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-, SUMMARY OF THE GEOLOGY AND PHYSICAL PROPERTIES
- OF THE CLIMAX STOCK, NEVADA TEST SITE

By
Florian Maldonado

ABSTRACT

The Climax stock is a composite stock of Cretaceous age, composed of quartz monzonite
and granodiorite, which intrudes sedimentary rocks of Paleozoic and Precambrian age.

Tertiary rocks consisting of tuff, welded tuff, and breccia mrlie the stock and sedi-
mentary rocks. :

Hydrothermal alteration of the granodiorite and quartz monzonite is found ninly along
joints and is extensive, but the intensity of alteration varies from place to place. The .
surrounding sedimentary tocka (narbonates) have been metasomatically altered to tactite and ‘

- marble as much as 1,500 feet: (1557 m) from contact with stock; the degree of netanorphisn “
decreasing away from the intrusive. :

The major faultl found in the vicinity of the Climax stock are the 'rippinip fault, the
Boundary fault, and .the Yucca fault. In. the stock three prominent joint sets and their
average attitudes are N. 32° W., 22° NE.; N. 64° W., vertical; and N. 35° E., vertical. :

Tvo major tunnel complexes have been driven into the Climax stock-—the Tiny Tot tunnel’
complex and Pile Driver-Hard Hat tunnel complex. In the Pile Driver-Hard Hat tunnel complex
two underground nuclear tests have been conducted. o S . .

INTRODUCT ION

'm:ls Teport s\mrizes geologic infomtion on the cnmax stock the gaologic 1n£or-

mation and yhysical property data have been extructed and in sone cases aumstized fro-

! earlier published and unpubliahed Teports.: e - L
- The. Revada Test ‘Site s approximately 70 miles (112 7 kn) northwest of Las Vegas, Rev.,“%

..in Rye County. E nincunaed in this report is Area 15 which is in the extreme non:h ‘end of . i
i the test n:l.te (fig. 1) ‘ The Climax stock is _exposed over an atea approximately 1 1/2 miles k
(2.4 km) long in a aorth-'south direction, and 1 mile (1.6 km) across in the widest east—

vweat d:lnens:lon. :

‘ The topography of the stock rises northward from an elevation of about 4,900 feet

(1,495 n) on the aouth to about 5 800 feet (1,770 m) at the northern boundary.

CLIMAX STOCK -
. Ceneral Statement
The Climax stock (fig. 2a) has intruded rocks of the Pogonip Group (Ordovician),
composed mainly of limestone, dolomite, and shale, and the Stirling Quartzite (Precanbriah).

The Stirling Quartzite is not shown in figure 2a because cutcrop exposure covers a very
small area.
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Figure 1.--Index map showing location of Climax
in Area 15, Nevada Test Site.
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Figure 2a.-—Geologic map of Climax stock.
(Modified from Barnes and others, 1963)
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The stock and the intruded sedimentary rocks are overlain unconformably by Tertiary
pyroclastic rocks that consist of tuff, welded tuff, and breccia (Allingham and Zietz,
1961). The pyroclastic rocks were called the Indian Trail Formation by Barnes, Houser,

. and Poole (1963), and later redefined as the Belted Range Tuff by Dixon'.‘ﬂlrsent. and

- Carx (1976). Erosion has removed much of the yytoclut:ic and udinentnty rocks that

- expose the wmderlylag stock- T & .
" The Climax 1s a composite stock formed of quartz monzonite and gnnodiorite and "

“intruded by numerous dikes and sills. Houser and Poole (1961, p. B~176) coacluded thaf :
the quartz monzonite is younger than the granodiorite mass. A potassium-argon age of i
93 m.y. (Cretaceous) was cbtained from six samples of biotite from the quartz monzonite

7 (Barley Barnes, E. N. nintichn. ¥. A. McKeown, and P. P. Orkild, written cmnun.. 1963,

oy »- 76).

