Regional mapping of zeolites in Iceland, Northem Ireland, India, and Brazil shows that heulandite is found in the
lower, deeper, and, therefore, hotter zones (Walker, 1960a, 1960b; Sukheswala et al., 1972; Murata et al., 1987).
At Boron, Califomia, heulandite crystals on colemanite, and analcime on searlesite, indicate that the zeolites
formed at a very low temperature, compatible with borate crystallization. Since borax beds that cover the
zeolite-bearing basalt are only slightly converted to kemnite (a reaction that occurs at 60° C), the zeolites must
have crystallized below that temperature (William Wise, pers. comm.). Silica-rich heulandite (= clinoptilolite)
commonly crystallizes at surface temperatures in volcanic tuff beds, saline alkaline lakes, and as an alteration of
phillipsite in deep-sea sediments.

Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Heulandite (=
Clinoptilolite). From Tschemich (1992).

Figure 7-4d




Origin of Laumontite.

Laumontite has been considered an indicator mineral for high-temperature, depth zonation of zeolites in burial
diagenesis, although it has been found to form at very low temperatures (McCulloh et al., 1981). Laumontite is
very difficult to synthesize in the laboratory, requiring temperatures of 250°C and 1000 bars pressure, yet it
crystallizes rapidly in natural conditions at low temperatures and pressures where the solutions are of the
appropriate composition (McCulloh et al., 1981). Laumontite crystallizes rapidly from water in radiators at
geothermal plants and coats rounded rocks, in a stream fed by water (pH 7.74) issued from Sespe Hot Springs
in California, at temperatures from 89°C down to 43°C (McCulloh et al., 1981).

Laumontite, when associated with prehnite, appears to form at a high temperature, in a transition between the
zeolite zone (low-temperature zone where zeolites are dominant) and green-schist zones (higher-temperature
zones where the green minerals prehnite, pumpellyite, chlorite, and epidote are dominant). Data from
geothermal wells in basalt in Iceland show laumontite crystallized at temperatures between 98° and 230° C
(Kristmannsdéttir and Témasson, 1978). Laumontite is encountered in rhyolite, at temperatures from 140° to
200° C, in boreholes in Yellowstone National Park, Wyoming (Bargar and Beeson, 1981; Bargar et al., 1981).

Regional surface mapping by Walker (1960b) shows that laumontite occurs in the deepest zone (mesolite-
scolecite zone) in the Tertiary olivine basalts in eastern Iceland. The Langford Lodge borehole, drilled through
789 meters of zeolite-bearing basalt in County Antrim, Northern Ireland, encountered laumontite only below 549
meters (Walkerm 1960a) and laumontite is restricted to the bottom of zeolite-bearing tholeiitic basalt and
andesite in Rio Grande do Sul, Brazil (Murata et al., 1987). In Iceland, local zones of high-temperature alter-
ation surrounding volcanic centers consist of a highly altered inner zone containing an abundance of the high-
temperature minerals, epidote, chlorite, anadradite, pyrite, and some laumontite surrounded by a zone rich in
laumontite but lacking epidote and gamet (Walker, 1960b).

Laumontite, covered by prehnite in Bombay, India, and associated with prehnite and pumpellyite at other
localities, probably indicates a high-temperature origin, yet the sequence of crystallization studied in vesicular
basalt at many other localities shows that laumontite is commonly the last zeolite to crystallize in a sequence
(even after thomsonite and chabazite), which indicates a falling temperature. Laumontite, which cements
sandstone under surface conditions or forms from glass in saline lakes, clearly indicates that it can crystallize at
very low temperature when the correct chemical conditions are present.

Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Laumontite.
From Tschemich (1992).

Figure 7-4e




Origin of Mordenite.

, Mordenite is commonly found in geothermal wells; therefore, the temperature and pressure needed for crystalli-
zation in natural conditions are well known. In Iceland, mordenite is found in basalt, tuffaceous breccia, and
dolerite (scattered throughout the mesolite-scolecite, stilbite, and laumontite zones) at temperatures from 75° to
280°C and at depths from 25 to 1800 meters (Kristmannsdéttir and Témasson, 1978). In the Katayama geother-
mal area, Japan, mordenite is found in rhyolite at depths from 118 to 514 meters and at temperatures from 60° to
170°C in the Ohaki-Broadlands geothermal are (Browne and Ellis, 1970); and it is found in pumice and rhyolite
tuff taken at depths from 80 to 213 meters and at temperatures from 60° to 164°C, in the Wairakei geothermal
area (Steiner, 1953).

Glass in volcanic ash that fell into saline, alkaline lakes was altered over a very long period of time (1000 to
10,000 years) by the solutions (SiO, = 10 ppm, K = 50 ppm, Na = 1000 ppm, pH 8 to 9) at 25° to 65°C to tiny
crystals of heulandite and mordenite (Hoover, 1968; Papke, 1972; Surdam and Parker, 1972; Ratterman and
Surdam, 1981).

Thin, capillary needles of mordenite commonly crystallize slowly in stagnant, water-filled cavities. If the water-
filled cavities slowly dry out under natural conditions, the mordenite needles become stiff and unmatted speci-
mens result. If the pockets remain partially filled with surface water, movement of the rock and water, during
collecting or blasting, mats the mordenite fibers together.

Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Mordenite.
From Tschemich (1992).




Origin of Phillipsite.

. Data from geothermal wells, in basalt in Iceland, show that phillipsite crystallizes at temperatures from 60° to
85°C (Kristmannsdéttir and Témasson, 1978). With increasing depth, empty cavities are first encountered
followed by clay-chabazite-phillipsite-levyne > thomsonite-mesolite-scolecite > stilbite-heulandite-epistilbite-
mordenite > laumontite > analcime-wairakite (Kristmannsdéttir and Témasson, 1978). Mapping of zeolites,
exposed in basalt in eastern Iceland and Northern Ireland, also showed that phillipsite is found with chabazite in
the shallowest zone, and, therefore, at a lower temperature and pressure than all the other zeolites in those areas
(Walker, 1951, 1960a, 1960b).

Phillipsite is deposited in the cement wall-work of Roman baths at Plombieres where the water from hot springs
emerges at a maximum temperature of 70°C (Daubrée, 1879).

At Boron, California, phillipsite is found with other zeolites on searlesite and colemanite, indicating that the
zeolites formed at very low temperatures compatible with borate crystallization. Since borax beds that cover the
zeolite-bearing basalt are only slightly converted to kemite (a reaction that occurs at 60°C), the zeolites must
have crystallized below that temperature (William Wise, pers. comm.).

In Searles Lake, San Bemardino County, the glassy ash layers, in contact with highly saline, alkaline pore fluid
(pH 9.5 at 24°C), were altered to phillipsite (Hay and Guldman, 1987). Phillisite in the palagonite tuffs in
Honolulu, on Oahu, formed at surface conditions from reaction of surface water with volcanic glass (fijima and
Harada, 1969). Phillipsite crystallizes on the seafloor at temperatures as low as 4°C.

. Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Phillipsite.
From Tschemich (1992).

Figure 7-4g




Origin of Stilbite (= stellerite).

. Data from geothermal wells, in basalt in Iceland, show that stilbite crystallizes at depths from 45 to 1200 meters
and at temperatures from 75° to 200°C (Kristmannsdottir and Témassson, 1978). With increasing depth, empty
cavities are first encountered, followed by chabazite-phillipsite-levyne > thomsonite-mesolite-scolecite > stilbite-
heulandite-epistilbite-mordenite > laumontite > analcime-wairakite (Kristmannsdéttir and T6émasson, 1978).
Stilbite commonly crystallizes in a single cavity in the order: heulandite-mordenite-quartz > stilbite > mesolite-
scolecite > thomsonite > chabazite (RWT),

. Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Stilbite
(= stellerite). From Tschemich (1992).

Figure 7-4h




Origin of Wairakite (Ca equivalent of analcime).

Data taken from geothermal wells, in New Zealand, Japan, Iceland, and the U.S.A., have established the tem-
perature, pressure, and solution composition for crystallization of wairakite. Wairakite generally forms at
temperatures from 60° to 300°C and at depths from 72 to 1600 meters. Most wairakite forms at temperatures
above 175°C (higher than most zeolites) although it has been reported to crystallize at surface temperatures. In
geothermal areas, in New Zealand, wairakite has crystallized from dilute alkaline solutions with near neutral pH,
low CO,, and low aluminum content (Browne et al., 1989). The fluid in the geothermal wells contains 1200
ppm of chloride (Browne and Ellis, 1970).

. Origin of zeolitic species which have been identified in the Yucca Mountain ignimbrites. Wairakite.
From Tschemnich (1992).
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a) the contemporary water table is at a depth of ~1804 ft. below land surface.

Relative abundances of glass and alteration minerals. Borehole USW G-1. From Bish and Chipera (1989).
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Type of Inter- EG-Smectite {001) at Room
Sample No. % lliite Layers stratification Thickness (A) Temperature (A)
G1-1286 10 Random 16.85 13.1A
3621 dark 20 " 16.9 12.2
3621 clear 15 - 16.9 11.8
3810 dark 20 " 16.9 12.2
3810 clear 20 " 16.85 119
3940 dark 20 " 16.7 11.9
3940 clear 25 " 16.8 12.1
4246 dark 20 " 16.75 13.7
4400 25 " 18.6 14.1
4556 20 " 16.65 14.3
4750 50-60 " 16.6 13.7, 11.3

, 4958 60 Allevardite 16.65 11.4
. 4998 30 Random 16.7 12.7
5339 dark 30 “ 16.75 14.0
5339 clear 30 . 16.75 3.6
5534 40 ® 16.75 , 11.9

5637 85-90 Kalkberg 16.5 10.5+Chid
5898 80-90 y 16.55 11.0

5980 85-90 " 16.6 10.9+Chid

achi = Chiorite.

Depth extent of the smectite —) illite transformation. Borehole USW G-1. From Bish (1989).

