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OUTLINE OF THE GEOLOGY OF THE Ul2i AND U12i,0l TUNNELS
AND LITHOLOGY OF THE Ul12i.01 DRILL HOLE,

NEVADA TEST SITE
By W, E., Bowers

Descriptive data for the Ul2i tunnel system are summarized in
table 1.

The Ul2i and U12i,01 tunnels were driven northward beneath the
mesa approximately 1 mile northeast of Survey Butte in tuffs of the
Survey Butte Member of the Piapi Canyon Formation of early Pliocene
or younger age (fig., 1), The 95 feet of this member exposed in the
Ul2i tunnel system consists of vitric or vitric-crystal, fine to
lapilli, well~-bedded to structureless tuffs, which commonly show
cyclic repetition of color, texture, and bedding-characteristics.
The lower part of rocks representing each cycle is usually lighter
in color, coarser in texture, and more distinctly bedded than the
upper part.

The stratigraphic section measured in the Ul2i and U12i.0l
tunnels is shown in table 2 and on figure 2. Thickness of the
subunits ranges from 3 to more than 13 feet.,

Beds in the Ul2i tunnel strike predominantly N. $°“E,, nearly
parallel to the trend of the tunnel, and dip 20° to 25° NW. (fig, 3).
In the Ul12i.0l tunnel the beds strike about N. 10° E. and dip 10°

to 200 NW.



Table l.,--Descriptive data for the Ul2i and U12i,.01 tunnels

Ul2i uUl2i,01
108 No, 1 108 No. 2
Nevada State coordinates (rounded):
Portal of tunnel{
North=- amemeemecememee | 899,052 899,319% | s39,451L/
East 647,677 6u7,677%/ | 6475773/
Working point:
Northeeeeemans ——— 899,480/ 900,127 900,127
East - 647,65L%/ 647,602 647,602
Elevation (ft above sea level):
Portal of tunnel=e- — 5,635 5,6363/ 5,639/
Working pointe=mmsmemmemreneams 5,640 56475 5,647/
Length (ft) ————— 456 887 693
Bearing (predominant)-~—----~;----~- N, 00°00* N. 1Q°15' E. N, 00°00"
Maximum vertical cover above working
point (ft)-weccemes ‘ 295 6u7 647
Minimum cover above working point
(ft) - —— 230 630 630

1/ Approximate,
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Table 2.--Stratigraghic section measured in Ul2i and Ul2i.0l sunnels

[All subunits are in the Survey Butte Member of the Piapi Canyon
Formation., Top of ‘section is in stub of chamber access drift, Base
of section is at tunnel portal. Measured by F. N, Houser, W. L.
Emerick, and V. R, Wilmarth]

Subunit Description Thickness
(all percentages are approximate) (ft)
I-13 Tuff, vitric, white in lower 2 ft to light-brown
above; exposed in end of 35«ft stub off access
driftanqc---&h-hd-m---‘--u ------ e 0 ain TP > o0 P O Ple e e i W - o - 5, 5 (min)
I-12 Tuff, vitric-crystal, fine to coarse, brown;

structureless in upper part with fine glass
shards (65 percent), coarse to lapilli white
pumice (1 to 2 percent), quartz and feldspar
crystals (30 percent), and black obsidian
fragments (2 percent); opal nodules (0.02 to

0.2 ft in diameter) with colorless to dark-gray
cores and pink to white soft rinds are
concentrated about 1 ft below top of unit,

Lower 2 ft is vitric-crystal, wellsbedded,

white to light«gray, fine tuff (some coarse
beds) with fine glass shards (70 percent),

coarse white pumice, obsidian fragments,

crystals of quartz and feldspar (25 percent),
and brown and black lithic fragments (5 percent);
basal 0.1 ft coarse to lapilli with coarse

black obsidian, Basal contact is sharp and
slightly irregular through 0.3 ft stratigraphi-
cally at 0+17R and 0+24L in stub off access

