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GEOLOGICAL SURVEY INVESTIGATIONS IN THE Ul2b.03 AND Ul2b.04 TUNNELS, 

NEVADA TEST SITE 

PART I - INTRODUCTION 

By W. H. Diment and V. R. Wilmarth 

The papers comprising the various parts of this report contain 

preliminary results of the U. S. Geological Survey investigations in 

the Ul2b.03 and Ul2b.04 tunnels at the Nevada Test Site, Nye County, 

Nevada (fig. 1). The geologic studies were ~ndertaken to define the 

structural, chemical, mineralogic, and some of the physical properties 

of the tuffaceous rocks that enclose the explosion chambers at the end 

of each tunnelo 

The Ul2b.03 and .04 tunnels are part ·of the Ul2b (Rainier) tunnel 

complex that was driven northwestward from the steep east slope of 

Rainier Mesa (a prominent topographic feature in the northwest part of 

the Test Site (fig . 2)). 

The Ul2b.03 tunnel trends north from a point about 980 feet from 

the portal of the Ul2b tunnel (fig. 3). The Ul2b.03 tunnel cons~sts 

of 620 feet of tunnel, two alcoves, and a shot chamber. The tunnel is 

irregular, ranging from 6 to 10 feet in width, and 6 to 9 feet in 

height. The shot chamber at the north end of the tunnel is 22 feet on 

each sidee The vertical and minimum cover over the shot chamber are 

610 and 510 feet, respectively. 
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The Ul2b.04 tunnel trends west and from a point about 1,400 

feet from the portal of the Ul2b tunnel (figo 4)o The Ul2bo04 

tunnel consists of 775 feet of tunnel, three alcoves, and a shot 

chamber. The tunnel ranges from about 6 to 13 feet in width and 

averages about 1 feet in height. The shot chamber is at the west 

end of the tunnel and is about 20 feet on each side. The vertical 

and minimum cover over the shot chamber are both about 860 feet. 

The rocks penet-rated by the Ul2b tunnel complex are part of 

the Oak Spring formation of Tertiary age and are predominantly 
; ' 
tuffs and tuffaceous sandstones. The Oak Spring formation in 

vicinity of the tunnel is about 1,900 feet thick and unconformably 

overlies limestones, dolomites, quartzites, and siliceous . shales of 

late Paleozoic age. The contact between the Tertiary and Paleozoic 

rocks strikes N. 11° W. to N. 65° E. and dips 12° to 22° NW •. to SW. 

The contact is highly irregular and locally relief is as much as 

30 feet. The Paleozoic rocks trend north to northeast, dip 10° to 

0 70 W. to NW., and have been cut by many northwest- to northeast-

trending steeply dipping normal and reverse faults. Several folds 

of small amplitude and north• to northwest-trending faults with 

vertical displacement of as much as 50 feet have been mapped in the 

Tertiary rocks. 0 0 These rocks strike N. 10 W. to N. 60 E., and 

dip 5° to 36° SW. to NW. 
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The Oak Spring formation in Rainier Mesa and contiguous areas 

has been divided into eight lithologic units designated in ascending 

order~ Tos1 to Tos8 (Hansen and Lemke~ fig. 2, 1958). The rocks 

comprising the f~rmation consist of fine to coarse welded and non­

welded tuff~ tuffaceous sandstone, tuff breccia, and agglomerate. 

Pumice fragments are abundant in all of the rockso Quartzite and 

volcanic rock fragments are sparse to common in most of the tuffs. 

A stratigraphic section of the Oak Spring formation on Rainier Mesa, 

generalized from Hansen and Lemke (1958), is given in table 1 and 

shown on figure 5. 

The work reported herein was done on behalf of the Albuquerque 

Operations Office, Uo So Atomic Energy Commissiono 



Table I.--Generalized stratigraphic section of Oak Spring formation, Rainier M~sa, Nye County, Nevada 
(from Hansen and Lemke, 1958) · 

Lithologic Thickness 
~ unit (feet) 

Toss 270 

Tos7 720 

Tos6 0-75 

Toss 98~125 

/ 

Description 

Two ash flows of welded tuffo The lower 130 to 140 feet is quartz 
latitic tuff; dark gray to gray purple; grades_downward into coarse 
pumiceous nonwelded tuff of Tos7. The upper part is rhyolitic welded 
tuff; pale red purple; caps Rainier Mesa. The welded tuffs are 
resistant to erosion and crop out as cliffs. Near-vertical joints 
are abundant. 

Tos7 has been divided into 3 subunits designated from youngest to 
oldest as a, b, and c. Subunit ~ is about 50 feet thick; a light 
brown-gray to orange-brown poorly sorted, massive fine to coarse 
indurated pumiceous tuff. Subunit ~ is about 490 feet thick; white, 
gray, tan to red-brown granular tuff and interbedded gray tuffaceous 
sandstones; pumice fragments are abundant. The rocks are soft, 
fr iable and poor to well bedded; outcrops sparse along the east slope 
of Rainier Mesa. Subunit £ is about 180 feet thick; white-gray 
locally brown, granular , fine to . coarse, indurated tuff.. The Rainier 
explosion chamber and Ul2b.02, .03 and r04 tunnels are in subunit.£· 

Olive-brown to purplish-Ted fine to coarse, well~bedded welded 
rhyolitic tuff; stands in near vertical ledges; uncon~ormably under= 
lies Tos7 . 

Greenish=gray to yellowish~gray fine to coarse, well=bedded pumiceous 
tuff; forms ledges; unconformably underlies Tos6 . 

........ 
w 



Table loo-Generalized stratigraphic section of Oak Spring formation, Rainier Mesa, Nye County, Nevada 
(from Hansen and Lemke, 1958)o~Continued 

Lithologic 
unit 

Tos4 

Tos3 

Tos2 

Tos
1 

Total 
thickness 

Thickness 
(feet) 

285 

100 

120 

210 

1,803 to 1,905 

Description 

Light gray to green, pale brown. to whit.e, in part mottled, fine 
to medium nonwelded pumiceous tuff in beds from 2 to 15 feet thick; 
yellow porcelanic beds up to several feet thick forms ledges. 

Pink, red, purple, light gray to buff nonwelded pumiceous tuff 
with some tuffaceous sandstones; basal bed is dark red, and forms 
a blocky outcrop. Most beds are 12 to 35 feet thick. Locally 
Tos3 is as much as 170 feet thick. 

Light gray to buff, locally red to purple, fine to coarse, bedded 
to massive, nonwelded tuffs; a thick bedded tuffaceous sandstone 
forms at top of unit. 

Purplish to pink, fine, nonwelded tuff, conglomerate as much as 
5 feet thick, locally forms base of the unit. 

..... 
~ 
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PART II .., STRATIGRAl'IiY AND STRUCTt:QlE 

By F. A. ~cKeown and D. Do Dickey 

The Ul2b o03 and Ul2b.04 tunnels are in the lower p~rt of unit To{;i 

of H'ansen and Lemke (1958). The entrance to tunnel Ul2b.O~ t ·s app.roxi'"" 

mately 70 feet stratigraphically· above the .contact with the underlying 

uni t Tos6;. the entrance to tunnel Ul2b.04 is stratigraphically. about 

115 feet above TOS6o During mapping of the Ul2b tun~el that part of 

unit -~os7 exposed in the t~nnel was divided into 11 l ithologic units 
1958 ~ wr~~t~n;c9~~i~atiofS, 

d·esiznated· from oldest to younge.st P to Z (Gibbons, A.~t .J,.~--~ .f'J.,g, 3) .• 
. t 

Units R through Z are exposed in the Ul2b.03 tunnel (fig. 3), and of these 

units, W to Z are correlative with the rocks exposed in the Rainier shot 

chamber" · The' .rocks exposed in these tunnels ·have an ~average strike of 

0 , 0 0 
No 80 Eo, and throughout most of the tunn~ls dip 8 to 10 NW. except 

in the nort_hwestern part of Ul2b.03 tunnel where they dip 3° to 4°. SEo. 
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Stratigraphy 

The rocks exposed in ~he Ul2~.P3 and Ul2b . 04 tunnels consist Qf 

tuffaceous sandstone and reddish-bl='own ~o white fine to COflrse lap~lli 

I 
tuff- • The sandstone is laminated to thin bedded; the tuffs are 

~' Volcanic terminology from Wentworth, C. Ko and Willi&ns ~»owell,l932, 

'nte classification and terminology of the pyrocla~tic rocks: National 

Research Council Bull. No. 89, Report on the Committee on Sedimentation, 

The rocks are designated as follows according to siz.e of fragments: 

Tuff breccia,;> 32 mm; lapilli tQff, 4 tQ 32 nun; coarse tuff, ~ to 4 nun; 

and fine tuff, < l,; mm. 

poorly bedd.ed, soft, friable, and locally vary laterally and vertic~lly 

within short.distances in colo~, texture, ~nd hardness. 

The lithologic ·units exposed in the tunnels (figs. 3 and 4) are 

described Qriefly. 

Unit R--Unit R is about 50 fe~t ~hick but only the upper 6 feet is 

exposed in the entrance to Ul2b~03 tunnel (fig .. 3) e The rocks of unit 
. . ,• 

R are predominantly grayish-cream t<? . light reddish-tan fine to medium· 

t uffs .. The tuff is laminated· to thin ·beddedand locally has thin 

sets of low angle cross laminae. 'ilhite streaks 1 to ~ inches thick 

of altered(?) pumice are common in the t1.1-ff and occur parallel 

to the bedding; some are contorted. Less common are streaks of limQnite-

stained tuff that have a similar mode of occurrence. In the t~nnel 

Ul2b.03 the rocks of unit R are reddish tan with sparse pumice frag-

ments ; near the contact wit:q the over lying unit S pumice fraglllents 
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increase in abundance, The upper 2 to 4 feet of unit ·R·are gradational 

to the tuff of unit So Under the binocular microscope the tuf£ is seen 

to consist _.of feldspar, quartz, zeolite(?), and biotite phenocrysts, 

and a variety of lithic fragments in a white claylikErgroundmasso A 

yellow ... green mineral that is connnon in the groundmass appears to be 

present only in the tuf~s ·of unit Ro 

Unit S= ... Unit S is 5 feet thick and is only exposed in the Ul2b.03 

tunnel (figo 3) .. The rocks of unit S are chiefly redaish=brdwn and 

white tuff with many disseminated white and greenishcoyellow pumice 

fragmentso Some of the white pumice fragments are tinged with pink. 

