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e.: ’, S SUMMARY AND CONCLUSIONS

To help evaluate the Sand Sprmgs Range asa srte for the Atomrc Energy Commlssron s proposed .

’ 5 klloton underground nuclear Shoal Event, the: Umversrty of Nevada with the aid of subcontractors R e :

~and Atomic Energy Commission ‘support groups (Holmes and Narver Inc., and Reynolds Electrrcal'

L and Engmeenng Co,, Inc) thas completed an exploratron prograrn begun late in November 1961
- Elements of this. program included bulldozer work engmeerrng control, aerial photography, preparatron S

e photomosarcs and - topographic  maps, geologrcal ‘mapping at three different scales, mmeralogrcal o
o studies, age determinations, diamond drilling of two test holes ‘in gramte a gravity survey, an aero- . -
|~ magnetic survey, a refraction survey, certain physrcal tests on the core, study of the hydrology of the- =~
" Range and the surrounding alluvium, drilling and study of four hydrologlcal test holes in the alluvrum
oand study of hydrologrcal condltrons of the two holes in granite. o

“The northerly—elongated Sand Spnngs Range is cored bya mediam- to coarse—grarned locally por-. - .n
- phyritic, ¢ Cretaceous granitic body’ (granite-granodiorite) , almost batholithic-in size. On the north this > .- -
. intrusive is flanked: by ‘metamorphic rocks of probable Mesozoic and older ‘age, and by Quaternary- .. ="
: ‘Tertrary volcanic rocks. ‘Metamorphic rocks in intrusive contact with the granite on the southwest are * "~
~in turn lapped by Quaternary-Tertiary volcanics and alluvium. Fairview Valley lies on the east; geolog:

o cal. and geophysical evidence indicates- this is a complexly down-faulted block. The' west-central part’. oo
Lo of the intrusive locally is overlapped by basalt flows.which protrude eastward from the Cocoon Moun- - -
- tains. On the northwest is Fourmile Flat, which geological and geophysical evidence suggests tobea - -
- pediment floored mostly by gramte and locally by metamorphlc rock and on. whrch alluvral Veneer;T s

B L gradually thrckens westward

The gramte mass is brolcen by steeply drppmg faults that stnke predommantly N 50 —6o W and Co

B :*'N 30° E., and by joints, the best developed of which-also strike N. 50°-60° W. and dip steeply. Closely. -

R spaced fracture cleavage planes that trend N 30 E. and- drp steeplv, are promment throughout the

£ . Range.

r\_

i Aphte—pegmatrte drkes are abundant inan elon gate zone on the northwest srde of the grarute Thls -
‘zone curves southeast through the west central part of the. Range and intersects the granite-metamor-

* phic rock contact-to the south. These relatlvely narrow dikes are generally chaotic in strike and dip in -

the.central part of the zone, but commonly are oriented by the northwest joint set on the fringes. of

5 * the zone. This is especially true of the Ground-Zero area. A mass of intrusive breccia that somewhat re- . =

o ~sembles aplite, but which probably is ‘more elosely related to younger rhyollte drkes occurs on the:“,.‘ S

o 'northeast side of the Range.’

" .The northwest-trending faults and ]omts in the north half of the Range often are occupled by‘f-'

- swarms of steeply dipping andesite and- rhyolrte dikes that rarely exceed 5o feet in width. The faults, =
partrcularly where the rhyolite dikes predominate, commonly have wide bleached ‘and iron-stained
e bands To the south, dikes are much less abundant and have northeast east, and northwest orrentatrons e

The gravity survey, desrgned to- mvestlgate the flanks of the Sand bprrngs Range and nerghbormg “

E f'l,:'f_,’valleys shows an- expected gravity high over the mountains and lows over the valleys. The westward f” e
S drsplacement of the high is attributed to metamorphrcs which could extend northwest under the alla-

jvium of Fourmile Flat and possrbly through the position of hydrologrcal test hole H-3. The eastern side - V[V i
~of the Range is bounded by a series of northwest- and northeast—trendmgfaults of large dlsplacement ST

' A gravrty nose extendrng into Farrvrew Valley south of Lucky Boy Canyon marked also by a small'" R




s S aeromagnetrc hrgh is mterpreted as berng produced by a shallow burred horst capped hy metamorphrcs

; 7 ~No faults of large offsct are evident from gravity data on’ ‘the northwest srde there appears instead to -
o _'be a rather featureless bedrock surface that drps westward at a low angle EIEOh A TR \J o

Usmg a quantrtatrve approach based on an as sumed densrty contrast of 0.5 g/cc depth to “bed-

e rocl< in Fairview Valley is calculated at 5,800 feet; this is in good agreement with the depth obtained
- from aeromagnetic data: The depression apparently is a combination of step- faulting and down—warpmg
" The western side of the Range may be bounded by a ‘normal fault with a. displacement of about 2,000
7 feet—part topographrc and part stratigraphic. A section of metarnorphrc rocks is interpreted to.extend =~
- from outcrops on the northwest end of the Range southward through test hole H-3. This either could
** - 'be a xenolith in granite, or could represent the western contact of the main intrusive. The fill in Four-

;7 “mile Flat appears to be 1,000 to 1,300 feet thick and apparently does not include thick basalt flows. i
‘ rf,-,metamorphrc rocks are present; thickness of the fill actually may exceed 2,000 feet rnore in keepmg

V»"”'f’wrth a thrckness of 2 500 feet calculated from aeromagnetlc data.

The aeromagnetlc data’ help in the rnterpreta tion of gravrty data as noted Most of the major rock R

: »unrts described above can be identified by a characterrstrc grain on the aeromagnetic map. The Timits

i 'ijf the surface exposures of the granite can easily be seen. The northern contact of the granite with the
e :metamorphrcs is marked for its entire length by a ‘prominent magnetic low which probably is due to

G the geometric effect as well as to contact effects, hydrothermal alteration, etc. On the south the granite * | :
- pattern abuts the large magnetic high over the metamorphics." It is impossible to determine magneto-

" metrically the extent of the granite north and south of its surface exposures because of the masking -

.effect of overlying rocks. The presénce of fanlts i in Farrv1ew Valley, away frorn the Range front is’

based in part on small magnetrc anomalles

Refractlon worl< was desrgned to augment gravity and aeromagnetrc data Crude seismic tests on

: granrte in the Ground-Zero area produced low velo cities, attributed to ‘weathering and relatrvely open
* fracture cleavage. The first refraction :profile confirms the thinness of alluvium in Fourmile Flat, and -

- the velocities- obtained suggest either weathered granite or metamorphrcs under unconsolidated
~alluvium. The second profile indicates a high velocity medium near test hole H-3 at a depth of 196 feet

. and dipping gently west; this medium is interpreted as 114 feet of metamorphic rock overlying granite,

an interpretation which conforms well with gravity and aeromagnetic results. Fhe third proﬁle in Fair- -
view Valley suggests compacted fill, the posmon of the water table, and depths to gramte in-excess of

" 2,000 feet for the line covered.

 Water océurs at the surface in a few places and at Varyrng depths underground throughout the area:

In nearly all instances ground water is found shallower in the valleys and deeper in the mountains, al- -
- though a few seeps and springs in the Sand Springs and Stillwater Ranges and on Fairview-Slate Moun-
_tain attest to the presence of some shallow, probably small, bodies of perched or otherwise trapped
- water. Evidence from drilling in the Sand Springs Range granite is essentially inconclusive regarding

L the water—bearrng characteristics of ‘these rocks, although it has been established that some water does
~ occur in the granite. The consolidated rocks act as- geohydrologrc barriers and neither store nor trans- -

~_ mit appreciable quantities of water—appreciable, at least, in relation to any probable contamination
hazard that might result from the Shoal experiment. Therefore, emphasis in hydrogeologic study has
. been placed on-the valley fill, because these sediments do contain and transmit apprecrable quantrtres,

- :,of water and form the reservoirs from which water supplles are withdrawn..

. . Near the Sand Springs Range the fill of Fairview Valley, and the valley of Fourmrle and Erghtmlle
i Flats consists of alluvial fan or apron sediments which farther down the alluvial sloPes are cut by lake

“terraces and are overlain:by lacustrine sand and silt. The alluvial and lacustrine deposits are cut by
e stream channels ﬁlled in most’ lnstances w1th varymg but small thrclmesses of stream alluvrurn Thus




the upper parts of the alluvral slopes and lake terraces are composed of relatlvely permeable sediments,
* while. the valley fill is. composed of both interbedded coarser materials which form: aquifiers below
ga depth of about 300 feet, and finer rnaterlals that form aquicludes. Playa deposits in the central low
© parts of the vallevs contam a mu‘ch lngher proportron of hne materrals prlmarrly ﬁne srlt with a little.
]"clay x e o e , N

' :slope to about 225 feet near the valley center. Hydrauhc gradients of the piezometric, surface are low,
- on the order of 3 feet per mile, and the water moves with an apparent velocity of between 0.03 and
007 foot’ per day. Tt is doubtful that average. velocities exceed 25 feet per year. Pumprng tests indicate

In Farrvrew Valley, ground water occurs at depths varyrng from aver 300 f feet hrgh on the alluvral S

. arange of the coefficient of transmissibility from about 5,000 to 17,ooo gallons per day per foot, and S ':yslff‘

o a range of the coefficient of storage from about 2x'107* to 3. sx107h g

co In Fourmrle Flat ground water occurs at depths rangmg from over 3oo feet hrgh on the alluvral |
s slopes to'a few feet or less in the valley’ bottom. Here the playa area is a “point sink” with water -

- - moving toward the playa from all dlrectrons to be discharged eventually by evapotransplratlon “The .
. piezometric surface is nearly flat, that is, gradients from all directions toward the point of discharge are Cm

" extremely low, ranging from about 1.46 feet per mile to essentially horizontal. Estimates of velocity:

o ' range from 0,02 feet per day to 0.04 feet per day, or on the order of 16 feet per year. The estimated e

coefficient of transmISSIblllty of the granite, which acts as an aqurﬁer hrgh on the flank of the Range,

s less than 200. gallons a day per foot. The coefﬁcrent of transmissibility of the alluvral rnaterlals near .. - B

the east margin of the p]aya is about’ 76 000 gallons a day per | foot. .-

.. Chemical data verrfy the ‘conclusions regardrng the gradrents mentroned above Thev also indi-

del “ cate that little if any recharge to the alluvial fill occurs on the west side of the Range. Preliminary study .

< of drstrrbutron coefficients of ‘materials determined .in other areas: such -as the Nevada Test Site and
. Hanford, indicates that both the: granite in the Sand Springs Range and the alluvial fill in adjoining

S valleys, would rapidly fix the radionuclides resulting from the proposed test shot. It is presently deemed - >
1 safe to say that under ordinary conditions of underground movement of water at' the estlmated gradl-_ S

e " ents rn the Range the radronuclrdes will not. travel beyond the Range front

If these estrmates and thrs conclusron are in error and radronuchdes should be carrred by ground"
; water into the alluvial fill, they will be ﬁxed wrthm a short drstance of the Range front Thrs conclu<
e o sion is substantlated bv the followrng N e :

'1;; The gradlents in the valley 1l are very low and the more or less umform permeabrhty of anyrl

< séction of the alluvial fill precludés anomalously rapid movement. Velocities calculated from -

"'’ the known gradients-and permeabilities are low, on the order of three feet per mrle in Falrvrew L

.;,;;Valley and.1 46 feet per mile per vear in Fourmile Flat.- R S

2. The. drstnbutron coefficient of the alluvmm is certarnly hrgher than that of the gramte for the«;*”fl' B

fiih alluvxum is the weathered Pr0duct of the gramte composed of drscrete Partrcles wrth much i

- more exposed surface area.

The conclusrons given above are based on the assumptron that the shot wrll be wholly contamed L

(t::. ?The gramte within 1,000 feet of Ground Zero ‘though lornted cleaved and faulted, is relatrvely: = o

. unaltered and free of dikes. Faults recognized at surface also were identified in NX diamond drill hole -

o ECH-A (N. 60° W., —45°, 1,898 feet) . The upper portion of 6-inch diamond drill hole ECH-D (verti-
: ucal 2,017 feet) penetrated jointed and cleaved, relatrvely fresh granite, but at 1,440 feet a fault zone =~ :-

was encountered that extends to 1,675 feet. This zone is about 75 feet wide, dips about 70°, and

probably is the downward extensron erther of a northeast fault zone exposed west of ECH D or an | : )

P




:ff:"\of both. Nothrng logged in erther of the two holes suggests that erther a ﬂat thrust or a drke swarm
s present at the- proposed shot depth r r ,

oy ‘east—west fault zoné north of ECH D (exposed by addrtronal trenchmg in- August) or a combrnatron i

e Thermal conductrvrty, elastrcrty, and permeablhty tests and petrographlc examrnatron of core
e selected from 512, 994 1,422, and 2,004 feet in ECH- D indicate, except for the fault Zone, 'that the‘.i el
< granite: has essentrally the same characteristics throughout the. hole. Results from the tests are com- o
. parable with those reported in the literature for sitilar material. Results of the logs run in August by SRR

o "Schlumberger Well Surveymg Corp show excellent correlatron wrth the lrtholOgIC logs

S Recovery tests and other observatrons rnade durrng the drlllmg of ECH D mdlcate that somef;' : o
’,V;water occurs in the granite below:a depth of: about 1 086 feet Lrttle more can be sald of the total SN

S ,;hydrologrcal characterrstrcs of the Cround Zero site.

‘ »d; f'"by water from 1,086 feet down to the emplacement point. If the depth'is raised to 1,200 feet or less,

’feet the shot apparently will be about 114 feet under a norrnal or perched water table

Lo 1f the preferred shot depth contmues to be 1 ,500 feet some constructronal drfﬁcultres should bez
. -ant1c1pated in the fault zone between 1,440 feet and. 1,500 feet. These difficulties will be aggravated .

“only local and minor trouble will be caused by jointand fracture cleavage planes. At a depth of 1,200

Although the immediate vrcrmty of Ground- Zero is one of the least fractured and altered parts of\ :
the Sand Springs Range, there are no extensive blocks of granite in which shock waves could travel -
without encountermg fault surfaces. The pattern and density of faults and joints around the shot point,

-~ and the increasing number of dikes of various types away from that point may complrcate the arrange—’ .

" ‘ment of seismographic stations. It is not believed that conditions could be improved much by moving

the emplacement hole some distance from ECH-D; if such a move is desired, at least two additional

. Vsrnall diameter holes should be dnlled to establrsh ground charactenstrcs of the new shot point..