drift between LOS No, 1 and chambepr-==sssseeeen H,6

I-11 Tuff, vitric-crystal, fine to coarse, brownish-
gray in upper part; glass (60 percent) is fine
shards, coarse white pumice, and coarse gray
obsidian fragments; crystals (20 to 30 percent)
of quartz and feldspar, brown to black lithic
fragments (5 percent); upper 3 to 4 ft slightly
coarser and has lapilli white pumice (1 to 2
percent) with thin yellowish-brown rinds. Lower
3 ft is 'well laminated (0,03 to 0.3 ft thick),
coarse, and interbedded white and brownish-gray.
Basal contact'at 84L and 101R in access drift
between LOS No, 1 and chambers---=cceswcmnnsss-n 12,5 (est,)



Table 2.--Stratigraphic section measured in Ul2i and Ul2i,0l1 tunnels~-

Continued
Subunit Description Thickness
(all percentages are approximate) (ft)
I-10 Tuff, vitric-crystal, fine to coarse, brownish=~

gray; contains crystals (60 percent) of quartz
and feldspar, fine glass shards (20 to 30
percent), sparse pumice, and brown and black
lithic fragments (5 to 10 percent); well
laminated (0,01 to 0,05 ft thick), Lower 0.2

to 0.5 ft is white, lithic, vitric, pumiceous,
fine to coarse; contains glass as lapilli white
pumice (65 percent) and obsidian (10 to 15
percent), coarse, brown to black lithic fragments
(5 to 20 percent); bed is locally scoured or
slumped out and beds normally 0,5 to 1.0 ft
higher deposited in depressions, resulting in
moderately high primary dips; opal nodules (0,2
to 0.4 ft in diameter) with white cores and
dark-gray or brown rinds common. Basal contact
at 0+50L and 0+80R in access drift between LOS
No, 1 and chamber-=e-- 0 o o 0 om0 o o i 3.0

I-9 Tuff, vitric, fine to coarse, brownish~-gray,
laminated to well-bedded (0,01 to 0.8 ft
thick), with thinner beds of white or light
gray; contains gray glass fragments (10 to 30
percent), brown and black lithic fragments
(5 to 10 percent); upper contact sharp but
slightly irregular through 0.2 ft stratigraphi-
cally. Lower 2 ft is vitric, coarse to lapilli,
light gray, well bedded; beds 0.05 to Q.4 ft
thickj grades into upper brownish bed; fine
tuff layer (0.2 ft thick) occurs 1.1 ft above
base. Basal contact at about 6+88L in U12i,01L
(LOS Noy 1)=-=ameo= ST —— —————— 540

I-8 Tuff, vtiric-crystal, coarse, brownish«gray,
thick-bedded; dark brownish gray in upper 1.7
ft except uppermost 0,3 to 0,5 ft which is
rusty brown; contains lithic fragments (10
to 15 percent) in lower part, lapilli white
pumice (<1 percent), black obsidian fragments
(<1 percent), Lower 0,5 ft is vitric-crystal,
lithic, fine to coarse, light gray; contains
lithic fragments (10 percent), glass as gray
obsidian and coarse white pumice (50 percent),



Table 2;~dStratig?aphiC“sectiog‘measured in Ul2i and Ul2i;01 -tunnels--
' Continued N

Subunit Description Thickness
(all percentages are approximate) - (ft)

"
i

I-8~«Continued.

: and- crystals of quartz and feldspar (835 percent);
lapilli pumice bed 0,02 ft thick at 1.1 ft above
base, Basal contact 6+80R in Ul2i,0lL, and
5476L to 6400R in Ul2i,01R (LOS No, 2)==eracmee= 4,0

I-7 Tuff, vitric-crystal; coarse, white, except about
10 percent brown and tan interbeds, well-bedded;
beds 0.2 to 0,8 ft thick in lower 1.5 to 2.8
fty, 0,01 to 1,2 ft thick in middle of unit; some
.beds contain as much as 15 percent lithic
fragments whereas other beds contain less than
1 percent, ' From 4,0 to 6,3 ft above base unit