The contacts between the red-brown and white tuff are very irregular 

and both lateral and vertical gradations in color are common. A zone 

about 1 foot thick at the base of the unit contains many scalloped 

nodules of light reddish..,brown porcelaneous material. ~· Pumice. fragments 

t:C1nsi..ng from silt to pebble size are common in the tu·f¥£; som~ of the 

pumice seems comminuted. Feldspar and lithic fragment;s are ' tll.e most -

conunQn sand and granule size material in the rocko Rare dark reddish ... 

brown glass and a greenish ... yellow mineral are the most consP.Jcuous fine• 

grained material. 

tJnit .T ... «>Unit T is about 8 feet thick and is only --e~posed in the 

Ul2o o03 tunnel ( figo 3) o This unit consists <'of white, . chalky.. tuff with 

·con$picuous lithic fragments. The lithic fragments are c;lark_, red or gray 

quartzite(?) and volcanic rocks, and are as much as much as 0.5 inch 

acrosso The matrix is white silt and clay-sized mate'rial. A greenish­

yellow claylike mineral fills or forms a thin layer on walls of some 

small (less than Ool2 inch) cavities. 
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Unit u--Unit U is abo\lt 10 feet thick and is exposed in the 

Ul2b.03 tunnel (fig. 3); about 8- fe~t is exposed in alcove 3 in the 

Ul2b.04 tunnel (fig. 4). The uni~ consists of interbedded reddish­

brown and greenish-white tuff. The reddish-brown tuff is generally 

a little harder than the gre~nish-white tuff, though both rocks are 

moderately friable. The tuffs consist of poorly · sorted lapilli 

(lithic fragments and altered pumice) disseminated in fine to coarse 

tuff8 Some of the pumice fragments are yellowish green. The fine­

grained material consists of light-brown mica, clear, white, c,~,nd 

reddish-orange feldsp~r(?), and claylilte unidentified minerals. 

Unit V--Unit V is expos.ed in the Ul2b.03 and Ul2be04 tunnels 

(figs. 3 and 4). The Ul2b.03 tunnel transects unit V ~nd exposes a 

total thickness of about 30 feet. The Ul2b.04 tunnel was driven along 

strike of the unit and does not expose the ' total thickness of the unit. 

Unit V is mostly a reddish-brown lapilli tuff. The base is marked by 

a persistent bed about 0.5 foot thick of very coarse lithic tuff with 

an olive-green porcelaneous matrix. Above this bed is a zone about 3 

feet thick of white lapilli tuff that grades upward to a reddish•brown 

lapilli tuff which is the most abundant rock in unit V o 

The lapilli tuff consists of feldspar, coarse white altered pumice 

fragments and other lapilli, granule-size lithic fragments, biotite, 

rare magnetite and hornblende in a matrix of light reddish-brown claylike 

material. 
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The tuffs thae are exposed .in the shot chamber and adjacent 

curved part of the Ul2b.04 tunnel are in a downthrown block on the 

southwest side of a fault that intersects the tunnel about 120 feet 

from the chamber (fig._ 4). These . . rocks though similar cannot be 

correlated ,with cert~inty wi,th the rocks that form the lithologic 

units in the Ul2b tunnel. Nine li.thologic subunits, f;om oldest 

to youngest V1 to V9, are exposed in the tunnel and shot chamber 

(fig. 4). 

Subunit V1 is reddish ... brown·lapilli tuff. About 2 feet ·of 

this tuff is exposed in the shot chamber; the total thickness is 

not known. The tuff is fairly soft and friable and contains 

abundant white and greenish=whit e lapilli, most of which are 

probably altered pumice fragments. The green color of some of the 

fragments is due to included biotite that has- altered to a soft· 

greenish claylike mineral. Coarse lithic fragments are common 

though not conspicuous. Other components are biotite, feldspar, 
I, 

amber.,colored mica, rare dark reddish=brown glass and an unidenti-,, 

fied black 1 metallic soft nonmagnetic mineral. The matrix of the 

tuff is soft light reddish=brown claylike material. 

Subunit V2 is 2 to 2.5 feet thick and is a white lapill~ tuff 

that has a sharp contact with the underlying tuff and a gr.adational 

contact with overlying tuff. Altered pumice and other lapilli and 

tuff make up a large part of the rock. Some of the pumice and 

lapilli seem macerated. Lithic fragments are common~ Biotite, 
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~ 

some of which is altered to a yellowishQgreen mineral, feldspar, and 

quartz(?) are the 'chief phenocrysts o The high plagioclase and mica 

content shown in the modal analyses of unit W (sample B36, B37, and 

B313, table 2) and unit v2 (sample B410, table 3) indicates the units 

may be correlativeo Lack of -mineralogic similari~ies between adj~cent 

units , however, precludes reliable correlationo 

Subunit v3 .is 3 to 4 feet thick and is a reddish""brown lapilli 

tuf f sim;Llar in appearance to subunit v1, though more induratedo Large 

white altered pumice fragments, some of which include biotite, are 

abundant in the tuff; sand- and granule-size lithic fragments · are much 

less c.onspicuouso Phenocrysts include sand=siz~ grains of feldspar, 

'quartz(?), biotite, pyroxene(?), and hornblendeo 

Subunit v4 is about 2o5 feet thick and is a fairly hard white 

lithic tuffo The tuff contains abundant granules of dark ... gray, black, 

and red lithic fragments; altered pumice fragnients are connnon and some 

are tinged with pink or greeno The principal sand-size particles are 

biotit,e, feldspar, orange clayli~.e material some of which is vesicular, 

and yellowish ... green; claylike mineralo 

Subunit Vs ranges , from Oo5 to loS feet thick and is a reddi. sh= 

brown la~illi tuffo On the ncr theast, northwest, and ED uthwest walls 

in the shot chamber the tuff contains .many irregular layers and 
. . 

nodules of porcelaneous rocko The porcelaneous rock is tough light 

reddish-brown, scratches easily, and contains minor amounts of 

feldspar, mica, magnet it~, and hornblendeo The lapilli tuff is 
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megascopically very similar to the lapilli tuffs of subun~ts Vl and _ 

V3o White lapilli of altered pumice fragments and reddish..,brown tuff · 

are the most. -prominent c.onstituents o Lithic fragments, feldspar, and 

biotite are the · principal- ~inor constituentso 

Subunit V6 is white. lapilli tuff and about 3o5 feet of it is 

exposed·· in the shot chamber o The tuff _is fairly soft 'an_d composed of 

white pumice fragments and_other lapilli, and some lithic fragmentso 

Fine=grained biotite, feldspar, quartz(?), montmorillonite(?), and 

some reddish=brown claylike material are common in the matrixo 

Subunit v7 is about 2 feet thick and is exposed on the northwest 

wall of the shot chamber and in the small alcove about 45 feet north of 

the shot chamber o The -rock is principally a reddish..,brown tuff that 

contains layers Oo5 to 2 inches thick of reddish=white tuffo Red= 

· brown masses, 0.12 to Oo75 inch acr.oss, are-present in these layerso 

Lapilli of tuff and pumice fr~gments are abundant and lithic fragments 

are connnono 

Subunit v8 is exposed only in the small -alcove about 45 feet 

north of the shot chambero It is lo2 feet thick and consists of 

white tuff with conunon lithic fragments; greenish..,white opalized 

nodules of tuff are sparseo Subunit v8 has a gradational contact 

with overlying subunit but appears to truncate part of underlying 

subunito 

Subunit V has an exposed thickness of 2 feet near the back of. 
_9 

the small alcove about 45 feet north of the shot chambero The total 

thickness is unknowno The rock is dark tannish=gray fine -tuff . 

. .... .,._,. 
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Unit W-oUnit W is only exposed in the -U12bo03 tunnel where it 

-is 'loS to 2o5 feet thick (figo 3). The rock is a grayish=white 
- -f. -'>, ... . 7 

It is very poorly bedded and has a fairly shar·p . 
. ·.,· : 

contact with underlyi~g unit V and a gradational contact with over-

lying unit Xo The :-;_t>ck of unit W consis~s of lapi~li and abundant 

granules of lithic fragments in a matrix of micaceous claylike 

material o. 

Unit x~~Unit X is exposed in the Ul2b.03 .tunnel and is about 

5 feet thick. The contact between units. X and Y is sharp. The 

rock of unit X is fairly hard massive reddish=brown· iapilli tuff. 

It :is composed of abundant white altered·. pumice fraS,IDents and 

other lapilli in a matrix of light reddish..,brown ·~ilt= to clay .. 

s .ize material with biotite, · orange""white felc:isp·ar (?), and pyroxene .. 

Lithic fragments 0.12 to0o5 inch across ar.e conunon. 

Unit Y~=Unit Y is about 1 foot thick and is exposed near the 

back of Alcove No. 1 in the Ul2b.03 tunnel (fig. 3). It is a bed 

of white lapilli tuff that makes a sharp contact. with underlying 

unit X and has an erosional contact with overlying unit z. Just 

n'orth of where the synclinal axis crosses the Ul2b.03 tunnel (fig. 

3), rocks.of unitY have been removed by erosion and the scour 

filled with rocks similar to those of unit z. 

The rocks of unit Y contain granules of lithic material and 

soft white lapilli fragments, some of which were probably·pumice. 

A preponderance of. ·t"'.ed _ ~i.thic fragments may be a diagnostic feature .. 
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of the rocko Feldspar~ biotite, amber mica, and aggregates about 

Oo06 inch across _of chocolate=brown soft porous material are 

disseminated in the white claylike matrixo 

Unit z-QUnit Z is pinkish<:>.white coarse lapilli tuff with a 

d~scontinuous light purplish-brown fineo.to coarse""'grained tuffaceous 

. sandstone at the baseo The thickness of unit z · is unknowno Unit Z 

is exposed at two places in· the Ul2bo03 tunnel 1) at the top of the 

north wall of Alcove Noo 1 where the lower 2 feet are exposed and 

2) about 1 foot is exposed near the synclinal axis just north of 

Alcove No o l o According to An B~ Gibbons (1958 ~ written communication~ 

figo 3) about 6 feet of unit Z was e~osed in the Rainier shot chamber. 

