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INTERIM GEOLOGICAL INVESTIGATIONS IN THE Ul2b.08 TUNNEL,

NEVADA TEST SITE, NYE COUNTY, NEVADA

By W. L. Emerick and F. N. Houser

ABSTRACT

The Ul2b.08 tunnel is a part of the Ul2b tunnel system, which

has been driven southwestward beneath Rainier Mesa in the northern

part of the Nevada Test Site. The tunnel was driven in nonwelded

vitric tuff of the Survey Butte Member of the Oak Spring Formation

of Miocene(?) or younger age. Vertical and minimum cover over the

end of the tunnel to the surface of Rainier Mesa is about 800 feet.

The tuffs in the tunnel strike northwest to northeast and dip

50 to jJ SW. to NW. The principal structural features of the tuffs

are a major northwest-trending fault of steep dip with a downward

displacement to the southwest of more than 15 feet and two west-

trending synclines. The major fault exposes tuffs of the Survey

Butte Member that are stratigraphically higher than any previously

mapped in the tunnel system. Several other steeply dipping northwest-

and northeast-trending faults of small displacement cut the tunnel.

Joints are common and they trend dominantly either northeast or

northwest with generally vertical to steep dips.

The tuffs in this section of the Survey Butte Member are

moderately well bedded to structureless fresh vitric tuffs that

show cyclical repetitions in sets of texture, structure, color,

and composition.



The chemical and physical properties of the tuffs in the U12b.08

tunnel are similar to other tuffs of the Oak Spring Formation from

the Nevada Test Site.

INTRODUCTION

The Ul2b.08 tunnel is a part of the Ul2b tunnel system, which has

been driven southwestward beneath Rainier Mesa, a prominent topographic

feature in the northern part of the Nevada Test Site (fig. 1). The

geologic studies in the U12b.08 tunnel were conducted by the U. S.

Geological Survey on behalf of the U. S. Atomic Energy Commission for

the purpose of determining the pre-explosion chemical and physical

properties of the tuffs exposed in the tunnel. These data will be

used in evaluating the geologic effects of the explosion by comparison

with similar post-shot geologic data.

The Ul2b.08 tunnel trends S. 460 W. for about 998 feet from

the main Ul2b tunnel at a point 2,467 feet from the portal (fig. 2).

The tunnel is supported by steel sections spaced at intervals ranging

from about 6 to 8 feet; it is lagged with heavy wood planking.

Descriptive data for the Ul2b.08 tunnel are summarized in table 1.

GEOLOGY

The U12b.08 tunnel was driven in nonwelded vitric tuff of the

Survey Butte Member of the Oak Spring Formation of Miocene(?) or

younger age (Hinrichs and Orkild, 1961) (fig. 3). The Survey Butte

Member is equivalent to map unit 7 of Hansen and Lemke (1957).
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Table l.--Descriptive data for U12b.08 tunnel, Nevada Test Site,
Nye County, Nev.

Nevada State coordinates:

Portal or junction of tunnel
with main Ul2b tunnel

Working point

Elevation (feet above sea level):

Portal or junction of tunnel

Working point

Length (feet)

Bearing (predominant)

Cross section dimensions (feet)

Vertical cover (feet)
above working point

Minimum cover (feet)
above working point

N. 890,857 and E. 634,259

N. 890,256 and E. 633,508

6,620 (est.)

6,630 (est.)

998

S. b60 W.

9 X 10 (portal to 291 feet)
10 X 10 (291 feet to 998 feet)

800

800



8

Because the tuffs exposed in the tunnel are stratigraphically

higher in the Survey Butte Member than have been mapped previously,

the lithologic subunits shown on figure 3 and described in the

stratigraphic section (appendix A) were designated tentatively

from oldest to youngest as B8-1 through B8-8.

The tuffs of the Survey Butte Member exposed in the. tunnel

are friable, moderately well bedded to structureless, coarse to

lapilli, vitric, and crystal vitric tuffs that show cyclical

repetitions of texture, structure, color and composition in sets

that range in thickness generally from 32 to 22 feet. The typical

cyclic set of the Survey Butte Member consists of fine to coarse

white well-bedded vitric tuffs that grade upward to fine to coarse

brown-gray to brown indistinctly bedded to structureless vitric

tuffs. The upper brown-gray to brown tuffs comprise most of some

of the sets. The lower contacts of the sets, in general, are

sharp to moderately sharp.