Figure 7-7a




. Type of inter- EG-Smectite (001) at Room

Sample No. % liitte Layers stratification Thickness (A) Temperalure (A)
. G2-338 <5 Random 16.70 14.0
s01 <5 - 16.70 14.4
' 878 ~5 . 16.75 134
743 <5 . 1870 12.4
921 <5 . 16.65 13.2
1032 <5 - 16.65 13.0
1382 <5 - 16.70 126
1634 -5 . 16.70 10.2
1745 clear 10 - 16.75 1.9
2667 10 - - 103
3037 <5 . 16.60 13.5
3250 ~5 * " 16.55 10.2
3454 clear 10 . 16.55 12.3
3454 dark 15 " 16.60 10.1
3492 15 . 16.8 10.2
3512 20 . 16.65 ' 10.1
3578 ~5 . 16.65 10.2
3827 40-50 Minor ordering 16.55 10.1
3671 60 - * 16.60 10.2
3720 clear ~70 Allevardite 16.70 105
3720 dark 70 . 16.70 10.2
3724 ~80 . 16.65 10.1
3750 80 . 16.60 10.1
. 3795 80 - 18.60 - 104
3833 80 Allevardite, some 16.60 10.1
long-range order
3875 20 Kakberg 16.60 10.1
3933 90 . 16.80 10.0
4005 70 Minor ordering 16.60 10.1
4090 clear 20 Random 16.60 13.0, 10.1
4080 derk 20 ¢ 16.80 10.1, 13.4
4487 85 Kakberg 16.55 10.2
4873 90 - 16.60 10.1
4885 90 Kakberg + smectite 16.60 10.1
4949 clear <5 Random 16.65 128
4949 dark <5 . 16.60 10.5, 126
s171 >95 iite 103
5369 lite + discrete smecttew 16.6 10.18
20% iiite
§538 iliite + chiorite 10.1
5657 Iiiite + chiorite 10.3
5696 lilite + chiorite + smectite 16.65 10.5
5820 Randomly interstratified

chiorite-smectite, 60-80%
chiorite, minor ordering

. 5931 >95 it . 10.3
Depth extent of the smectite —)illite transformation. Borehole USW G-2. From Bish (1989).

Figure 7-Tb




Type of inter- EG-Smectite (001) at Room

Sample No. % lllite Layers _ stratification Thickness (A) Temperature (A)

G3-315.7 10-20 Random 16.7 13.5
3325 10-20 " 16.75 13.9
4143 10-20 " 16.8 13.0
13448 (poorly ordered, no higher orders of (00)  13.9
1394.6 10-20 . 16.7 -2
1438.2 10-20 " 16.7 12.5
1493.7 10-20 " 16.7 -
2189.0 10-20 " 16.7 129
3170.5 10-20 " 16.7 12.5
3228.0 5-15 “ 16.75 13.7
3264.4 clear 5-15 “ 16.8 12.0
3264.4 dark 5-15 " 16.8 12.1
3310.9 clear 5-15 " 16.75 -
3310.9 dark 0-10 ” 16.75 123
3315.1 supe®  10-20 - 16.7 11.9
3315.1 clear 0-5 " 16.7 124
3315.1 dark 5-15 " 16.8 -

. 3799.0 clear 5-15 " 1695 10.0

3799.0 dark 5-15 " 17.0 10.0
3847.5 clear 5-15 - 17.0 9.7
3847.5 dark 5-15 " 17.0 9.8
4288.9 clear 10-20 . 16.65 13.0
4288.9 dark 5-15 " 16.7 -
4439.0 clear 5-15 " 16.7 12.1
4439.0 dark 5-15 " 16.75 13.8
4706.9 10-20 . 16.65 14.2
4857.5 clear 15-25 " 16.80 12.0
4857.5 dark 5-18 " 16.70 13.8
4964.3 clear 15-25 - 16.7 141
4964.3 dark 15-25 " 16.65 13.0

aNot measured.

Dsuper = supematant.

. Depth extent of the smectite —illite transformation. Borehole USW G-3. From Bish (1989).

Figure 7-7¢




. PERCENT  COMPLEX

COLLAPSED THBICKNESS TYPR OF
SAMPLE _LAYRRS il) RST CATION COMMENTS
1420SW 15 16.7 Random
2340 25 16.8 Random Two clays, cannot decompose
2800 #1 25 16.9 Random
42 40 16.8 Random
2850 35 16.8 Random Two clays, cannot decompose
3090 40 16.8 Random Two clays, can’t decompose
3380 40 16.8 Random Two clays 77?7
3520 #1 20 16.7 Random
#2 55 ?? Allevardite Poor Resolution
3700 #1 15 16.7 Random
#2 60 16.6 Allevardite Poor Resolution
3760 #1 15 16.7 Random
#2 7? ?? Allevardite Poor Resolution ‘
3800 #1 2010 ?? Random Poor Resolution
#2 75 16.6 Allevardite
; 3913C#1 ?? ?? Random Poor Resolution
. #2 75 16.6 Allevardite
3928C#1  20:10 ?? Random Poor Resolution
#2 65 16.7 Allevardite
4050 #1 15 16.7 Random
#2 70 16.7 Allevardite
4080 #1 15 16.7 Random
#2 70 16.6 Allevardite Poor Resolution
4180 #1 15 18.7 Randon
#2 75 16.8 Allevardite

. Depth extent of the smectite —» illite transformation. Borehole UE-25p#1. From Chipera and Bish (1989).

Figure 7-7d




Drill Hole J-13

Depth 1335 1335 1335 1335 1421 1421 1421 142}

( ft) .
’ Mol% Exchangeable Cations

14.9 15.5 15.4 13.0 53.5 49.7 53.2 50.2
Na 23.1 21,1 17.5% 28.5 20.6 22.7 22.8 22.8
Ca+Mg 62.0 63.5 67.1 58.5 25.8 27.5 24.0 27.0

Depth 1421 1421 1421 1421 1421 1457 1457 1457

(ft)._

Mol1% Exchangeable Cations
K 51.0 48.9 50.1 53.4 55.4 30.3 38.7 36.0
Na 21.1 22.2 23.6 21.3 22.5 8.6 7.9 9.3
Ca+Mg 27.9 28.9 26.2 25.3 22.1 61.1 53.3 54.7

Depth 1457 1457 1457 1457 1457 1457 1519 1519

{ft).

Mo1% Exchangeable Cations
K 37.5 37.2 39.1 37.0 38.9 38.0 40.4 41.9
Na 10.7 10.3 9.0 10.9 12.1 7.4 11.4 13.5
Ca+Mg 51.8 52.5 51.8 52.1 49.0 54.6 48.2 44.6

‘ Depth 1519 1519 1519 1519 1519 1519 1519 1519

(fe). )

Mol% Exchangeable Cations
K 37.1 34.2 39.6 39.5 42.4 40.5 43.1 43.1
Na 10.8 13.7 14.5 11.6 13.8 14.3 12.9 12.6

Ca+Mg 52.1 52.1 45.8 48.9 43.8 45.2 44.0 44.3
- Depth 1546 1546 1612 1612

( ft)

Mo1% Exchangeable Cations
K 33.7 39.5 38.1 36.1
Na 5.4 10.2 6.8 6.8
Ca+Mg 60.9 50.3 55.1 57.1

. Exchangeable cations content. Clinoptilolites in borehole J-13. From Broxton et al. (1986).

Figure 7-8a




Depth
{ ft)

K
Na

Ca+Mg

Depth
(ft) .

K.
Na
Ca+Mg

Depth
( ft)

K
Na

Ca+Mg

Depth
( ft)

K
Na

Ca+Mg

Depnth
( ft)

K
Na

Ca+Mg

Depth
[ f£)

K

Na
Ca+Mg
Depth
{ f£)

K
Na

Ca+Mg

Depth
{ fr)

K
Na
Ca+Mg

1279

11.5
12.7
»75.8

1358

29.2
14.1
56.7

1384

24.8
11.2
63.9

1667

39.7
17.1
43.3

1667

39.6
16.0
44.4

2087

24.6
11.4
64.0

2220

23.4
9.1
67.5

2304

20.1

22.1
57.8

1323

26.4
11.5
62.1 .

1358

35.7
14.8
49.4

1465

56.8
10.7
32.5

1667

41.3
19.2
39.5

1667

37.1
17.8
45.1

2087

22.9
13.8
63.3

2220 .

24.9
7.9
67.2

2304

24.5
17.7
57.9

Orill Hole UE-25a#1

1323 1323 1323
Mol% Exchangeable Cations
29.8 27.7 26.8
12.3 12.1 13.0
57.8 60.2 60.3
1358 1381 1384

Mol% Exchangeable Cations

30.4 28.1 32.4
9.1 11.2 13.3
60.5 60.7 54.3
1465 1505 1584
Mol% Exchangeable Cations
34.3 42.9 32.4
16.3 16.6 20.1
49.3 40.6 47.4
1667 1667 1667
Mol1% Exchangeable Cations
43.4 40.6 39.6
19.2 17.6 16.0
37.3 41.7 44 .4
1667 1824 1824
Mol1% Exchangeable Cations
37.8 16.5 17.1
20.1 15.6 22.1
42.1 67.9 60.8
2087 2087 2113
Mol% Exchangeable Cations
21.7 29.2 45.7
9.2 14.5 47.0
69.1 56.3 7.3
2220 2220 2220
Mol% Exchangeable Cations
24.3 24.4 23.4
9.5 9.4 13.0
66.2 66.2 63.5
2304 2304 2304
Mol1% Exchangeable Cations
24 .4 24.6 24.5
17.6 19.7 18.7
57.9 55.7 56.8

1323

22.2
13.2
64.5

1384

28.0
11.7
60.3

1584

38.3
17.4
44.3

1667

43.5
17.3
39.2

1824

19.4
20.3
60.3
2220

25.0
10.5
64.

2304

22.6
21.7
55.7

2304

25.2
17.0
57.8

1323

26.9
15 .4

57.7

1384

23.1
23.7
53.3

1323

26.5
13.4
60.0

1384

25.5
11.8
62.7

1667

40.1
18 .4
41.5

1667

40.5
19.6
39.9

2087

24.5
6.9
68.5
2220

22.1
9.4
68.5

2304

24.1
21.6
54.3

2304

23.6
20.0
56.4

Exchangeable cations content. Clinoptilolites in borehole UE-25a#1. From Broxton et al. (1986).