The tuffaceous sandstone at the base of unit .Z is generally less 

. than 1 foot thicko The sandstone is poorly sorted, in part conCD 

glomeratic and consists of · feldspar, quartz(?), biotite, light=brown 

mica, a ·soft , greenish=yellow mineral that may be montmorillonite, 

and t r aces of an unidentified light=green hard mineralo Discontinuous 

layers about 0 o 5 inch thic.k heavily . stain~d with limoni-te occur at the 

base and rarely several inches above the base of the sandstoneo~· The 

tuffaceous sandstone grades into the lapilli tuff of th~ upper part ·of 

unit Zo Most of the lapilli are white or light green and are probably 

altered pumiceo · The tuff contains abundant biotite and feldspar, 

some coarse=grained dark=gray lithic fragments, and a minor amount of 

light=brown mica and yellowish~green mineral which may be montmorillonite. 
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Structure 

The structure of the rocks exposed in Ul2b.03 and Ul2b.04 tunnels 

is relatively simpleo The general .westerly dip of the beds of the- Oak 

Spring formation as observed inward ·from the portal of Ul2b tunnel is 

interrupted by a shallow northeast~trending syncline whose axis inter­

sects Ul2b o03 tunnel near ~lcove Noo 1 (figo 3)o The syncline is broad, 

has an amplitude of at least 15 feet and plunges about 2° SW. The 

axis of the syncline is sinuous as indicated by the abrupt change · in 

str.ike from N. 88° E. in the tunnel to N. 67° E~ just north of Alcove 

No . 1 (figo 3). South of Alcove No. 2 (figo 3) the beds strike No 59° 

to 84° E. and dip 8° to 13° NW., whereas near Alcove No. , 1 the beds 

are more nearly parallel and strike No 83° E., dip 9° NW. With the 

exception of the rocks adjacent to the synclinal axis, the rocks in 

the north part of the tunnel strike N. 65° to 71° E. and dip southeast, 

some as much as 7°. As shown in section A~A 0 (~ig. 3) the average dip 

of the beds north of the syncline is about 5° SE.- ~ 

In the Ul2b.04 tunnel the strike and dip of bedding can be 

measured at only a few placeso In the shot chamber and nearby tunnel 

the beds strike N. 35° to 52° E. and dip 4° to 8° to the northwest, 

whereas in Alcove No. 3 they strike N. 75° E. and dip 5° to the 

northwest (fig. 4). The northwest trend in Alcove Noo 3 is probably 

representative of the attitude of the rocks throughout most of the 

Ul2b.04 tunnel. 
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Ten faults are exposed in the Ul2b.04 tunnel, three of which are 

in or near the shot chamber; they strike N., 3° to 21° E. and dip 700 
0 

to 80 NW., (fig. 4) o ·The other seven are in the tunnel and alcove·s; 

six of these faults strike N 0 41° t .o 62° W. and dip 37° to 69° SW.; 

the other strikes N. 4f W. and dips 60DNE. The rocks have been 

displaced along most of the faults from· less than 1 to about 4 feet. 

However, one fault, which intersects the tunnel 115 feet west of 

t he entrance to Alcove No., 1, has a vertical displacement of at least 

10 feet; the exact displaceme.nt can~ot be determined. This fault 

possibly could be the continuation of a fault exposed at the ·surface 

about 300 feet southwest of Point Mabel (Hansen and Lemke, fig. 2). 

· .. None of the other faults in the Ul2b.04 tunnel are believed to extend 

to the surface., 

Joints are conspicuous in most rock units·in the Ul2b.03 tunnel 

(fig. 3) but are more abundant in unit S near the entrance to the 

tunnel, in unit X near the syncline axis, and in unit V near the 

shot chamber., The concentration of joi~ts is apparently related to 

the syncline and type of lit,hology., As shown on figure 6, there are 

two prominent join~ sets which trend north and northwest. The joints . 

in the former set strike N. 15° W. toN. 60° E.,; about 32 percent of 
' \ 

these strike N. to N. 15° E. The joints in the northwestctrending 

set range from N • . 30° W. toW.; the dominant strike ~s N., 45° to 

0 
60 w., 



Number 

FIGURE 6-PLOT OF STRIKE OF 227 JOINTS, U12b-03 TUNNEL, 
NEVADA TEST SITE, NYE COUNTY, NEVADA 

.. -
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Dip of joints measured in Ul2b.03 tunnel i s shown ort figure 7o 

About 27 percent of the ' joints are vertical o Most of the remainder-

dip more .than 60° NE ~ and SE., or 75° SWo and NWo 

·Joints are generally not consp'icuous in the rocks exposed from 
I 

the entrance of the Ul2b.04 to Alcove:.l No ~ 1. From Alcove No. 1 to 
t 

and including the shot chamber, joints are abundant and well 

developedo The increased number of joints in the vicinity of the 

shot chamber may be genetically related to the faults that are exposed. 

in the tunnel and shot chamber o Two ' sets of join~s predominate in 

the Ul2b.04 tunnel o ' 0 0 One set strikes N·o 45 t o 60 W o and an.other set 

strikes N ~ 15° to 30° Eo · (figo 8) o The ncr thwest set of joints are 

vertical or dip steeply to the northeast or southwest (figo 9). 

Most of the northeast set of joints dip steeply to the northwest or 

are vertical ;- a few dip to the southeast. 
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FIGURE 7-PLOT OF DIP OF 227 JOINTS, Ul2b-03 TUNNEL, 
NEVADA TEST SITE, NYE COUNTY, NEVADA 
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Number 

FIGURE 8 -PLOT OF STRIKE OF 317 JOINTS, Ul2b-04 TUNNEL, 
NEVADA T~~T SITE, NYE COUNTY, NEVADA 



11 '-1--

FIGURE 9 -PLOT OF DIP OF 317 JOINTS, Ul2b-04 TUNNEL, 
NEVADA TEST SITE, NYE COUNTY, NEVADA 
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PART III c PETROLOGY 

By E. N. Hinrichs, T. Botinelly, and F. A. McKeown 

Samples of the lithologic units exposed in the shot chambers and 

other workings of Ul2b.03 and Ul2b.04 tunnels were analyzed by micro-

scopic, X=ray~ and chemical methods. The mineralogic const ituents of 

the tuff were determined by x~ray analysis, study of thin sections with 

a petrographic microscope, and examination under a binocular microscope 

of sawed specimens of ·tuffwhich had been etched with hydrofluoric . 
. . :: , 

acid and stained with sodium cobaltinitrite. Modal analyses of the 

tuff specimens were made by a point count method (tables 2 and 3). 

In thin sections the tuffaceous rocks are seen to consist of 

zeolitized lapilli, xenoliths, and phenocrysts in a matrix of indu"" 

rated zeolitized ash. The lapilli and ash which .constitute gO to 90 

percent o f the rock contain heulandite, clay, and intergrowths of 

cryptocr ystalline quartz(?) and feldspar(?). 

Some of the lapilli, which were probably fragments of pumice, 

contain many globular vesicles; some of the walls of the vesicles are 

lined with colloform heulandite(?). Other. lapilli are structureless 

solid masses and other's contain spherulites which are probably inter-

g~owths of cryptocrystalline-quartz and feldspar. The matrix is 

foliated,~fibrous, orbicular, and reticulated. Flowage is indicated 

in some samples by swirls in parts of the matrix and by contorted 

schlieren of fine particles around phenocr~sts and ~enoliths. 

.. . 



Table 29=~Vo1ume percent -of minerals in tuff from the Ul2b o03 tunnel, Nevada Test Site, Nye County, · Nevada 

Sample number J./ B31 B32 B34 B38 B36 - B37 B313 B312 B314 . B315 B39 B316 B310 B311 

Lithologic unit s T v v w w w X X X y y z z' 

Phenocrysts ];/, 6 3 2 21 31 25 31 22 9 20 25 22 24 22 

Potassian feldspar 63 86 74 21 11 7 16 17 17 26 50 46 38 42 

P lagioclas·e 27 7 9 48 54 65 57 58 61 48 34 17 34 31 

Qu-artz 3 7 17 11 12 7 3 8 5 14 1 0 18 23 

Mica 3 0 0 9 20 15 .. , 21 12 13 8 12 32 6 2 

Magnetite 3 0 0 2 4 5 .. 5 2 5 4 2 5 3 1 
w 

Pyroxene and 0 0 Q 8 0 1 0 2 0 0 1 0 2 0 w 

amphibole 

Xenoliths 7 2 5 2 1 4 5 6 5 J 9 3 14 6 

Vesicles 6 12 7 2 5 4 4 3 7 8 3 t 8 15 

Finely crystalline and 81 84 85 75 63 67 60 70 80 68 63 68 55 57 
amorphous fragments 

Heulandite 11 24 33 26 15 19 17 12 21 20 14 ~2 20 19 23 

Clay 12 13 21 11 16 37 36 14 44 44 13 37 0 0 

Beta-cristobal ite 12 8 13 15 ND 7 6 7 8 7 9 ND 8 11 

Mica ND ND ND 4 9 7 6 4 ND 3 3 3 0 2 

Remainder f!/ 32 4 26 30 19 0 0 24 '8 0 16 7 27 21 



-Tabl~ 2.==Volume percent o£ minerals in tuff fran the Ul2bo03 tunnel, Nevada Test Site, Ny·e County, Nevada""= 
Continued 

·11 See table 4 for deseriptions of samples. 

~/ Modal analyses by E. N. Hinrichs. 

11 Xoray analyses of f_in~ly crystalline and _amorphous fragments by T. Botinelly • 
... 

!!,l Calculated by difference. This remainder is in part due to errors in estimating 
mlneral -percentag_e, in part to -amorphous material, and -im _part to crystalline material 
too small in- · amount to ... show by Xoray analysiso 

ND==not detected. 



Table 3o"'""'Volume percent of minerals in tuff~~.).om the Ul2boO_~ tunnel, -Nevada Test Site, Nye County, Nevada 

Sample numbe~s 1/ B41 B42 B43 B44 B46 B49 B4l0 B412 B414 B411 B48 B47 B413 B418. B417 B416 B415 
v' •< 

Lithologic units V V V V V V1 

Phenocrysts 11 9 8 4 6 5 15 

Potassian 63 52 100 37 60 15 
feldspar 

Plagioclase·: 4 13 0 46 8 60 

Quartz 28 28 0 8 23 8 

Mica 4 3 0 0 9 15 

Magnetite 0 5 0 8 0 2 

Pyroxenes and 
amphiboles 

Xenoliths 

·. '{esicles 

0 

6 

7 

0 

6 

6 

Finely crystalline 78 " 81 
and lmorphous 
fr agment.s 11 
Heulandite , 4/ 

~ 

Clay 

Betaccristobalite = 

Mica 

Remainder i} 

0 0 

9 6 

4 23 

83 65 

0 

9 

5 

0 

3 

2 

81 80 

20 24 

57 20 

ND -8 

ND 4 
4 24 

28 

18 

57 

2 

18 

4' 

0 

3 

7 

62 

22 

14 9 

23 . 42 

65 44 

3 2 

7 9 

2 2 

0 

4 

4 

79 

24 -

0 

3 

. 9 

79 

12 16 

ND 8 

6 4 

22 . 28 

4 13 13 20 

43 35 35 47 

41 41 57 36 

0 3 2 ' 2 

14 11 8 12 

0 5 0 3 

2 

2 

1 

0 

2 

3 

94 82 

32 

' 9 

9 

42 

0 

7 

6 

0 

6 

10 

74 ' 64 

26 22 

11 

ND 

ND 
37 

6 

13 

3 

19 

18 29 16 26 

26 28 48 30 

48 49 32 51 -

4 1 4 5 

20 21 16 13 

2 1 0 1 

0 0 

2 

6 

0 

4 

7 

0 

5 

4 

12 

10 

60 63 74 65 . 