The major mineralogic components of the tuffs in the vicinity

of the Ul2b.08 chamber were determined from X-ray diffraction

analysis (table 2). The chemical composition of these tuffs is

given in tables 3 and 4; physical properties are indicated in

table 5.

The beds of the Survey Butte Member strike N. 20 E. to

N. 550 W. and dip from 70 NW. to 130 SW. in the tunnel interval

from portal to 500 feet. From 500 feet to 998 feet beds strike

N. 280 E. to N. 780 E. and dip from 30 NW. to 14 NW.
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Table 2.--X-ray diffraction analyses of tuffs in the U12b.08 tunnel,
Nevada Test Site, Nye County, Nev.

a-ray analyses by Theodore Botinelly, USGS.

Locations of samples are shown on figure 1. The sample number indicates
footage from tunnel entrance referred to Holmes and Narver, Inc. survey
followed by the letter R or L indicating right or left wall; F for face
of tunnel; U for upper and L for lower where two samples were taken one
above the other; plus (+) followed by numeral indicates height above
track level from which sample was taken; samples not followed by plus

numeral are channel samples.

The amounts of the constituents are estimated on the intensity of the
X-ray diffractometer pattern and are at best only rough approximations:
1 = 75 to 100 percent, 2 = 50 to 75 percent, 3 = 25 to 50 percent, h =

10 to 25 percent, 5 = <10 percent.7

Sample No. Quartz Feldspar Glass Clays Cristobalite

B08-68R+7L--- 5 5 2-3 1I

6o8R+7U--- 5 5 2-3 4V M L
6114R------ 5 3 5 I(?) 5

615R+8---- 5 5 2-3 14 M ---------------

915R------ 5 3 5.'i ---------------

960R+8---- 4 5 3 Si ---------

1,000L+-- i 3-t, 3 5 I ---------------

1,O00F 5(?) 5 2 5 i5(?)

1/ I = illite.

2/ M = montmorillonite.
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Table 3.--Chemical analyses, in percent, of tuff from U12b.08 tunnel,
Nevada Test Site, Nye County, Nev.

/Iapid rock analysis by P. L. D. Elmore, S. D. Botts, G. W. Chloe,
USGS, using methods similar to those described in USGS Bulletin 1036-C

(Shapiro and Brannock, 1956).

For sample location see headnote table 2.7

Sample No.---- B08-608R+7U B08-608R+7L B08-61R B08-615R+8

Laboratory No. 159109 159110 159111 159112

Lit hologic
subunit----- B8-6 B8-6 B8-6 B8-7

Si02

A1203

Fe2 03

FeO

MgO

CaO

Na20

K20

H20

TiO2

P205

MnO

002

67.9

1)*5

1.5

.40

1.0

1.6

2.2

3.8

6.8

.22

.02

.10

-05

67.2

14.6

1.8

.20

1.1

1.7

1.9

3.3

7.7

.214

.02

.12

<.05

68.3

14 .1

1.6

.32

.87

1.5

2.2

4.0

6.7

.20

.02

.13

K.05

68.14

13.5

1.1

.10

1.3

1.6

1.14

3.0

9.4

.14

.02

.12

c< .05

100Sum 100 100 100
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Table 3.--Chemical analyses, in percent, of tuff from Ul2b.08 tunnel,
Nevada Test Site, Nye County, Nev.--Continued

Sample No.---- B08-915R B08-960R+8 B08-1,000F B08-1,000L+L

Laboratory No 159113 15911 159115 159116

Lithologic
subunit----- B8-L B8-5 B8-L B8-1

SiO2  70.7 72.2 71.1 69.0

A1203  12.8 12.6 13.1 13.9

Fe203  1.3 1.0 1.4 1.6

FeO .16 .21 .38 .36

MgO 1.0 .72 .57 .71

CaO 1.0 1.0 1.1 1.3

Na20 1.8 1.8 2.L 2.2

K2 0 3.9 )4.1 b4.L.2

H20 7.1 6.1 5.5 6.3

Ti02 .15 .13 .19 .20

P205 .03 .02 .03 .03

MnO .10 .08 .09 .10

C0 2  <.05 <.05 <,.o5 <.05

Sum 100 100 100 100
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Table Li.--Semiquantitative spectrographic analyses of tuff from U12b.08
tunnel, Nevada Test Site, Nye County, Nev.