S Wrth some reservation because of our llmrted knowledge of all requrrements for the experrment _
- we conclude from exploratlon results arid consideration of those safety.factors related to geology, that
 the Sand Springs Range is suitable for the Shoal Event. The site may be somewhat more complicated -
by joints, cleavage, faults, dikes, and water than was realized when it was selected for more detailed

~ study, but the exploration results should not be surprising for an area so active seismically. “Others”
- must decrde whether or not the complrcatrons really detract from the acceptablhty of the site.




o f “ments:”

NTRODUCTION

Purpose and Scope of Investrgahon

F he proposed Shoal Event is a part of PrO]ect Shade of the Vela- Umform program sponsored l

)omtly by the Department of Defense and the Atomic Energy Commission. Its puirpose is to improve :
. our knowledge of the characteristics of seismic waves generated by man-made explosrons especrally“,-, s

as, related to the detection and 1dentrfxcatron of underground nuclear explosrons

_ " Prior to-the test reasonable assurance must be given that rock conditions are satrsfactory for the
‘ evaluatlon of test results; that no shock damage will result to surface structures, wells, or mine open-

o ings; “and that no short or long term safety or health hazards will be generated by the explosron This

report contains the results of the geologrcal geophysrcal and hydrologrcal 1nvest1gat10ns that contrrb-
uted to the evaluatron of these conditions. - ,

“In preparmg this' report the writers have drawn freely from all 1nformatlon on the Shoal site read S . L
5 rly avarlable to them. Reports consulted are listed under References. The folio of t maps accompany- . -
“ing_this report and showrng results of the Unrversrty s mvestlgatron should be useful in subsequent S

plannmg

Slte Requrrements

As a result of recormarssance surveys of possrble sites outside of Cahfornla for the Shoal Event a'f PR
‘committee consisting of representatrves of the U. S. Atomic. Energy Commission, the U. S. Geo-~ -~
logrcal Survey, and the engineering firm ‘of Holmes & Narver, Inc. determined that the Sand Sprmgs B
Range, Churchrll County Nevada (see Flgure 1) came: nearest to meetrng the followmg requrre—;

B Geologlc medrum to be tuff or gramte in‘an area of srmple geologlc structure
-~ 2. Relief to vary not more than 1,000 feet within a_ two-mrle ‘radius from Ground Zero
3 Emplacement depth to be 1 ,500 feet if in granrte or-1,350 feet if in tuff. , r
4. Site to be'ina currently actrve selsmlc area w1th recent hrstory of strong shallow-focus earth‘ ;
RN quakes » v e : : S -
S 5 Several granite outcrops to be located wrthm a radrus of 1, 500 feet from the center of the srte S

- Location of shot w1th1n chosen seismic. area and depth of overburden are not of crrtrcal rm—r‘j/ ol i

portance ST

a = 6 Technical operatrons to mclude a central wo rkrng area around Ground Zero extendmg outward 5 L
.+ for a radial distance of % mile. Addrtronal areas. outsrde of the central areas s to be avarlable forﬁ; e

strong motion studies..

= 7. Strong motion measurements and 1ntermed1ate range measurements to be srmrlar to those‘ S
programmed for Lollipop. - Approxrmately 40 temporary selsmographrc stations to be used .

.in linear and azimuthal patterns at distances ranging from 200 to 4,000 kilometers..

8 Two half-acre areas, separated by-a- distance of 14 mile, to be available for each’ off-slte seis- . Rk

o ‘mographic station. Bedrock outcrops to- be’ avarlable in one area of each’ air, for use as
i sersmographrc vaults The other area to provrde for a recordmg shelter generator and ve-.
~hicle storage. - i » :

. 9 ‘Thé srte to be in an area of low p0pulatron and several mrles removed from man—made struc— ; R

o

tures
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- Figure 1. ’!ndex,m'ap-toA proposed Shoal site—‘Sand Spririgs Range, Nevada . S

Prolect Orgamzatlon

sion. and the Mackay School of Mines, University of Nevada, led to a request from Mr. James E.{
. Reeves, currently manager of Nevada Operatlons U. S. Atomic Energy Commission, thit. the Mac-
kay School of Mlnes submlt a proposal covermg the geologlcal exploratlon phase of work mvolved

R ,“6_ :‘

‘In ]uly 1961 prehmmary dlscusswns between representatlves of the Atomlc Energy Commls- 1::



;«lf;m determrnmg the surtabrlrty of the Sand Spnngs srte A prehmmary proposal made in August 1961
~was:followed ‘in November 1961 by a modified final one; accepted by the Atomic Energy' Commis-
Q sion, This included geological, geophysrcal and hydrological studies to" be conducted by Mackay

School of Mines and Desert Research Institute personnel over an ‘estimated. penod of 37 weeks and | .
- mvolvmg an’ expendrture shghtly in excess of $188 500 The program was actrvated on. November 16 ,

1961

: The general orgamzatronal arrangement of partrcrpatmg agencres and Unrversrty groups coopa'
s eratmg durmg the exploratron phase of the Shoal Event was as follows '

UNITED STATES

VoAl Aromrc ENERGY COMMISSION
’ PRO]ECT OFFICER
(CENERAL SUPEerSION)

. "'l‘lolmesr&;Narver ‘I‘nc.r S ,,:Umversxty:ofrNe,vada]“ / i Reynolds Electrrcal & ‘
s S e PR e ' S Engmeermg Co Inc
- Contracts |- | Exploration-. . | . . Service .
Contract Supervrsron T B U IR Commumcatrons
.+ .| Project Engineer |..
S Desert Research Institute | Ll Y Mackav School of Mrnes
e Hvdrologv , Nevada Bureau - Nevada Mmmg
T T ~of Mmes Analytlcal Laboratorv
Geology  Minerlogy
( Geophvsrcs g e e
Core Tests e

i The Umversrty of Nevada s exploratron program was conducted wrth the endorsement and sup - N
e port of Dr. Charles J. Armstrong, University. President, Dr.. ‘Vernon E. Scheid, Dean of the Mac-  °

5‘ kay School of Mines and Director of the Nevada Bureau of Mines and Nevada ‘Mining Analytrcal[‘tis'
gy Laboratory, and Professor Wendell Al Mordy, Drrector of the: Desert Research Institute. - o

. The work was under the’ supervrslon of Dr. Stanley E. Jerome, Associate Director of the Nevadai'

L fBureau of Mines and Nevada Mining Analytrcal Laboratory Dr. George B Maxey and associates . © ~
~ of the Desert Research Institute (DRI) were responsible for- liydrologic- ‘aspects of ‘the program.” -
‘Nevada Bureau of ‘Mines (NBM) and.Nevada Mining Analytical Laboratory (NMAL) personnel

«;handled all other phases of the work in accordance W1th therr frelds of specrallzatron Lo

Acknowledgments

Members of the Umversrty staff connected wrth the Shoal prolect wrsh to express therr apprecr— i
ation to personnel of the Atomic Energy ‘Commission, Holmes & Narver, Inc., and Reynolds Electrical =~ "
, and Engmeermg Co, Inc for the cooperatrve and congemal atmosphere in whrch the exploratron

work was conducted




METHODS OF INVESTIGATION
Access to Slte

To expedrte the exploratlon and subsequent worl( in the v1crn1ty of the test srte 24 mrles of -

Sl roadway either were newly built or were improved from existing roads: A new road approxrmately 8
~ " miles long was bulldozed south from U. S. Highway ‘5o along the west side of the range to a junc- o
- tion with an old, infrequently used road COI]HCCtrug Highway ¢o with Rawhide. (See Figure 1.) -
‘, ;Thrs latter road ‘was then lmproved by grader for an addltronal 11 mrles southward to rts )unctron with
S the ‘Rawhide-Schurz road. - ' < e '

A five-mile road also was burlt on the cast Sl(le of the range to serve as- an access- to the tenta

l - trve ‘Ground-Zero site and the microwave tadio relay station on a peak to the west. This road pro-
- ceeds westward from a point on the county road serving the Nevada Scheelite mine, and for the last

‘three miles follows one of the few canyons in: the central part of the Range that does not contam for- ‘

e “midable road bulldlflg obstacles.

Road work and subsequent ‘bulldozer trenches were lard out by R Horton (NBM) assrsted byv L o
o ] Schlllmg (NBM) The |0bs were let to a F allon contractor by Holmes & Narver Inc. who super- :

v1sed hls-actlvrtres

Aerlal Photographs and Base Maps

~In November 1961 the only avallable topographlc map ‘covering the- regron selected for Shoal

jspecrfrcatrons were completed by J. Gimlett (NBM) for aerial photography and topographic map'cov-

‘ - erage. A contract under his supervision was let to Mark Hurd Aerial Surveys Inc., 5760 Dawson
- Ave,, Goleta, California. A 4o0-square-mile block - (Area’ A), centered on* tentative Ground -Zero,

was covered by 1:31,680 photography. For. topographrc mappmg purposes photographs also were

exploratron was the Army Map Service 1:250,000 scale Reno sheet, based on 1:60,000 aerial pho-.
- tography. Since this ‘material obviously -was madequate for detailed planmng and mapping purposes,

taken of two other areas within this block, Area B at 1: 12,000 and Area C at 1:52,000. (See Figure - -

1) Ttems based on this ‘photography which can be ordered drrectly from. Mark Hurd include:

1. 112 contact prints at about 1:31,680 of Area A; 25 contact prints at about 1:12,000 cover-
- ing the proposed site, Area B; and 15 contact prints at about 1:52,000 of the Sand Sprmgs'

Range Area C. Enlargements of all of the above also can be ordered.

Y Photo-rndex maps to the above photography See Plate 1in map. folro accompanymg thrs Te-

L port L PRIl '
o 3 Semicontrolled photomosalc of Area A at about 1 31 680 Platez in foho A reductlon of this
< " toabout 1:62,500 also is available. o : e
"4 Semlcontrolled photomosarc of Area B at about 1: 6000‘ Plate 3 in foho

: 5 Topographrc map of Sand Sprmgs Range at 1:31,680. Contour mterval 40 feet. Used asa base; -

- map for presenting reconnaissance geology.. Plate 4 in folio. -

: ~6 Topographrc map of Area B, four—square—mlle block centered on’ tentatlve Cround—Zero at

‘1:6,000. Contour- mterval 5 feet. Used as a base map for presentrng detarled geology Plate 5 ) |

“in folio. -
7 A portron of the 1: 6 000 topographrc map has been enlarged to 1: 2,400 and used in Plate 6 of
the follo to show structural detarls of the gra mte in the vrcrmty of tentatrve Ground Zero

s

o




0 To prepare the topographrc maps trorn photOgraphy, Mark Hurd Aerral Surveys Inc used U S
’Coast and Geodetic Survey coordinates and elevations supplemented by stations trlangulated and
¥ lévelled by Sprout. Engmeers Inc. operatlng under contract to Holmes & Narver, Inc. and- supervrsed

by R. Horton and J- Gimlett.: Prror to photography, all control points were panelled by Sprout En- . - ’

ot gmeers Inc,, alded in ‘part by hehcopters from the Naval Auxrhary Air Station at Fallon
| Surveymg, panelhng, and flyrng for photography were hampered by unusually heavy SNOW .

b s ?storms ‘The season in which the job was initiated was not conducive to hrgh—quahty results from aer-

b 1al photography V\’hrle some of .the photographs and- photomosalcs are rather strrkmg ‘because of

i

. _f'juseless in areas of extreme rehef for both topographlc and geologrc mappmg

Geology

Geologrcal recorinaissance of about 55 square miles in the Sand Sprmgs Range was conducted
: fas weather permitted between the end of January and the first of May-bv NBM personnel, L. Beal..

P

S Jerome, 1. Lutsey, R. Olson, and T. Schilling. (Those with names underlined here, and subsequent—
- ly, devoted the most continuous effort to- completmg a partrcular phase of work. If the burden was -

__equal, underlines are omrtted) Snow storms. interrupted mapping on several occasions. The 1:31, 680 -

" aerial. photographs supplemented in part by enlargements to 1:12,000, were used as mappmg bases..

" Results - were. comprled on Mark Hurd s 1 1:31, 680 topographlc map and are presented in the foho as, A'

3

v Plate 4. :
Detarled rnapprng of Area B was completed in March by MesSrs Beal ]erome and Schrlhng

Photo—enlargements at 1:6,000 were used as bases, and the results comprled to Mark Hurd §1: 6 000

topographrc sheet See Plate 5'in the folio. -

It was evrdent that outcrops 1n'the vrcmrt ; of Ground Zero were too scattered to permrt reason- -

able appraisal of rock conditions in advance of deep
exploratory drilling. - Bulldozer _trenches supple-
“mented by short diamond drill holes were proposed. -
- After access was ‘gained to Area'B; R.-Horton laid
- out roughly north-south and east-west trench lines;

Figure 2 and Plate 6). In the hope of eliminating

~~quently were ripped by heavy ‘bulldozers. Owrng

- granite, ripping proved to be so effective a method

- _Figure 2. Ground-Zero area. showing trench pat. . - for disclosing structure. and rock types that the pro-

- -~ tern and diamond drill hole sites. (Iookmg jected dnlhng of short dlamond drrll holes was
southwest) '_ SO L T ehmmated

. Trenches totaled about 12 mlles Usrng a rough layout map prepared by Sprout Engmeers
L : most of the trenches were mapped at 1:2,400 scale; this work was supplemented by a number of
© . mapping traverses in adjacent areas, totahng 6,400 feet, which contributed substantially to the study. -

Results presented on Plate 6 in the folio were obtamed by Messts. Beal,  Horton, Jerome, Lutsey, -

‘E)Olson and Schilling, Early completion of this work in December and Jar January permitted the initia-

tion of exploratory diamond. drilling and saved the job from undue weather delays Subsequently, in ]f e
August 1962 one and three—quarter mrles of addrtronal trenchmg and rrpprng were done to help clar- S

~.many' short diamond drill holes, alternate’ north- -
_south” trenches and all east-west trenchies subse- .