18 22 19 .26 ' 

ND ND 7 NJ;> 

6 6 19 7 

6 6 7 

30 29 30 26 



Table 3.ooVoluuie percent of minerals in tuff from the Ul2b.04 _ tunnel, Nevada Test Site, Nye County1_ . - ~eva<.ta=o 
Continued 

' 

];/ S.ee table S for description of samples. 

11 Modal analyses by Eo N. Hinrichs. 

11 Xoray analyses of finely crystalline and atnorphous fragme~ts by T. Botinelly. 

~/ Not analyzed. 
-·~ . 

iJ Calculated by difference. -This remainder is in :p-art du-e to errorcS in .estimating mineral peretro.tage, 
tn .,part to amorphous material, and in part -~0 crystalline. .:.11J4t~rial -too small in amount to show by 
x .... -ray analysis" 

t 

i RD~-not detectedo 
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Table 4o== Description of samples taken from Ul2bo03 tunnel, 
Nevada Test Site, Nye County, Nevada 11 

Sample Noo Lithol~~ : Description 

B31 

B32 

B34 

B36 

B37 

B38 

B39 

B310 

· B311 

B312 

B313 

B314 

B315 

B316 

unit 

S White to light bro\WI'liSh"'red pumiceous tuffo 

T Chalky white tuff with coarse lithic fragmentso 

V ~ight reddish=brown pumiceous tuff o 

W Grayish~white, coarse, lapilli tuffo 

w 

v 

y 

z 

z 

X 

w 

X 

X 

y 

" n n " 
,, 

Reddish=brown , pumiceous tuffo 

White, coarse lapilli tuffo 

Grayish-white to purplish=brown, tuffaceous 
sandstoneo 

Grayish..,wh:ite sandy tuffo 

Reddish~brown pumiceous tuffo 

Grayish=white, coarse, lapilli tuffo 

Reddish=brown pumiceous tuffo 

" " " " 
White~ coarse lapilli tuffo 

11 See figur e 3 for location of sampleso 
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Table sC) .... .,Descr1pt1on of _, samples taken from U12bo04 tunnel, 
Nevada Test Site, Nye County, Nevada 1/ 

Sample Moo 

B41 

B42 

B44 

B46 

B47 

B48 

B49 I 

B410 

B4ll V' 

B412 V 

B413 v 

B414 

B415 

B416 

B417 

B418 

Lithologic Description 
unit 

V Reddish<Z>brown lapilli tuffo 

V Reddish=brown lapilli tuffo 

V White lithic tuffo 

V ReddishQbrown lapilli tuffo 

v6 White lapilli tuffo 

v5 Reddish=brown lapilli tuff and p~rcelaneous tuffo 

v1 Reddish=brown lapilli tuffo 

v2 White lapilli tuffo 

Vs Reddish=brown lapilli tuff and porcelaneous tuffo 

v3 Reddish=brown lapilli tuffo 

v6 White lapilli tuffo 

v4 White lithic tuff~ 

v9 Dark reddtshobrown lapilli tuff .. 

v8 Greenishotan pumiceous tuffo 

V7 Reddish=brown and white lapilli tuffo 

v6 White lithic tuffo 

11 See figure 4 for location of sampleso 

. \ 



39 

Phenocrysts make up from 2 to 31 percent by volume of the tuffs 

exposed in the Ul2bo03 and o04 tunnelso They are most abundant in the 

tuffs of units W, X~ Y, Z, and part of unit Vo The rocks of unit V are 

well exposed in the tunnels and their modal analysis (tables 2 and 3) 

indicates the variable phenocryst content of the tuffso· In these rocks, 

especially Ul2bo04 tunnel (table 3), 4 to 29 percent of the volume of 

the t uff is made up of phenocrystso 

The phenocrysts range from Oo5 to 3o5 mm across and named in order 

of abundance _are potassian feldspar,,plagioclase $ quartz, and .mica 

(biotite) o Magnetite and the minerals of pyroxene and amphibole gr_oups 

are present but rarely account f~r as much as 10 percent of the phenocrystso 

Much of the feldspar is ~ubhedral to euhedral; twinned and zoned crystals 

are very commono Corroded crystals, due to partial remelting~ of 

plagioclase are commono 

I I 

Though too few samples have been analyzed for conclusive results, 

comparison of ratio of potassian feldspar- to plagioclase may be useful 

in the correlation of some of the stratigraphic unitso The average 

ratio for units S through Z exposed in the tunnels is given belowo .. ,. 
Unit 

s 
T 
v 
w 
X 
y 
z 

'II 

(range o31 to 15o0) 

Average potassian feldspar/plagioclase 

2o5 
12 

2o5 
o2 
oJ7 

2o0 
lo2 
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These values indicate that for all units except ·w and X~ potassian 

feldspar phenocrysts a~e as abundant or. several times more abundant 

than the plagioclase phenocrysts. 

Mica may also be a diagnostic mineral. It is appreciably more 

abundant in unit W. 

The volume of xenoliths present in the tuffaceous rocks ranges 

from 2 to 14 percento Many of them are rounded, as much as 1 inch 

across and are predominantly dark metavolcanic rocks. Some quartzite 

and argillite fragments are present. 

The vesicles in the rocks are irregular, rarely more than a few 

tenths of an inch across, and make up as much as 15 percent by volume 

of the rocks. 

XQray analyses were made of the matrix of the samples from the 

Ul2b.03 and .04 tunnels (tables 2 and 3). Estimates of the percentages 

of each mineral were made from the rela.tive heights of critical peaks 

of each mineral on the x ... ray diffractometer chart; the estimates are 

only rough approximations. 

The minerals identified in the matrix ·named in relative Qrder pf 

abundance include heulan4ite, clay minerals, beta•cristobalite, ~nd 

micao Heulandite averages about.22 percent by volume of the matrix 

in the r ocks of units S through·· z, but in u,nits W and X. t~ content 

is somewhat lesso The clay minerals, ·principally montmor_illonitic, 

make up as much as 57 percent by volume of the matrix. They apparently 

are more abundant in the tuffs of unit X and parts of unit v. Beta-
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cristobalite ·though present in. many of the samples analyzed rarely . 

forms over 10 percent by volume ~·of the '\matrixo The mica in the ,matrix, · 

dominantly biotit'e~ averages about 5 percent of the volume, 

In addition to the identified minerals 'the matrix contains 

· amorphous material, indic.ated ,as remainder in tables 2 and 3o Some 

of · the remainder is undOUbtedly . glass, but further work is . necessary 

to determine the complete mineralogic compositiono 

Semiq\lanti~ative spectrographic analyses of samples from tll:e units 

exposed in the Ul2bo03 and o04 tunnels are given in tables 6 and 7o The 

rocks of thes_e units are characterized by the presence of the ra~e ... 

earth metalscoCe, La» Ndo=in amounts greater than·.normal acidic rockso 
' •. c ' 

Niobium is present in amounts ranging from Oo0015 .to Oo007 percent which 

is comparable to the alkalic coJ;nplex at .Magnet Cove 9 A.J:kansaso 

Chemical analyses were made of 14 ·;Samples from units V through Z 

in the Ul2bo03 tunnel (table 8) and 12 samples f~om unit y and sub""' 

units in the Ul2bo04 tunnel (table 9)o 'The six samplesooB37, B38, B313, 
\. 

B314, B315~ and B316oo~re from 'the shot ·chamber of the· Ul2bo03 tunne'l 

and the five sampleS<=>"'B49, B410, B4ll 11 B412, .·· and B413CD=are from t;he shot 

chamber of the Ul2bo04 tunnelo ,. 



Table 6.,=<=>Semiquantiative spectrographic analys.es of tuff from the shot chamber CJ;n4 --t'Q'nne1 of Ul2bo03, 
Rainier Mesa, Nye County, Nevada 11 

Sample 
B3l:Jj B32 B34 B38 B316 B36 B37 B313 B312 B314 B31S B39 B310 B311 number 

Laboratory 267!321 267322 267323 267326 267873 :267324 267325 267870 267898 261811 267872 267895 267896 267897 
number 

Lithologic s T v v v w w w X X X y z z unit 

Ba o03 o015 o015 o07 015 .. 07 o07 .. 15 015 015 015 015 015 o15 

Be oOOOJ o0007 o0007 oOOO'J. .,0003 o0003 o00015 o0003 .. 0003 o0003 AW03 ,00015 o0003 o0003 

Ce d oOJ d d 003 d d 003 .. 03 oOJ .. 03 .,Ul o03 .,03 

Co 0 0 0 d d d d o0007 o0007 .. 0007 .. 0007 o- . 0 0 .p. 
N 

Cr o0007 0 o0003 .,001:> c0007 o0007 .. 0007 .,0007 o0007 .,0015 ~0007 oOOQ3 .,0003 .,0003 

Cu o0015 o0007 o0007 o0015 o0015 .,0007 .. 0007 o0007 .,003 .,007 "0015 o0007 o0007 .,0007 

Ga o003 o003 o0015 .,0015 .0015 .. 0015 o0015 .,003 .. 003 oOOJ oOOJ .003 .,0015 o0015 

La o015 .,015 .,007 o007 ,. .,03 o007 o007 o015 .,015 o015 oG15 q015 .,015 o015 

Nb .,003 .. 007 oOOJ .,0015 .,003 .,0015 .,0015 - o003 o0015 oOOJ oOOJ .. ~03 .,003 .,003 

Nd ~ .,l0l5 d d ' d .,015 d d o015 0 d d o0l5 d 0 

Ni_ 0 0 0 oOOOJ .. 0007 oOOOJ o0007 0 .0007 0 .. 0007 0 0 0 

Pb oOOJ eOOJ oOOJ o0015 oOOJ o0015 o0015 oOOJ .. 003 ;; 003 ., 00.3 .. 003 oOOJ .. 003 