~grades to very well sorted, laminated to bedded
(0.01 to 2,0 ft thick), medium-gray, fine to
coarse, crystal tuff with vitric groundmass
(10 percent) and fine brown lithic fragments
(1 percent). Basal contact at 2+41L and 2+47R
in U12i,01L (LOS No, 1) tunneles==ceee-e cemesma= 10,0

I-6 Tuff, vitricecrystal, fine to coarse, tan to
tannish~gray, structureless; contains crystals
(60 to 70 percent), glass as lapilli gray
obsidian fragments-in lower part; coarse to
lapilli lithic fragments (5 to 10 percent),
opal nodules 4,6 ft above basej; bottom of a
moderately well bedded lightsgray interval 1.2
ft thick with gradational upper and lower
contacts is 5.0 ft above base of unit; middle
of 1,2 ft interval contains 0.2 ft bed of very
fine tuff free of megascopic crystals and lithic
fragments, Lower 2.4 ft is crystal, fine to
coarse, light-gray (lower 0,7 ft) tuff grading
to tannish-gray lapilli (0,03 to 0,05 ft thick)
tuff at 0,7 ft above base; layer of lapilli
lithic fragments (20 to 40 percent) at 0,7 ft
above basej -glass-includes medium- to light-gray
obsidian fragments; finely laminated in lower
0.7 ft with beds 0.05 to 0.3 ft thick, Lower
contact gradational to moderately sharp at
1+86L and 2+417R in Ul23i;01R (LOS No, 2)=wwswamme= 13,7
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Table 2,--Stratigraphic section measured in Ul2i and Ul2i.0l tunnels--

Continued
Subunit Description Thickness
(all percentages are approximate) (ft)
I-5 Tuff, crystal, coarse, friable, brown, indistinctly

bedded in upper part of unit; grades to tannish-
gray pumiceous crystal tuff at 2.8 ft above base;
contains coarse to lapilli white pumice K5
percent) and groundmass shards (30 percent) in
upper part, Lower 2 ft is vitric-crystal, coarse
to lapilli, white structureless tuff; contains
crystals (45 percent), fine glass shards (45
percent), and dark-gray and brown coarse to
lapilli lithic fragments (10 percent); lapilli
lithic fragments in lower 0,3 ft; contact with
overlying brownish beds sharp, "Basal contact
moderately sharp at 1+55L and 1+61R in Ul2i.0l

TUNNE L = o i 0 o o cn om0 6 0 e 0 50 o 25 2 om0 o i 5 o0 o e 0 e e o oy 0 0 0 8,0

I-4 Tuff, pumiceous, brownish-gray in upper 3,0 ft;
contains white pumice (10 percent): Lower 6,0
ft is vitric coarse white tuff; contains crystals
(<5 percent) of quartz, feldspar, and biotite,
brown and black lapilli lithic fragments (5
percent); yellow blotches 0,02 to 0.1 ft across
are common in lower part; tannish-gray irregular
inclusions of vitric tuff containing lithic
fragments and biotite occur 5,0 to 5.5 ft above
base. Basal contact at 1+29R and 1+16L in
Ul2i.01 tunnele=ececca== - o e o o b 9.0

I-3 Tuff, vitric-crystal, structureless in upper 5.5
ft of unit; bed 1,0 to 1,7 ft from top is light-
gray, coarse to lapilli, well-bedded, pumiceous,
lithic tuff with white pumice (5 to 30 percent)
and lithic fragments (5 to 20 percent) in beds
0.05 to 0,2 ft thick. Lower 2,5 ft is vitric-
crystal, coarse, friable to moderately hard,
white tuff; contains fine glass shards (40 per-
cent), quartz and feldspar crystals (55 percent),
bronze-colored biotite (K1 percent), and coarse
lithic fragments; inclusions 0.2 to 0.4 ft wide
in upper 0.5 ft. Basal contact is moderately
sharp at 0+83L and O0+94R in U1l2i.0l tunnels=ee=ow 8.1
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Table 2,=-~Stratigraphic sectlon measured: in' Ul2i-and-U12i,01 tunnels=~