Figure 7-8b



Drill Hole UE-25b#1(H)

Depth 2832 2832 2832 2832 2832 2832 2832 2832

(fe). Mol1% Exchangeable

K 13.3 16.0 15.5 15.4 17.8 17.4 16.4 13.5
Na 11.8 12.8 13.9 12.4 4.4 6.9 13.6 13.7
Ca+Mg 74.8 71.3 0.6  72.2 77.8 75.8 70.0 72.8

Depth 2832 2832 2832 2832 2832 2879 2879 2879

(ft).
Mol% Exchangeable Cations

K 15.4 16.6 16.6 16.5 17.4 19.8 18.4 18.8
Na 15.7 11.3 6.8 9.5 9.7 4.7 9.6 12.2
Ca+Mg 68.9 72.1 76.5 73.9 72.9 75.5 72.0 69.1
Depth 2879 2879 2879 . 2879 2879 2879

( ft)

Mol% Exchangeable Cations

K 16.6 18.6 17.9 16.4 17.6 18.5

Na 16.3 8.7 10.4 15.5 15.0 11.1

Ca+Mg 67.1 72.7 7.7 68.1 67.3 70.5

. Exchangeable cations content. Clinoptilolites in borehole UE-25b#1. From Broxton et al. (1986).
Figure 7-8¢




Depth
{ ft)

Na
Ca+Mg

Depth
( ft)

Na
Ca+Mg

Depth
{ ft)

Na
Ca+Mg

Depth
(ft)._

Na
Ca+Mg

Depth
( ft)

Na
Ca+Mg

Depth
( ft)

Na
Ca+Mg

1250

34.3
22.2
43.5

1250

36.3
23.2
40.5

1700

23.2
30.8
45.9

3330

1250

36.0
21.2
42.8

1350

32.5
23.1
44.4

1700

17.7
31.6
50.7

1700

20.0

33.3

2760

8.0
21.5
70.5

3330

Drill Hole UE-25p#1

1250 1250 1250

Mol% Exchangeable Cations
34.5 36.0 37.2
20.3 20.9 25.4
45.1 43.1 37.4

1350 1350 1400

Mol1% Exchangeable Cations
32.7 36.6 19.8
19.1 15.9 26.6
48.2 47.5 §3.6

1700 1700 1700

Mo1% Exchangeable Cations
18.1 16.1 17.0
34.0 30.9 34.0
47.9 53.0 49.0

1800 1800 1800

Mo1% Exchangeable Cations
17.9 21.7 16.9
35.6 29.9 28.4
46.5 48.4 54.8

2760 2760 3330

Mol% Exchangeable Cations
7.5 7.2 3.7

21.7 26.2 15.3

70.7 66.7 81.0

3330 3330 3330

Mol? Exchangeable Cations
6.4 6.2 6.6
20.0. 20.5 18.2
73.6 73.4 75.1

1250

38.5
21.9
39.6

1400

21.1
30.1
48.8

1700

16.8
32.8
50.5

1800

16.3
27.4
56.3

3330

5.2
16.4
78.3

3330

6.4
13 .8 o
79.8

1250

36.6
25.7
37.7

1400

27.9
25.4
46.7

1700

17.6
31.6
50.7

1800

20.4
30.8
a8.7

3330

5.6

20.1
74.4

3330

1250

36.4
21.8
41.8

1700

20.3
28.9
50.9

1700

19.8
30.8
49.2

3330

4.7
25.4
69.9

3330

Exchangeable cations content. Clinoptilolites in borehole UE-25p#1. From Broxton et al. (1986).

Figure 7-8d




. Drill Hole USW G-1

?eo§h 1286 1436 1561 1561 1561 1639 1774 1774
ft).

Mol% Exchangeable Cations
K 8.8 58.3 52.1 58.7 55.8 49.9 44.0 26.7
Na 20.4 34.4 42.3 36.4 38.9 43.1 45.2 57.4
Ca+Mg 70.9 7.3 5.6 4.9 5.3 7.0 10.9 15.9

Depth 1819
g 1819 2083 2166 2290 3598 3598 3598

Mol% Exchangeable Cations
K 43,7 37.0 37.8 36.6 33.5

Na 45.2 49.9 53.8 56.6 a 8.2 6.2 6.0
. . . .0 76.4 78.7 78.

CatMg  11.1 13.0 8.3 6.8 22.4 155 15.1 15.3
Depth 3706
(ft).
Mo1% Exchangeable Cations
K 1.0
Na 76.2

. Ca+Mg 22.8

l Exchangeable cations content. Clinoptilolites in borehole USW G-1. From Broxton et al. (1986).

Figure 7-8¢




Drill Hole USW G-2

. l()ﬁn 561 561 561 561 561 561 584 584
t
Mol1% Exchangeable Cations

K 21.1 15.6 21.2 17.0 19.8 20.3 10.5 16.4
Na 5.4 5.1 6.6 6.3 5.9 4.6 0.5 4.1
Ca+Mg 73.5 79.3 ©72.2 76.7 74 .4 75.1 89.0 79.4
?$:§h 584 584 584 584 584 657 657 657
Mol1% Exchangeable Cations
K 12.8 15.3 15.0 9.4 8.6 21.2 24.8 26.5
Na 0.8 3.1 3.4 2.9 2.4 2.8 5.8 3.4
Ca+Mg 86.4 81.6 81.6 87.6 89.0 76.1 69.4 70.2
Depth 657
s 5 762 1691 1691 1745 1745 1745 1745
Mo1% Exchangeable Cations
K 27.6 39.1 48.7 47.6 37.9 40.1 46.1 - 42.4
Na 8.1 5.7 18.7 17.1 21.2 24.7 17.8 24.6
Ca+Mg 64.3 55.2 32.6 35.3 40.9 35.2 36.1 33.0
?::}h 1745 1745 2078 2078 2158 2158 2158 2158
Mol% Exchangeable Cations
. K 38.6 40.8 39.9 41.2 38.0 35.1  36.9 35.5
Na 24.0 21.9 15.3 15.0 19.2 16.8 18.6 12.8
Ca+Mg 37.5 37.3 44.8 43.9 42.8 48.1 44.5 51.7

Depth 2158 2158 2325 2325 2430 2430 3067 3067

(ft).

Mol% Exchangeable Cations 40.1 29.5 29.3
K 36.8 37.1 32.6 - 34.1 43.0 . . .
Na 10.5 16.4 22.5 20.1 14.9 16.2 67.8 67.8
Ca+Mg 52.7 46.5 44.9 45.8 42.1 43.7 2.8 2.9

Depth 3067 3067 3067 3067 3192 3192 3192 3192

(ft)._
Mo1% Exchangeable Cations
K 28.9 29.9 27.6 7.8 21.9 23.8 18.3 19.9
Na 68.7 67.8 69.7 57.6 57.6 54.9 62.2 61.8
Ca+Mg 2.5 2.3 2.7 34.6 20.5 21.2 19.5 18.3
Depth 3192 3192 3192 3192 3250 3250
£t
Lo Mol% Exchangeable Cations
K 20.0 23.0 22.7 26.3 0.5 1.5
Na 58.4 56.9 53.4 57.3 74.0 74.9
CatMg . 21.6 20.2 23.9 16.4 25.5 23.6 )
. Exchangeable cations content. Clinoptilolites in borehole USW G-2. From Broxton et al. (1986).

Figure 7-8f




Depth
( ft)

Na
Ca+Mg

Jepth
( ft)

Na
Ca+Mg

Deoth
( ft)

Na

Ca+Mg
Depth
(ft)_

Na
Ca+Mg

Depth
{ f£)

Na
Ca+Mg

Depth
(ft)

Na
Ca+Mg

Depth
{ ft)

K
Na
Ca+Mg

1195

5.9
17.5
76.6
1874

54.9
28.6
16.5

1986

62.1
32.4

1986

33.3
48.0

18.6

3672

53.
38.
8

=N

Drill Hole USW G-3

1195 1195 1195

1195

Mol1% Exchangeable Cations

12.7 8.5 11.1
19.0 14.5 15.5
68.3 77.1 73.4

1874 1874 1874

Mol% Exchangeable Cations

55.1 57.4 55.7
30.5 26.3 28.1
14.4 16.3 16.1

1986 1986 1986

15.7
12.2
72.1

1874

52.1
31.0
16.9

1986

Mol% Exchangeable Catfons

65.1 59.4 60.6
29.9 34.6 34.2
5.1 6.0 5.2

1993 2577 2577

55.4
39.2
5.4

2577

Mol% Exchangeable Cations

58.3 23.9 25.6
36.3 38.3 34.5
5.4 37.8 39.9

2577 2615 2615

23.5
35.1
41 04

2656

Mo1% Exchangeable Cgfions

29.3 32.2 34.2
31.2 52.1 51.0
39.5 15.7 14.8

3475 3589 3589

42.5
38.7
18.8

3589

Mol% Exchangeable Cations

38.3 57.0 52.3
47.2 34.8 39.1

14.5 8.2 8.6

3672 3672 3759

Mol1% Exchangeable Cations

48.6  53.7  36.1
41.0 369  S3.1
10.5 9.3  '10.8

48.4
40.6
11.0

3759

42.6

48.0
9.4

1195

19.1
17.1
63.7

1874

55.3
27.3
17.4

1986

W n
»nwOom
L]

- N

2577

26.5
32.4
41.1

2656

39.4
42.9
17.8

3672

42.6
47.0
10.4

3759

32.9
57.7
9.4

1874

57.8
26.1
16.0

1874

58.1
26.6
15.4

1986

1874

49.1
33.3
17.6

1986

68.4
26.4

5.2
1986

[FS N,
[§ [ ¥ ey
L] * .
~ N —

2577
24.2
33.8
41.9

3226

Exchangeable cations content. Clinoptilolites in borehole USW G-3. From Broxton et al. (1986).
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Depth
(ft)_

K

Na
Ca+Mg
Depth
( ft)

K
Na

Ca+Mg

Depth

(ft)

K
Na

Depth
( ft)

Na
Ca+Mg

Depth
( ft)

Na
Ca+Mg

Depth
( ft)

K
Na

Ca+Mg

Depth
(ft)._

K
Na

Ca+Mg

1432

52.7
34.6
12.7

1544

1432

50.4

37.6 .