Sc .,0015 0 0 .,0007 d o0015 .,0007 .,0007 o0015 oOOQJ .0007 .,0007 0 0 



T~ble 6 o o=Semiquantiative sp,ectr~g~aphic analyses of tuff from the shot chamber and tunnel of Ul2bo03, 
Rainier ·Mesa 9 N.ye County. NevadaooContirtued 

Sample 
B31 J:/ B32 B34 B38 B316 B36 B37 B313 B312 B314 B315 B39 B310 B311 number 

Laboratory 267321 267322 267323- 267326 267873 267324 267325 267870 267898 267871 267872 267895 217896 267897 
ft\lmber 

, ..... ·~~ 

. Lithologie S · T v v v w w w X X X y z z 
unit 

Sr o03 o015 o015 · o07 o07 o07 o07 015 o07 o07 o07 o03 o03 oOJ 

v o0015 d ' Q0015 oOOJ o003 o003 o007 o007 oOOJ o007 o007 oOOJ oOOJ oOOJ 

y o007 oQ03. oOOJ o0015 oOOJ o0015 o0015 oOOJ o007 oOOJ o003 oOQJ oOOJ o007 

Yb o0-15 oOOQ7 oOOOJ o00015 · oOOQ7 o00015 o00015 o0007 oOOQ7 oOOO/ oOOQ7 o0007 oOOOJ o0007 

Zr o03 015 oOJ ~dj olS o03 o03 015 oOOQ7 o07 o03 oOJ oOJ o015 

Looked for but not foundg Ag 8 AS- 9 ·Au, :R» Bi, Cd, Dy, Er~ Eu, Gd, Ge 8 Hf!l Hg, Ho, In, Ir!) Li, Lu, Mo, Os, Pd 9 

Pr 9_ Pt~ Re!l Rh, Ru, Sb, Sn, Sm, Ta, Tb-9 Te, Tll9 Tl, Tm, U, W~> Ztio 

The number 0 also inc:U.cat:es looked ·for ·but not foundo 

The letter d indicates barely detectable,concentt:'ation unkQowno 

]J Analystsg Nancy Mo .Conklin; USGS, Reports Nos o TDSo9595, TDSo9622 9 and __ TDSo9618, and John Co Hamilton 9 

USGS, Repor t No o TDS~9595, pto II o Figures are feported to the nearest number -in the series 
7, 39 loS» 0

1
o7)) O o3~, _ 0 ,15, etc o9 in percento These numbers represent midpoints of gr·oup data 

on a geometric scaleo · 

j/ See table 4 for descriptions of samples o 

____ / 

~ 
w 
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Table 7. •· Semiquan.~ia.tive spectrographic c\'inaly~es of tuff from the 
shot chamber and tunnel o+ Ul2p.Ot .. ~ Rain.i.er Mesal! Nye 
County, Nevada _!/ 

Sample 
No. 

I~ab . No. 

Lithologic 
u:rdt 

B4trl/ B49 B410 B412 B414 B411 8413 847 

267327 267329 267891 267893 268407 267892 267894 

v 

.03 ,07 '""15 .15 .07 

v 5 

.. 15 .15 

:~l t.a.nda,Jtd 

~p~ctro­

gr~.ph.ic 

s .en~ :fL t i v :i ty 

.0002 Ba 

Be .. OOOJ .0003 •. 000~ .00015 0 .0003 600015 .00015 ,0001 

Ce .03 . d .03 .03 

Co 0 .0007 .0007 d 

0 

0 

.03 

d 

.03 

0 

0 

0 

.02 

.000.5 

Cr .0015 .0007 .0007 .0007 .0003 .0003 .0003 ,0003 .0001 

Cu .003 .003 .0007 .0015 .0007 .0015 .000'7 .003 .0001 

G• .003 .003 .003 .003 .003 .003 .003 .0015 .0002 

La .015 .015 .03 .015 .007 .015 .,015 .007 .002 

Nb .007 .. 003 .003 .. 003 .001.5 .0015 .003 .0015 .. 001 

Nd .015 d ;Ol~ d 0 0 d 0 . 01 

Ni .0015 .0007 ~0007 .0007 0 .0007 0 .0007 .0003 

Pb .003 .0015 .0015 .0015 ~OQ3 .003 .003 .003 .001 

Sc .OOQ7 .0015 .0015 .0015 0 .0015 .0007 0 .0005 

Sn 0 0 P · 0 • 003 0 0 0 • 001 

Sr .03 .15 .15 .15 .07 .15 .15 .07 .0002 

v .003 .007 .007 .007 .003 .0015 .0015 .0015 .001 

y .003 .003 .003 .003 .003 .003 .003 .003 .001 

Yb .0007 .0007 .0007 .0007 .0005 .0007 .0607 .0007 .0005 

Zr .15 .07 .07 .07 .015 .07 .07 .03 .001 
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Table 7.--Semiquantiative spectrographic analyses of tuff from the shot 
chamber and tunnel of Ul2bo04, Rainier Mesa, Nye County, 
Nevada--Continued 

Looked for but not found: Ag, As, Au, B, Bi, Cd, Dy, Er, Eu, Gd, Ge, 
Hf, Hg, Ho, In, Ir, Li, Lu, Mo, Os, Pd, Pr, 
Pt, Re, Rh, Ru, Sb, Sm, Ta, Tb, Te, Th, Tl, 
Tm, U, W, Zn. 

The number 0 also indicates looked for but not found. 

The letter d indicates barely detectable, concentration unknown. 

11 Analysts: Nancy M. Conklin and John c. Hamilton, USGS, Reports 
Nos. TDS-9622, TDS-9595, and TDSc9663. Figure$ are 
reported to the nearest number in the series 7, 3, 
1.5, 0.7, 0.3, 0.15, etc., in percento These numbers 
represent midpoints of group data on a geometr~c scale. 

ll See table 5 for descriptions of sampleso 



Table 8&--Chemical and equivalent uranium analyses of tuff liblii Cdliiiti OIL 
Nevada Test Site, Nye County, Nevada 11 

Sample No.1/ B31 B32 B34 B38 B36 B37 B313 B312 B314 B315 B39 B316 B310 B311 

Lab. No. 

Lithologic 
unit 

MgO 

CaO 

Na 0 2 

K20 

H20+ 

H20-

Ti02 

P205 

MnO 

Sum 

267321 267322 267323 267326 267~24 267325 267870 153640 267871 267872 153637 267873 153638 153639 

S T V V W W W X X X- Y Y , z Z 

65.6 67.5 67.4 64.5 59.7 58.9 57.0 62.7 62.4 62.1 68.0 66.4 69.0 70.2 

12.7 10.9 11.3 14.3 15.6 17.2 16.4 14.0 14.1 14.5 11.8 13.2 12.3 11.7 
t 

2.7 2.2 2.5 3.5 3.8 3.9 4.3 3.4 3.4 3.4 2.3 2.3 1.6 1.5 

.. 06 .03 . 06 .44 .59 .66 

.75 .81 .82 1.3 1.4 1.4 

2.2 2.4 1.9 3.1 3.7 3.9 

1.1 .46 .86 2.1 2.2 2.6 

3.0 2.9 2.6 2.4 1.9 2.0 

5.6 6.7 5.9 3.8 5.4 3.9 

5.4 6.4 6.2 3~6 4.9 4.3 

.34 .12 .18 .52 .54 .63 

.08 .00 .01 .09 "20 .18 

.11 .09 .10 .13 .14 .16 

.14 .16 .15 .09 .13 .14 

100 101 100 100 100 100 

.66 ~ 24 

4.0 3.'o 

2. 0 1.4 

1. 9 2. :6 

4.6 5.5-

6.5 5.5 

. 64 .48 

.23 .11 

olJ .11 

~55 ~ 18 

100 101 

• 39 .39 

1.4 1.6 .88 

3.0 2.8 2.& 

4.8 4.6 5.4 

6.1 6.7 4.9 

.48 .50 .34 

.12 . 08 .23 

. 14 .11 .10 

.21 .14 . 16 

100 101 101 

.53 

1.0 

2.4 

1.5 

2.4 

4.3 

6.0 

101 

.32 

.. 06 

.10 

.18 

.18 

1.0 

2.4 

1.2 

2.5 

5.3 

4.5 

100 

.21 

.05 

010 

.13 

.12 

1.0 

2.3 

1.0 

2.2 

5.3 

101 

.06 

.. 08 

.12 

Equivalent uranium 
0.002 0~002 Oo002 <O.OO l 0 .. 001 (OeOOl 0.001 OoOOl 0.001 0&001 0.001 0~002 0 .. 002 0.002 



Table B.--Chemical and equivalent uranium analyses of tuff from tunnel Ul2b.03, 
Nevada Test Site, Nye County, Nevada--Continued 

11 Chemical analyses by Samuel D ~ Botts, Paul L. D. Elmore, Marvin D. Mack, and Herman H. Thomas; 
equivalent uranium analyBes by Edward J. Fennelly, Lorraine M. Lee, and William W. N-iles. 