Continued
Subunit o Description - Thickness
' (all percentages are approximate) - (ft)
I.2 Tuff, crystal, coarse, friable, light brownish-gray,

structureless; coarsens to lapilli at top;
includes glass-as coarse white pumice (10
percent), coarse lithic fragments (1 to 2
percent), and indistinct rounded inclusions
(similar to lower part of unit) 0.2 by 1.0 ft
across whose elongate dimensions are commonly
disoriented with respect to bedding attitude;
contact gradational with lower part. Lower 1
ft is crystal, coarse, friable, very light gray
to white, well-bedded tuff; crystals include
bronze-colored biotite (1 to 2 percent); coarse
brown lithic fragments (5 percent), coarse
black obsidian fragments (1 percent); very

. little groundmass; beds are 0,01 to 0,1 ft
thick, Basal contact at O+47R and 0+27L in
UL21 .01 TUNNE L 0 0 00 0 e a0 o0 s s o o 0 1 i e s i 5 i e s gy 7.0

I.1 Tuff, vitric, fine to coarse, friable, tan to
.light-brown, structureless; contains fine
lithic fragments (5 percent), coarse to lapilli
pumice (5 to 15 percent), and crystals (5 to
10 percent) of feldspar and quartz; indistinctly
bedded in upper 2 ft; upper contact moderately
sharp at O+47R and 0+27L in Ul21.01 tunnel}
base not exposedd~u~a ~~~~~ Sm - e e aatater 5.0 (min)
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Minor faults occur only in the first 200 feet of the Ul2i- tunnel.
Joints also are minor, with 55 percent trending northeastward and 45
percent northwestward., -Most joints dip 70°, or more, -either to the
east or to the west, but some are vertical (fig., 3).

Physical properties, chemical compositions, and spectrographic
analyses of samples from the vicinity of the Ul2i,01 chamber are
shown in tables 3, 4, and 5, respectively. No significant differences
exist in the physical or chemical nature of the-tuffs near the chamber,

The dry~bulk density for seven samples ranges from 1,22 to 1,58
g/cc and averages l.U44 g/cc., Porosity ranges from 32,1 to 47,0
percent and averages 37.4 percent, Sample Ul12i.01-5 from subunit I-12,
which is exposed in the end of the westerly trending stub from the
access drift west of the-chamber (fig. 3), shows a slightly higher
Fe203 and Mg0 content plus a trace of La which is not found in the
other samples.

X-ray diffractometer analyses of seven samples are shown in
table 6, All samples are composed mainly of glass, but also ¢ontain
from 1 to 10 percent quartz and from 1 to 25 percent feldspar., Four
samples, K35-1 through K35-4, which were collected from the same
stub as sample U12i,01-5, have a clay content ranging from 1 to 25
percent, Two of the samples contain from 1 to lOA upencent cristcba=
lite. Nodules of silica occur in the upper part-of subunit I-12
from which the samples were collected, Neither clay nor cristobalite

was found in the 3 samples from the Ur2i.0l1 chamber,
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A vertical hole drilled from the top of the mesa to the Ul2i,0l1
chamber was cored from a depth of 451 feet to the bottom of the hole
at 647 feet. Core recovery for this 196-foot interval averaged 68
percent,

A lithologic log of this drill hole (table 7) shows 56 feet of
dark-gray to pinkish-gray welded tuff in the upper part, underlain
by about 77 feet of pink vitric ash«flow tuff, which in tumn is
underlain by 63 feet of lightegray to brown bedded tuff in the lower
part. Core recovery in the well-bedded tuff was poor, averaging
about 17 percent., In the intervals above, however, the recovery
averaged 76 percent.

Figure 4 is a graphic section constructed from the-lithologic
log of the Ul2i,01 drill hole. True thickness of units may be as
much as 5 percent less than‘'drilled thickness because of dips as
steep as 20°, A change in lithology at a depth of 635 feet is
tentatively correlated with the contact between subunits I~1ll and
I-12 in the U12i,01 tunnel.