%3 “long, black shadows on north-facing slopes, such shadows made portions of some photographs almost

y

these were stripped by grader and bulldozer (see =

to closely spaced fracture. cleavage planes in the -




i ; 1fy fault detarls in the vrcrnlty of Ground Zero Map plng was completed by L Agenbroacl and S. ]erome. ‘ f

Ground observatlons were supplemented by two flrghts over the area in ]une when 4 number of o
' obquue aerlal photographs were taken Flftv-erght thin sections were prepared by] Murphy. (NBM) \i)
and ‘examined and described in detail by A. von
' Volborth (NMAL) . ‘Results have been- condensed nd
and are mcorporated in the geology section of this
report. Four age determinations were 'made by Geo- -
chron Laboratones on matenal prepared by ] Mur—'
phy
et The geologrcal ﬁeld work was greatly expedlted -
by the use of four Tote Gotes purchased expressly -~
'for this job (see Flgure 3) . These amazingly rugged
“motor scooters” are particularly adapted to this ter-
rain. Their use helped to compensate for the diffi-
~culties and delays in ‘mapping caused: by adverse{
Flgure 3. Two of the four Tote Gotés used: weather; without them the job could not have been
i durmg the geologlc mapplng phase U completed in the allotted tlme

Geophysrcs

Approxrmately 84 mlles of lme for gravrty observations . were surveyed and levelled by Sprout B
Engmeers Inc., operating under contract to: Holmes & Narver, Inc. The layout of lines and observa-
tion stations is illustrated on Plate 7 in the folio. Field observations were made by Messrs. |. Gimlett,

‘R: Hotton, and J. Schrllmg, using a Worden gravity meter rented from Texas Instruments Inc. Datare-
ductron and 1nterpretatrons were completed by ]Glmlett : e

- Some sersmlc velocrty tests' were made in’ the v1c1n1ty of Ground—Zero by Messrs. Glrnlett and
Horton “using Dynametnc Inc. equipment. Seismic refraction surveys were planned. and execu-
~ted by J. Gimlett, assisted in the field by J. Soske, of Stanford Unrversrty, and R. Horton. Calcula- -
tions and interpretations are by J. Gimlett. Shot holes for the. placement of dynamlte were drrlled by '
Sprout Engmeers Inc., under arrangement wrth the Unrvers1ty Tl :

Fairchild Aerial Surveys, Inc. was low ‘bidder on the acromagnetic survey of Area A whrch was -
planned and interpreted by J. Gimlett. To lay out flight lines Fairchild used Mark Hurd’s 1:31,680 -
_semicontrolled photomasiac. Lines are oriented east-west and are spaced half-a-mile apart. ‘Average.

, ~flight elevation was specified at 500 feet above mean terrain, a feat relatively easy to accomplish over
“ - the major valleys but difficult to 1mpossrble over the ranges. Farrchlld s contour map, prmted asan
R overlay on the photomosalc is included in the folio as Plate 8. : S

Hydrogeology and Hydrology S *j ;
Hyclrologrc worl( ‘was begun in February and continues to the present time. - V

‘The four hydrologic-test holes listed below were located by G. Maxey and dnlled by Hrll & Hill ‘ |
Dnllmg Co. under contract 1o Holmes & Narver Inc P ‘

~“Hole No. * Location = Depth Materialat Bottom

“HSa oo Falrvrew Valley o 699’, o Alwvium -
S Hygoo o Fairview Valley ey Allwviom - - ‘Q |
H-z - -+ . Fourmile Flat - | f“f L f 780" {' CAllavigm -

H2 Fourmfle Flat o R 47of L Granite .




, T‘-These holes were logged and tested to help determrne the llthology, pOSlthH and hydrauhc char- Sy
qacterrstlcs of the aquifers and other strata, and the quallty, mode of occurrence, and movement of
; ground water in Fourmile Flat and Fairview Valley. Gamma ray, neutron, and temperature logs were
" conducted by McCullough Tool Co. in H-4 and H- -3. Well logs are included herewrth as Appen—:
drces C,D,E, and F. The two- wells at Frenchman’s. Station were tested by pumping. : SR
' Approxrmately 38 water points (wells, springs, intermittent streams) have been: mventorled' R Rt
; wrtlnn a 15-mile radius of Ground-Zero. As integral parts of the inventory, water samples have been = - i
- v__rc'ollected and analyzed by Abbott and Hanks for chemical constituents and by the U. S, Public Health - <+~
~ Service for radiological constituents; water levels have been measured; depths and other dimensions - =
"~ of the wells have been recorded; dlscharges of springs and surface streams have  been measured; and
. the uses to which the water is put have been determined. Other factors which might affect the con- -
* tamination problem such as topographic and geologrc setting, have been observed and recorded. A [ - -
- geological reconnaissance of the valley fill has been eompleted and a more detalled study wrll con- ¢
trnue Results of this work are shown on Plate 9. TR e
©* " DRI personnel P: Domemco G Maxey, G Scudder and D Stephenson have been responsrble_f, '

| '.»ffor the hydrologrc worl( : : v s

Dlamond Drlllmg

: I WO exploratory holes were dramond clnlled,
: fto test ground conditions in depth ‘near Ground-
"fZero The first, NX hole ECH-A, was “directed N.
66° W inclined —45°; and bottomed at 1,898 feet.
It was contracted ‘to Sprague and Henwood by
- Holmes & Narver, Inc. The latter organization also_

 contractéd . with Core Drilling Inc. for ECH-D, a-
. six-inch vertical hole bottomed at 2,017 feet, wrthmf
~ 50 feet of Ground-Zero. (See Figure 4.) All direc--
tional surveying was done under the supervrsron of_
Holmes & Narver, Inc.-
_... Although NBM personnel L. Agenbroad L :
§ Q’Beal R. Horton, S. Jerome, 1. Lutsey, H. Mossman, -
- and R WllSOl’l contributed to loggmg the core, J.
i Sclnllmg was prrmanly responsrble for this worl< and -
?“‘7_-for reportmg the results. = LA

Flgure 4. Drill rig of Core Drllhng, Inc on "
..+~ vertical hole, ECH-D."

2 The thermal conductwrty and elastrc propertres of core from ECH-D were determrned and inter- =
2 preted by R. Horton; the permeability was determined- by Core Labs, Inc, DRI personnel P. Domen-

© 5 Vico, G. Maxey, G. Scudder and D. Stephenson were: responsrble for hydrologlc work on the dramond:’ o :
fff*dnll holes [ - S SIEE Rt -

Report Preparatmn

L All NBM and DRI personnel SO far crted contnbuted to the assembly, analy31s and reportmg' Sk
of results The finished drafting and cartography are by NBM personnel B. Webb, R. Wilson, and" -
" R: Paul: Color separations for the geologlc maps were made by B Webb ] Schllllng coordrnated e
”-*map and- report preparatlon R
‘The report was typed in its- prellmlnary and flnal stages by H Mossman (NBM) and C. Men— i
zel (DRI).. It was printed by Western Printing and Publishing Co., Sparks, Nev. The map foliowas -~ -+
pnnted by the Stark-Rath Printing and Publishing Co., San’ Francrsco Callf L Lutsey and L. Rollm.« ey
NBM edrtors saw the report and follo through publlcatlon -

ll




GEOGRAPHIC SETTING
Locatlon |

; I'he Sand Spungs Range a north- trendlng mountaln range approxrmately 20 miles i in length andr L

. 5 rmles in maximum width, is ‘in Churchill County, Nevada about 28 miles southeast of Fallon, Ne- ~ ;
~ vada, the nearest comrnumty (See Flgure 1 and Plate 2.) Thls Range is separated from the Stillwater - of

" Range by a'low pass crossed by U.S. Hrghway 50 "The. possrble site for the Shoal Event is about 5,._‘

mrles south of the hrghway in the SW% sec. 34, T 16 N, R 32E,MDB&M.

R To the south the mountain mass broadens and blends wrth ad]acent ranges mcludlng the C(y St
= -coon Mountams on the west and the Farrvrew Peak Slate Mountaln range on. the east.. S

Physmg ra phy

Maxrmum elevatrons in the northern part of the Sand- Sprrngs Range barely exceed 5,600 feet e

whereas the southem summits average between 6, 6oo and 6,800 feet. Much of the northern half of - ﬁ'

. the Range is rolhng plateau with low relative relief, bordered on' the ‘east and west by steep scarps.”

TlllS ‘plateau is 1,000 to 1,300 feet above adjacent valley floors. The: Range is asymetric in that num- - -

- erous long, broad canyons lead gradually up from the eastern srde but those on the western side are
: very short, narrow, and steep- -walled by comparrson 2 » : BE A

Falrvrew Valley lies east of the Sand Springs Range and is- boundetl by the Clan Alpme Rangei»' e

fi; , and the Fairview and Slate Mountains on the east. The valley is about. thirty miles long, rising in
“the “Y” formed by the Jjunction of the Sand ‘Springs. Range and-Slate Mountain to the south, and

~‘extends northward to a relatively narrow constriction, about five miles wide, between the Stillwater

and Clan- ‘Alpine Ranges. The valley is continuous with Dixie Valley to the north through this con-
striction. It has an area of 350 square miles, some 200 of which are underlain by alluvium, wnth the

 remainder consisting of bedrock slopes and hill crests. The elevations of the bounding ranges vary -

-~ from 5,000 to about 10,000 feet, and the valley floor slopes northward from 35,500 feet to about 3,

 goo-feet at the head of Dixie Valley. The south end of the valley is a bolson witha- playa Labou . - |

Flat, just south of U. S. Highway 50. About six ‘miles north of the highway a low pass in the alluvi-
um separates the bolson area from the north end of ‘the valley through- whrch flows a stream Tising.
far to the east. This stream valley continues into Dixie Valley. :

- Fourmile Flat is an undrarned surface depressron on the west side of the Sand Spnngs Range 2

- It is ‘continuous with Eightmile Flat whrch extends northwestward and which is slightly up gradi-

_ent from it. These two areas form one large alkali flat between the Stillwater Range to the north,

’ the Bunejug and Cocoon Mountains to the south, and the Sand Springs. Range Fourmile Flat, the »
lowest part of the alkali flat, is also the lowest depressxon along the east side of the Fallon area and, -

‘approximates the altitudes of Carson Sink to the north and Carson Lake to ‘the west. Thus, some -

. surface runoff from a broad area’ east ‘of Fallon flows through Erghtnnle Flat into Fourmile Flar. .=
o - Conditions of topography and relief are essentlally the same as in Fairview Valley except that Four- "
: mrle Flat is lower (elevation about 3900 feet): than Farrvrew Valley in the latitude of Ground Zero.

Apart from drarnage and 1rrrgat10n canals in'the Fallon area, the salt lake in Fourmile Flat, and N
small streams in the mountains to the north, perenmal streams or-other- perennral water bodies ar

S unknown within or near the study area.“Most of ‘the available water for ordinary use. is ground water -
whlch issues from a few small usually mtermlttent spnngs or whrch is wrthdrawn frorn wells in the -
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L ';:alluvral frll The pnmary uses of ground water are domestrc and stock—watermg Some water is also
“i‘,,used by mrmng ventures A P R T e :

~

Cllmate

“The Sand Sprmgs Range and environs_are a typrcal Great Basm arrd region with about 5 mches '

‘annual precipitation in the valleys and about 12 inches at the hrghest elevations, accordmg to the
~studies by Hardman  (1949) . Records of precrprtatron at the Fallon Experiment :Station, about thir-
;_’ty—frve miles west of the test site, are given in Figure: 5, showing the cumulative departure from run-
"~ ning average monthly precipitation values for the 53-year period” from" 1909 through 1961, and in
. Table 1 showing mean monthly and annual précrprtatron values as reported in the. 1961 annual sum-
rnary by the U. S. Weather Bureau (1961) :

TABLE 'I—Annual and Monthly Average Preclprtahon, ln Inches, Fallon Experlment Stahon _ R ,
Jan.. Feb. Mar L Apr. May : Jun July Aug Sep Oct > Nov. Dec. Year -

57 66 55 51 6l 42 17 12 20 50 35 68 - 534"

F igure 5 shows that the amount of yearly precrprtatron fluctuates consrderably and that longer

i 'f’perlods of wet and dry years occur: Thus, precipitation ‘increased rather considerably from 1932 un-
- til 1947, but since that time has fallen off and has been below normal. July, August, and- September

are the driest months and late winter and early spring is the wettest penod 'Fallon receives about 16

~ inches of snowfall annually, most of it during the winter and early spring. The total precipitation =
- and snowfall may be expected to be somewhat higher at Ground-Zero since the Sand Sprmgs Range
~ at this point is some 1,200 feet hlgher than Fallon The absence of trees in the Range is testlmony

to the arrd conditions.

~ Weather station records also are avarlable at Eastgate about 25 mrles east of the site and about

. 200 feet lower. Because these records have been kept for only five years they may not be as represen-
tative of the precipitation pattern as those from Fallon. The average annual precipitation recorded

at Eastgateis 6.70 inches, a frgure that may conflrm the 1dea that precrpltatron lncreases Slgnlflcant-

- ly with altrtude

At the Fallon Experiment Station the mean annual temperature is reported to be 50 6 degrees |

- in the 1961 Annual Summary ]anuary is the coldest: month and July is the warmest. The average
~ date for the last killing frost in spring is. durmg the middle of May and the frrst krlhng frost occurs

in late September which gives a growing season of about 127 days

On the basis of fragmentary pan records at Fallon evaporatron is estrmated to be about five feet

- -somewhat more than 10 times the annual precipitation. Wind ‘direction is usually from the west at

an average velocrty of about 45 ‘miles an hour, accordmg to fragmentary records

Culture

s Wrthln the study area chref activities aré grazing, hmrted mmmg and refrnmg, and bombmg o
practrce Fewer than twenty residents live within fifteen miles of the site except at the Nevada Schee: -

* lite mine near Rawhide where probably no more than 5o persons live at any one time. Larger popu-
~lation centers, mcludmg Fallon and the Fallon Auxrhary Naval Air Station, are between 25 and 35 -
~ miles distant. Water supply for personnel and for mining and refining operatrons at. the Nevada
~ Scheelite mine does not originate from within the. 15-mile radius of ‘the site, but is taken from wells

five to six miles south of the operation, in a basin not closely related to the Sand Springs Range. No -

-2 local water supply is available for the deserted townsite of Rawhrde All water used there was trans- -
S gported from beyond the lrmlts of the 15—mrle radius. : '

4




INTRODUCTION e e
. The. Sand Sprrngs Range is- made up chrefly of a Cretaceous gramtlc mtrusrve body bordered el
- on both the north and south by Mesozoic(?) metamorphrc rocks-(se¢ Plates 2 and 4). Locally both . -~ ¢

| GEOLOGY S
Gseg,°|°9)’ Of fhe Sand Sprmgs Rcmge e

_the granite body and metamorphic rocks are overlain by ‘Tertiary and Quaternary . volcanic ‘rocks.

Numerous aplite-pegmatite dikes cut the granitic body; most of . ‘these-dikes -are concentrated in a -

PE
Py

~ .zone extending south along the western crest of the Range and swinging southeast to the granite--

‘ metamorphrc contact. Many andesite and rhyolrte dikes intrude the granitic body, the ‘metamorphic -
~rocks, and the aplrte—pegmatrte dikes.’ Tertrarv and Ouaternary a]luvral and eollan dep031ts occupy

the valleys to the east and west of the Range

Although the Range is a north south trendmur fault block north south faults are tare, the Range
havmg been uplifted’ along a series of northwest- and northeast-trending high-angle faults, which form ~ *
_a sawtoothed pattern in plan. The down- dropped Fairview Valley -block to the east contains over =~ "
g,ooo feet of unconsolidated sediments; in contrast, the Fourmile Flat area to the west is a pediment, -
thlnly veneered with' alluvrum near the Range th° alluvrum thrcl(enlng to about 1 3oo feet rrnmedr-_ e

ately south of the salt flats.