Granodiorite '

) The granodiorite is ilight gray to greenish uediun gray, eqﬁigranuiat. medium gt;:Lned. 'V
and slightly porphyritic; quartz phenocrysts average about 3 mm across. The average grain
size is sbout:2 mm, but the common range is from 1/2 to 4 mm. The average compos:l.cion,
based on 19 modal analyses, is 28 percent quartz, 16 percent potassium feldspn:. 45 percent .
plagioclase, and 9 percent biotite. -Accessory minerals, mainly apatite, sphene, opaque

iron oxides, and zircon, constitute 1-2 percent of the rock (Houser and Poole, 1961). :
Average modal and chemical analyses and normative mineral composition are shown in tables'yl.*
2, end 3, respectively. = ' e

Quartz monzomite

The 'quartz monzonite is light to medium gray, fine to medium grained, highly porﬁhy-f k
Ai';i.'itic, containing sbout 5 percent by volume potassium feldspar phenocrysts as much as

15 cm across and averaging about 5 cm in length, and 5—10 percent by volume quartz - 3

phenocryuts averaging about 4 wmm across. :

: ~.The quartz monzonite has been divided by Houser and Poole (1961, P. 3-176) on the i
'l:asis of grain size into a fine-grained variety, in which the average subhedral grains are g
*from 1/4 to 1 mm across, and a medium-grained variety in which they are 1-1 1/2 sm across.

- The fix;e-mined quartz monzonite occurs in a zone that parallels the border of the 1ntm-;
sives; the medium-grained variety makes up the remainder of the intrusive. In some places
the varieties are intermixed; Houser and Poole (1961, p. B~-176) interpreted this mixing of
grain sizes as the result of auto-intrusion of older fine-grained naterial by younger
medium-grained material. ‘ : '

Granodiorite-quartz monzonite relationship '

Modal analyses (table 1) show that the quartz monzonite contains more K-feldspar and
biotite and less plagioclase than the granodiorite.



Teble 1.-~Average modal analyses for rgc_krs of the Climax stock

< [From Houser and others, 1961, p. 3} - :

Essential = Granodiorite " Quartz
ninerals? - - . , “ " monzonite
Quartz o T 8 . 28
Pot;ssiui and(or) 16 ) v 28
sodiun feldspar
Plagioclase T 45 40
Biotite 9 R 6

"1 Accessory minerals, mainly apatite, sphene, opaque irom
oxides, -and zircon, which together comstitute 1 to 2 percent
of rock, are mot reported here.

Table 2.--Average chemical composition in weight percent of

granodiorite and quartz monzonite from the Climax stock

[From Harley Barnes, E..N. Hinrichs, F. A. McKeown, and
P. P. Orkild, written commm., 1963)

Granodiorite Quartz monzonite
(24 samples) (24 samples)
510, - . 67.6 691
V-;_;Alz‘)a"f“'.'f'—""""f“ - 15.‘8 4 J.SB
* Fe,0,- — 1.8
FeO—-— : 1.6
Ca0- R 7% 3.
Na,0- — T3 3.0
K,0- . "3.5 e 3.9
H,0-— S L - .89
T40, 39 : .40
?295 - A .18 ‘ .21
MnO- : .07 , .04
co, .20 . .10
Sum~ 100 100
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Chemical analyses (table 2) show that the chemical difference between the two rock
types 18 not great. The quartz m ite in respect to the granodiorite containc: (1) more
Ka0, (2) slightly more 810 (3) less total Fe (Fe0+1?e203 recomputed to raO) .and Ca0, and

- (4) very slightly less nuzo (Houser and Poole, :1959a). P

The contact between the granodiorite and quartz monite u generally vertical or very

~steep. It is highly irregular and shows mutually penetutins ﬁny:- of mbwrock type.

"'The penetrating fingers are weasurable in inches or feet in widch. md lensth {Houser and
Poole, 1961, p. B~176). No glassy chilled zone has been observed 11: either rock type.

Dikes and silla

The stock and country rocks have been cut by dikes and sills as much as 500 feet
{152 m) long .and 50 feet (15 m) thick (Barnes and others, 1963). The dikes and sills haw
_no predominant trend except in the central part of the granodiorite where they strike.
northwest. The texture of the dikes and sills ranges from aplitic to pegmatitic, and X
’ ;,cmpos:ltion ranges from slaskite to syenite (Harley Barnes, E. N. Hinrichs, F. A. cheown.
&nd P. P. Orkild, written commm., 1963, p. 74).