11.9
1544

48.9
42.6
8.5
1707

2132

30.2
26.4
43.4

2221

28.8
24.3
46.9

2738

1470 1470 1470
Mol% Exchangeable Cations
54.7 56.9 53.8
38.2 34.4 37.6
7.1 8.7 8.6
1544 1544 1544
Mo1Z Exchangeable Cations
49.8 51.3 4909
42.7 42.7 43.9
7‘5 6-0 6.2
1762 1762 1762
Mol1% Exchangeable Cations
36.2 39.7 38.1
49.3 44.6 47.4
14.5 15.7 14.5
2132 2132 2132
Mol% Exchangeable Cations
35.2 30.4 33.6
21.1 28.2 23.7
43.8 41.4 42.7
2132 2227 2227
Mol% Exchangeable Cations
25.4 21.8 25.5
28.8 28.5 20.1
45.8 49.6 54 .4
2239 2239 2239
. Mol% Exchangeable Cations
21.4 19.5 24.9
21.8 13.9 18.7
56.9 66.6 56.4
2738 2738 2738
Mol% Exchangeable Cations
18.5 16.1 16.6
14.3 20.1 20.5
67.2 63.8 62.8

Drill Hole USW G-4

1470

W o
~Oon
L]

[ RNy, .}

1707

52.9
39.4

1762

20.7
45.3

2227

17.9
28 .9
53.2

2239

25.4
10.1
64.6

2738

24.8
2.1
52.1

1470

[ X4
o o Wun
.

- O w

1707

53.2
37.7
9.1

1762

2227

23.8

- 24.9

51.3
2239

1470

[V S, ]
O RN W
« o o
o~

1707

56.8
35.9
7.3

1762

2227

26 .4
29.9
43.7

2239

22.2
13.1
64.8

2738

Exchangeable cations content. Clinoptilolites in borehole USW G-4. From Broxton et al. (1986).
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. Drill Hole USW H-3

Depth 1800 1800 1800 1800 1800

{ ft)

Mol1% Exchangeable Cations
K 39.7 39.3 43.9 41.8 38.1
Na 17.7 18.2  18.1 17.1 19.6
Ca+Mg 42.6 42.5 37.9 41.1 42.3

Drill Hole USW H-4

?eo?h 1420 1420 1420 1420 1420 = 1420 1455 1455
ft).

Mo1% Exchangeable Cations

K 45.8 42.4 43.8 46.4 41.9 43.9 29.9 29.2
Na 14.7 12.1 14.2 13.1 15.6 14.6 13.2 10.2
Ca+Mg 39.5 45.5 42.1 40.5 42.5 41.5 56.9  60.6
Depth 1455 1455 1550 1550 1550 1550 1550 1550
( ft)

Mol% Exchangeable Cations

3.3 54.8 53.4 41.7 52.8 52.3 53.8

Na 10.0 9.6 25.3 25.7 34.3
7.1

2 . 2
. Cat+Mg 60.5 67. 19.9 20.9 23.9 21.4 24.3 22.4
Depth 1980 1980 1980 1980 1980 1980 1980

(ft).

Mol% Exchangeable Cations
K 44.5 45.9 38.8 47.4 40.9 52.1 50.9
Na 53.1 51.6 58.9 50.5 56.4 45.2 46.5
Ca+Mg 2.3 2.5 2.3 2.1 2.7 2.6 2.6

. Exchangeable cations content. Clinoptilolites in borehole USW H-3 and H-4. From Broxton et al. (1986).

Figure 7-8i




Depth
( ft)

Na
Ca+Mg

Deoih
( ft)

Na
Ca+Mg

Depth
( ft)

Na
Ca+Mg

Drill Hole USW H-5

1666 1666 1917 1917 1917 1917 1917

Mol1% Exchangeable Cations
9.6 3.6 51.5 52.9 54.0 54.2 56.6
11.2 4.4 31.9 33.0 30.8 1.3 30.5
79.1 92.0 16.6 14.1 15.2 14.5 1

1917 1917 1917 1917 1930 1930 1930

Mo1% Exchangeable Cations
51.3 49.3 51.5 52.8° 49.7 48.9 51.3
31.0 34.9 31.4 30.4 31.0 30.7 26.5
17.7 15.7 17.1 16.8 19.3 20.4 22,2

2200 2200 2200 2200

Mol1% Exchangeable Cations

39.7 42.0 43.7 49.1
46.3 45.9 40.6 36.2
14.0 12.1 15.7 14.7

Exchangeable cations content. Clinoptilolites in borehole USW H-5. From Broxton et al. (1986).

Figure 7-8}



Drill Hole J-13

Sample
Number 55. 56. 57. 88. 59. 60. 61.

Depth (ft) 1457 1519 1883 2001 2133 2982 2999

Ca+Mg 113 25.9 6.3 4.3 7.9 9.0 25.2
K 49.9 50.4 39.8 28.7 38.5 40.3 38.8
Na 18.8 23.7 53.9 71.0 53.6 50.8 36.0

Samplie Descriptions:

§5. Tuff of Calico Hills. Clinoptilolite-bearing nonwelded tuff in Zone II.

56. Tuff of Calico Hills. Clinoptilolite-bearing nonwelded tuff in diagenetic
Zone II.

§7. Prow Pass Member, Crater Flat Tuff. Devitrified partially welded tuff.

58. Prow Pass Member, Crater Flat Tuff. Analcime-bearing nonwelded tuff in
diagenetic Zone III.

59. Bull frog Member, Crater Flat Tuff. Devitrified partially welded tuff.

60. Tram Member, Crater Flat Tuff., Authigenic albite-bearing nonwelded
tuff in diagenetic Zone 1V.

61. Tram Member, Crater Flat Tuff. Analcime- and authigenic albite-bearing
nonwelded tuff in diagenetic Zone V. )

Exchangeable cations content. Whole-rock samples from borehole J-13. From Broxton et al. (1986).

Figure 7-9a



Sample
Number 40.

Depth (ft) 2832

Ca+Mg 32.0
K 33.0
Na 35.0
Sample
Number 47,

Depth (ft} 1700-
1710

Ca+Mg 21.6
X 30.9
Na 41.4

Sample Descriptions:

Orill Hole UE-25b#](H)

42,
3393

49.

1790-
1800

N33
.
Or O

40, Bull frog Member, Crater Flat Tuff,
bearing nonwelded tuff in diagenetic Zone II.
41. Bullfrog Member, Crater Flat Tuff.
bearing nonwelded tuff in diagenetic Zone II,

42. Tram Member, Crater Flat Tuff.

43.

3602

50.

2280-
2290

22.3
43.0
34.6

3767

Si.

2650-
2660

3835

as.
3963
27.9
32.9
39.2
53, S,
3430-  3560-
3840 3570
9.4 19.1
8.3 52.9
@.2 2.1

Mordenite- and clinoptilolite-

Mordenite- and clinoptilolite-

nonwelded tuff in diagenetic Zone III.

43, Tram Member, Crater Flat Tuff.

nonwelded tuff in diagenetic Zone [I1I.

44, Tram Member, Crater flat Tuff.

Analcime-~, calcite-, and

kaolinite-bearing nonwelded tuff in diagenetic Zone III.

45, Tram Member, Crater Flat Tuff.

nonwelded tuff in diagenetic Zone 1II.

46. Tuff of Lithic Ridge,

tuff in diagenetic Zone III.

47. Prow Pass Member, Crater Flat Tuff.
in diagenetic Zone 11,
48. Prow Pass Member, Crater Flat Tuff.
in diagenetic Zone II.
49, Prow Pass Member, Crater Flat Tuff.
in diagenetic Zone II.
50. Bul) frog Member, Crater Flat Tuff.
diagenetic Zone III.
§1. 8ull frog Member, Crater Flat Tuff.
diagenetic Zone III.
$2. Bull frog Member, Crater Flat Tuff.
diagenetic Zone III.

§3. Older Tuff Sequence.

genetic Zone 1V.

S4. Older Tuff Sequence.

genetic Zone 1V.

Analcime- and calcite-bearing

Analcime- and calcite-bearing

Analcime- and calcite-bearing

Analcime- and calcite-bearing nonwelded

Clinoptilolite-bearing nonwelded tuff

Clinoptilolite-bearing nonwelded tuff

Clinoptilol{te-bearing nonwelded tuff

Analcime-bearing nonwelded tuff in
Analcime-bearing nonwelded tuff in
Analicime-bearing nonwelded tuff in
Authigenic aldbfte-bearing nonwelded tuff in dia-
Authigenic albite-dearing nonwelded tuff in dia-

Exchangeable cations content. Whole-rock samples from borehole UE-25b#1. From Broxton et al. (1986).
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Drill Hole USW G-2

Sample

Number 1. 2. 3. 4, 5. 6. 7.
Depth (ft) 675 2430 2667 3067 3192 3454 3541
Ca+Mg 46.9 24.8 17.% 20.8 12.2 22.5 10.6
K 30.0 45.7 36.4 31.2 43.3 24.8 31.0
Na 23.1 29.5 45.7 47.9 44.5 52.7 58.4

Samole

Number 8. 9. 10. 11. 12. 13.

Depth {ft) 3795 3913 4090 4805 5895 5992

Ca+Mg 19.4 11.3 51.6 10.2 47.2 14.7
K 53.4 44.9 21.7 49.9 23.5 35.6
Na 27.2 43.8 26.7 39.9 29.3 49.7
Sample Descriptions:
1. Pah Canyon Member, Paintbrush Tuff., Clinoptilolite- and smectite-bearing
nonwelded tuff in diagenetic Zone I.
2. Tuff of Calico Hills, C(linoptilolite- and mordenite-bearing nonwelded tuff

in diagenetic Zone II,

3. Tuff of Calico Hills, Clinoptilolite- and mordenite-bearing nonwelded tuff
in diagenetic Zone II.

4, Prow Pass Member, Crater Flat Tuff, Mordenite-bearing tuff in diagenetic
Zone 11.