Physical properties of some samples taken-from the Ul2i;01 core
are shown in tables 8 and 9. Significant differences-are noted in
the physical property values for welded tuff compared with nonwelded
tuff,

The dry bulk density for six welded-tuff samples averages 2,29
g/cc compared with an average of 1.64 g/cc for three nonwelded tuff
samples. Average porosity is 4.7 percent for the welded tuff compared
with 30.5 percent for the nonwelded tuff, Gas-permeability-is less

than 0,01 millidarcy "in all welded«tuff sampies and ranges from 12.0
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Table 7.--Litholggic log of the U12i,.,01 vertical drill hole

Logged by: F. N, Houser

Nevada State coordinates: N, 900,129,47 and E, 647,595,33
Ground elevation: 6,304 ft

Total depth (driller): 647 ft

Description Interval
(all percentages are approximate) (ft)

Core begins at 451 ft
Piapi Canyon Formation (incomplete):
Rainier Mesa Member:

Tuff, welded, vitric, fine, dark-gray; contains
glass (85 percent) as fine welded shards and
perlitic obsidian (formed from pumice) in-lenticu~
lar masses with length-to-thickness ratio of 4:1
to 20:1, fine to coarse crystals (15 percent) of
iridescent sanidine, plagioclase, and biotite;
core recovery 54 percentesececececismcesiccascenme #51-467

Tuff, welded, brownish-gray, with lithophysae (as
large as 1 by 2.5 by 2,5 cm), largest and most
numerous in middle; compaction foliation and
planar orientation of lithophysae nearly
horizontal; groundmass has stony appearance;
core recovery >75 percent-sacisicuicvianicnniines HET7=H#79

Tuff, welded, pinkish~gray with brown and black
wisps of glass (15 percent), crystals (25
percent); collapsed pumice is partly crystal-
lized; lithophysae in lower 7 ft; core recovery
780 percente-esmessconomacea- cmmsmcsimeme e emmne  47G=507

No coree==ee== ot e e e e wmmme—ce s —e——eemm—— [07=52]
Survey Butte Member:

Tuffy, wvitric, fine to coarse, structureless,
pale-pink and pale orange-gray; contains glass
(85 to 90 percent) as fine shards and coarse to
lapilli white pumice, slightly collapsed in
upper part; some crystals (10 percent); coarse
to lapilli dark-brown lithic fragments (L2
percent); core recovery »80 percent==e-w~eesoea- 521-584
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Table 7.-—Litholq§ic log of “the Ul2i:01 vertical drill hole-~Continued

Description Interval
(all percentages are approximate) (ft)

Piapi Canyon Formation (incomplete)=--Continued
Survey Butte Member=-Continued

Tuff, vitric-crystal, fine to coarse, well-bedded
white to light-gray; contains crystals (25
percent) and coarse to lapilli dark-brown lithic
fragments (4 to 5 percent); pumice slightly
smaller and less abundant than in interval
above; core recovery <50 percents=-s--scecwsee-e  584-603

Tuff, vitric, fine, structureless, orange-brown;
glass is fine shards and sparse coarse white
pumice; contains coarse, commonly rounded
crystals (20 to 30 percent) of quartz and
feldspar, and coarse dark-gray lithic fragments
(5 to 10 percent); core recovery 10 percent-«-=-  603-618

Tuff, interbedded vitric and crystal, fine, light
brownish-gray; contains glass (35 to-75 percent)
as fine shards partly altered to clay; coarse
white pumice and coarse obsidian fragments;
fine to coarse crystals (25 to 45 percent) of
quartz, feldspar, and biotite; some fine
magnetite, biotite, or dark lithic fragments
(1 to 2 percent) more conspicuous than percent-
age suggests; coarse dark-gray to black lithic
fragments (5 to 10 percent); very friable; core
recovery 12 percentessssseciivdididnndsinnimniss §1l8-635

Tuff, vitric, fine, light tannishsgray; contains
glass as fine shards, coarse white pumice, and
colorless obsidian fragments; fine to coarse
feldspar crystals (30 to 50 percent); fine to
coarse dark-gray and brown lithic fragments
(5 percent); friable; core recovery 42 percent==  635-647