; The structural pattern is remarl(ably consrstent throughout much of the Range A system of - . T
’ steeply -dipping faults and joints trending about N. 60° W. cuts the granitic body; most of the dikes . -

are intruded  along these structures. A second. systern of steeply—dlpprng faults and parallel, closely--
spaced fracture cleavage, trending more or less N.- 30° E.; cuts the granitic body and dikes. Other

 directions of faulting, jointing, and cleavage are common locally A gently-north-dipping thrust cuts. g 7;
- the metamorphrc rocks just south of U. S, Hrghway 50 there is ‘no ev1dence of thrustmg elsewhere e
in the Range. (See. Plates 26 for subsequent geology) LA AR SR

ROCK TYPES .
Mesozouc ) metamorphlc rocks

eral idea of the sequence was gained during mapping.

“In the north; the metamorphrc rocks ‘in"the lower plate of the thrust fault 1nclude mterlayered S
phyllrte schist, slate, hornfels, and thin, locally marblized limestone beds. The. folrated rocks prob- - - B
ably are metamorphosed clastic, pelitic, and- calcareous sedimentary rocks and . volcanic ‘material. In
" most cases the-foliation parallels the orrglnal beddmg of the rocks; ‘both  strike east-west and drp‘f
i steeply The upper plate of the thrust is bluish-gray, ‘massive to. thick bedded, - recrystallrzed dolo-g o

f’” mrtlc llmestOne -Along the sole of the thrust the Timestone has. been bleached and stained. .0

‘In the south (Frgure 6); a northwest—trendlng belt of metamorphlc rocks extends across the e
Range The foliation and original beddmg of the rocks in this zone are parallel, both strrlung north- -
~west and dipping steeply southwest at the northwest end of the belt and vertically at the southeast -~ -
end A southern (upper ?) unit of gray to white, recrystallized, dolomitic limestone extends from one -

“end of the belt to the other end. Along the Nevada ‘Scheelite road, on, the southeast, a middle unit of . -
" andesite ‘breccia_and flows, and a lower (?)  unit of phyllite, slate, and hornfels occur below the
hmestone urut These mlddle and lower (?) umts grade or 1nterf1nger northwestward mto a se-’,.‘;’s

' Mesozorc (?) metamorphic rocks crop out at the south end of the Range and along u.s. High- S

= N ,:7

" way 5o atf the north end. Although no attempt was made to. subdmde the metarnorphrc rocl(s ‘a gen~ e




- ern end of Fourmile Flat in the sloping area leading up to the Range. Several small exposures occur in-

quence consrstlng of mter-layered thln-bedded lrmestone schlstose graywacke and quartlzrte con- - .
glomerate, ‘hornfels, phyllite, and slate, This- sequence apparently is composed predommately of
metavolcanic layers-at its top (?) , which is at the same horizon as the andesite breccia arid flows to \,) ¥
the southeast, and predomlnately of metasedlmentary layers at lts base(?) whrch is at the ‘same horr- o
zon as the phylhte—slate—hornfels unit. S o~ : : ~ :

“No’ comprehensrve petrographlc exammatron :
- was made of the various types of metamorphic rocks. -
* Thin sections of the dolomitic limestone from the
upper plate of the thrust at. the north end of the
" Range show that the limestone is equrgranular with
0.05 to 0.3 cm., parallel -oriented grains of calcrte{;i
~and lesser dolomrte and minor margarite mica, cut
by’ dolomite and - quartz vernlets “The -limestone ™
- from the south end of the Range is similar, but spec-
- imens examined are ﬁnely layered, the banding te- - -
sultmg from alternating layers'of coarse and fine -

ﬁﬁgﬁ;ﬂdﬁ (;(r:r:lternlaktlng»more calcrtlc and more Frgure 6. Southern’ contact between gramte and 5
: S : S metamorphlc rocks. (looklng west) :

~In thin section, the schist and phyllrte are lepxdoblastrc or porphvroblastrc with a sclnstose ma-

trrx ‘the hornfels is granoblastlc or porphyroblastic with a granoblastic matrix. Of the six thin sec-

tions examined, all contain abundant quartz and andalusite, several contain abundant biotite or mus--

- covite, and at least one SCCthl’l contains quartzrte and volcanic rock fragments staurohte and hornblende.

, The metamorphlc assemblage was intruded by the Cretaceous granitic body. and is overlain un-
- conformably by the Quaternary-Tertiary volcanic rocks. It is tentatively dated as Mesozoic, based on.
. its metamorphic and lrthologlc similarities to. Mesozorc rocks elsewhere in Nevada and its age rela-v :
tronshrps to other rock units in the area. . R : -

Cretaceous granitic body e 2 , = i
A Cretaceous granitic body is exposed over mu ch of the Sand Sprmgs Range and at the Southeast-

“windows” in the volcamc rocks at the north end of the: Range (see Plate 4). This intrusive rock
ranges from granite. to granodronte The. pOI‘pllyrlth gramte vanety is exposed over much of the

Flgure 7. Ground- Zero granite showmg feldspar B Frgure 8. . “Ground-Zero granite showmg feldspar B
' phenocrysts weathered |nto rehef el T phenocrysts in clusters




Range and has been terrned Ground—Zero gramte ; the granodlonte vanety predornrnates in the

Q of the Range there is a mixed zone of both types. .

i -weathenng

The Ground—Zero gramte is most commonly a. porphyntrc blOtlte gramte wrth abundant large»?.‘

- west-central part of the Range, to the west:of the aphte—pegmatrte belt Along the western escarpment SR

| Both the gramte and granodlonte show typlcal spherordal weathermg F he granodronte com- :
"monly appears to be less weathered than the gramte probably because 1ts ﬁner gram resists raprd.‘_- S

5 orthoclase phenocrysts up to 2 inches long in a medium- to coarse-grained groundmass of quartz, i

" orthoclase, plagioclase, varying amounts of small biotite flakes and/or books, and locally some horn:

fv‘,"blende (see Figure 7) .. At numerous places scattered. throughout ‘the granite, the orthoclase pheno- .
- crysts have been segregated into large clusters (see Figure 8), lenses, and streaks, some of which have di- .

' 'mensions of over 10 feet; locally the phenocryst segregations comprrse up-to 75 percent of the rock. - e

= Schlieren banding was noted bit is not common. Locally the granite is coarsely 1nequ1granular rather. . - -

" than porphyritic. In a few places it shows a rough foliation. In thin section, 20 to 5o percent of the.
-~ Ground-Zero. granite is a_ hypidiomorphic-granular groundmass of 35 to 60 percent strongly zoned, - * -

: ‘myrmekrtrc p]agroclase (Anyo35), 25 to 40 ‘percent quartz, 5 to 10 percent microcline, 5 to, 10 per- '
‘rcent biotite, o to 1 percent hornblende, and less than 1 percent sphene apatlte and magnetrte

The granodrorrte is an equlgranular medlum-grarned hornblende granodronte havxng much the" '

1 same mmeralologrcal composition’ as the Ground-Zero granite; except that hornblende predominates .
- ‘while biotite is Tare to abundant. It locally shows well developed gneissic structure. In thin section, the - =~

- ‘granodiorite is hyprdmmorphrc—granular and consists of 6o to 8o percent strong]y—zoned myrmekrtlc e
.+ plagioclase  (An;g-5), 5 to: 10 percent quartz, 5 to 10 percent hornblende o to 5 percent brotrte o

i and a total of less than 1 percent sphene, apatrte zircon, and. magnetrte

..\rte These two varieties of granitic rack are very. similar petrographrca]ly and mineralogically. Potassi-

' um-argon age determinations run by ‘Geochron Laboratories, Inc. on biotite from the granite (AD-1)
. 'and granodiorite (AD-3) give ages of 79. 6(%2.0) and %6. o(*2.0) million years, respectively. These

"+ factors indicate that the two varieties probably are two phases of the same intrusive, and thus are’

“ The granodrorrte appears to have both mtrusrve and gradatlonal relatlonshrps wrth the gran-',';

) “closely related genetically and were emplaced at about the same time. However, the evidence is not S
* < conclusive enough to rule out the possrbrhty that the granodlorrte and gramte are two dlstrnct intre- . -

L isive bodles

The. gramtnc body mtrudes the metamorphrc sequence is mtruded by the aphte—pegmatrte gy

; E‘f‘”’/andesxte ‘and rhyolite dikes, and ‘is unconformably overlain by the Tertiary and Quaternary volcanic

- rocks. The stratigraphic. relatronshrps and 1sotop1c age determmatrons mdrcate that the gramtrc body : }‘ L

,1s of Cretaceous age

e "Aphte-pegmahte dlkes e

; S ~ Numerous aphte—pegmatrte dikes, rangrng frOm less than one mch to more ¢ than 20 feet in wrdth v
" cut the granite. Most of these dikes are concentrated in a zone extending south along the western =

crest of the Range and swinging southeast to the gramte-metamorphrc contact (see Plates 2 and 4) .

:, ~There. are- several aphte—pegmatlte ‘centers” within the zone; here the dikes are most abundant, com- ‘ ‘
i monly are larger than is the rule elsewhere, and have an irregular, cnss-crossmg pattern caused by - ¢
jthe great variation in rndrvrdual dips. As the dikes extend away from such “centers”, they gradual]y R

-~ pinch- out, ‘become less numerous, and assume the northwest trend and steep d1p whrch is by far -
therr most common attrtude throughout the Range o SR £ o :




Aplitic and pegmatitic. materlal common]y oceurs in the same dlke usual]y thh sharp contacts. -

‘In most cases the aplite forms the borders and the pegrnatlte occurs as lenses, stringers, and con- -~
tinuous layers in the centers Some dikes change to quartz veins along their strike. The. aphte-peg—
gmatlte dikes commonly are more resistant to weath-

‘walllike outcrops (see Figure g) . : o
- The aplite is white and sugary-textured In thrn'

_plagroclase (Ans-zo) 20 to 50 percent mlcroclme
1 to 15 percent muscovite, and less than 1. percent .
brotlte ‘epidote, chlorxte magnetrte and rutile..
The pegmatite consists of coarse - pink : micro-
.'chne and/or white albite containing cores of milky
; S to gray quartz and locally abundant coarse biotite
Figure 9. Apl:te dlkes standlng as resistant walls - flakes and some rutlle 'sphene and -allanite. -Small
‘('I’Ofk"'an“g;tio'r’;h\'l‘;':)‘wes"em part of Area B. .~ amounts of zircon, cordrerrte and epldote were

- noted 1 thin sectron., S e

The aplite-pegmatite dikes cut the granitic body and the metamorphlc sequence and in turn are’
cut by the andesite and rhyolite dikes. The dikes probably Were formed: during the same period of
igneous activity that produced the granitic body, the dikes reflecting late stage differentiation from
its still plastic portions. However a potassium-argon age determination (AD-2) run- bv Geochron
Laboratories, Inc. on biotite from a biotite-rich aplite-pegmatite dike gave an age of 39(,+6) million
years; “the sample behaved very peculiarly . . . . The precision on this determination is not good
because the sample seemed to have very large amiounts of atmospheric argon absorbed on the min-.
eral, leading to larger air corrections than usual” (personal communication, Harold: W. Krueger,
Technical Director, Geochron Laboratories) . For this reason, this isotopic age is not considered reliable. -
An alternate possibility is that the age is correct but that some of the aplite-pegmatite dikes are younger
and are related to the rhyolite dikes in time; the particular dike used for the age determination is not -

typical of most of the dikes, as relatively few of the aplite-pegmatite dikes contain abundant biotite.

Andesite dikes B R

Many andesite dikes intrude the granitic body, metamorphic rocks ‘and aphte—pegmatlte dikes
(see Plates 4 and 5). Two andesite dikes cutting the volcanic rocks may also belong to this group.
The dikes occur throughout the Range but are much more abundant in the north half (see Figure
“i0). These dikes are up to 50 feet wide; most. trend roughly N. 50° W. in the niorth half of the Range,
and northeast in the south half, and have steep dips. Individual dikes commonly are straight, long,
and relatively even in width (see Figure 11) . Some are more resistant to. weathering than the enclos- -
ing rocks and form “walls”. Weathered matenal is blocky T herr dark green to black co]or makes B
them easy to trace in the field. - | ~ , :

Dikes of this group range from dlabase to lel‘l te in composrtron but mostly are hornblende ande— |
sites. All are quartz poor. Many dikes are porphyntrc with phenocrysts of plagioclase and/or hornblende;
others are aphanitic, and a few of the larger ones ‘have  porphyritic centers grading into aphanitic
margins. The dioritic variety of this group is quite” similar to the granodioritic variety of the rhyo]rte
group, making it difficult to tell them apart in- the field. The hornblende ‘andesite’ contams 30 t0.65
percent plagioclase (Ango-ss), 1> to 60 percent hornb]ende 2 to: 5 percent magnetlte o to ; percent

ering -than the enclosing granite, and forrn bold,';r

section the aplite is allotriomorphic-granular, and i
consists of 30 t0 40 percent quartz 2010 5o percent




o .'. rocks the propvhtrc minerals include: chlorite, epi dote, calcite, and quartz.. ;.