§. Prow Pass Member, Crater Flat Tuff. Clinoptilolite- and mordenite-bearing
tuff in diagenetic Zone [I.

6. Bullfrog Member, Crater Flat Tuff, Mordenite-bearing tuff in diagenetic Zone
111,

7. 8ullifrog Member, Crater Flat Tuff. Analcime-bearing tuff in diagenetic Zone
I,

8. Tram Member, Crater Flat Tuff. Analcime- and kaolinite-
bearing nonwelded tuff in diagenetic Zone III.

9. Tram Member, Crater Flat Tuff. Analcime-bearing tuff in
diagenetic Zone [II.

10. Rhyodacite Lava. Analcime- and calcite-bearing lava in
diagenetic Zone [II.

11. Tuff of Lithic Ridge. Authigenic albite- and analcime-
bearing nonwelded tuff in diagenetic Zone IV.

12. Bedded Tuff. Calcite- and chiorite-bearing bedded tuff in
diagenetic Zone 1V,

13. Older Tuff Sequence. Calcfte- and chlorite-bearing nonwelded
tuff in diagenetic Zone 1V,

. Exchangeable cations content. Whole-rock sampies from borehole USW G-2. From Broxton et al. (1986).

Figure 7-9¢




Drill HYoles USW GU-3 and USW G-3

Sample

Number 14. 15. 16. 17. 18. 19, 20.
Depth (ft) 1498 1598 1986 2577 3207 3589 3854
Ca+Mg 7.9 9.0 9.8 23.8 16.1 22.1 7.8
K 43.4  42.4 36.9  37.7 39.0 33.5 éoﬁg
Na 48.7 48.5 53.4 38.5 4.9  43.a 51.7
Samople
Number 21. 22. 23 24. 25
Deptn (ft) 4008 4263 4568 4786 4869

CasMg 15.2 14.5 26.2 15.8 12.5

" 80.8 31.5 22.7 38.0 23.1

Na 48,0 54.0 51.1 4.2  64.3

Sample Descriptions:

14.
15.

16.
17.
18.
19.
20.

21.

22.
23.

24.
25.

Tuff of Calico Hills.

Prow Pass Member, Crater Flat Tuff.

diagenetic Zone 1.

Prow Pass Member, Crater Flat Tuff.

Vitric nonwelded tuff in diagenetic Zone 1.
Vitric nonwelded tuff in

Clinoptilolite-bearing

nonwelded tuff in diagenetic Zone II.

8ull frog Member, Crater Flat Tuff.

Clinoptilolite-bearing nonwelded

tuff in diagenetic Zone II.

Tram Member, Crater Flat Tuff,

Clinoptilolite-bearing

partially welded tuff in diagenetic Zone !I.

Tram Member, Crater Flat Tuff.

Clinoptilolite-bearing nonwelded

tuff in diagenetic Zone I1.

Tuff of Lithic Ridge.
diagenetic Zone II.

Tuff of Lithic Ridge.
diagenetic Zone III.
Tuff of Lithic Ridge.
diagenetic Zone III.
Tuff of Lithic Ridge.
diagenetic Zone I1I.
Older Tuff Sequence.
diagenetic Zone II1.
Older Tuff Sequence.
diagenetic Zone I1l.

Clinoptilolite-bearing nonwelded tuff in

Analcime-bearing nonwelded tuff in
Analcime-bearing nonwelded tuff in
Analcime-bearing nonwelded tuff in
Analcime-bearing nonwelded tuff in

Analcime-bearing nonwelded tuff in

Exchangeable cations content. Whole-rock samples from borehole USW G-3. From Broxton et al. (1986).
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Orill Hole USW (-4

Sample
Numpber 26. 27. 28. 29. 30. 31, 32.

Qeoth (ft) 1314 1470 1544 2131 2226 2716 2792

Ca+Mg 52.6 9.0 8.5 25.2 24.9 26.4 32.5
X 9.5 48.1 43.9 35.6 40.3 26.5 19.3
Na 38.0 42.9 47.6 39.2 34.8 47.1 48.2
Sample

Number 33. 34. 35. 36. 37. 38. 39.

Depth (ft) 1279 1323 - 1381 1505 1667 2087 23064

Ca+Mg 9.1 45.7 42.0 30.3 29.5 23.7 30.8
K 39.7 31.8 24.9 43.8 42.9 45.7 39.7
Na 51.2 22.5 3.1 25.9 27.6 30.7 29.5

Sample Descriptions:

Sample Descriptions:

26. Topopah Soring Member, Paintbrush Tuff., Smectite- and clinootilolite-
bearing tuff at top of Topopah Soring vitrophyre in diagenetic Zone I.

27. ;uff of Calico Hills, Clinoptilolite-bearing nonwelded tuff in diagenetic

one 11,

28. Tuff of Calico Hills. Clinoptilolite- and mordenite-bearing nonwelded
tuff in diagenetic Zone II.

29. Prow Pass Member, Crater Flat Tuff. Clinoptilolite- and mordenite-bearing
nonwelded tuff in diagenetic Zone [I.

30. Prow Pass Member, Crater Flat Tuff. Clinoptilolite- and mordenite-bearing
nonwelded tuff in diagenetic Zone II.

31. Bullfrog Member, Crater Flat Tuff. Mordenite-bearing nonwelded tuff in
diagenetic Zone 1I.

32. Tram Member, Crater Flat Tuff. Mordenite-bearing nonwelded tuff in
diagenetic Zone II.

33. Topopah Spring Member, Paintbrush Tuff. Vitric basal vitrophyre.

34, Topopah Spring Member, Paintbrush Tuff. Clinoptilolite-bearing
nonwelded tuff in diagenetic Zone II.

35. Tuff of Calico Hills., Clinoptilolite-bearing nonwelded tuff in
diagenetic Zone 1l.

36. Tuff of Calico Hills, Clinoptilolite-bearing nonwelded tuff in
diagenetic Zone 1I.

37. Tuff of Calico Hills. Clinoptilolite-bearing nonwelded tuff in
diagenetic Zone 1I.

38. Prow Pass Member, Crater Flat Tuff. Clinootilolite-bearing
nonwelded tuff in dfagenetic Zone 1I.

39. Bull frog Member, Crater Flat Tuff. Clinoptilolite- and
mordenite(?)-bearing nonwelded tuff in diagenetic Zone II.

Exchangeable cations content. Whole-rock samples from borehole USW G-4. From Broxton et al. (1986).

Figure 7-9¢
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Na Ca+Mg
Triangular diagrams showing the relative alkali metal and alkali earth elements compositions, whole-rock
. samples of the Yucca Mountain ignimbrites. From Broxton et al. (1980).
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temperature {° Celsius]

. 0 100 200 300

0
— first occurrence of the analcime zone
— first occurrence of the albite zone
1000 —
— first occurrence of the R1 clays
~— first occurrence of the R>3 clays
2000 —
= — first occurrence
5;‘3 of illite
2
=]
8
5 3000 —
2
s
5 o
&
-
. 4000 —

o) “\—dT/dz from USW G-2

T/dz from USW G-1

\ .
@‘4—\ dT/dz from USW H-6
N\

N\
\

5000 —

6000

Explanation:
® - USW G-1 borehole;
@ - USW G-2 borehole;
USW H-5 borehole;

- .
Mntemporary geothermal gradient in USW G-1, from Sass et al. (1987).

. Paleo-geothermal reconstructions, based on the observed zonation of zeolitization and illitization,
northwestern Yucca Mountain.

Figure 7-18




. temperature [° Celsius]

0 100 200 300
o 1 I 1 l 1
—— first occurrence of the analcime zone
— first occurrence of the albite zone
1000 — \
— first occurrence of the R1 clays
g
g \
< 2000 — \
8 \ \~«—dT/dz from J-13
> \ .
& \ '
3 \ :
o \ dT/dz from UE-25p#1 .
£ 3000 — \
© \ from UE-25a#1
\
\
® ‘
4000 —
A Y
dT/dz from USW G-3
5000
Explanation:
@ - J-13 well;

@ - UE-25p#1 borehole;
(® - UE-25a#1 borehole;
=}= - USW G-3 borehole; and

}a\é:ontemporary geothermal gradient in UE-25p#1
Note:

a) Chemistry of the zeolitic assemblage from the southeastem sector differs from that of zeolitic assemblage from
the northwestern sector. The former zeolites tend to be more calcic in composition; the latter zeolites tend to be
more of sodic-potassic composition. Also, the former zeolites include more exotic calcic species, such as:
laumontite, heulandite, erionite, and chabasite.

. Paleo-geothermal reconstructions, based on the observed zonation of zeolitization and illitization,
southeastern Yucca Mountain.

Figure 7-19
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c) the presently observed juxtaposition of the alteration areolas.
. Interpretation of the observed spatial distribution of the chemico-temporal characteristics of the Yucca

Mountain alteration minerals.

Figure 7-29
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¢) spatial distribution of the fluid diffusion path.

. Explanation for the observed spatially selective development of the Yucca Mountain metasomatism and
calcic zeolitization,
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Activity Ratios

. ‘ ~ Percent! Uranium 34y 20Th  ¥Th
Sample No.  Carbonate Fraction (ppm) 2y mTh ey
Crater Flat Area
Acid leach 3.62 1.28 34.3 1.06
+0.07 +0.02 +1.7 +0.04
368° 90
Residue 1.96 1.19 23.6 230
+0.04 +0.02 +14  +0.09
Acid leach 7.08 1.23 6.81 0451
+0.14 +0.02 +0.17 +0.018
386 45
Residue 8.48 1.20 4.34 1.10
+0.17 +0.02 +0.17 004
Acid leach 7.26 .13 423 0479
+0.15 +0.02 +0.17 +0.19
387 58 _
Residue 8.68 1.07 2.54 1.03
+0.17 +0.02 +0.10 +0.04
. Yucca Mountain
Acid leach 5.56 1.34 3.09 0.529
+0.11 +0.02 +0.15  +0.021
395 48
Residue 14.5 1.28 555 0722
+0.3 +0.02 +0.22 +0.036

1 Percent carbonate in whole sample.
2 Isochron-plot ages after Szabo and others (1981).
3 Represents a resample of TSV-115 which gave an age of >20,000 years (Szabo and others, 1981).