11 See table 4 for description of samples. 



Tab le 9 • .,.·Chemica1 and equivalent uranium analyses of tuff from tunnel Ul2b.04; 
Nevada Test Site, Nye County, Nevada 11 

. 2/ Sample N.o.~ B46 B49 B410 B412 B414 B411 B413 B418 B47 B417 B416 B415 

Labor a tory No. 267327 267329 153633 153'635 153744 153634 153636 153979 267327 153978 153977 153976 

Lithologic unit v vl v2 v3 v4 v5 v6 v6 vz v7 v8 V9 

Si02 59~5 64.2 62e0 63e9 68.1 6.6.4 68.3 69.0 69.0 63e3 71.2 69.6 

Al2o3 15.0 13.5 14.5 13.7 12.0 11~6 12.2 12.3 11.2 15.3 11.7 12.5 

Fe203 3.6 3.2 3.3 3.2 1.7 2 .. 9 2.1 1.5 1.5 2.5 1.1 1.5 

FeO .07 .i ... 4 .56 .33 .24 .07 .33 .17 .38 • 29 .35 .44 
.p. 
00 

MgO 1.7 1.3 1.2 1.3 1.1 1..2 .84 .68 .. 78 1.0 .63 .57 

CaO 2.4 2.9 3.8 3.0 2.6 2.6 2.4 2.6 2,4 3.2 2.1 2.3 

Na2o .98 1.6 2.0 1.5 1.0 1.0 1.5 1.3 1.5 2.0 1.6 1.8 

K20 1.9 2.2 2.0 2.2 2.0 2.2 2.3 2.4 2.1 2 .. 4 2.7 2.9 

H20+ 6.7 4.9 5.3 5.4 5.7 5.5 4.8 9.~1 5.9 9.011 7.71.1 7 .al1 

H20r.> 8.4 4.9 4.5 5.2 4.7 6.1 4.8 5~5 

Ti02 .32 .49 .50 .48 .28 .44 .34 . 21 .19 .38 .17 .25 

P2o5 .02 e06 .20 .09 .03 .11 .07 .04 .03 .10 .04 .04 

MnO .11 .10 .14 .12 .06 .10 .10 .07 , 08 .09 .07 .08 

COz .16 014 .38 .1 T .14 .. 19 .16 .. 06 •> 14 .06 .07 .07 

Sum 101 101 100 101 100 100 100 100 101 100 99 100 

Equivalent uranium 
0.002 0.001 ~ .001 0.002 Oo002 0.002 Oo002 0.002 0.001 0 .. 001 Oe002 0 .. 002 



Table 9. ooChemical and equivalm t uranium analyses of t~ff ·from tunnel Ul2b.04, 
Nevada Test Site, Nye County, Nevada--Continl.ted 

!/ Chemical analyses by Paul Ih D& Elmore 9 Ivan H. Barlow, Samuel D. Botts, Marvin D. Mack, and 
Herman H. Thomas. 

Equivalent uranium analyses by Edward J. Fennelly , Lorraine M~ Lee , and Wil liam W. Niles . 

Zl See table 5 for descr iption of samples. 

11 Total water content. 
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The tuffaceous rocks are characterized by high silica (57o9 to 

7lo2 percent)1J a high alumina contet.l~ in respect to the sum of alkali 

'and lime~ and si-gnificatJtly more alkali than limeo The water content 

ranges from 7o4 to 13ol percenta The high potassian felds~~r and 

heulandite content correlates with the high alkali content indicated 

in bulk analysis of the rocko Most of the lime is.contained ib. the 

plagioclase phenocrysts.., though some is-:present in the clay minerals o 

Comparisionsof t he chemical . analysis of samples, ,from the same 

li~hologic unit suggest some of the units have distinctive compositionsa 

For example the rocks of unit W contain 57 to 59o1 percent Si02 (table 

8) whereas the rocks of the other ·units rarely contain less than 62 

percent Si02o Corresponding with the decreased Si02 content of the 

rocks in unit W is the noted ··increase in Al203 and Ti02 contento 

The ~quivalent uranium content of the rocks ranges from less than 

0.001 to. Oo002-perGent., No chemical analyses~ for uranium we~e madeo 
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PART IV - POROSITY, WATER CONTENT, AND DENSITY .OF THE TUFF 

By G. H. Roach, F ~ M. :Byers, Jr., C. C. Hawley, and G. A. I zett 

Measurements were made of porosity, wa;ter content, grain density, 

and rock ' or bulk density of specimens of tuff f .rom the Ul2b.03 and Ul2b.o4 

tunnels. These data were obtaiped to aspist in the evaluation of the yield 

and determination of the effects of proposed nuclear detonations in th.e 

Ul 2b , 03 and Ul2b o o4 shot chambers. 

·Sampling was done to obtain specimens that represent as cl-asely as· 

possible the natural-state condition of the rockso Such samples are 

designated natural-state sampleso All rock types in the Ul2b.03 and U1Eb.o4 

tunnels were sampled o Descriptions of the various rook units are .given in 

part II of this report. The location of all samples discussed in this 

section is plotted on figures 10 and 11. 

Bulk samples were obtained from the tunnel face and walls as sbon as 

possible after exposure by blasting. The samples when collected were 

i a.beled1 wrapped tightly in aluminum foil, sealed in polyethylene bags, and 

placed in canvas sample bags for transportation to the field laboratory. 

At the field · laboratory, the foil-wrapped samples were immersed in melted 

paraffin to obtain a thick protective coat, which would serve to protect 

the samples while they were in temporary storage. 
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Some samples were, by necessity, collected from the walls of the 

tunnel after the rocks had been exposed for several weeks. These s.aml?les 

were treated in the same manner as the others, eve;n though the water content 

a.nd bulk density might not be representative of these rocks in the natural 

state. Measurements of porosity and grain density, however, are considered 

to be representative. 

The following laboratory procedure was adopted for analyzing. the rock 

samples o The coatings on the natural-state samples were removed and ··~ 

! 
equidimensional fragment of approximately 200 grams was broken from each 

sample. These fragments were immedia.tely weighed on an analytical bala.nce 

to an accuracy of 0 p 005 gram to obtain the quantity, MOf. The fragments 

were then. labeled and dried in an electric oven from 16 to 24 hours at 

l05°C!' After dooling 'in a desiccator, the fragments were again weighed to 

obtain the dry weight of the rock, or the quantity M1f. 

After the dry weights of the fragments were obtained, a cylindrical 

plug about 1 inch long and 1 inch in diameter was cored from each rock 

fragment. These cylindrical plugs were dried in an electric oven for 16 

hours at 105°G. to drive off moisture introduced during cutting of the cores. 

After the specimens were cooled in the desiccator, the dry weights were 

obtained and recorded as M1co The core specimens were then placed in a 
. 

desiccator under a vacuum of 1 mm of mercury for about 12 hours. sut .... 

f;i.cient deaera.ted tap water was then introduced into the desiccator to 

completely cover the evacuated cylindrical plugs. The plugs remained under 

water for approximately 36 hours at atmosphe!'ic pressure. 
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After satura.tion the excess water was wiped from the surface of the 

plugs with moist absorbent paper and the weight of the saturated plugs 

were recorded as M2c. The saturated specimens were then suspended on a 

wire stirrup and weighed in water to obtain the quantity M3c. 

The following .equations were used to compute the values of the 

physical properties in tables 10, 11, 12, and 13~ 

(1) Percent porosity (P) = 
M2c - Mlc 
------- X 100 
M2c - M3c 

Mlc 
(2) Dry bulk density (~d) = -----------

(3) Grain density (Dg) = 

(4) Percent water content = 

~c .. M3c 

Mlc - M3c 

Mof - Mlf 

(by weight) Mof 
X 100 

(5) 
Mof x Mlc 

Natural-state bulk density (Dbn) = 
Mlf (M2c - M3c) 

(6) Water content (by volume) c 
Water content 
by weight X 

Natural state 
btUk dens:i,.ty 
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TabJ..e 10.--St&tistical summary of some physical properties of .~tural-
state samples from the Ul2b.03 tunnel, Nevada Test Site, · 
Nye County, Nevada 

Percent porosity~ P 
(arithmetic mean) 

1 Standard deviation y 
Confidence limLt 

(95 percent level) 
of the -mean 

Dr;y bulk density, ~d 
(arithmetic mean) 

1 Standard deviation 

Confide.nce ·limi.t 
(95 percent level) 
of the mean 

Grain density, . .Dg 
(arithmetic mean) 

1 Standard deviation 

Confidence limit 
(95 percent level) 
of the mean 

Total No. 
of 

samples 

50 

50 

50 

Percent water content by 45 
weight bf natural-~tate 
rock (arithmetic mean) 

1 Standard deviation 

Confidence limit (95 percent 
level) of the mean 

±2.0 

1.73 g/cm3 

±0.19 

±0.05 

2.39 g/cm3 

±0.11 

±0.03 

No. samples 
of unit V 

32 

32 

32 

14.0 perce.nt 26 

±2.5 

±0.8 

±2.3 

±0.15 

2.41 g/cm3 

±0.16 

±Oo06 

l~.o percent 

±2.1 

.±0.8 
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Table 10.·- .. statistical s:umma.ry of some physical properties of natural,..,. 
state samples fron1 the Ul2b~03 tunnel, Nevada Test Site, 
Nye .Col,lllty, Nevada-=Continued. 

Natural-state oulk density,; 
Dtn (arithmetic mean) 

1 Standard deviation 

Confidence limit (95 percent 
level) of the mean 

Total No. 
of 

samples 

37 

Water content in grams per cc 37 
of natural.-sta:te rock 
(arithmetic mean) 

1 Standard deviation 

Con:fidenee limit ( 95 percent 
level) of the mean 

No. sam;plep 
of unit V 

2"01 g/cm3 24 

±0.11 

± .o4 

0. ,270 g/cm3 24 · 

±0.039 

±0.013 

y Standard deviation assuming a normal distribution. 

2.02 g/cm3 

±0.14 

t0.06 

0.257 g/cm3 

±0.016 



Table 11. -..,-some physi-cal pr_etperties f(}r in.tl.ividual samp~es of tuff from the Ul2bC!'03 tunnel, 
Nevada Test Site~ Nye County, Nev.a,da 

S;nnpl~ RGek 
number unit 

v 

ll 

14 X 

* 15 

* 16 W. 

19 v 

20 v 

21 v 

22 v 

23 v 

* 24 s 

* 25 

* 26 u 

* 27 u 

Dis.t.attee 
~rom en.tr a.nee 

o.f Ul2bo03 
(feet) · 

300 

500 

.500 

550 

550 

615 

615 

630 

630 

630 

50 

50 

150 

15.0 

Porosity 
(per:cent) 

(P) 

Dry bulk Grain dens.ity 

30.5 

24.5 

27.1 

16.3 

19.5 

16.5 

27.9 

28.5 

3.9.8 

4.5.6 

32.5 

dens.i ty (:Og ) 
.(~d) 

1.77 

1.78 

Disintegrated 

1.97 

1.98 

1.73 

Disintegrated 

Disintegrated 

1.41 

1..57 

2.30 g/cc 

2.35 

2.44 

2.40 

2.45 

2.38 

2o40 

2.43 

2,32 

during 

during 

d.uring 

Per-cent 
w~ter c ontent 

(by weight) 

18.2 

15.5 

13.7 

9.5 

15.3 

8.5 

14,4 

13.9 

1.S.2 

13.7 

9.9 

22.5 

19.0 

Natural ... state 
bulk. density 

<n.:.n_ ) 
g/'6-c 

1.89 

2.05 

2.02 

satur(ltion 

2.14 

2.~_? 