:':rj‘?g:"i;_,.Rhyollte dlkes b ; , ;' o _i‘ S

L Flgure' 10.: Andesnte drke swarm in gramte»«‘ - -Figure - H Andesite dike in. granite in northwest corner

- at north end of Range. Rocks in-dark back-: -~ " of Area B. lee is offset by northeast trendlng fault

" ground - are - metamorphics and volcanics. (lookmg north) o :
‘ﬁ(lookmg northwest) (photo retouched) . .o

- biotite, S to 3 percent quartz, and less’ thar 1 percent apatlte Propyhtxzatlon is common in these -

3 The andesite dikes cut the gramfrc body, metamorphlc rocks and- aphte-pegrnatxte dlkes In.
f»{,_nlost casés the andesite dikes are cut by the thyolite, but the reverse relationship has been observed |
at several places. Faults that offset andesite dikes commonly are cut without offset by nearby rhyolite

dikes. These relationships indicate that most of the andesite dikes are older than most of the rhyo-
lite dikes, but that the intrusion of the rhyolite and andesite groups was at least partxally overlapping
in ‘time. The absence of any dikes which dehmtely belong to the andesite group in the volcanic rocks
- strongly suggests that the dikes are prevolcanic, early. Tertrary or_possibly Late Cretaceous, and gen-

B | fifetrcally related to the granitic intrusive. Undoubtedly some dlkes assrgned to thrs group in the fxeld' i
3 :"‘”‘actuzrl]y belong in. the rhyohte group dlscussed below e

Two diabase dikes in the volcanic rocks and a diabase dlke in the gramtrc body near 1ts south endl

_. z;;;"rnore detail’ under Quaternarv—Tertxary volcamc 10 cks beIow but were. mcluded wrth the andeslte'
?}»group on the geologrc map ‘ e o i ¥ o :

E nght—colored rhyohte dlkes oceur throughout the Range and 1ntrude the gramtlc body, meta-

* . morphic rocks, aplite-pegmatite dikes, and most of the andesite dikes (see Plates 4 and” 5). The thy- =
- olite dikes are most common north of GZ Canyon in the north-central part of the Range, south of =~
_ the area of most ‘abundant andesite dikes. These dikes are up to 5o feet wide; most trend roughly N0
. 50°'W. in the. north half of the Range and northeast in the south half, and have steep dips. Al: ~ -
: though many of the rhyohte dikes are straight, long, and of even width like the andesite dikes, the =~ = .
younger rhyohte dikes most cornmonly ate curved, short, and variable in width. Some rhyolite dikes *

i . form:“walls,” more common]y they do not, but they often do form the backbone of ndges Weath- |
uered matenal is. blocky ‘

The dikes of this group range from rhyohte to dacrte in cornposmon and are porphyntle phan- : | e
) quartz porphyryj_ e

o errtlc and/or aphamtlc The three most commorn varletles are aphamtlc rhyohte

differ markedly fromthe dikes included in the andesite group. These diabase dikes are discussed in = f

.




whrte to. buff but commonly are starned brown and/or reddlsh brown (see Frgure 12)

,Crtrzatron and/or pyrltrzatron

5 I‘ntruswe breccra

: rock typesin a groundmass of pink and white aphte

Flgure 12 Whrte rhyollte duke ‘in ‘metamorphic f\eastern front of the Range : from Red Top Canvon

rocks at north end of range. Rocks on skyline - Lto south of Breccia Canyon’ (see Plate 4):
“are 'Quaternary-Tertiary “volcanics. (lookmg

e rorth across U. 5. Highway. 50) o ) Most of the inclusions consist of the several va-E :
rieties of andesite; granite fragments are rare.. Most
of the mclusrons are assrmllated to the extent that their. original character is masked. The inclusions.
- range ‘from gravel-sized, sub-rounded pieces to masses which have dlmensrons of hundreds of feet.

o ’Commonly, the mclusrons make up 20 to 50 percent of the rock but they may be absent over large
- areas: " ’ T jhogs

'aloglcally and texturally 1In thin section, the rhyolitic groundmass is porphyritic, with phenocrysts of

 albite and /or sanidine in a micro-crystalline groundmass of the same minerals and biotite. The aplite

s composed. of approxrmately equal amounts of quartz, K-feldspar, and albite. Variations in compo-

~sition. probably are due in part to the assimilation of other rock types. At the north end of the expos-
- . ure, part of the groundmass is a medmm—gramed gramtlc rock composed of pink K- feldspar, quartz,

~ and lesser white plagioclase feldspar. Locally, masses of coarse plnk feldspar wrth cores of gray quartz
occur in the grarutrc variety of the groundmass.. - o , ,

*trast, the rhyolite dikes grade into the groundmass of the intrusive breccia body, the groundmass and

o

: ) ohte drkes may be. closely related in trme and gen esis.

j V‘Quaternary-Tertmry volcomc rocks T,:,?ﬁ [T R A

Quaternary-Tertiary volcanic rocks unconformably ovetlie the metamorphlc rocl(s at both ends ofu

the Range and lie directly on the granite in several hills on Fourmile Flat to the west (see Plates 2

Ny ‘and 4 and Frgure 13) An upper Quaternarv (?) umt of basalt flows rests wrth varled degrees of an- .

wrthout feldspar phenocrysts and porphyry wrth both quartz and feldspar phenocrysts The drkes are

In tlnn sectron the aphamtrc rhyohte is allot rrornorphrc-granular thh porlcrhtrc and cunerform\?l :
intergrowths of quartz and K- feldspar no other pri-
‘mary minerals were noted, but the feldspar com- *
“monly is almost completely argillized and sericitized.. |
~The porphyritic varieties of rhyolite containup to.
30 percent phenocrysts of quartz, sanidine, and/or |
albite in a microcrystalline groundmass of the same =
minerals plus - ‘o-5 percent  biotite; ‘some sections -

show evidence of propvhtrzatlon argrlhzatron serr—h k'

e

A breccia, consrstrng of 1nclusrons of several,

and porphyritic rhyolite, is exposed along the north-

“The aphtrc and porphyrrtrc—rhyohte types of groundrnass are gradatronal w1th each other miner-

, ' The intrusive breccra cuts. the granite. The aphtrc groundmass of . the intrusive breccra extends
- \outward from the main mass in the form of dikes which cut andesite dikes and' granite.. Where the
- andesite dikes extend into the intrusive breccia body they are broken and enclosed by the aphtrc‘
. groundmass, and become mcreasrngly difficult to trace as they extend further into the body. In_con--

~ dikes bemg quite similar both megascopically and microscopically, giving the impression that the
dikes were feeders for the intrusive breccia body or were fed by 1t Thus. the mtrusrve breccra and rhy—‘;




e

o horrzontal shallow, glassy intrusive body or.possibly”
. an_extrusive ‘dome. The base and top of the vitro-

gular unconformlty upon a Tertlaly( ) umt consrstmg of an’ upper member of llghtvcolored rhyo- |
htre pyroclastrcs and’ ﬂows and a lower member of dark-colored andesrte ﬂows : G ’f
North of U. S. 5. and east Of Sand Sprmgs Pass several small erosronal remnants of rhyohte vie

e trophyre are present near the top of the rhyolrtrc?i.
. sequence; Probably all of these are at the same strati-

- graphic: position and represent one large tabular,

~ phyre are not present in any one. exposure, but the.
body is probably less than 100 feet thick. :

_Theandesitic lower sequence Tests: w1th pro- -
nounced unconformrty on the Mesozoic (?) meta-
~ morphic rocks in the’ northern end of the Range '
- Locally the thyolitic sequence rests drrectly upon -
~_the metamorphics, indicating a profound local un-
conformlty between  the andesitic and rhyolitic
- sequences. In the. southernmost part of the ‘map

- Hary ) rhyolrtrc sequence are present but the ande—'k’, colored Tertiary(?) rhyolitic pyroclastics and -
SItlc sequence ls Imssmg S SR E flows (Iookmg north across U S nghway 50) ;

- The. Quaternary (?). basalts rest wrth dlscordances of up to 30 upon the T ertrary rhyolrte and TuE
form horlzontal to gently: westerly—drpplng ‘mesas” .In  contrast .o the- “badlands” topography o
developed in the thyolites. A “baked” and hlgh]y oxidized reddrsh—orange zone ‘20-25 feet thick is.* i -
: commonly present at the upper contact of the. rhyohtlc sequence. The lowermost five feet or so of - .. -
basalt is commonly an “erosional breccia”. It consists of boulders up to 18 inches in diameter, which
probably existed on an old erosion surface and have been incorporated into the base of the flow. The :
- basalt is general]y vesicular, rarely amygdalordal and is locally extremely scorraceous North of U S L

50 the basalt sequence generally drps 15%-20° northwesterly to westerly

Although the rhyohtes at the north and south ends of the Range are undoubtedly stratlgraphrc* Sl
equrvalents there are some noticeable differences ' in lrthologv Felsite flows predominate more in = -
~the southern exposures than in the northern ones; " the latter have consrderable -amounts of tuffaceous. SR
materral The glassy vrtr0phyre promlnent north of U S 50 has not been noted in the southern ex-,

posures

 the rhyolitic ‘sequence and maybe early Tertiary or perhaps pre-Tertiary, but for the purposes of
- this report it has been- rnapped and grouped with the basalts and rhyolltes S

Quoternary-Tertlary sedlmentory deposrts

-Quaternary and Tertrary alluvial and eolian- deposrts occupy the valleys east and west of the_g‘
Range (see Plates 2, 4, and g) . Fairview. Valley east of the Range is characterized by bolson deposits. -
- On the basis of geophysrcal studies; this unconsolidated material is ‘estimated to be as thick as 5,800 .
s,,#feet near the west margin of the valley a few miles south of U. S. Hrghway 50. In the same general A

area, at hydrologlcal test hole H-4, the alluvrum is known to be over 980 feet thick. =
Fourmrle Flat west of the Range is- covered by alluvral fans pedlment sands and gravels sand 5

;'j,Figure 13, Quaternary—Tertrary volcanics at the .

: ~narth end of Range. Upper dark rocksare
- area both the Quaternary(?) basalt and upper Ter- . - Quaternary(’) basalt flows resting on light- -~

~The: volcamc rocks of the Sand Sprmgs Range are dated as Quaternary (?) and Tertrary (?) on fl‘,:(
the basis of their relatlonshrp to other rocks in the area and their 51m11ar1ty to the Quaternary and
~ Tertiary volcanic rocks in other nearby areas. The andesitic sequence is doubtless much older than . -




il .rock commonly are 1ron—stamed bleached, pr0pylitlzed and brecc1ated

o ?"f dunes playa lake deposrts and Lake Lahontan beach deposrts and tufa Thxck alluvral fans occur along

* the west front of the Sand Springs Range and along the northeast front of the Cocoon Mountains,

| ing power at ground level in rising to pass over the Range. The slopes of both the alluvial fans ‘and

the volcanic rocks at the north end of the Range are. conspicuously cut by lake terraces and covered
" bybeach pebbles and tufa, to an elevation of about 4,380 feet. The thickness of the alluvial fill in. -
;Fourmlle Flat is probably much: less than that -in Fairview Valley. In hole H-3 bedrock is believed :

A 5sloprng west and northeast to the playa lake of Fourmile F fat. Sand dunes are common around the \v)
. edges of the playa, and wind-blown sand mantles large areas of the alluvial fans and granite pediment.

:l;Unusually large dunes, over 400 feet high, are present north of U. S. Hrghway 50 at the northeast-
" ern edge of the flat; sands are deposrted here as the prevailing northeast winds lose velotity and carry-

" to have been’ encountered at 310 feet; however, a refraction profile centered at the well gives a depth

o of 196 feet to a high velocity layer which was tenta trvely identified as being composed of metamorphic -
- -rocks. About one and one-half miles down the alluvial slope (northwesterly)., at hole H-2; bedrock was
.. not encountered at 780 feet, the total .depth of the well. . Gravity measurements reported in the sub-

'sequent geophysrcal section suggest depths of less than 1,300 feet to bedrock 1mmed1ately south of the

o salt flat {(For a more detailed “description ‘of the Quaternary-Tertiary sediments, see Hydrogeology'

-and Hydrologv section) . Windblown silty material mantles several of the major depressrons in the f
crest of the Sand Springs Range. The absolute extent of the silt is not mdlcated on Plate 5, but it rsf o

. the major cover in the Cround Zero area averagrng less than 10 feet

- STRUCTURES

Foldmg

Folding is- not a. promment feature in the Sand Spnngs Range The metamorphrc sequence at =

~ the south end of the Range apparently forms the western limb of a south—plungmg anticline, the -

‘ ‘eastern limb being in the Fairview. Range. Smaller scale folding is uncommon in the Sand Springs

Range except along the southern granxtrc-metamorphrc—rock contact where some drag foldrng of the

metamorphrcs was noted T T e

Faults

The Sand Springs Range is a north—south trendmg fault—block that has been sub]ected to mter—f

" mittent tectonic activity (see Plates 2-6 for subsequent geology) . The Range has been uplifted along -
~ a series of high-angle, northeast- and northwest-trending faults. These faults have a remarkably con- - =
sistent pattern. through the Range. The fault-block makmg up the Range appears to be- tllted with. >

- the western side’ remammg hrgher '

L Undoubtedly the recurring faultmg and accom panying- )omts and cleavage provrded the ma]orrty '

| of avenues and sites for the intrusion of the apllte-pegmatlte rhyolrte ‘and’ andeslte dikes.-

 tect; however they probably are as common asthe northeast—trendmg faults. -

Although most of the faults are narrow, a few are wide, and some are grouped together to form

4-,:" ' fault zones. Many contain gouge and brecciated wallrock. Both the wider individual faults and the

fault zones contain numerous irregular slips. Wallrock fragments in the faults, and the ad]acent wall- ~

\ Topographrc expressron shckensrdes, and offsettmg of the volcanlc rocks and thrust fault all

e Northwest trendmg faults—These faults, ‘trending more or less N.- 50 ‘W, are accompamed by -
i parallel joirits. Most of the aplite-pegmatite, andesite, and thyolite dikes are mtruded along these
.- faults and joints. Several wide northwest—trendmg zones of alteration are associated with the faults. =~

- Because the dikes commonly follow rather than crosscut these faults, the faults are drfflcult to de--

%)
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mdrcate that the predomrnate rnovement along most of these faults was vertrcal in many cases bemg B

place along most of these faults. This ‘horizontal movement is late and- rnost comrnonly is’ small be— ‘
" ing 'measurable in tens ‘and rarely in hiindreds of feet. | - :

Faults of this group offset the metamorpluc rocl<s gramte and volcanrc rocks and in-a few cases

* hundreds and even thousands. of feet. However, the offsetting of vertical dikes and the northeast- -
trendmg faults, and the direction of slickensides, indicate that horizontal ‘movement also_has_ taken St

~the Quaternary alluvium and 'various types of dikes. The thrust fault also is offset while the north- =
east-trending faults both cut and are cut by these faults. Some of all three types of dikes, except the =~ .~
_younger; curved rhyolites, are intruded along ‘these faults, but show no evidence of post-dike move- .
ment. None of these faults was found to be cut by granite. The evidenice -thus: indicates that these = .

faults have been active intermittently from shortly ‘after the intrusion of the granitic body t until re-

~ cent times, with the penods of greatest actrvrty before m]ectlon of the drkes and after extrusron of the

~Quaternary volcanics.” : 5§ : e , :
_Northeast - trending faults—The faults whrch trend more or less N. 30 E are; accompamed by -
closely spaced parallel fracture cleavage Although many of these faults are narrow, some are wide,
“and others are grouped together to form fault zones. Most: contain" ‘gouge and brecciated. wallrock, -
- and the wider individual faults and the fault zones - contain numerous’ 1rregular slips. The brecciated
"~ wallrock fragments in the faults and the ad)acent wallrock commonly are iron- starned bleached and
propyhtlzed o T B e . | : : I
: Topograplnc expressron shckensrdes and offsettmg of the thrust fault mdrcate that in- many »
cases the predommate movement along these faults was vertical. However, “offsetting of the dikes (see

‘and directionsof slrcl(ensrdes mdrcate that. borr-“’

the most persistence and Jargest displacements
~could be mapped without obscurmg other geologic

smaller the faults are lost in' fracture cleavage

v' ' L -p =
= rl'g;‘; tg’?g'ﬂ" l}}’g;’gfngd',i‘: rtll'lsw :;bacfgzller:o r‘,’(;“ -perlods of greatest activity before the. intrusion of -

- extrusion of the Quaternary volcanic rocks.