Uranium concentrations and activity ratios. Samples of calcretes and surficial veins. Yucca Mountain.
. From Szabo and O'Malley, 1985,

Figure 8-1a



Activity Ratios

Percent! Uranium U 230Th 330Th
Sample No. Material Residue Fraction (ppm) ¥y 22Th 3y
Yucca Mountain Area

113 Calcr 75 S 2.78 1.03 0.687 0.146
+0.04 10.02 +0.027 +0.006
R 4.17 0.986 0.620 0.837
+0.06 +0.015 +0.002 +0.025
115 Calcr 80 S 10.6 1.46 16.7 0.422
+0.2 +0.03 +1.7 +0.017

R 9.44 1.51 224 1.19

+0.14 +0.02 +0.9 +0.04
106 Ttrav 70 S 9.53 1.26 4.53 0.660
+0.14 +0.19 +0.14  +0.026
R 3.66 1.33 2.43 0.860
+0.05 +0.02 +0.07 +0.034

Crater Flat

199 TTrav 30 S 1.81 2.16 2.57 0.290
+0.03 +0.03 +0.08 +0.012

R 1.58 1.17 2.81 1.47

+0.02 +0.02 +0.08 +0.06

Explanation:

a) TTrav - tufaceous travertine;

b) Calcr - calcrete;

¢) S - acid soluble fraction; and

d) R - acid insoluble residuum.

Uranium concentrations and activity ratios. Samples of calcretes and surficial veins. Yucca Mountain.

From Szabo et al., (1981).

Figure 8-1b



. Activity Ratios
Percent! Uranium My 20Th 2Th

Sample No.  Carbonate Fraction (ppm) 28y 232Th B4y
Acid leach 5.7 0.975+0.013 10.9+0.7 1.11+0.03
+0.1
412-1 38
Opal 15.3 1.029+0.013 21.9+0.3 1.01+0.03
+0.3
412-3 1
Opal 15.7 1.232+0.017 279420 1.10+0.03
+0.3
412-7 12
Opal 16.8 1.133+0.014 130+6 1.11+0.03
+0.3
Note:

Samples 412-1, 412-3, and 412-7 are from Trench #14.

Uranium concentrations and activity ratios. Samples of calcretes and surficial veins. Yucca Mountain.
From Szabo and O'Malley, 1985.

Figure 8-1c




Activity Ratios
Sample Percent Uranium 2y Th 30Th
. depth (m) Fraction carbonate (ppm) 28y 22Th By
280 Calcite >99 0.500 1.032 12.0 1.023
+0.010 +0.015 +2.4 +0.041
302 - Calcite n.d. n.d. n.d. n.d. n.d.
346.7 Calcite 64 0.405 1.167 4.29 0.915
+0.008 +0.018 +0.21 +0.037
Residue 0 6.85 1.135 2.43 0.965
+0.14 +0.017 +0.10 +0.049
346.8 Calcite n.d. nd. n.d. n.d. n.d.
348.7 Calcite >99 0.073 1.02 4.6 0.73
+0.006 +0.03 +0.5 +0.06
348.8-A Calcite 97 0.136 0.937 ' 10.7 1.010
‘ +0.004 +0.028 +1.6 +0.040
348.8-B Calcite 63 333 1.026 94 0.093
+0.7 +0.015 +15 +0.037
. U Opal 0 57.8 1.031 232 1.027
+1.2 +0.015 +34 +0.031
359-A Calcite 61 1.21 1.020 261 0.795
+0.06 +0.015 +80 +0.032
359-B Calcite 75 0.644 0.965 36 0.811
+0.013 +0.014 +11 +0.032
U Opal 0 27.0 1.068 234 1.04
+0.5 +0.016 +70 +0.04
361 Calcite n.d. n.d. n.d. nd. n.d.

n.d. not determined
n.a. not applicable

Uranium concentrations and activity ratios. Samples of calcitic veins from borehole USW G-2. Yucca
. Mountain. From Szabo and Kyser, 1985.

Figure 8-2a




Activity Ratios

Sample Percent Uranium 3y 30Th 20Th
depth (m) Fraction carbonate (ppm) B8y 222Th By
63 Calcite 95 0.558 2.26 35 1.00
+0.011 +0.03 +4 +0.03
Residue n.a. 0.66 1.37 7.6 1.94
+0.04 +0.10 +1.5 +0.19
131 Calcite 52 3.02 1.43 84 0.216
+0.06 +0.02 +40 +0.009
U Opal n.a. 35.0 1.13 473 1.15
+0.7 +0.02 - +190 +0.05
147 Calcite n.d. n.d. n.d. nd. n.d.
159 Calcite n.d. n.d. n.d. n.d. n.d.
318 Calcite 95 0.0836 0.991 12,58 1.10
+0.0017 +0.020 +0.13 +0.06
Residue n.a. 1.88 0.73 4.89 1.27
+0.11 +0.07 +0.73 +0.13
331 Calcite 87 0.36 1.06 10 0.24
+0.01 +0.04 +5 +0.02
U Opal n.a. 14.9 1.05 153 1.13
+0.4 +0.03 +61 +0.06

n.d. not determined
n.a. not applicable

Uranium concentrations and activity ratios. Samples of calcitic veins from borehole USW G-3. Yucca
Mountain. From Szabo and Kyser, 1985.

Figure 8-2b




Activity Ratios
Sample - Uranium 2y 20Th 20Th

depth (m) Material (ppm) B8y 232Th 2347y

34 Calcite 0.767 1.17 237 1.02

+0.015 +0.02 +0.07 +0.04

87 Fault gouge 5.18 1.09 0.989 1.06

+0.10 +0.02 +0.030 +0.04

283 Calcite 5.03 147 222 1.04

+0.10 +0.02 +0.7 +0.04

611 Calcite 3.43 1.29 72 1.19

+0.07 +0.02 +3 +0.05

Uranium concentrations and activity ratios. Samples of calcitic veins from borehole UE-25a#1.
. Yucca Mountain. From Szabo and Kyser, 1985.

Figure 8-2¢
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Explanation:

a) numbered sequences are from early to late.

b) 82C vs. PDB.
c) 0%0vs. SMOW.

d) analyses reported by Szabo and Kyser®.

Sampie # Driil Hole Depth im)

+D-230
HD-281

HD-27IA
HD-273B
HD-272D
HD-273A
HD-273B
HD-273C
HD-273D
HD-2T3E
HD-273F
HD-274A
HD-274B
HD-274C
HD-274D
HD-274E
HD-275B
HD-275C
HD-261A
HD-261B
HD-262A
HD-262B
HD-263A
HD-263B
HD-264A
HD-2648
HD-264C
HD-265A
HD-285B
HD-265C
HD-266A

HD-276A

G-2
G2
G2
G-2
G-2
G-2
G-2
G2
G-2

G-2
G2
G-2
G-2
G2
G2
G2
G-2
G2
G2

G394
G-
G-
G-y
GU-3

¢) unpublished data from B.A. Carlos.

3385
195

230
102
347

237
49
99
i

64

176

63

131
147
159
295

Typed 5l3cd  ;5180c¢
vewn -3.5 142
vemn 23 1.0

34 i9.2
-39 19.3
74 18.2
274 18.3
-5 18.2
-6.9 18.1
-6.8 18.0
vug -5.7 14.7
vug -8.3.-83 156, 156
vewn -3.6 14.5
vugl =2 14.7
vug2 -79 17.3
vugd 60 15.1
vugé 79 17.1
vanl -6.9 15.5
ven2 -7.3 15.7
vagl  -1.§ 144
vug2 09 13.8
vugld <7 15.9
vugd -76 18.3
vug§ -82 '18.3
vug2 -20 148
vugd 03 140
vein 0.0 42
cement -0.6 7.8
vein -1.5 7.8
cement -1.0 8.1
ven 1.0 9.4
cement 0.4 7.8
veint 19 129
vein2 0.7 6.2
cement 04 8.9
veinl 04 8.6
vein2 08 7.1
cement -0.5 9.7
cement 1.3 10.5
71 20.2
5.1 20.2
-56 200
54 20.3
vein? <40 8.7

. The resuits of carbon and oxygen isotopic analyses, the Yucca Mountain calcitic phases. From Whelan and

Stuckless (1991).

Figure 8-4a



Yample # Drill Hole Depth 'm) Typed

5i3ch

HD-276B  GU-3 - vem? -5.2
iD-2T7A GU-3 296 venm  -54
HD-267A  G-3 313 veml =3
HD-2678 G-3 " vein2 -8
G- 213 5.1
fek 33 45
HD-278A  GU-3 347 venl -5.7
HD-2788  GU-3 y van2 63
HD-278C  GU-3 - vemnlet 3 6.5
HD-29A  GU3 158 veni 60
HD-279B  GU-3 . vem2 57
HD-268A G-3 1310 vetn 2.2
HD-268B  G-3 . vem 2.1
HD-268C G-3 - van' 24
HD-268D G-3 " ven 2.3
HD-269A  G-3 1346 venl 05
HD-269B  G-3 . vein2 -20
HD-270A G-3 1464 vem 1.7
HD-255A bl 942 vein 3.8
HD-256A bl 953 venA 24
HD-268 bl - veinB 18
HD-257TA bl 971 veml 4.2
HD-25TB bl - vein2 4.4
HD-258A bl 1098 vein 2.0
HD-259A bl 1116 veinl L6
HD-2598 bl - vein2 0.6
HD-259C bl . cement 2.1
HD-260A bl 1216 veinl 1.3
HD-260B bl - vein2 2.1
HD-260A bl - cement 1.0
G4¢ 7 438
HD-674A G4 108 gl 49
HD674B G4 y vug2 06
HD6MA G4 265 wgl 71
HD6MB G4 - wg2 -2
G<4¢ " 08
G4 383 36
HD-6BIA G4 401 vein 9.1
G4 . 90
G4t 587 4.7
G4¢ 663 .79
HD6STA G4 810 vein 82
© G4 " 80
HD-689A G4 842 vein  -5.7
G4t - 64

Explanation;

a) numbered sequences are from early to late.
b) &“C vs. PDB.

c) &%0vs. SMOW.

d) analyses reported by Szabo and Kyser®.