Hydrothermal al@;stiw and mineralization

o' Bydrothermal alteration of the granodior:l:e and quartz monzonite is exténsive,i but the
: :dntensity of alteration varies from place to place:(Houser and others, 1961) k “
i <Hydrothermal alteration is found mainly along joints and includea the following I:lnetlls- :
f'clay minerals, .chlorite, secondary feldspar, sericite, quartz, epidote, and sulfide n:lnerah,,
mainly pyrite (Houser and Poole, 1959a). : : o
;... Pervasive hydrothermal alteration of the gtanodiorite and quartz nonzonite has fomd F{ !
clays, sericite, albite, orthoclase, pyrite, and quartz (P. N. llouser and ‘. G. Poole,
* ‘written commun., 1961) in the UlSa site area. : SR %
. "Pyrite and chalcopyrite occur disseminated in the granodiorite (W. L. Emerick, unpub.’
data, 1966). Pyrite also occurs as fracture fuling. cmonly vith the fonuwing m:lnerals'
s Jimnite, manganese, and secondary feldspar.
~The surrounding carbonate rocks have been metasomatically alteted zo tac:ice a.nd
.‘:arble as much as 1,500 feet (457 m) from contact with stock (Houser and Poolg, 1961). s
Tactite mineralogy consists of garnet, quartz, epidote, green mica (chlot:lcé):,k ulonite; : :
‘calcite, and idocrase. Small amounts of pyrite, copper carbonate minerals, scheelite and BT
powellite have been foumd in tactite zones. The Climax mine (fig. 2a) and other workings
'are found along tactite ‘zones and are part of the Oak Spring mining district which produced
mainly tungsten. : '

N .
Structure -

Faults

Three major faults are found in the vicinity of r.he Climax stock (ﬁ.g. 2:) and are the
Tippinip fault, the Boundary fault, and the Yucca fnult. :



T fkmne:, written ‘commun. , 197

The Tippinip fault is located west of the Climax stock outcrop and trends north~-
 northeast displacing the Paleozoic sedimentary rocks, the west block down relative to the
east block. The Tippinip fnult intersects the Bmmdny'fwlt southwest of the stock.

The Boundary fault, vh:lch trends norchmt, 48 located. on the sou:heut side of the
stock, placing the stock in fault contact with alluviun end tuff.” In the southern part
~of the stock, the dip of the fault has been measured st 75° SE. (C.'H. w.l.ler and D, R,
p. 6), the :anthm: ‘block s auplaced ammxd rela
to the nor:bwest block. Ayrgrav‘ity survey was condncud aa-ou the Boundary fault
C. H. Miller and D. R. muer (written c_m ,J:I.973). 'l'he.‘lr :lnterpr‘tation lhowed .quarte

 monzonite faulted ngainst tuff and Ptecalbtian tockc. ind no igneous rocks of the Climax
stock are shown east of :he Bmduy fault (ﬁg. 3).; m:llar and Hiller' crou-uction
© 1ine (A-A', fig. 3) goes through drill hole DE15d where 290 feet (88 n) of ‘alluviem,
1,483 feet (452 m) of Belted Range Tuff, and 4,227 feet (1,288 m) of Precambrisn meda-
+ gedimentary rocka were penetrated without encountering igneous rocks of the clinax stoek.
k The !ucca fnult, the principal exposed structural feature within the Yucca Flat: area. : k
‘ is located south of the Climax stock. It trends northward through the niddle of Yuecca Pht':’f"
and northeastward mear. ‘the Climax stock, displacing the east block downward zeht:ive to tbe ~ 
.-west block, ~and posli.bly; -joins. the Boundary fault just south of ‘the stock. L
Other minor faults found mainly in the sedimentary rocks overlying the stock are high
angle, predoni.nantly ‘with 5txikes of northwest and north-northeast; north-trending faults
are less common in the area. The faults have.been interpreted as later than the :lgneous :
intrusion by F."N. ﬂousercnd “F."G. Poole (wtitten commun. ,1961) , and possibly before the
deposition of the volcanic ‘tuff. Minor postvolcanic fault.s are ptesant, poscibly ropr
senting Basin and Range faulting. : : )

Joints

:In the stock three prominent joint sets md\t.heir ‘average attitudes are J!.; 32° H.; ;i

| 22° NE.; N. 64° W., vertical; .and N. 35° E., vertical (F. N. Houser and F. G. Poole; wrm:en

o joints are commonly filled and, in some instances, are healed complately: wit.h chloritc,

commun., 1961, p.:2). Joints in outcrops are ﬂeathered and npen. ‘but in the lubsurface the e

quartz, secondary feldspar, clay minerals, calcareous clay, calcita, and sulfide ninerall

:'(Houser and Poole, 1959a). :
J. R. Ege and R. E. Dav:ls (vritten- co_un., 1964) mapped the jointa on the surface st

the Tiny Tot site (fig. 2a) approximately 1,400 feet (427 m) 'S. 82‘ W. of the Eard Hat-Pile

Driver shaft (fig. 4, in pocket). The area has three trends of joints as follows:

N. 62° W., dip 20° NE.; N. 30° E., dip vertical; and N. 69° W., 5111)@5“ NE to vertical.

PBYSICAI. PROPERTIBS .