/[emiauantitative spectrographic analysis by J. C. Hamilton, USGS.

Looked for but not
In, Li, Mo, Ni,

found: P, Ag, As, Au, B, Bi, Cd, Co, Ge, Hf, Hg,
Pd, Pt, Re, Sb, Sc, Sn, Ta, Te, Th, Ti, U, W,

Zn, Pr, Sm, Eu.

Results are reported in percent to the nearest number in the series 1,
0.7, 0.5, 0.3, 0.2, 0.15, and 0.1, etc., which represent approximate
midpoints of group data on a geometric scale. The assigned group for
semiquantitative results will include the quantitative value about 30

percent of the time. 0 = looked for but not detected.

For sample location see headnote, table 2.7

Sample No.- B08-608R+7U B08-608R+7L B08-6JLR B08-615R+8 B08-915R

Lab oratory
No.------ 29616! 296165 296166 296167 296168

Lit hologic
subunit-- B8-6 B8-6 B8-6 B8-7 B8-4

Ba
Be
Ce
Cr
Cu
Ga
La
Nb
Pb
Sr
V
Y
Yb
Zr
Nd

0.07
.0003
.015
.0003
.001
.003
.01
.002
.003
.05
.001
.003
.0003
.01
.007

0.07
.0003
.02
.0003
.001
.002
.015
.002
.003
.07
.0015
.003
.0003
.015
.007

0.07
.0002

0
.0002
.0007
.002
.005
.002
.002
.05
. u015

.0u03

.01
0

0.02
.0003

0
.0002
.0005
.002
.003
.002
.002
.05

0
.003
.0003
.007

0

0.03
.0003

0
.00015
.0005
.002
.003
.003

.002

.05

.001

.003

.0003

.015
0
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Table .--Semiuantitative spectrographic analyses of tuff from Ul2b.08
tunnel, Nevada Test Site, Nye County, Nev.--Continued

Sample No.- B08-960R+8 B08-1,000F B08-1,000L+L

Laboratory Standard
No.------ 296169 296170 296171 spectrographic

sensitivity
Lithologic

subunit-- B8-5 B8-L B8-!

Ba 0.02 0.05 0.05 0.0002
Be .0003 .0003 .003 .0001
Ce 0 .015 .u15 .02
Cr .00015 .0002 .0002 .0001
Cu .0005 .0005 .0007 .0001
Ga .003 .002 .003 .0002
La 0 .01 .007 .002
Nb .002 .002 .002 .001
Pb .002 .002 .002 .001
Sr .05 .05 .05 .0002
v 0 .001 .0015 .001
Y .003 .003 .003 .001
Yb .0003 .0003 .0003 .0005
Zr .01 .02 .015 .001
Nd 0 .007 .007 .01



Table 5.--Physical properties of tuffs from 12b.08 tunnel, Nevada Test Site, Nye County, Nev.

/Knalyses of physical properties by D. R. Cunningham, John Moreland, and E. J. Monk, USGS. For

sample location see headnote, table 2.7

Sample No. Laboratory Lithologic Porosity Dry-bulk Grain Water Water Natural Magnetic
B08- No. subunit (percent) density density content content state suscepti-

(g/cc) (g/cc) (percent by bulk bility
by wt) volume density

(g/cc) (g/cc)

6o8R+7L P1-496 R8-6 38.3 1.51 2.45 13.5 .236 1.75 311.8

608R+7U P1-497 R8-6 37.9 1.49 2.40 15.4 .272 1.77 170.7

61R P1-503 B8-6 36.7 1.564 2.43 426.2

615R+8 P1-498 B8-7 48.4 1.22 2.36 22.8 .360 1.58 40.7

915R P1-504 p8-4 39.0 1.49 2.44 141.7

960R+8 P1-499 p8-5 414.4 1.35 2.43 17.2 .279 1.63 146.7

1,000F Pl-S50 B8-4 36.5 1.51 2.38 294.2

1,000L+4 P1-500 B8-L 35.6 1.54 2.39 10.5 .181 1.72 352.1



The principal structural features of the tuffs in the tunnel

are a major northwest-trending fault and two west-trending synclines.