¢) unpublished data from B.A. Carlos.

3i8n¢
19.2
194
18.9
19.2
19.1
18.7
189
19.0
19.1
18.9
194
10.9
10.6
11.3
9.5
9.7
1.7
7.5

5.3
5.8
5.8
1.7
11.4
6.0
5.7
44
6.8
5.5
4.6
8.8

17.0
16.0
16.5
168
14.7
14.1
17.1
16.0
15.2
174
17.6
13.6
13.1
133

13.2

The results of carbon and oxygen isotopic analyses, the Yucca Mountain calcitic phases. From Whelan and

Stuckless (1991).

Figure 8-4b



Activity Ratios U-Series
Uranium Thorium »y 3Th 23°Th Age
Sample No. (ppm) (ppm) 28y 22Th el 8} (k.a)
Total Dissolution
1 0.564 0.75 1.07 2.05 0.868 209+25
+0.011 +0.04 +0.02 +0.06 +0.035
2 0.668 0.86 1.08 2.00 0.793 165+16
+0.013 +0.04 +0.02 +0.06 +0.032
3 0.609 0.88 1.09 1.84 0.819 177+18
+0.012 +0.04 +0.02 +0.06 +0.033
4 0.693 1.05 1.11 1.82 0.859 198+22
+0.014 +0.05 +0.02 +0.06 +0.034
Carbonate Leach
3 0.39 0.57 1.11 1.79 0.733 138+14
+0.02 +0.06 +0.02 +0.05 +0.037
‘ 4 0.68 0.71 1.07 1.97 0.691 125+12
' +0.03 +0.07 +0.02 +0.06 +0.035
Acid-Insoluble Residue
3 0.74 0.95 1.03 1.90 0.769 n.a.
+0.04 +0.10 +0.02 +0.05 +0.038
4 1.06 3.7 0.811 1.63 2.41 n.a.
+0.05 +04 +0.024 +0.05 +0.12

n.a. not applicable

Uranium concentrations and activity ratios, the travertine veins from Furnace Creek Wash area. From
Szabo and O'Malley, 1985.

Figure 8-Sa




. Activity Ratios

Uranium my 20Th 20Th
Sample No. (ppm) By 2Th By

Caliche Nodules - Main Hectorite Whiting Pit

79-3-7P! 1.51 1.196 213 0921
+0.03 +0.012 +64 +0.027
80-10-20F 0.431 1.206 55 0.952
+0.015 +0.009 +11 +0.038

Travertine Vein?

81-3-19F 1.25 1522 176 L11
+0.02 +0.022 453 +0.03

AM-9* 1.24 1.486 242 1.13
' +0.02 +0.022 +50 +0.03

! Collected by R. L. Hay, 3.2 km south of IMV Plant, near center; east of edge
SE 1/4 Sec. 6, T. 26N., R.S E., (Calif. part of Ash Meadows 15 min. quad.).
2 Veinlocationis SW 1/4, NW 1/4, sec. 23, T.17S, RSOE

. > Collected by K. Kyser.
+ Collected by T. J. Winograd.

Uranium concentrations and activity ratios, the Amargosa Basin calcareous deposits. From Szabo and

. O'Malley, 1985.

Figure 8-5b
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Note:

a) the overlapping 6'*C vs 8'*0 fields indicate that, all four of the distinguished lithofacies were precipitated
from common hypogene parent fluids; '

b) the Tpa and Tld calcites represent proximal parts of the spring-fed depositional basin, while the Tpl calcites
and dolomites represent the corresponding distal parts, as discussed by Hay et al. (1986);

¢) the observed isotopic composition vs lithofacies gradients may reasonably be taken as recording alteration
of i) mineral precipitation environment [mainly the mineral precipitation temperature]; and simultaneously
1i) the isotopic composition of the former pristine deep-seated fluids;

d) the observed oxygen -18 content vs lithofacies gradient, from 15.5 to 26 per mil,, ., may reasonably be
taken to indicate that, for distal lithofacies, both the mineral precipitation temperature and the degree of
oxygen -18 evaporative enrichment were respectively lower and higher than those for the proximal
lithofacies;

e) the observed carbon -13 content vs lithofacies gradient, from -3 to +2.5 per mil ., may reasonably be taken
to indicate that, for the distal lithofacies, the diffusional carbon -13 enrichment (resulting from CO,
degassing) was higher than that for the proximal lithofacies;

f) itis totally unreasonable to propose that, the isotopically "heavier” fluids [ones involved in precipitation
of the distal lithofacies) were supergene pedogenic fluids;

g both the lithologic data and the isotopic data, as reported by Hay et al. (1986), provide direct and clear
testimony that, after being discharged at the topographic surface, the pristine hypogene fluids undergo,
as expected, the progressive alteration of their initial stable isotopic contents; and

h) for dispositional sites with a fairly constant altitude, it may reasonably be presumed that the isotopic
composition vs lithofacies gradients are the characteristic and diagnostic feature for hypogene deposits.

Isotopic character of oxygen and carbon contained in the Amargosa Basin calcareous deposits.
From Hay et al. (1986).

Figure 8-6a
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. Carbonate gangue associated with various
/ hydrothermal ore deposits.

|
I —

The Long Valley Caldera travertines and hydrothermal
veins,

—

The Yucca Mountain calcretes and surficial calcitic veins.
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Explanation

® data from Whelan and Stuckless (1991).

The isotopic comparative analyses, isotopic character of carbon incorporated in the Yucca Mountain
. calcitic phases.

Figure 8-13




The Carlin carbonate gangue.
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—
The Amargosa Basin spring facies.
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The Cortez carbonate gangue.
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The Yucca Mountain calcretes and surficial calcitic veins.
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-1500 hydrothermal calcites.

Explanation

@ data from Whelan and Stuckless (1991); and
© data from Broxton et al., (1990).

The isotopic comparative analyses, isotopic character of oxygen incorporated in the Yucca Mountain
. calcitic phases,

Figure 8-14
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. Note:

a) the paleo-geothermal reconstructions shown are based on the depth-distribution of values of the 8'*O ratio,
as observed in boreholes USW G-1, G-2, G-3, GU-3, G4, and UE-25b #1;

b) the actually measured values of the contemporary geothermal gradient range from 18 to no more than
24° C/km (USW G-1 - 18° C/km; G-2 - 24° C/km; G-3 - 22° C/km; G-4 - 24° C/km; and
UE-25 b#1 - 20° C/km, Sass et al., 1987);

¢) afactor of > 1.5 discrepancy, between the observed and the reconstructed values of the geothermal gradient,
indicates that the Yucca Mountain veins were formed exclusively in association with hypogene
geothermal processes; and

d) similarly as with values of the 'C ratio, the observed values of the §'*O ratio are strongly distinct from
those that may reasonably be attributed to supergene processes.

The results of paleo-geothermal reconstructions, the Yucca Mountain calcitic veins.
. From Whelan and Stuckless (1992).

Figure §-16
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Note:

a) data from boreholes USW G-4 and UE-25 b#1 represent the south-eastemn alteration center, Figures 7-14a,
7-20, and 7-27; and

b) data from boreholes USW G-1, G-2, and G-3 represent overprinting of the earlier north-westem alteration
center by the subsequent south-eastern alteration center, Figures 7-14b, 7-20, 7-29, and 7-30.

Location map for boreholes considered in developing the interpretation of paragenetic relationships for
the Yucca Mountain calcitic phases.

Figure 8-19




Depth Homogenization temp. of Source
fm] fluid inclusions [°C]

Borehole USW G-2

1640 from 94 10 115 ' Bish, 1989
1756 147 do
1773 from 202 to 239 do

Borehole USW G-3

1463 97 do

Borehole USW GU-3

32 from 101 to0 227 . do
130 from 12510 170 do

Note:

a) "Other authigenic minerals in the Topopah Spring unit of USW GU-3 include silica, calcite, and fluorite.
Caicite and fluorite are very rare, although sparry clacite is concentrated in veins and as a cement in fault
breccia at and above 525 ft depth, and it occurs with fluorite in a fracture at 1027 ft. depth. Sparry calcite
in fault breccia at 482 ft. depth is coated by a later growth of fine-grained auhedral calcite, which suggests
temporary saturation within the breccia during the sparry-growth cementation, followed by vadose calcite
growth” Vaniman et al., 1984.

b) see Figure 8-21, for geologic association of the fluid inclusion samples, from borehole USW GU-3.

Homogenization temperatures of fluid inclusions in calcite. Yucca Mountain.




Figure 8-21a

Geologic association of the fluid inclusion sample USW GU3 - 103 ft (32m).
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Geologic association of the fluid inclusion sample USW GU3 - 429 ft (130m) - footwall of the host fault zone.

Figure 8-21d




. Note:

a) For the fluid inclusion sample USW GUS3 - 103, the host rock is the Tiva Member of the Paintbrush Tuff;
b) The fluid inclusion sample USW GU3 - 429 is from a fault zone between the bedded tuff unit (equivalent
of the Yucca Mountain and the Pah Canyon Members of the Paintbrush Tuff) and the Topopah Spring

Member of the Paintbrush Tuff;

¢) Both samples are from the Yucca Mountain vadose zone;

d) The fluid inclusion sample USW GU3 - 103 appears to represent a calcite cement from a hydraulic
breccia injection dike;

¢) The fluid inclusion sample USW GU3-429 is from the hydrothermally altered fault zone - footwall is
bleached and hanging wall is visibly oxidized; and

f) The occurrence of the hydrothermal calcite within three different members of the Paintbrush Tuff as well
as the local character of the hydrothermal alteration indicate, quite clearly, that the higher temperature
inclusions, in both of the USW GU-3 samples, were not formed during deuteric mineralization episode.