Porosity, grain-density, bulk—density, and powder—density measurements were made an
core samples from the UlS5a exploration hole by Igett (1960). f:oted rock porosities tange
between 0.4 and 0.9 percent; average porosity 18 0.6 percent. Dry-bulk densities range
between 2.65 g/cm3 and 2.69 g/cm3 and average about 2.68 g/cn3. Grain densities range from
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2.66 glem3- to 2.’12”{/@3 and average 2.68 g/cm3. l’owder dmitiu range from 2.67 g/end to
2,71 g/em® and average 2.69 g/cm>. Table 4 gives a summary of the dar.a. _Outcrop samples
j‘vere also measured for: poroo:lty and density (tlble 5),  The gruter poroui:y values for
, outctop nnples probably resulted from chnnse 1u volume as. runlt of vuthu:l.ng. Additiml
muuteunu nf uq:le- obta:l.ned in snd nesr thc UlSa aite, which cm:lsn of tmnel, :

in table 7.

‘l’heml conductivity valucs tange fron 23.4

o able 8 1ists cone ghysical properties of ather granites nnd is presentedbere or -
. “conpar:l.son with roch £ tha Climax stock. : :

_* DRILL BOLES IN THE CLIMAX STOCK .

-7 The dtm ‘holes in' theA m.inax stock and - the v:l.cinity of the stock are listed 1n tablc 9,
; sone of -the drill holes are plotted on figure 4.(in pocket).. Lithologic logs are. milable
‘the ﬂrm holes .and are referenced in table 9.

?ILEDRIVER TWREL'CMEX

- cenaral atatenenc

fl'wo ujot !:unael zolplaes, the tiny Iot and .the Pile Driver-l!ard nat, were: dtiven :l.nto
the mi-ax stock fig. +4,%n pocket). :The Pile Driver tunnel level is approximately =
: ‘,367 feet ‘(MJ n)‘-below‘:he collar: of a _shaft rat Nevada Stace coardinam : "’901.1&7
A ‘*“274 670 a) and E. 677,016 (E. 206,354 m). ‘

" - o "Structurc

- L Faults

The Pile Driver tunnel complex (iig. 5, in poc’ket) was driven in qmtzmite aad
granodiorite of the Climax stock. .The dominant trend nf the . faulta in both tocks is -
northwest-southeast (W L. Emerick, unpub.-data, 1966).  The do-immt fault "set"‘in the TS
quartz monzonite has ‘average orientations of N, 46" WS, 78" NE. dip, /and 1n- thcsmodiorite. ‘
N. 48°.W., 78° NE. dip, resulting in an average - oricnl:ation of ¥. 67‘ W. "}78‘ m. d:lp. : The _
four major fault sets in order of frequency of occurrence in the quar:zr moni:e are t:he 2

" following: N. 46° W., 78° NE. dip; N. 50° W., 82°'SW. dip; N. 49° W., 90° aip; and N. -44° B,
68° E. dip. In the granodiorite the most frequent fault sets are the following: N. '48,' w.,
78° NE. dip; N. 36° E., 69° SE. dip; N. 44° W., 45° RE. dip; and N. 49° W., 90° dip‘ ~W. L.
Emerick, unpub. data,.1966). Strikes and dips of fault sets common to both quartz monzonite

1



‘sble 4.—Summary of porosity and demsity of Climax gglnigc" gg{ les from the

Co-poaitionmot: accuraf;ely “known in range fron quattz
Mzonite to granodiorite.