Thrust fault —A thrust fault cuts the metamorphrc rocks at the north end of the Range (see Flg— |
ure 15). It has a gently—north—drppmg undulating surface. The upper plate is gametrferous recrysta—
llrzed lrmestone The lower plate is. metamorplnc rocks except in two small areas where small off—

g ~ \ - HETEE

Figures 10 and.14) and northwest-trending faults, -

zontdl movement has been common along most of ;7
these faults, with total obvious displacemerit seldom . -

* being more than a few tens of feet. So many faults -
‘have this northeast orientation that only those with

features. As the amount  of -movement becomes

Faults of ‘this group offset the metamorphrc' S
'rocl(s gramte drkes volcanic rocks and in'a few =
cases Quaternary alluvium. The thrust fault is off-
set by faults of this group, while the northwest- = =
trending faults both offset and are offset by these -~ =
faults. Most of the faults oﬂ‘set all the dikes except' . L i
the younger, curved rhyolites, but are not cut bythe . -
granite. The evidence thus indicates that movement
Figure 14. Dark gray andesite dike showing “occurred intermittently from shortly after the intru- ~ .

“multiple offsets on northeast-trending faults. - sion of the granite until recent times, with the -

f’;_"end of Area B) (photo retouched) .. the younger, curved. rhyolite dikes and after thef o :1:




- Joints | SIS e o T |
A well developed system of 1omts parallels the northwest—trendrng faults (Frgure 16) The ]omts
~ .can be recogmzed in the bold outcrops in the southeast corner of Plate 3 All the dlkes except the
" younger; curved thyolite ones are -intruded along :
~ these joints. Apparently most of ‘the joints: had
* already been filled by the time the curved rhyolite -

. the same forces.

e ;;‘Fracture cleavage | |
- The well-developed fracture cleavage presentv
- throughout much - of the granitic-body ‘commonly =

shoots of the gramtrc body are exposed in contact wrth the thrust Along the sole of the thrust the
. 1ock is bleached and stained. The direction ‘of movement 1s not known The reconnalssance mappmg o
L suggested no thrust faultmg elsewhere in the Range e G

- dikes were intruded, and these dikes were forced :
n part to follow less regular fractures: However, :
. numerous northwest-trending ‘joints are_ present

which do not contain dikes, suggestirig that a sec-

- ond, post-dike perrod of joint-formation occurred
or that the dike magma was insufficient to fill all
joints. Tt is likely that the joints and the northwest- .
‘trending faults were formed srmultaneously and by_

N Noooleen

“parallels the northeast—trendmg faults (see Figure

~17). Locally the fracture cleavage has other orientations. Indrvrdual surfaces are 1rregular but roughly
parallel to one another. In most cases, the fracture cleavage consists of sub-parallel planes 1/10 to
1/5 of an inch apart. Intersection of fracture cleavage and }omt surfaces locally causes partrallv decom-.

B posed granite to break into “spindles.” .

’

anure !5  Thrust fault at north end of Range o

_south of U. S. Highway 50. Upper plate is re-
- crystallized limestone - dipping south. Lower

- “plate is schist and phylllte wrth steep, rrreg-

ular dips. (Ioolcmg east)

.- Movements of less than an inch have taken place along many of the surfaces and minor amounts

'of gouge are present on some surfaces. The division
between faulting and fracture cleavage is arbitrary,

-~ "and many of the more through-gomg surfaces could

“be consrdered as ]omts

Frgure 16 Northwest-trendmg joints in Ground-
- Zero granite in northwestern _part of Area B
(lookmg northwest)

Frgure 17 Aphte dlkes standmg as walls and

showmg jointing and fracture .cleavage dip-

-ping ‘east. In northwestern part of Area B.
(Iookmg north)

/ .
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B Well»develoPed fracture cleavage cuts the aphte—pegmatlte drkes fracture cleavage cuts the other S
LR drke types but is less well-developed. The fracture cleavage probably was formed at the same time as,
Q and by the same forces that caused, the northeast faulting, with most ‘of the fracture cleavage appar-. -
- ently formed during t the post-granite, pre—andesrtc—dll(e period of the northeast—faultmg ‘During-the post-
S Quaternary volcanic perrod of faulting;. pressures probably were relieved -along pre-existing faults and
7 fracture cleavage surfaces and relatrvely httle addrt 1onal fracture cleavage developed at thrs late stage of |
e z,»faultmg : ' S S : e ‘

'V';Other faults, fracture cleavage and ]omts

, Other drrectrons of faulting, fracture cleavage and )omtmg have been recogmzed but do not com-
e ’pare in prominence or consistency with those ;ust descrrbed Such fracture cleavage commonlv paral—
L lels faults havmg unusual onentatlons D R T : :
}fALTERATION , Gile s bt | |
-~ © . 'Little wall-rock. alteratlon occurs along the aphte—pegmatlte dnd andesrte drkes In contrast many
it of the thyolite dikes and nearby country rocks contain disseminated pyrlte and are bleached argillized,
- ‘and iton-stained. Propylitization, bleachmg, arglllrzatron and iron-staining also are common along many - .
- of the faults and some of the joints in' the granitic body and volcanic rocks, and to a lesser extent in
" the metamorphic rocks: Except for a belt trending northwest across the Range at Breccia Canyon north
of GZ Canyon and an area at the head of Lucky Boy’ Canyon the alteration affects only a very small
' fraction of the total rock. At Breccia Canyon the fluids causing the alteration, as'well as a swarm of
T ;rhyohte dikes, took advantage of the openmgs provrded by a belt of northwest-trendmg faults. -

' Contact:metasomatism has taken place in the rocks in contact w1th the granltlc bodv and rs
.;'drscussed under Ore Deposrts below R : g i

'_ORE DEPOSlTS 2 :
Contact metasomatlc tungsten deposrts / o E ,
o ~Contact metasomatic tungsten' dep051ts occurin the metamorphrc sequence at the north and south - Vi
i ends of the Range in contact with the granitic body, in most cases in limestone. Scheelite and minor gy
-powellite -occur with garnet, cordierite, diopside, calcite, quartz ‘and other skarn minerals formmg S
. small, irregular replacement bodies. Small 1rregular quartz veins. contammg scheehte cut the replace—
L ment bod}es and surroundmg roeks : S = i L

Extensrve prospectmg has been done in these deposrts but w1th unfavorable results Although a - s

: 'fsmall amount of tungsten ore has been mined, the deposits are t00. small 1rregular and low-grade to

=7 be worked proﬁtably Although some assessment worl( has been done -none- of the mmes was actrve i
'.;_1n196z ‘ : v i R o : S

LA

L .Sllver-gold vems | e T : » S ST
oA system of east-west ‘veins Cllpplng steeply south and Imown as the Summrt ng system (see
' Plate 4), occur in a fault zone crossing the Range just south of U. S. nghway 50. The veins cut met-
- amorphic rocks, Tertiary volcamc rocks, and andesite and rhyohte dikes that. occupy many -of the ,
+ individual fault strands. The veins are offset short ‘distances by cross-faults. At the surface the veins' <’
-+ have a braided pattern ‘The main southernmost vein drps 70° to 80° south;’ the subsrdrary vems to
: the north. d1p 50 to 7o south and intersect the main vein at shallow depths AT

 The veins are 210 10 feet thrck contam ﬁne—gramed to vuggy quartz; angular fadlt breccra and
Iocally abundant calcite and. pyrite.. Values reportedly occur in free gold, silver chloride, and argen-
tlte The ratro of gold to s1lver is 1: 40 in the upper level but mcreases to 1: 80 in: the deeper workmgs




o 'At the surface and in the upper level the vein is hrghly oxrdrzed and the quartzxrumbles readrly

. Extensive underground workrngs reach depths in excess of 450 feet The prrncrpal workings are ~
~ known as the Summit King mine. Several million dollars worth of srlver and some gold were produced

values were recovered ina cvanrde mrll on the property S PURE

o Quartz veins

" A north-south, gently—west—dlppmg quartz vein over 5 feet thrcL crops out in a- hlll along the east
front of the Range south of Lucky Boy Canyon. The vein is-exposed on a drp slope,” thus has.an

- extensive outcrop. It is a portion of an aplite-pegmatite dike in which quartz is the only mineral. The  ~
SRR "deposrt has been prospected as a source of high-grade silica. A number of other narrow; gently dipping, =
- yuggy; white quartz veins.occur in. the Range Desultory prospectmg suggests they are not worthy of '

S explortatron | o : : T v -

e Sodlum Chlonde deposrt

) Salt is harvested' annuallv from the playa on F ourmrle Flat \ther SNOWS and rains result m a
‘portron of the-playa l)erng filled with saltladen water. A crust of salt remains after the water evapo—» o

e f_ rates durrng the hot summer. weather Thrs crust 1s scraped up and sold as stock—salt

Geology of Areo B lncludmg Trenched Area e

, The lrthologrc and structural elements in the rmmedrate Ground Zero area (see Frgure 2) have‘
s been disclosed by 1:6,000 scale mapping of Area B, by 1:2,400 scale mapping of bulldozer trenches ,

traverses on which mapping was done on 1:2,400 scale, and by an inclined drill hole (ECH -A, N. 60°
, —45°, bottomed at 1,898 feet) dnd a vertical drill hole (ECH-D, bottomed at 2 017 feet) Re-

o "sults of thrs work are presented on Plates 5 and 6.in the foho (see also P late 3)

" SURFACE GEOLOGY

The structural and’ hthologrc elements are: qu ite srmple wrthm 2,000 feet’ of tentatrve Ground—

rock is Ground- Zero -type granite whose petrographrc characterrstrcs have been detarled above

Although the gramte has a variety of joints with both steep and gentle drps the most promment

i ;'Zero near the collar of ECH-D, and are relatively simple throughout Area B. The prrncrpal country. 7

and consistent joint set strikes N. 50°-60° W, and-dips vertically to steeply NE or SW. This set is

~ recognized throughout the Range. Some ad]ustment has taken place on a few of these joints in the

‘Ground-Zero area (see Plate 6) east of the intersection of trenches 3N and 1W, north of the east end

~ of 1S, at 3N-6W, and from - 5S-2W and 5S-4W northwestward These adjustments normally are ‘ex-
~ pressed by thin seams of gouge less than an inch-in width. Discontinuous siliceous breccia up to 4 in.

Along the west side of the bulldozer trench gnd aplrte-pegmatrte drkes remarlcable for their con:

- wide s occasionally present. The planes of breaking and adjacent granite walls often show some propy- -
.- litization and bleaching in bands that rarely exceed 10 feet in width. These planes have had recurrent
.. movement and probably are related to the major. northwest-trending - zones several miles north ‘of -

P Ground-Zero, manj of which show strong serrcrtrza tion over substantial w1dths and are locally occupred |

e ,'by rhyollte and andesrte dikes. S _ ~ '

i srstency in strike and drp, have ‘invaded the northwest joint st (see Figure g) - This zone of abundant -

- dikes extends north and south beyond the limits of Area B. Where exposed in the grid they vary from

~_a few inches in width up to a maximum of about 6 feet. As. these dikes are traced southeastward, they (™

" diminish in number and become narrower in wid th; most die out within a thousand feet of the road
oy along the west srde of the grrd In the east half of the grrd all vrslble drkes were mapped regardless




of wrdth to (llSClOSC the structural pattern Very few drkes were found w1th1n 1,000 feet of tentatlve’{ H
-/ Ground-Zero, and all but one or two are less than a foot wide. It will be evident from Plate 5 that -
u west of the road the northwest-trendlng dike-pattern, while’ still predominant, is complicated by a~
: greater number of w1der dll(CS show1ng more Vanal)le stnl(es and ClIPS Walls ‘of the dikes usuallv are -
-~ frozen to-fresh granite but they occasionally’ show shppage ‘and the granite may be bleached for a few
feet from the walls The two hllls along the range front west of the trenched area are held up bY an

thure 18.. " Ground-Zero granite in trenched area * - anure 19.- Ground Zero granite in trenched area.
showmg fracture cleavage as’ revealed by rip-. - _with blocks arranged to show the stnke of the - %
pmg R A N fracture cleavage :

o 'abundance of the erosron—resxstant aphte—pegmatxte (lll(CS The pattern of ]omtmg and fracturmg in
nAE -r,these dikes is drsplayed in Figure 17, IR S : : R

L In addition to the abundant aphte-pegmatrte dlkes a smgle mass of pOl'phyrlth granodlonte 50 -

i feet wide by 100 feet long, was mapped west of sW-on 5S. Two narrow andesite dikes, also in this joint

" set, were tecorded on 8S. Two short andesite dikes were. mapped about 1,600 feet east of drill hole

N pECH—D Numerous rhyolite dikes and several andesite dikes occur in Area B northeast of the trenched
area; only a few thyolite and andesite dikes crop out in Area B south of the trenched area. These dikes

L show the same features and relatronshrps as elsewhere in the Range (see Geology of the Sand Sprmgs 5

. Throughout the gnd the gramte ‘mass and the aphte—pegmatrte dlkes are cut by fracture cleavage A
that varies in intensity from about 6 to 20 megascopic planes to the inch; an average for- the gndr o
" exposures is about 10 to the inch. The strike of the cleavage averages s about N. 307 E. and is impressive ~ -
-~ for its consistency; its dip is vertical to steeply NW. or SE. Elsewhere in  Area B the cleavage commonly .
" Thas the same strike and dip, but other orientations are prominent Tlocally. This phenomenon, spec- i
.- tacularly exposed in the ripped trenches (see Frgures 18 and 19), probably is  the consequence ofhori- - -
. zontal compression and must be 1ntrmately related to the faults which angle northeasterly across the ~ -
>‘1’}Range. In many cases slippage along cleavage planes offsets aphte—pegmatlte dikes for short distances;”
‘ however, no consistent pattern of offset is evident. These slip planes. usually lack gouge or alteratlon Lora R
o ‘J “and are not detectable except where they offset segrnents of the drkes S SR

. The pnncrpal northeast-trendmg fault zones are de31gnated on Plate 6, proceedmg from eastto -
west as “A "B AC) and “D” a ﬁfth zone, « E is unlque in that it stnkes about east-west '




R

T \ “A isa ma;or zone whrch wrth nearby elements is one of the most promrnent features of the
- ‘-‘Range 1In the Ground-Zero area it is several hund red feet wide and is expressed at surface by a rib of -

e silicified breccia up to a foot wide, dipping 55° to 80° NW Gramte ad]acent to the rib is bleached g _'—':

& b"“'propylrtlzed and cut by numerous fracture planes :

“B” fault zone about 50 feet wrde is marked at surface ina fashron srmrlar to A” except that it

LR ‘t ; ;drps 75° SE. “Thin gouge elements in the zone vary in their strrke and in therr degree of southeasterly‘ - 'j}
e ’drp The ‘B zone. apparently is a hangmg wall spht of “A” zone. - 7 S

: “C" fault is rdentlﬁed at several places in the southern part of the grrd by bands of bleached gran- T

o ;_1te 20 to 30 feet wide, that are cut by multrple gouge seams. Reliable dips were not obtained there. -

' On 1W between- 3N and 4N, “C” zone includes 1% inchesof gouge and breccia and several half-inch-
- wide sympathetrc gouge planes in a-40-foot band of somewhat bleached and propylrtrzed gramte The
" only reliable dip obtained: there was vertical. Another plane 30 feet to the west drps 85° SE. Three -
o r,—‘unnamed faults parallel to “C” were recogmzed between 3S and 8S, but evrdence is- lackmg for car- o

L Vfrymg them through the northern part of the grd. : S T g

“D” fault zone mcludes several elements 1dent1ﬁed by offsets on aphte—pegmatrte drkes other-y?-\, o

'wrse it is poorly exposed What appear to be splits from the zone are exposed as thin gouge seams in o

e somewhat bleached granite in thé dlagonal bulldozer trench between 3N—6W and zNJ7W
| Supplementary bulldozer trenchrng in August drsclosed between 3N and 4N a 3o-foot-wrde '

S zone, stnkmg east-west, of strong bleaching and abundant ' gouge seams showing diverse strikes and

- dips. This is designated “E™ fault zone. It is not known if it persists beyond .“B”"and “C” zones.
7 Study of its elements, especrally in- the ‘trench on the south side of the ridge, indicates the dips vary

e - between vertical and 58° south. In the ‘hanging wall of “E” are two 3- to 5-foot zones of slrppage and -
e bleachmg whrch drp vertrcally to steeply north. These are sub-parallel to the northwest joint set. '

* The same northeast- trendmg pattern of faulti ng that is present on the grrd is promlnent through- ,

i out Area B except in the southeast corner of the area where a more random pattern is evident..