. Geologic association of the fluid inclusion samples USW GUS3 - 103 and -429.

Figure 8-21e
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Location Rock Type 8Sr/*°Sr Source Note
Unaltered ignimbrites
Long Valley Caldera | Inyo Domes Rhyolites | 0.70630 Gaffet al. (1990) | mean of 3 samples
do ' do 0.70606 do mean of 7 samples
do Mafic and intermediate | 0.70630 do mean of 3 samples
do Moat rhyolites 0.70601 do mean of 6 samples
do Early rhyolites 0.70665 do mean of 2 samples
do do 0.70716 do hydrothermally alt
do do 0.70742 do do
do Bishop Tuff 0.7070 do mean of 2 samples
do do 0.70713 do mean of 6 samples
do do 0.70645 do sanidine seperates
do do 0.70745 do hydrothermally alt
do Pre-caldera volcanic 0.70610 do mean of 3 samples
representative mean value: 0.70667
Paleozoic carbonates
Spring Mountains limestone 0.70913 Peterman (1990) outcrop
do do 0.70823 do do
do do 0.70837 do do
Ash Meadows do 0.70990 do do
Rock Valley do 0.70934 do do
representative mean value: 0.70899
The Pre-Cambrian basement
Round Vly Peak, Ca. | schist 0.71656 | Goff et al(1990) PC-derivative
do homfels 0.72201 do do
do sandstone 071126 |do do
Dish Hill, Ca. granodiorite 07177 Peterman et al(1970)| xenolith
representative mean value: 0.71688

Estimate of the isotopic character of strontium contained in the main local litho-stratigraphic complexes,
based on the strontium isotopic analyses of the unaltered and representative samples.

Figure 8-26
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Depta | Rb, | s, | %) b IR(S7) | Sm, | N4, | Msm | M €ne
feet ppm | ppas ‘ér’ 'é: ppm | ppm | '“Nd “:Eg
%80 97 40 065 07104 071032

ms us 16 197 07983 020917

M0 27 1 175 070977 0.0946

3877 14 529 788 071287 07145
5104 1859 2603 2068 071663 071290 557 2648 01271 051206 -112
6096 1853 2816 1905 071638 071294
6695 1818 3553 1481 071538 oMM
9900 1874 4544 1168 07M51 07240
10930 17 640 77 ONW 0N
uno 200 312 1557 OMS0 071249 615 2907 04200 051205  -114
e 1M 7 22 0N onam
12144 %6 5220 038 07119 0Nl 430 209 01238 051207 -110
12950 1604 2963 157 OMB6 071208 644 3017 0120 0517 -4
| 1243 g S6A0 052 0721099 021090 S8 241 QI231 QSI206 112

Note:

a) Rb and Srconcentrations from samples 268.0 to 387.7, 1093, 1170 and 1274 are by EDXRF.

b) all others by isotope dilution.

Isotopic character of strontium and strontium concentrations, whole-rock samples from borehole
. UE-25a#1. From Peterman et al. (1991).

Figure 8-27b
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Location Sampling site $Sr/Sr Source
Chemically immature fluids
Yucca Mountain well J-13 0.7114 Peterman (1990)
do well J-12 0.7100 do
do well VH-2 0.7103 do
do well UE-25p#1 0.7110 do
do well UE-25b#1 07114 do
Amargosa Meadows well 0.7105 do
do well 0.7113 do
mean: 0.7108
Chemically more evolved fluids
Nuclear Engr. Co. well #1 0.7116 Peterman (1990)
do - do 0.7109 do
do do 0.7113 do
do do 0.7119 do
mean: 0.7114

Isotopic character of strontium dissolved in the sodium-potassium type of subsurface fluids, region at and

around Yucca Mountain.

Figure 8-29a
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Location Sampling site orC Source

Chemically and isotopically immature fluids

Yucca Mountain well J-13 -13 Benson and McKinley (1985)
do well J-12 -19 do
do well VH-2 -8.5 do
do well UE-25p#1 upper 4.2 do
do well UE-25b#1 -10.4 do
Amargosa Narrows seep -11.4 White and Chuma (1987)
do do -13.50 do

mean: -9.2 per mil

Chemically and isotopically more mature fluids

Nuclear Engr. Co. well #60 -5.9 .1 Claassen (1985)
Yucca Mountain well USW H-3 49 Benson and McKinley (1985)
Bullfrog Valley spring 4.2 White and Chuma (1987)
do do -6.2 do

mean: -5.3 per mil .,

Isotopic character of carbon dissolved in the sodium-potassium type of subsurface fluids, region at and
around Yucca Mountain.

Figure 8-30a




. Location Sampling site o1C Source

Chemically and isotopically immature fluids

Spring Mountain spring -8.00 Stuckless (1990)
do do -9.70 do

Sheep Range spring -7.70 do

do well -1.70 do

Indian Springs Valley spring -7.50 do
do well -7.60 do

do do -6.90 do

mean: -7.87 per mil

Chemically and isotopically mature fluids

Yucca Flat well C -3.80 Stuckless (1990)
Yucca Mountain well 25p#1 -2.30 Benson and Mckiniey (1985)
Ash Meadows spring -5.20 : DOE (1988)

do do -4.90 do

do do -4.60 do

. do do 4.80 do
do do -4.70 do

do ° do -5.00 do

do do -5.00 do

do do 4.70 do

do do -4.60 do

mean: -4.50 per mil

Isotopic character of carbon dissolved in the calcium-magnesium type of subsurface fluids, region around
Yucca Mountain.

Figure 8-30b
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Sample Material dated U-series age [x10°yrs B.P.] Source
Crater Flat
199 acid leach 30 Szabo et al. (1981)
368 do 70+5 Szabo and O'Malley (1985)
386 do 2743 do
387 do 3344 do
Yucca Mountain
113 acid leach >5 Szabo et al. (1981)
115 do >20 do
106 do 78+5 do
395 acid leach >32 Szabo and O'Malley (1985)
412-1 do >400 do
412-1 opal >350 do
412-3 do >400 do
412-7 do >400 do

U-series ages, samples of the Yucca Mountain calcretes and surficial calcitic veins.

Figure 8-38




Sample Material dated U-series age [x10°yrs B.P.] Source
Borehole USW G-2
280 calcite >400 Szabo and Kyser (1985)
346.7 do 190420 do
348.7 do 142+30 do
348.8 do >400 do
348.8 do 280+70 do
359-A do 170+18 do
359-B do 185+18 do
Borehole USW GU-3
63 calcite 227+20 Szabo and Kyser (1985)
131 do 2642 do
318 do >400 do
331 do 30+4 do
Borehole UE-25a#1
34 calcite 310+ Szabo and Kyser (1985)
283 do 310+ 22 do
611 do >400 do

U-series ages, samples of the Yucca Mountain subsurface calcitic veins.

Figure 8-39
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. 34U/B8U vs. 2°Th/U ratios, samples of the travertine veins from Devil's Hole, Amargosa Basin,
and Furnace Creek Wash.

Figure 8-40b
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Depen Sulk Oensity Cal03 14¢ age §33cppg 51805y g

laterval (g/cahr e TY yn {9/00) (9100) Age

oty ® (xgind) Pl

0-2 0.60 0.03 0.00

-7 1.22 1.90 2.38 *2.9 ¢ 1.8 +22.8¢+0.3

-30 1.4 0.07 # 0.00  0.47

Si=$7 1.76 £ 0.07  7.41 % 1.12  9.13 15040 » 1500 <=6.3+ 0.7 +30.0 + 0.3 23000 = 3000
$3-90 1,532 0.13 120 +0.52 16.16

s0-100 1.7 5.0721.07 10.3% 19260+ 80 6.4 0.6 <X.62 1.0 28250 = 5000
100-125  1.3% 2,62 9.38
123-135 1.70 12,0k 2115 19090 s 90 3.1+ 0.0 32.1+0.8 23000 = 2000

9.3

02 0.60 0.00 0.00

-4 1.5 .U L.97 .2 +0.5 +29.8¢0.2

(] 1.52 0.09 0.5

A=100 L& 0.00 0.2
100-110  1.60 £ 0.03  &.71 T.% 20040 & 130  -5.9 £ 0.3 #29.7 + 0.3 11000 & 4000
U1  1.20 .12 6.78
135=18  1.86 +0.13 393+ 0.4k 14,62 197702 520 -6.9+ 1.0 X.020.8 32000 s 4000

133+ 2587

3T.&7

a) 'C and U/Th ages from samples of the Eagle Mountain indurated calcic horizons.

:

204y, - 234y AGE [y
L}

:

o oX 2000 000
U . AGE ()

b) Correlation of the U/Th ages, from samples of pebble coatings, with the #C ages, from bulk
samples from the same calcic horizon.

Note:
a) Linear regressions (y = 1.468x + 61.8) assumes that #C age is the independent variable;
exact agreement would show the slope of 1.0.

A comparison of the U/Th and “C ages, coexisting samples. From Schlesinger, 1985.

Figure 8-41
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1 §° -
¢ F U-series age [x 10° years B. P.]
0 100 200 300 400
o 1 | 1 ]
i
i @ ®
200 -

400 -

depth [m below land surface]

600 - -
7 Note:
U/Th ages, as shown, are from Szabo et al. (1981),
800 — Szabo and O'Malley (1985), and Szabo and Kyser (1990).
Explanation:

® - the U-series age, bar indicates value of the experimental error, and
b - actual U-series age exceeds value shown.

Note:

The U-series ages suggest that, during the last 400x10° years B.P. the
precipitation of calcites occurred in association with, at least, four distinct
hydro-tectonic episodes.

. The U-series ages from sample of the Yucca Mountain calcretes, surficial calcitic veins,
and subsurface calcitic veins.

Figure 8-42
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