£X TR

fable35.——Averags porositysand-density of Climax granitelsoutcrop samples

- Ta. Co-posiunn notﬂaccuutely known in mge ftou quartz mnzon;ltc o
R 'gtanodior:lte. : :




Table 6.~-Summary of measured physical properties of samples from the
Ul5a#31 (Granite hole) site, Climax stock

[Modified from F. N. Houser, written commun., 1962]

Rock type Number of Porosity Dry-bulk density Grain density
samples (percent) (g/cn?) (g/cm®)

Range Average Range  Average Range Average

Pine-graiQed 16 0.2-2.6 0.71 2.6-2.7 2.66 2.6-2.7 2.68

quartz monzonite

Medium-grained 15 0.3-5.0 1.08 2.5-2.7 2.64 2.6-2.7 2.67
quartz monzonite

Granodiorite 8 0.3-3.6 1.55 2.6-2.7 2.64 2.6-2.7 2.69

Table 7.--Measured thermal conductivities of granite!l samples from the

U15a#31 (Granite hole) drill hole, Climax stock

[From Izett, 19601}

Sample No. Thermal conductivity
and depth W/m*K units
(feet)
G-63 25.1x107}
G-144 23.9x107!
G-236 24.3x1071
G-277 23.9%107!
G-400 33.9x107!

’ G-500 27.6x107}
G-600 30.1X107!
G-700 23.4%107!
G-800 26.4%1071
G-854 24.3%1071
G-900 26.4X10"!
G-1000 29.7x1072
G-1100 23.9%107!
G-1200 23.9x107!

1 Composition not accurately known in range
from quartz monzonite to granodiorite.

13



Table 8.--Some physical properties of granites

atmospheric pressure
(kg/cm?)

Compressive
Shearing

Tensile

1,000-2,800
150-300

30-50

. [From Gibbons and orhers, 1959]
Property Number of Value Reference
determinations

Porosity (percent) 5 0.3-2.6 Daly, 1933
Specific gravity 155 2.516-2.809 Do.
Water content 184 0.84 Do.

(percent by weight)
Mean elasticities

Bulk modulus 7 3.03x10:1 Do.

(dynes/cm?)

Rigidity modulus 7 2.067x10!1 Do.

(dynes/cm?)

Young's modulus 7 5.05X1011 Do.

(dynes/cm?)

Poisson's ratio 7 0.222 Do.
Thermal conductivity

(W/m*K)

L ]
0°c 24.3-35.2x107" Birch and
others, 1942
-2

100°C 22.7-30.1X10 Do.

Average strengths at Daly, 1933
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Table 9.--Dril} holes in the Climax stock and vicinity

[Leaders (---) indicate datn not available]

Hole No. Location Depth Spud date Hole No. Location Depth Spud date
(ft/m) (fe/m)

Ulsa 1 2 3 N. 901,906 963/294 9/23/59 u1S N, 903,705 1,553/473 10/25/64
E. 676,827 Gz #15-52 E. 680,314

Ul5a#28 N. 901,925 949/289 6/24/60 Ul5 GZ #24 ' N. 901,270 1,439/439 B8/8/64

Rad Chem E. 676,812 E. 679,690

v1sa#31} 2 ?  N. 901,907 1,200/366 ? v15 Gz #25° N. 900,879 1,525/465 8/1/64

Granite Hole E. 676,827 E. 680,421

U15a#3z ! N. 902,161 908/277 8/11/60 U1Sb ! N. 903,058 1,323/403 1/6/61
E. 677,798 E. 677,367

Ul5a#33 ! N. 901,688 987/301 8/25/60 Ul5b GZ! % N. 903,065 1,800/549 12/13/60
E. 678,857 (Ex.) E. 677,436

Ulsa#3s4 ! N. 902,884 987/301 7/25/60 U15b Ex.#11 % N. 903,879 1,800/549 12/16/60
E. 677,108 E. 678,046

U15a#35 ! N. 900,469 822/251 8/9/60  U1Sb Ex.#2 ! “ N. 902,570 1,800/543 12/10/60
E. 677,180 E. 678,355

Ul5a#37 ! N. 901,311 1,667/508 8/8/60 UE15d 3 N. 895,709 6,001/1,829 9/27/61
E. 676,943 Water Well E. 682,084

Ul5a#38~1 1 N. 900,992 386/118 7/28/60 UEl5e! & N. 900,982 - 600/183 7/2/64
E. 677,053 E. 676,015

Ul5a#38-2 K. 900,994 2,001/610 8/14/60 UlSe#l!} N. 900,874 325/99 2/17/65
E. 677,046 E. 677,517

Ul5aPS#1 N. 901,906 963/294 3/18/62 Marble #11  N. 902,475 378/115 5/17/59
E. 676,827 (ME-1) E. 675,331

Ul5a28s PS N. 901,915 1,016/310 3/18/62 Marble #2! N. 903,676 274/84 -—
E. 676,816 (ME-2) E. 675,845

U15a29 PS#1 N. 901,925 724/221 2/18/62 Marble #3! 7 N. 903,096 978/298 6/12/59
E. 676,852 (ME-3) E. 674,866

Ul5a29s PS N. 901,966 402/123 3/19/62 Marble #4 ° N. 904,480 1,187/362 7/13/59
E. 676,838 (ME-4) E. 973,758

U15.01Ps #1v  N. 902,201 655/200 7/19/67 USGS Hole #36 N. 901,565? 204/62 ?
E. 677,927 (Seismic) E. 677,755?