The details of the geologlcal structure discussed above were, prror to trenchmg, obscured by. frne ‘,
- 'srlt commonly less than 10 feet thick, which is believed to have been blown in from Fourmile Flat to

" -~ the west. The granite was apparently altered by shallow physical weatherrng before the rock was inun-
- dated by silt, because the granite ripped in the trenches, while commonly hmonrte-starned shows

. zones.

 little decompisition of its feldspars or ferromagnesian minerals. A narrow band of caliche and bleached
‘ granrte often occurs between fresh granlte and the srlt cover. Calrche also occurs along some of the faultg 8

N

 SUBSURFACE GEOLOGY :
In order to test ground conditions in depth holes ECH—A andﬂ-D were dramond drrlled (see

5; :Plates 45 6, in folio, and Frgure 2 and AppendrcesAand B)..

Exploratron core hole ECH-A- (N 60° W, ——45 °). was completed at a drrll hole depth of 1 898

oy feet. The hole steepened to about 49° at its bottom approximately 1,500 feet lower in elevation than :

" the collar of ECHD and approximately 150 feet S. 60° E. of the downward proyectron of ECH-D

o The following was encountered (see. Appendix A for more. detarls)

- ossft. —soil'and decomposed gramte S
55120 ft. —weathered granite. = ' ' R : : u

';, 120—450 ft. ——FAULT ZONE; gouge and breccrated bleached and propyhtrzed granrte The o
© 0 core s soft and crumbly BB i




: {ili,,450-600 ft. ——fresh granrte hard relatlvely sohd and unaltered - L i
'*"600-890 ft. ~FAULT ZONE (same as’ 120—450 ft) Sme ST
89@1898 ft —fresh granrte (same as 450-600 ft.) ; some, less than a-mch gouge (fault) seams. .
Exploratton core hole ECH-D (verttcal) was completed at'a drill hole depth of 2017 feet The '-::'j.‘fi
followmg was encountered (see Appendlx B for more detarls) e R

. 0—307 ft -—no core. Cuttmgs indicate granlte is fresh.
307—1440 ft—fresh gramte (same as fresh granrte in hole ECH A)

144&1675 ft. ~FAULT ZONE: alternatmg breccra and gouge and bleached propvlltrzed and ﬂﬁ,:_ L
- fresh: granlte ' L

16'75-2017 ft —fresh gramte some narrow gouge (fault) seams, bleachmg along fractures and{‘
falllts B e it A I : LR L

: The fault zones in the upper part of ECH—A correlate wrth the northeast—trendmg htgh—angle e
i faults (Zones A and'B) observed southeast of the proposed Ground-Zero point during surface map-
s prng No significant high-angle faultrng is present in the lower part of ECH-A; however, a number of -
. gouge . (fault) seams less than 1 inch in thickness were. ‘encountered. 'The fault zone in ECH-D (see;/ :
- Figure 22) Is probably the downward extension of the “E” fault zone: Because of the uncertain na- . .
- ture of its' dip ‘at the surface, “C” fault may intersect ECH-D in the same rnterval Many ribs of rel-*
- atively solid granite occur in ‘the fault zone; and an unusually large amount of core fell out of the core.
- barrel while being pulled, then was reground. dunng further drilling, producing material that makes -
. the interval appear to be more broken . than it is. No evrdence of thrust faultrng has been noted in- -
' erther hole. . oo e _, AT e S ER S R

i The northeast—trendmg fracture cleavage and northwest—trendmg ]omts (see Frgure 21) observed S
-~ on the surface are present throughout the entire lengths of both holes but are. rncreasrngly trght
- with increasing depth. In the last 759 feet of ECH-A the core cornmonly breaks at 90 to the ¢ core axis -
- rather than along joints or cleavage; in this interval exceptlonally long pieces of core were recovered and
'many intervals of the granite approached “‘tombstone” quality. Except for the fault zone, the core - S
from li.CH-D compares favorably with the last 7 50 feet of core from ECH-A (see Frgure zo) ‘ ‘ :

Q Frgure 20 lmpresswe lengths of core from hole ..+ = ,Figure 21. Core from diamond drill hole ECH-D - =~ - -
ECH D. (selected from 600 feet to 800 feet) showmg splitting due to nearly vertical joints . - . .
-~ -and fracture cIeavage (mterval 1018 feet to. - oo

1026 feet) : . :




- Althoug ‘ hing, and iror , : |
- ture cleavage, and faults, relatively little rock has been aftected, and ‘the rock a few inches from the

ﬁ‘_"  ~:1~~ }Only‘tji:xio nérfbw: '@pliié—ﬁegmatite'dikeé havé \beén en'c‘oﬁh'terv@cdb'yin"ECH—D and‘ none in 'ECH-A. 2

*.This almost complete absence of dikes ‘in the two holes and at the surface in the vicinity of proposed _

" Ground-Zero makes it unlikely that a swarm of dikes might be present within several hundred feet
CofECHD. L e A

h alteration "(prbpylitiiation,f ;Bleaching,' ahd,_iron—stairiihg‘):r is common along joints, frac-

‘structure usually is fresh, solid, and dense. However, the rock ’in"t:he major fault zones commonly is

P N

 highlyaltered (seeFignre22). .~ .~ = - o

&
Figure ‘22'.\"Co‘re from'hbl,e’EvCH'-D sﬁow‘ing' frac- e R
’ ~ turing ahd brecciation in fault zone. (interval - R
- 1647 feet to 1635 feet) TR

P




GEOPHYSICS
Gravrty Survey

iﬁllNTRODUCTION

“The gravity survey was desrgned to mvestrgate the flanks of the Sand Sprmgs Range and the

- nerghbormg valleys It was expected that it would be possrble to determine the Basin-Range fault pat-.

_tern and’ arrive at reasonable estimates’ ‘of the drsplacements mvolved ‘The eﬂlcacy of the gravimet- - ,'
~ric method for solving this type problem is due to the large density contrast between the.dense meta- -

morphlc and granitic rocks comprising the Range and the less dense sedxmentary (and possrbly vol-. -
i "f‘k‘canlc) deposrts of the valleys ' S ; ST o S

It is, obvious that the expected grav1ty patteln should correspond closely to the topography—‘

| : f"_a grav1ty hrgh over the. Range and gravity lows over the valleys. 'lhat thrs is $0-can be seen wrth a

s glance at Plate 7, which is the, complete Bouguer anomaly map of the area. . Lo e A

S A gravity proflle along U. S. Highway 50 across thrs area was Tun by Thompson (1959) Hrsl R
o f;paper should be referred to for the reglonal plcture R ORI Lo : R

,.FIELD MEASUREMENTS ' — B
oo The locatlon of all grav1ty profrles and the six 1solated grav1ty stations s are shown on Plate 7. Al PRI
S proﬁles are east-west, i.e. ,roughly perpendlcular to the trend of the Range, except those along U.S. High- -

. "I:'%.‘!”f',wav 0. It is believed that i increasing the number of profiles would not materially i improve | the gravity - l

e pattern obtained. A soo-foot station spacing was used on all of the profiles. This spacing is probably - -
T1 oo tlght in many cases, especially those with steep gravxty gradlents and those out-in the valleys;and ~ . -
" thus serves only as a redundancy check of data accuracy. For low—gradlent areas near the Range, such -

e a spacmg is useful. Also, since most field time for the control surveying and for readlng the meter is '

spent in finding ‘and getting to the stations, rather than ata statron a oo foot Spacmg does not take

| :;apprecrably longer than, say, a-1,000 foot spacing.

St The photogrammetnc and gravity control were planned together as a unit. The statlons on the BT
e east and west control traverses, which parallel the Range, also were utilized as gravity observation points.

 As these stations were, for the most part, less than goo feet apart, these ﬁfteen—mrle—long gravrty traverses A
‘fprovrded detalled information. on: cross-trendrng (east-west) features. i

“The stations on all profiles and the two traverses were located usmg “transit (or theodollte) and ©

e L‘;cham All elevatlons were obtained by dlfferentlal levelmg Six’ map-ldentlﬁable points were used as

. gravity stations in the Ground-Zero ‘area. The elevations and locations of these points were taken = *
= directly from the topographlc map of Area B. In all, 737 statlons were occupred durmg the course of SR
AT ,thxssurvey T e : . S S

Gravrty measurements were made w1th two Worden gravrty meters Most readmgs were taken'* S

1k thh a “Master”” gravity meter, which had’ a sensrtrvrty of 0.1064 mgal/division: The remaining sta-' Sl

;trons were occupied with an- “Educator” meter with a SCDSIthltY of 0.4657 mgal/d division.

o Q U.S. Coast & Geodetic Survey BM. X—46 at the mtersectlon of U.S. Hrghway 50 and the road o
to the Nevada'Scheelite mine, was selected as the primary gravity base station for-this survey. Secon-
darv base statlons were estabhshed along both traver ses by the method of loops Normal ﬁeld procedure, Sy




. involved readmg the gravnty meter at elther the pnmary base or One of the secondary bases every two '
~ hours. : : SRR : Rt

- DATA REDUCTlON a5 ' ‘ A R ST g
; " All field measurements were reduced to the B M X—46 base Returmng to the prevrously estab»’ S
lished base stations every two hours made it possrble to snnultaneously correct for both the tidal variation . *
and the instrument drift. Asa check the tidal varia tions were computed for ten of the survey days. The:. . .
“Master” gravrty meter was found to drift as much as o. 5 mgal in 6 hours, often nonhnear]y Infact,
the “Master” meter drift in mgal was about equwaTent to the “Educator drift. In view of the large .
anomalies encountered, the “Master” meter’s drift was not excessive. However 1t dld negate in part,”

the increased sensrtrvxty advantage of the Master over: the Educator £
The complete Bouguer anomaly as used in thls paper is deﬁned (m mgal)

979,676 1 2+gm+o o 5998h——go +g:

. ,.\»

it should be noted here that the word * comp]ete ‘means that terram correctlons (gt) were computed -

if they had not been, the word slmple ‘would ha ve been used

The first term in the expression, 979,676 12, i the measured grav1tv at B M X—46 as determmed .

by Thompson (1959) . Accordrng to D. Mabey of the U. S. Geologrca] Survey (oral commumcatlon)

Thompson’s value may be in error as much as 1 mgal. This is not surprising as his : survey was tied
to the old U.S.C. & G.S. pendulum station at Mystic, California. This did. not. affect the survev of -

this report, which deals Wrth the local, rather than the regronal plcture

The second term of the equatlon g, 1S the measured difference with respect to the B M X-46
base. Errors in reading and in the drift removal process are probably less than 0.1 mgal for the “Mas-
ter” and less than o.2 mgal for the “Educator” gravity meter. Another possible source of error isin -
the calibration constants of the two instruments. - They were riot checked but it mnght be noted that

the two meters were in agreement to within:o.1 percent.

The term o.05998h is the COmbmed free-alr— Bouguer correctron h is the elevatron in feet above
sea level. The coefficient corresponds to an ‘assumed density of 2.67g/cc for the underlying rock. This
value is in accord with the standard practice of the US.C. & G.S., and was also used by Thompson.

This figure is very close to the average densrty of the gramtrc rocks in the Sand Springs Range. For
the small range of elevation encountered in this survey, errors in the assumed Bouguer density did -

not greatly affect the local anomalies. Since the ele vations of all but six of the stations were obtained
by double rodding or by traversing between bench marks they should be accurate to less than a foot.
Hence, errors in elevation should be a neghgrble source of error in the complete Bouguer anomaly.

The theoretical gravity at sea ]evel go, was determined by usmg the Intematronal Gravrty Formula

of 1930. Nevada Transverse Mercator coordinates were available for all gravity- statlons Thus, it was a .
relatively simple matter to obtain the latitudes of all stations. In actual practice, a latitude correction °

was applied rather than calculatmg the latitudes and msertmg them into the international formula.

Inasmuch as the locations of all stations are known to within 5o feet and the latitude correction

amounts to about 0.24 rngal/kft the theoretlcal grav1ty term should mtroduce neghglble error into
the complete anomaly ‘ : . : .

Terrain corrections, gc ‘were computed for 52 statrons usmg the Hammer method out through
~zone M (71,996 ft.) . The terrain corrections for-all other stations were then found using a ‘graphical ™
r mterpo]atron procedure much like that presented by Winkler ( 1962) . The accuracy of the interpola-
tron is greatly enhanced by the essentrallv two—drm ensronal nature of the topography In addltmn the




o smoothness of the srmple Bouguer anomaly curves lends conﬁdence to the graplucal approach

A densrty of 2. 67 g/cc was used in determmmg the terrain corrections. Thrs is the same as the i
gBouguer density, thus taking care of the “holes” ‘in the Bouguer plate, and is close to the average @ .