1.97 

saturation 

1~98 

saturation 

1.73 

1.62 

Water co.ntent 
(by volume) 

g/cc 

0.344 

.318 

.277 

.209 

.182 

.327 

.274 

,271 

.38.9 

.408 

.353 



Table 11~- ... some physicaJ- .properties for individual samples of tuff f'r.om the Ul2b.03 tunnel, 
Nevada Test Site, Nye County,. Nevada--Continued 

Sample Rock 
number unit 

* 28 

* 29 

* 30 

* 31 

* 32 

•)(- 33 

* 34 

*'35 

37 

38 

40 

41 

v 

v 

v 

v 

X 

X 

v -

v 

v 

v 

v 

v 

v 

Distance 
from entrance 

of T.ll2b.03 
(f~et) 

250 

250 

350 

350 

450 

450 

625 

625 

639 

639 

shot 
chamber · 

do 

do 

Porosity Dry bulk. Grain density 
(percent) density (Dg) 

(P) (1\d) 

40.4 

36.5 

3lo7 

43.4 

27.3 

24 .. 0 

23o3 

27 ~. 8 

27o6 

30.3 

23.0 

1.40 

1. 54 

1.55 

1.71 

1.76 

1 .. 87, 

1.-74 

1.75 

1.74 

1.85 

2.34 

2.36 

2.~6 

2.74 

2.36 

2.47 

2.39 

2.40 

Percent 
wa. ter c{)ntent 

(by weight) 

23 .. 8 

.l9.4 

18.4 

13.3 

14.4 

13.9 

10.1 

12~4 

14.8 

l3.5 

12.8 

12.9 

11.0 

~tu-r;al-state -t·Wfl. ter eont·ent 
b4~k density ·(by volume) 

-(~n) g/cc 
g/cc 

1.73 

1 .. 79 

1.83 

1. ·76 

1-.96 

2.01 

2.·06 

1~96 

2.01 

2.05 

0.412 

.347 

·337 

.234 

.282 

.279 

.208 

?243 

.297 

.263 



Table 11.-•So:me physical properties for indivi.dual samples of tuff from the Ul2b.03 tunnel, 
Nevada Test Site, Nye County, Nevada Continued 

Sample Rock Distance Porosity Dry bulk Grain density Percent Natural~state Water content 
number unit from entrance (percent) density (Dg ) water content bulk density (by volume) 

of Ul2b ... 03 (P) (D ) (by weight) (~~ g/cc 
(feet) bd g/cc 

44 v shot chamber 24.6 1.85 2.46 12.0 2.07 0.248 

45 v do 23.8 1.85 2.43 10.8 2.05 .221 

46 v do 22.8 1.85 2.40 11.3 2.06 .233 

47 v do 20.6 1.84 2.32 9.9 2.03 .201 
V1 
00 

48 w do Disintegrated during 14.9 saturation 

49 v do 25.5 1.80 2.42 13.6 2.04 .277 

50 w do Disintegrated during 18.8 saturation 

51 v do 29.6 1.69 2.40 15.4 1.95 .300 

52 v do 29.6 1.74 2.46 12.8 1.96 .251 

53 v do 24.7 1.74 2.30 9.4 1.90 .179 

55 v do 22.1 1.89 2.43 12.0 2.12 .254 

56 v do 35.4 1.58 2.45 17.5 1.86 .326 

57 v do 31.0 1.66 2.40 16.0 1.92 .307 



Table ll.==Some physical properties for individual samples of' tuff from the Ul2b~03 tunnel, 
Nevada Test Site, Nye County, Nevada--Continued 

Sample 
number 

59 

6o 

61 

62 

70 

71 

72 

73 

74 

Rock 
unit 

v 

v 

v 

w 

w 

v 

v 

w 

w 

w 

X 

w 

y 

Distance Porosity 
from entrance (percent) 

of Ul2bo03 (P) 
{feet) l 

shot 
chamber 

dG 

. do 

24.4 

Dry bulk 
density 
(~d) 

1.85 

1.89 

1.97 

Grain ·· density 
(Dg) 

2.44 

2.45 

2 .. 39 

do Disintegrated during 

do 

do 

do 

do 

do 

do 

alcove //=1 

do 

do 

Disintegrated during 

33.2 

27.3 

_Disint.egrat.ed during 

16.6 

30o6 

16.0 

1.83 

1 .. 69 

1.90 

2.49 

2.42 

2.20 

2.43 

2.66 

Disintegrated during 

35.0 1.55 

Percent 
water content 

-{by ·weight-) 

12.3 

ll.3 

9.6 

Na-tural-s ta. te 
b.ul.k .. densi ty 

(_Dt __ n) 
gfcc 

2.07 

2.10 

2.16 

17.7 

14.7 

15.6 

13.6 

18.2 

saturation 

14.6 

14.9 

12.1 

15.6 

17-3 

saturation 

2.00 

·saturation 

2.10 

1.94 

2.13 

saturation 

1.82 

Water content 
(by volume.) 

gjcc 

.237 

o207 

.300 

.272 

.307 

.289 

o258 



Table 11 .... -some physical properties for individual samples of tuff frGm the Ul2b .-03 tunnel, 
Nevada Test Site, Nye County, Nevada -- Cont~nued 

Sample Rock Distance Porosity Dry hl!lk Grain density Percent Natural-state Water content 

numbe.r unit from entrance (percent) density (D ) water content bulk density (by volume) 

of Ul2b.03 (P) (Db d) 
g (by weight) <~n) g/cc 

(feet) g/cc · 

75 X shot chamber 21.8 l o82 2.32 14,7 2.08 0.306 

76 w do 33.9 1.60 2.42 16.5 1.86 

77 X do 26.0 1,74 2.35 13.8 1.98 

78 z do 15.0 1.95 2.29 12.5 2.18 

79 z d.o 23.3 1.71 2.22 15.0 1.96 

450Y y 450 29.6 1.62 2.30 17.2 1.90 

450Z z 490 23.5 1.68 2.20 14.7 1.93 

* Denotes sample that was collected after m1.n1.ng operations had passed the location of the sample., 
These samples are ·not considered natural-state samples and have not been used in the statistical 
·computations .• 

.307 

.213 

.273 

.294 

.327 

.284 

·, 

0\ 
0 
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Table 12.•-Statistical summary o.f some physical properties of natural• 
state samples, f.rom the Ul2b.04 tunnel, Nevada Test Site, 
Nye County, Nevada 

Physica,l property No. of Arithmetic l Stand.ard 95 percent confi-
samples mean deviation d.ence limit of 

arithmetic mean 

Porosity (P) 30 29.1 ±5.0 ±1.8 
percent 

Dry bulk den.sity 30 1.67 :;!:0.10 ±0.03 
{Dbd) f!J.D/CC 

Grain den,ity 30 2.35 ±0.08 ±0.03 
(D ) gm cc 

_g 

Water ,cemtent, 26 16o5 ±3. 7 ±1.5 
by weight percent 

Na,tura1~state 23 1.90 ±0.08 ±0.03 
bulk density (~n) 

f!:}D/cc 

water content, 23 0.296 ±0.044 ±0.02 
by volwne g/cc 



Table 13co""'•Some phy:sical _ p~operties of individual samples of tuff from the Ul2b.04 tunnel~ 
Nevada Test Site, Nye County~ Nevada 

Sample Rock Dis tance Porosity Dry bulk Grain density Percent Natural=state Water content 
number qnit frorit entrance (percent) density (D ) water content bulk density (by volume) 

(Tos7) o.f Ul2ba04 (P) (J4,d) 
g 

(by weight) (D ) g/cc 
g?gc 

1 v4 710 21.9 1q75 2.25 12.3 1e97 Oe242 

z- v5 710 19e8 1.82 2.27 12.1 2o0l 0.243 

4 v6 763 33o7 1.50 2.27 18.9 1e79 0.338 
0\ 

5 v6 771 29.2 1.63 2.30 15.1 1.88 0.284 N 

6 v6 771 1,72 2.29 12.4 1.93 0.239 

* 11 
1/ v- 300 Disintegrated during 15.6 saturation 

* 13 v 400 Disintegrated during 17.6 saturation 

*. 15 v 500 Disintegrated during 26.4 saturation 

* 16 v 500 Disintegrated during 26.9 saturation 

* 17 v 600 35.1 1.64 2.53 15~0 1.89 0.284 

* 19 v 625 30.5 1..78 2.56 13.8 2.03 0.280 

* 20 v 625 34.2 1~~64 2.50 16ol 1.91 0~308 

* 2_1 v 650 28o7 1.73 2.43 15.4 2.00 0.308 



Sample 
nUlllber 

* 23 

* 25 

* 26 

27 

29 

34 

* 36 

* 40 

* 42 

* 43 

50 

51 

* 52 

54 

Table 13 .... ....gome physical propertie.s of individual samples of tuff from the Ul2b.04 tunnel, 
Nevada Test Site, Nye County, Nevada ... •Continued 

Rock Distance Porosity Bry bulk Grain density .Percent Natural-state Water .content 
unit from entrance (pereent) density (Dg) water .content bulk density (by volume) 
(Tos7 ) of Ul2b.04 (P) (~d) (by Ieight) (~n) g/cc 

g cc 

v 675 22,3 1.83 2.35 12.6 2.05 0.258 

J'4 700 26.4 1.70 2.31 13.9 1.94 0.270 

vs 700 26.1 1.72 2.33 15.4 1.99 0.306 0'\ 
w 

v6 725 34.7 1.54 2.36 18.0 1.82 0.328 

v7 750 29.9 1.63 2.33 14.5 1.87 0.271 

v Alcove Ill Disintegrated during 27.9 saturation 

v do Disintegrated during 24.9 saturation 

v 450 Disintegrated during 27 .3 . saturation 

v 150 D.isintegrated during 20.0 saturation 

v 250 Disintegrated during 16.5 saturation 

v Alcove 112 Disintegrated during 19.4 saturation 

v do Disintegrated during 21.4 saturation 

v 50 Dis integrated during 17.9 saturation 

v 786 404 J. 1. 40 2.33 22.7 1.71 0.388 
6 



Table 13. ==Some physical properti~s of individual samples of tuff. from the Ul2b. o4 tunnel, 
Nevada Test Site, Nye County, Nevada--Cont.inued 

Sample Rock Distance Porosity Dry bulk Grain density Percent Natural-state Water content 
number unit from entrance (percent) density (Dg) water content bulk density (by· -volume) 