The major fault is exposed at the junction of the U12b.08 tunnel

with the main Ul2b tunnel and strikes N. 300 W. and dips about 7 5 SW.

The tuffs are displaced downward on the southwest side on this fault

a minimum of 15 feet vertically. Several other steeply dipping

northwest- and northeast-trending faults of small vertical displacement

cut the tuffs exposed in the tunnel (fig. 3).

The axes of the two synclines cross the tunnel near stations

5+00 and 6+00, respectively. The folds plunge slightly to the

northwest at less than 5 . The syncline at about station 5+00 is

probably the same syncline mapped in the nearly parallel Ul2b.09

tunnel driven about 160 feet to the southeast.

Joints are common in the tuffs cut by the Ul2b.08 tunnel. Out

of a total of 182 joints recorded in the tunnel 58 percent trend

northeast, 141 percent trend northwest, and one joint trends east-west.

The northeast-trending joints have three prominent dips: vertical;

average dip of 740 NAT.; and average dip of 840 SE. The northwest-

trending joints also have three prominent dips: vertical; average

dip of 820 NE.; and average dip of 770 SW.
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APPENDIX A--STRATIGRAPHIC SECTION MEASURE IN AND NEAR U12b.08

TUNNEL

By F. N. Houser, W. L. Emerick, and V. R. Wilmarth

Base of section is located in Ul2b tunnel at track level at

25+50R. Subunits B8-1 (incomplete), B8-2, and the lower 6 feet

of B8-3 were measured in the face of the Ul2b tunnel at 25+50.

The upper 16 feet of subunit 78-3 and all succeeding subunits

were measured from 0+90R to the end of the chamber at 9+98 in

Ul2b.08 tunnel. The strike of the beds ranges from about N. 20 E.

to N. 55 W. and the dips from 70 NW. to 130 SW. in the first 500

feet of the Ul2b.08 tunnel to about N. 280 E. to N. 780 E. and the

dips from 30 NW. to 1. 0 NW. between 500 and 1,000 feet.

Unit Description Thickness

(all percentages are approximate) (feet)

Oak Spring Formation (incomplete):

Survey Butte Member (incomplete):

B8-8 Tuff, like unit B8-1; lower contact moderately

gradational exposed in back near 6+10-------- minimum 1.0

B8-7 Tuff, vitric, pumiceous, fine to coarse,

white; glass--fine altered shards (50 to

65 percent) and fine to medium white pumice

(30 percent); crystals (5 to 15(?) percent)--
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Unit Description Thickness
(all percentages are approximate) (feet)

fine to coarse quartz, feldspar, and

brown biotite (<1 percent); lithic

fragments (2 to 5 percent)--fine, black;

well-bedded, beds 0.5 to 2.0 feet thick;

moderately sharp lower contact is located

at 6+12R+6.9 (above track) and in back at

7+66 centerline.

Contains pink opalized irregular masses 0.02

to 0.O5 foot thick and 0.15 to 0.3 fJot

long-------------------------------------- approximately
3.0

B8-6 Tuff, vitric, pumiceous, fine t3 coarse,

light brownish-gray to brown; glass--fine

altered shards (50 to 60 percent) and

white coarse to sparse lapilli pumice (15

percent); crystals (10 percent)--quartz,

feldspar, and biotite; lithic fragments

(35 percent)--fine to coarse black and

brown; well bedded--beds 0.1 to 3.0 feet,

some lenticular, some scour and fill

particularly at base; high-angle primary

dips (100 to 15 ) near base are not parallel
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Unit Description Thickness
(all percentages are approximate) (feet)

with underlying beds; moderately well bedded,

beds 0.2 to 1.5 feet thick; lower contact

moderately sharp, irregular, and with

minimum erosional relief of 7 feet cut in

underlying unit 5; lower contact located at

L +55R, 4+50L, in back at 4+45 centerline, at

5+39R, 5+27L, and at 6+04R, 6+17R, in back at

8+97 centerline------------------------------ minimum 10.0

B8-5 Tuff, vitric, pumiceous, fine to coarse,

grayish-white to brownish-gray; glass--fine

altered shards (b5 to 60 percent) and fine to

lapilli white pumice (30 to 50 percent);

crystals (3 percent)--fine quartz, feldspar,

and biotite; lithic fragments (3 to 5 percent)--

fine to coarse brown to black; well-bedded beds

are 0.02 to 0.5 foot thick in lower 3 to 14 feet,

1 to 3 feet thick in middle part, and 0.1 to

0.5 foot thick in upper 5 feet; lower contact

moderately sharp at 413L and 14+53R, and 7+50L

and 8+,5R.
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Unit Description Thickness
(all percentages are approximate) (feet)

Rounded masses of zeolitized tuff 0.3 to 0.5

foot across occur about 2 feet above base.