Uls Gz N. 902,207 1,213/370 9/29/64 UlSe PS #1V N. 900,866 322/98 8/27/65

(Inst.) E. 677,923 E. 677,526

Ul5 6z #141 N. 903,267 3,573/1,089 9/8/64 UE15£1 9 N. 900,912 653/199 8/5/64
E. 679,619 E. 677,907

vls cz #151 N. 903,705 46714 8/31/64 UE15gl K. 901,010 655/200 9/16/64
E. 680,315 E. 677,685 )

U15 Gz #15-S  N. 903,702  41/13 10/23/64 UE1Sh N. 901,088 606/185 10/16/64
E. 680,315 E. 677,686

-

mF oW N

Location plotted on figure 4.
+Ul5a is in same location as Ul5a#31; hole diameter widens to 963 feet (294 m).
Houser, F. N., and Poole, F. G., 195%.
Houser, F. N., 1961.
Dickey, D. D., and Emerick, W. L., written commun., 1961; Cole, T. H., and Williams,

W. P., written commun., 1962.

w o N

Ege, J. R., written commun., 1965.

Houser, F. N., and Poole, F. G., 1959%.
McKeown, F. A., and Wilmarth, V. R., 1959.
Ege, J. R., and Davis, R. E., written commun., 1965.
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CrYucea fault zone.

- The test produced a noderate mnber of sutface fuctures but no s:lnk' (P. J. Barosh, 5
“written ca—m., 1967). +Most “of -the e_xplosion-produced ﬁncturea'are on mads and pads and s
‘appear to be untelated ‘to, geology. Some north‘northmt-trendina ttactntes formed »a}.onx the

Some fractures also formed along the Boundary flult vhere it :la crosaed

«'by roads. The effects from the test were napped by P. J. Barosh ('ritten conm.. 1967) end
-are shown on figure 4
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5 85 45 A5 25 |§ ® S IS 26 35 45 55 65
Number of faults

239 Faults in quartz monzonite

137 Faults in granodiorite

FIGURE 6.--Strike of faultsinthe quartz monzonite porphyry and
granodiorite, Pile Driver tunnel. (From W.L .Emerick, unpub.
data, 1966.)
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“f‘*“llble 11.~~Density of joints in Pile Driver tummnel

o IW. L. .Emerick, unpudb. data, 1966. o
“qm, quartz monzonite; gd, granodiorite.] '

“Tunnel interval Runber Jo:lnts/foot Tunnel ‘interval m Jointe/foot |

R drift :
..gd 0 to,fi)l"&lw -
197 ga
07 7. gd
.11 gd
i35 : igd

40 49

10400 to 11400 -
" 11400 to 12400
12400 to 1300
AH00 to 14H00

Tall drift :
o+oo to 1+OS{face) 52 49

: Eloaives drif

Iodriee -
: wﬂ to 0+75(£ace) 83 141 .

0 'to 0+75(face)

‘v’q“

YR drift

gd
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to 10+00)

or
893 joints in quartz monzon

aln tunnel {10+ 00 to face)

Percent
odiorite in m

in gran
AL, YR, XL drifts

494 joints

n AR,CR, OL,BL,

onfte

oints In quar
and BR drifts

FIGURE 7.--Bearing. frequencies of joints in Pile Driver tunnel. (From W.L.Emerick,
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unpub. data, 19686.)
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A nuclear device yielding approximately 5 kt (low yleld) was detonated in the Hard Hat
tunnel (fig. 5). The working point-was located in a drill hole (Ul5a, Ul5a#31; hole

diameter reamed down to 963 feet (294 m)) 181 feet (55 m) horizontally and 89 feet (27 m)

vertically below the end of the Hard Hat tunnel. The effects from the event were mapped

by W. L. Emerick, R. P. Snyder, and W. E. Bowers (written commun., 1962).
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