(Tos7) of Ul2b.o4 (P) (Dtd) (by weight) (Dbn) _ g/cc 
g cc 

57 v5 790 27.9 1.72 2.39 l4.o 1.97 0.276 

59 v7 790 21.5 1.82 2.32 11.4 2~03 0.231 

62 V6 790 27.3 1.67 2.30 15.1 1.93 0.291 

63 V7 790 25.8 1.67 2.23 15.0 1.92 0.28-8 "' .p. 

65 v2 Chamber 32.3 1.61 2o38 16.9 1.89 0.319 

66 vl do 33.2 1.60 2.40 l8a6 1.90 0.353 

81 v Alcove 1}1 36.2 1.56 2.45 17o0 lo83 Oo3ll 

83 v do 29.8 1.64 2 .. 34 15.-2 1.89 Oo287 

525 v 525 35.0 1.56 2.40 21.0 1.88 0.395 

R4-2 v3 Chamber 32.1 1.60 2.36 17o5 1.88 0.329 

R4-5 "4 do 27.6 1.65 2.28 15o7 1.91 Oo300 

R4-12 V6 do 23.4 1.73 2.26 12.7 1.95 0.248 

R4-16 v3 do 27 .. 1 1.73 2.37 15.1 1.99 0.300 

R4-18 v5 do 32.9 lo52 2.26 16.4 1.77 0.290 

R4=20 v3 do 22.3 1 .. 83 2.36 12.9 2a07 0 .267 



Table 13.=c.Some physical properties of individual samples of tuff from the Ul2b.o4 tunnel, 
Nevada Tes t Site, Nye County, Nevada~.,.continued · 

* Denotes samples that were collected from places f'a.r r .emoved from current .. mi-ning -activiti'es. 'Theee 
samples may not represent the-:aatural,.,state condition of _the rocks _in placeo 

!::,/ Those samples designated unit V without subscript were collected east of the f.--ault that cros£es the 
tunnel at 694 feet (figo ll), east of which unit V is not divided into subunitso 
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These properties were determined for as many samples as possible 

from a total of 60 samples collected from the Ul2b. 03 tunnel and 42 

samples collected from the Ul2b.o4 tunnel. The data for individual 

samples are tabulated in tables 11 and 13. Some core specimens dis­

integrated during saturation and the percent water by weight was the 

only pr operty determined for those sampleso A statistical summary of 

the phys i cal properties for all natural=state samples from the Ul2bo03 

t unnel and all samples of rock unit V are listed separately in table 10. 

A s tatistical summary of the physical properties for all natural-state 

samples from the Ul2b.o4 tunnel is listed in table 12. 

The statistical data summarized in tables 10 and 12 are for only 

those samples that are considered to approximate natural-state 

conditions. A comparison of the properties of the natural-state and 

the nonnatural-state samples from the Ul2b.03 tunnel Qa.s shown tha.t the 

water content for both types of samples is about the same. Howeve-r, 

this similarity in water content is misleading as water is believed to 

have been added to the nonnatura.l ... state sB,Jn.ples from ground water moving 

into the tunnelo Further study of the properties of natural- and non= 

natural-state samples will be undert~ken to investigate these effe:cts. 

The statistical summary of the properties for rocks from, the Ul2b.03 

tunnel includes only those from unit V, because the uum.bers of samples 

of the other rock units :were insufficient for statistical analysis. 
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PART V o GROUND WATER 

By Alfred Clebsch, Jr. 

Occurrence 

In contrast to the dry condition· of the main Ul2b tunnel and 

t unnels Ul2b.Ol and Ul2b.02, the Ul2b.03 and Ul2b.04 tunnels showed 

ev idence of circulating ground water. In the Ul2bo03 tunnel, free 

water was observed between 298 and 501 feet from the junction with 

the main Ul2b tunnel, In the Ul2b.04 tunnel, water discharged from 

the rock in the stretch between 161 and 561 .feet from the junction 

with the main tunnel. Virtually all the water discharged from frac~res, 

faults, and joints; there was no evidence of discharge from intergranular 

pores. In the tuffaceous sandstones stratigraphically above the rocks 

exposed by these two tunnels (table 1), there may be some ground water 

that moves predominantly through intergranular pores, but the volume 

of such water is undoubtedly small and the details of occurrence are 

unknown. Although water moves predominantly through secondary ppenings, 

there probably is some indirect stratigraphic ~ontrol of the movement 

of water through the tuf~ because of stratigraphic and lithologic 

influences on the distribution, continuity, attitude, and width of 

fractures and joints. 

Most of the tunnel footage is in subunit V, unit Tos7, but subunits 

R through Z are exposed also (figs. 3 and 4). 
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Ul2b.03 tunnel 

According to reports of miners working in this drift, the section 

that produced wat•~r was dry at the time it was driven and the water 

appeared several days later. This might possibly suggest that the 

water i s transient and that the time (midoJuly) indicates the time 

lag between the ot::currence of snow melt on the mesa sur face and the 

appearance of wat•~r in the tunnel which is about 500 feet vertically 

beneath the .surfat:e. The time lag could also be one year or more 

longer than the f4:!W months indicated between the time of snow melt 

and midoJuly. On the other hand it is possible that the process of 

excavating t4e tunnel may have merely resulted in the opening of 

waterafilled frac t ures so that they drained into the tunnel. 

Total discharge of ground wate.r from this tunnel probably was 
• 

less than a gallon a minute at its peak. 

On July 22, 1958, the maximum discharge of water was near 370 

feet fr om the junc::tion with Ul2b, where the contact of units V and W 

( fig. 3) intersects the back. This suggests that unit V acts as a 

perching bed for water moving down-dip in unit W, but from outward 

appearances there is little difference in the permeability of the two 

units. This question can be resolved only when laboratory determin~-

tions of permeability are available. 

The thin sandstone at the base of unit Z, exposed in the Ul2b.03 

tunnel, appears capable of transmitting some water through its i~ter-

granular spaces. It could be fortuitous that the most prominent seep 
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in the drift occurred at the contact of units V and W. It may be 

that unit Z, or another unit higher in the strat igraphic section, 

transmits water laterally and that joints cutting across units W, X, 

and Y drain water from unit Z and into the tunnel. 

No discharging water was observed in the tunnel beyond about 

501 f eet from the junction. This probably is related to the h igher 

concentration of joints, many of them near vertical, in the vicinity 

of the shot chamber (fig. 3). These would t~nd to transmit water 

downward readily and prevent its accumulation on possible perching 

beds. 

Ul2b.04 tunnel 

Seven zones in the Ul2b.04 tunnel from which water was dripping 

were observed on July 22, 1958, between 162 and 561 feet from the 

junction with Ul2b tunnel. Four of these were at or near fault zones, 

two were along joints, and one was obscured by lagging. All the water 

discharged from subunit V, unit Tos7 (fig. 4). A cursory examination 

of the tunnel on October 25, 1958, indicated that water still discharged 

fr om these zones and from the faults exposed in the Number 2 alcove, 

which had not been excavated in July. The total discharge into the 

drift was no more than a few gallons per day at the times of observation, 

but the discharge appeared to be less in October than in July. 
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Chemical characteristic·s 

Chemical analyses of water samples from the seeps in tunnels 

Ul2b.03 and Ul2b.04 are shown in table 14. For comparison, the 

analysis of a water sample collected from station 14+65 of the 

Ul2b Exploratory tunnel is included also. 

The low concentration of dissolved solids suggests one or more 

of· the following: 1) the water has not moved far from the recharge 

area; 2) it has moved relatively rapidly through the rock; and 

3) the rock itself does not contain highly soluble constituents. 

The princip~l dissolved constituents are· sodium and bicarbonate 

ions and silica. 
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Table 14.~aChemical analyses . of ground water from the Ul2b tunnel 
system 1/ 

Analysis No. 

. Location 

Date of collection 

2819 

Ul2b.03 
sta 3+70 

8/22/58 

Chemical components (ppm) 

Silica (SiO~) 

Aluminum (Al) 

Iron (Fe) (total) .,._ 

Manganese (Mn) IX' 0.:20-

Calcium (Ca) ~~C)-CJII--

Magnesium (Mg) -«DC111-0 

Sodium (Na) a.eQcs-c.CS)• 

Potassium (K) eoc:aCD-C.CI 

61 

.40 

.00 

9.6 

1.5 

15 

2.8 

Bicarbonate (HC03) -~48 

Carbonate (C03) 0 ~ 0 "" 0 

Sulfate (S04) Q=~-~- 8.2 

Chloride (C1) ---~-~ 7.5 

Nitrate (N03) a-~~~- 7.4 

Phosphate (P04) -co~m .15 

2893 1:.1 
Ul2b.04 
sta 3+26 

9/29 ... 10/1/58 

8.0 

8.3 

22 

60 

0 

12 

2589 

Ul2b Exploratory 
sta 14+65 
6/6/58 

68 

.4 

.14 

.00 

13 

1.0 

18 

2.8 

74 

0 

12 

5.0 

. 1 

.05 
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Table 14.--Chemical analyses of ground w4ter from the Ul2b tunnel 
system--Continued. 

Analysis Noo 

Location 

2819 2893 l.J 
Ul2b.03 Ul2b~04 
sta 3+70 sta 3+26 

Date of collection 8/22/58 9/29-10/l/58 

Physical characteristics ,and computed values 

Dissolved solids (ppm) 

Res. on ~vap. at 180°C 

Sum ~-----~----·---------

151 

143 

Hardness as CaCO 3; (ppm)--·-- 30 

Specific conductance 
(micromhos per em. at 
25°C) --·--------~----·- ·144 

pH ~~~-~-~-~-~~~----------- 6.9 

Radiochemical data 

Beta~gamma activity 
(micro~microcuries per 
liter)----- .. ·--------- < 12 ~./ 

Radium (Ra) (micro-
microcuries per liter)- < .1 

Uranium (U) (micrograms 
per liter) ------------ 0.7±Q.l 

Extractible alpha ------- 1.2±1.2 ~/ 

Uranium equivalent 
(gross alpha) (micro· 
grams per liter) ------

Strontium 90 (micro­
microcuries per liter)-

162 

54 

169 

7.5 

<a 4/ 

2589 

Ul2b Exploratory 
sta 14+65 

6/6/58 

134 

159 

40 

164 

7.6 

10 

.2 

1.1 

0.8±Q.6 fl/ 

<s 
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Table 14.oeChemical analyses of ground water from the Ul2b tunnel 
system--Continued 

11 Analysi$ by U. S. Geological Survey, Quality of Water Branch, 
Denver Laboratory. 

11 Volume of sample too small for a more complete analysis. 

11 As of 9/22~23/58. 

~/ As of 10/16/58. 

11 Micrograms per liter. 

~/ Micro microcuries per liter. 
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