White tuff, 1 foot thick is based about 2

to 3 feet below top-------------------------- 3.5 to more
than 9.0

B8-L Tuff, vitric, crystal, fine, light brownish

gray (moist); glass--fine altered shards

(50 to 65 percent) and white coarse to

lapilli pumice (2 to 3 percent); crystals

(30 to 40 percent)--fine to coarse quartz,

feldspar, and biotite; lithic fragments

(5 percent)--fine to medium brown and black;

structureless to indistinctly and distinctly

bedded, most prominently bedded intervals

are about a foot thick, contain abundant

pumice and lithics, and probably grade to

structureless tuff laterally; lower contact

is sharp and undulatory, and is located at

2+78R and 2+80L in U12b.08 tunnel.

Lower 2 to L feet is white to grayish white

and well bedded (beds 0.u2 to U.6 foot
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Unit Description Thickness
(all percentages are approximate) (feet)

thick). Upper 5 feet is well bedded, Round

opal nodules, 0.4 to 0.7 foot across, occur

in zone 4.8 feet below top at 94+00. White

pumiceous tuff occurs in 1.0- to 1.5-foot

bed that is based about 2 feet below top------ 16.5

B8-3 Tuff, vitric, crystal, fine to medium,

pumiceous, light grayish-brown (moist);

glass--fine, altered shards (45 to 55

percent) and coarse to lapilli pumice (10

percent); crystals (30 percent)--fine to

medium quartz, feldspar, and biotite; lithic

fragments (up to 15 percent)--fine, reddish

brown and black; structureless to indistinctly

bedded (particularly where pumice is abundant);

lower contact sharp, located at 25+50L+6.0 in

Ul2b tunnel.

Very light gray to white, well-bedded (0.1 to

0.14 foot) zone, 0.5 to 1.u foot thick is

based about 3.0 feet from base of unit;

this zone contains opal nodules, 0.5 to 0.7

foot across. The opal nodules absent laterally
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Unit Description Thickness
(all percentages are approximate) (feet)

where the bedding and color grade to brownish-

gray tuff like rest of unit. Upper 1.0 foot

contains 0.2 to 0.3 foot rounded masses of

fine to medium brownish-gray pumiceous tuff---- 22.0

B8-2 Tuff, vitric, crystal, puniceous, coarse,

friable, very light gray to white; crystals

(30 percent)--fine to medium quartz, feldspar,

and minor bronze-colored biotite; glass--fine

to coarse altered shards (25 percent) and white

pumice (L0 percent); lithic fragments (5

percent)--fine to coarse brown and black; unit

consists of one bed----------------------------4.5

B8-1 Tuff, vitric, fine, grayish-brown (moist); glass

(85 percent)--occurs probably as fine, slightly

to moderately altered shards, subordinately as

coarse translucent gray shards and fine to

lapilli, light-gray, partly zeolitized pumice;

lithic fragments (L percent) are of fine black

and reddish-brown volcanic rocks; crystals

(5(?) percent)--quartz, feldspar(?) and minor

biotite; structureless to indistinctly bedded
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Unit Description Thickness
(all percentages are approximate) (feet)

(0.5 to 1.0 foot thick), some graded, some

light gray; upper contact slightly (0.2 to

0.3 foot) undulatory, lower contact not exposed.

Top 0.8 foot of unit is dark brown. Opal nodules,

0.15 to 0.20 foot across occur in thin (<0.3

foot) zone about 3.0 feet below top. White

0.7-foot pumiceous tuff occurs about 5.5 feet

below top. Opal nodule (047 foot across) occurs

straddling small fault of 0.)4 foot vertical

displacement; nodule is not offset by fault,

hence is younger; partly open fracture in nodule

joins surrounding fault and is lined with

very fine singly terminated quartz(?) crystals.

Incomplete--------------------------------------9.0

Total Survey Butte Member (incomplete)------------- minimum
69.5
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