Bottom of core 647 ft,




Table 8.--Density, porosity, and m

20

etlc susceptibility values for

samples

from tﬁz

U121.01 drill hole

[Analyzed by kerosene saturation method and magnetic susceptibility

bridge. Analysts: D. R, Cunningham, John Moreland, and E. R. Monk]
Sample Dry bulk | Grain Saturated Porosity Magnetic
number density jdensity| bulk density] (percent] susceptibility
(number | (g/cc) (g/ce) (g/cc) (1076 cgs units)
indicates
depth in
feet)
Welded tuff
I-~u453 2,34 2,36 2,35 0,7 287.3
466 2,37 2,46 2,41 3.7 331.8
474 2.37 2,46 2,40 3.6 301.8
487 2.16 2.28 2,21 5.5 276,7
494 2,15 2,40 2,25 10.4 281,6
500 2,34 2,45 2,39 4,6 255,1
Average-- 2,29 2,40 2,33 4.7 289.0
Nonwelded tuff
1'52’4 1081 2.37 200“’ 2397 2"‘1'0
532 1.51 2,34 1.87 35.5 228,3
535 1.59 2,35 1,92 32,4 222.8
Average-- 1,64 2435 1.4 30,5 230,7
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Table 9,--Gas permeability values for seven samples from the Ul2i,01
drill hole

[Values obtained using Ruska gas permeameter No, 6549 with nitrogen
gas at 0.5 atmospheres. Analyst: E. F. Monk]

Sample number Gas permeability (millidarcys)
(number indicates
depth in feet) Horizontal 1 Vertical

Welded tuff

I-464 £0.,01 <0,01
482 <0.01 £0,01
505 <0,01 £0,01

Nonwelded tuff

1-537%/ 15.7 12,0
s/ 23,9 S
580&/ SR 26,5
583/ S 49,1

1/ Sample not susceptible to water saturation,
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to 49,1 millidarcys in the nonwelded samples that were susceptible to
analysis.,

X-ray analyses of three welded-tuff samples and seven nonwelded=-
tuff samples from the Ul2i,01 core are given in table 10. In general,
the welded-tuff samples had less content of glass and more content
of quartz, feldspar, and cristobalite than the nonwelded samples.

Four samples of nonwelded ash«~flow tuff from a 13-foet interval,
beginning about 15 feet below the base of the welded tuff, show clay
content ranging from 1 to 25 percent, Three of these samples contain
from 1 to 10 percent cristobalite, Pumice fragments in the upper
part of this interval are slightly collapsed. Three-samples-of the
nonwelded tuff from a 45-foot interval below this contain no clay or
cristobalite but are more than 75 percent glass.

These X-ray data and the presence of partly crystallized fiamme
in the welded tuff indicate a zone of slight to moderate devitrifica-
tion extending from the upper part of the nonwelded ash flow into the

lower part of the welded tuff,
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Table 10.--X-ray diffractometer analyses of 10 samples from the

U121,01 driil holie

[The amounts of the constituents are estimated by the intensity of
X-ray diffractometer pattern and are at best only rough approxi-
mations: 1 =>75 percent, 2 = 50 to 75 percent; 3 =25 to 50
percent, 4 = 10 to 25 percent, and 5 = <10 percent.,
mostly glass with phenocrysts of quartz-and feldspar. Distinction
between potassium feldspar and plagioclase made ‘only where peaks

for potassium fledspar were distinct.

Samples are

Potassium feldspar may be

present in small amounts in all samples. Analyst: Theodore
Botinelly]
Sample number Glass | Quartz ] Plagioclase] Clay ] Cristobalite
(number indicates feldspar
depth in feet)
Welded tuff
1-494 2 ‘4'9'5 4 - - 3-“
500 3 4 Y [Q— 3
505 3 4 TS 3
Nonwelded tuff
I-524 2 5 5 5 5
532 2 5 5 5 5
535 2 5 5 u» - ) W W R . e
537 2 5 5 4 5
548 l 5 5 o= - - D WS S wp WP e W WS
560 l 5 5 - - - - G we e G gap b @B W2 WS R
583 l 5 5 hadadndad €0 o A g - " " - > g