- “density of the mountains above all the gravity stations. The largest terrain correction encountered LA
1 ~ was 7.69 mgal at the radro relay tower the smal]est o. 36 mgal near Frenchman Statron The average o

S "‘:‘of all 52-stations is 1. 54 mgal. AT S '

2 “The uncertamty in the terram correctron is- estnnated to be on the order of 0.2, mgal Thus it Gran

is. the least accurate term in the formula for the complete Bouguer anomaly, at least insofar as thelocal -+ <.
~ (or relative) ‘anomaly is concerned. As a result the overall probable error of the local anomaly is
estrmated to be somewhat less than o. 3 rrwal - e L RTR

i \JGRAVITY MAP AND PROFILES

" The gravity'data were plotted and contoured 01 3 1.0 mgal mterval as shown on Plate 7. Over the“ : v. S
. top of the Range the contourmg is c0nceptual rather than actual; there the contours are dashed. - =
 Where the gravity control is adequate the contours are shown as ‘solid lines. Inasmuch as all gravity

AN ([fyproﬁles and. statrons are shown on the ‘map, ‘the. valrdrty of the contourmg in any area should be obvrous

- The proﬁles are self explanatory Omrttmg the westernmost 8,000 feet, the gravrty data and geo-

i fflogrc profile A”A”” (except for the fault shown out from the Sand Sprmgs Range) is taken fromr

s -Thompson (1959) . -

~ QUALITATIVE INTERPRETATION

 As was expected, there is a one-to-one corresPondence between the gravrty pattern and the to—y; Selnd

i pography The steep gravity gradient along the eastern side of the Range would seem to indicate nor- -

© " mal faulting with large displacements. ‘Since the gravity contours closely parallel ‘the front of the .= -
' _Range (notice particularly the —175 contour) it is evident that the present topography is largely .
~ controlled by this faulting. From surface evidence it is apparent that the Range is bounded on the .

" east side by a series of northwest- and northeast‘trendmg faults instead of by one north-south fault o

R These faults have srmrlar vertrcal drsplacements and are perhaps contemporaneous

The rather flat gravrty gradient along the northwest ﬂank of the Range would seem to mdrcate

. a rather featureless bedrock surface dipping basinward at a low angle beneath Fourmile Flat. No =

~ faulting with large displacements is noted here. If such faulting does exist, it does not bring rocks of . 7

- markedly different densities into juxtaposition. The gravity picture here is somewhat obscured by a =~ =
- gravity hrgh centered some %—mrle north of U. S Hrghwav 50 Thrs feature is drscussed later in this.

o sectron PR SRR DR : v : :

e There is a topographlc and gravrty hrgh between the Sand Sprmgs Range and the Cocoon Moun-f A
SO tains south of Fourmile Flat. In view of the exposures of granitic and metamorphrc rocks seen there, . .-
* - this saddle is ‘more closely akin geologically to the Sand Springs Range than to the basalt-capped -
Cocoons These relatively dense granitic and metamorphrc rocks are responsrble for the gravrty high. = =

B South of the saddle, along the southwest flank of the Range steep gravrtv gradlents again prevail. o
. jThls would indicate normal- faultmg As thls area. 1s some dlstance away from Ground Zero 1t wrll not
‘ :be drscussed further in this report o R . e

Although the Range is marked by a gravrty hrgh the crest of the hrgh is dlsplaced to the west. In T

the vicinity of Fourmile Flat the gravity high is located up to 3,500 feet west of the edge of the Range. =~
uThe anomaly here is about 10 mgal higher than it is over the granites. The obvious conclusion is that -~ - - -
thrs drfference 18 caused by rocl<s heavrer than the granrtes In view. of a srmrlar hrgh (wrth respect to el




T the gramtes) both over the metarnorphrcs in the sou thern half of the Range and in the small ¢ wmdow
o of metamorphlcs present at about the center of the northern hlgh it is likely that this feature is caused

by a telatively thick metamorphic rock section along the west margin of the Range. The lack of large
. anomalres on the: aeromagnetlc proﬁles would seem to deny the presence of ultrabasrcs in thrs region.

The gravrty nose: extendmg out into Fairview Valley south of Lucky Boy Canyon (see Plate. 4)
o ‘)‘1s also marked: by a small aeromagnetic high (Plate 8). Fhrs feature is 1nterpreted as bemg the result of g
4 "ashallow buried horst capped wrth metamorphrcs BRNE Ty L Ly
St “As to be expected over a high contmental area the Bouguer anomaly is strongly negatrve
L Thornpson s (1959)° paper ‘discussed - the regional picture. He stated that the isostatic compensation - .

_~ in this area is regional, i.e,, éach range is:not locallv compensated and that 1f anythmg, thrs regron o
~may be slrghtly overcompensated : : SNy

f;,i."‘f';..;-QUANTITATIVE INTERPRETATION. AR

.The most 1mportant factor i mterpretmg gra vrty surveys is rock densrty For the purposes of this =~

Vfrfi . survey all rocks were grouped into three” densrty categories: (1 ) ‘the intrusive rocks of the Sand.
. Springs Range and all 'Quaternary and Tertiary volcanic rocks in the Sand Sprmgs and nerghbormg'
Ranges (z) the metamorphrc rocks and (3) the valley—frll deposrts : ,

' The: rocks of group 1.ate assumed to have a densrty of 2.67 g/cc Thrs ﬁgure is w1th1n 0.05 g/cc
c of the average of S.S. D. measurements made by the interpreter on specimens from this and similar.in-
- trusives. The volcanrc rocks are unimportant for this survey except for those exposed in Farrvrew Peak.
. In the Sand Springs Range they provide only a thin cover in the areas of interest. The average den-
B srty of these racks depends greatly on the amount of pyroclastlcs and tuffaceous sedrments in the vol-
' - canic section. 2. 67 g/cc is probably a good estimate. - SR T : * :

: The rnetamorphrc section includes rocks w1th measured densrtles rangrng from 2. 8to. 3.1 g/cc
S Recrystalhzed limestone and phyllite-hoinfels, the two most common metamorphic rock types, have -
*. densities at the low and high ends of the range, respectrvely Assuming the metamorphic section to be
- :composed of equal amounts of recrystallized limes tone and phyllite-hornfels; the density of the group-

2 tocks was somewhat arbitrarily taken as 2 97 g/cc grvmg a contrast of 0. 30 g/cc for use in construct-' '
ing the geologrc proﬁles of Plate 7.

BT The density of the valley—frll deposrts is even more 1rnperfectly known By thelr very nature the val-
A :',ley-ﬁll sediments do not outcrop in the Range. No. wells are known to penetrate to “bedrock” in. the
- thicker areas, hence, not even the hthology, much less the density, of this light material is known.
 Lacustrine and subaerial sediments of varying degrees of compaction probably predominate in- the -
. section. There also may be a sizeable thrckness of volcanlc both pyroclastrc and flow rocks in the'* '
"’,valley Sy : A 2 >

B Followmg Thompson and other workers in. the Great Basm a densrty contrast of 0.50 g/cc was
SR used to determine the depth to “bedrock” in the two geologic profiles. The valley-ﬁll is thus assumed
. fohavea density of 217 g/cc. The o.50 figure has the one virtue of ‘giving reasonable depth esti-
.y~ mates in most areas. For this area’ the computed g, 800 foot depth in Fairview Valley is in good agree- .
" ment with the depth obtained from the aeromagnetic data, In many. valleys it may be- that the most
‘valid density contrast can" only be deterrnrned grav1metr1cally using depths deterrnrned by drrllmg or
fromsersmlcsurveys il R L R DL : N

~ In most gravity. surveys in the Basrn—Range provmce the bedrock surface beneath the valleysu -
s a mathematlcal rather than a geologlc surface referrmg to the lower boundmg surface of a volume




of rocks whlch 1f the rocks have the assumed den srty coutrast would produce the observed gravrty’ :
anomaly. Hence, in most cases litile can be inferred about the “bedrock” itself. For this. survey the -
Qgeologrc profiles of Plate 7 also made use of the ae romagnetrc data in determmmg both structure and |

= underlymgrocktypes LAt e : LR /-

Proﬁle A A”' (see Plate 7 for the most part fol lows U S Hrghway 50 Except for the westernmost . i
"8 ooo feet ‘the section A” A” was taken from Tho mpson ( 1959) Terrain corrections were added to = " .

2 Thompson s simple. Bouguer anomaly at the six B.M.’s shown below the profile, and the resulting -
" complete’ Bouguer anomaly plotted. Thompson s bedrock surface was also used except for the fault-
. some 2% miles out in the valley. The presence of this fault is mdrcated by the change in the gravrty,*‘,

i -’ gradlent and also by a small aeromagnetlc anomaly 7:_“, -

The greatest depth to bedrock along\U S. Hrghway 50 occurs )ust east of Frenchman Statron,‘

;l-'and is estimated by Thompson to be about 5,600 feet. This places the floor of the valley at some 7 e
o 1,300 feet below sea level. Along both cross-sections the shape of the valley floor is interpreted as be-

e ~ing caused by a combination of step-faulting and: downwarpmg Actually either could have produced S . ‘f_»
oo the observed gravrty pattern Alternatively, if we assume ‘that the density. contrast is ‘smaller near the st
- margins than in the center of the basm—-relatrvely dense “gravels versus light playa silts—then ‘the = - *

_gravity data would “permit a flat—bottomed ‘graben. ‘The profile, above, was considered to be the most ~
~ reasonable geologrcally ‘The maximum' gravity. gradrent encountered in Farrvrew Valley is about 3.8 . -
,mgal/kft Following Bott and Smith ( 1958) the maxrmum depth to the top (bottom in this case) e
- mof the anomalous mass would be about 5, 800 feet. - : . r

The rocks labeled “Tv" '(a symbol not used on. the geologrc map, Plate 4) on the eastern end of

B .‘,‘?both profiles; are the rhyolites and andesites of Fairview Peak. These partially metamorphosed voleanic

: ,f_'pyroclastlc and flow rocks are believed to be early Tertrary in age (D. Slemmons, oral communrca-‘ i
- tion). They have no defrnlte correlatrves in the OTv of the Sand “Springs Range There i is a magnetrc R

b - high of some 500 gammas over the eastern end of BB” , but no corresponding high is present on the
~eastern end of AA™. In fact, the magnetic level seems to be close to that found over the Sand =/

Rt ’Sprmgs gramtes ‘Since the Tv rocks do not actually outcrop along this section of U S Hrghway 50v .
e '_lt is- possrble that this block should have been marked “gr on cross sectlon AA" , ‘ : :

. The maxrmum depth to bedrock in Farrvrew Valley along B”B”' is estrmated to. be 5,800 feet thrs i : ':'v.j
Sy '41s some 200 feet deeper than alpng U. S. Highway 50. Again a fault basinward (one mlle) from the ENa e
S ;’Range front is postulated on. both gravrmetrlc and aeromagnetrc evrdence ' : A LR,

The surface geology across both the. Sand Sprmgs Range BB and across what mrght be better e

o jtermed the southern end of the Stillwater Range AA”, is taken drrectly from the geologic map of -~ -
- < Plate 4. The gravity high along the western: margrn of the Range is’ interpreted as. ‘having ‘been pro-- ¢

~ . "duced by a section of metamorphic rocks which is 2,300 feet thick along section AA” northof U.S.
ekt nghway 50.and 1,100 feet thick west of Ground-Zero on line BB”. These thicknessés were computed B

- using the assumed density contrast of 0.30 g/cc between the intrusive and metamorphrc rocks, The

* . metmorphic rocks outcrop but locally along AA”. Even this is not the case along BB”, or within

- several miles of it. However; it is possible that hydrology Test' Hole H-3 did penetrate a thm section

~of metamorphrcs some 4,000 feet souith of BB”. (See the seismic section of this report) H-3 is not -
on the gravity hrgh itself, but 4,000 feet west on the flanks. The gravity data indicate that this postu-ﬁ,’ ‘

Jlated metamorphic section thins both vertically and horizontally southward from U. S. Hrghway 50 -
" to just south of H-3. No estimate of the thickness of the metamorphic rocks in‘the. southern portion of
the Range was made because of the lack of gravrty data over the top of the Range '




In the early part of thls survey it was noted that the western. srde of the Range cast of Four- »
Y [mrle Flat, has considerably more t0pograph1c relief than the eastern side, without there being a
. corresponding steep gravity gradient. Tt is probable that the western. side of the Range is bounded by i
- anormal fault with a displacement of at least 2,100 feet—1,000 feet of topographic relief and 1,100 -
- feet of stratigraphic displacement involving 1 the metamorphlcs “The down-thrown ‘block srmply drd
' not drop enough to permlt the extreme sedimenta tion whrch occurred in Farrvrew Valley

O " The valley fill in ‘Fourmile Flat is: estlmated to be a maxrmurn of 1,300 feet thick on BB’ and
.. 1,000 feet thick on AA”. The QTv on the west end: of BB” are the basalts of the Cocoon Mountains.
" "The QTv on the west end of AA” are the basalts’ capping a spur of the Stillwater Range. The thick-
© nesses of these basalt units are not known. From the magnetic map it is apparent that’ these more
©~ magnetic basalts do- not- extend appreciably basinward from therr observed surface exposures.

.= . The type of rocks 1mmed1ately underlylng Fourmile Flat is unknown I they are dense metamor-
S phlcs then the valley fill is appreciably thicker than shown on Plate 7, depending on the thickness of
“~ " the metamorphics.. Thompson s estimate of 2,000 feet of alluvial fill along U. S. Highway 50 (AA) B
" was made without first removing the gravitational effect of the metamorphics. Hence, his local grav-
ity low over Fourmile Flat was apprecrably greater than that used in calculatrng the 1,000 foot thrcl(- s
. mess grven in thrs report ' e o R R

oL > o ;;:Ae,romagnetic Sur‘vey; S
o ,lNTRODUCTlON " . e e
~ The primary. purpose of the aeromagnetrc survey, as orlglnally proposed,‘was to dehmrt the gran-,‘ }
itic body of the Sand Springs Range both vertically and horizontally. In addition, the aeromagnetic -
-data was expected to help resolve various geologlc problems whrch mrght anse durrng the geologrc -
o -and gravimetric mapping. A L : :

- To accomplish the survey a 20 mlle square (A rea A) was flown at a half-mrle spacxng The terrain

* clearance was as close to 500 feet as was consistent with aircraft safety. As flown, the area was covered

by 39 E-W profiles and 4 N-S cross profiles. Plate 8 is the acromagnetic data contoured on a 50 gamma
interval. The aircraft flight paths and the spotted photocenters are shown. , :

Because the aeromagnetrc coverage was completed much later than had been planned many of the
items: necessary for a detailed interpretation were not available prior to the writing of this report. -
-+ Only the original aeromagnetometer tapes and a hurriedly-prepared pencil contour sheet were avail--
- able. Therefore, the interpretation section following should be considered as prelrmrnary as well as
i(sketchy If the examination of all of the aeromagnetic | data reveals any features 1mportant to the'
~ project, a supplementary report w1ll be submltted ‘ ' '

: ’:“INTERPRETATION

LY Many of the rock units used in the geologlc mappmg can be 1dent1f1ed by therr charactenstlc :
b gram on the aeromagnetlc map, Plate 8. : : '

- The granrtrc rocks of the Sand Spnngs Range evrdently have falrly low magnetrc susceptrbrlrtres .
o The magnetic level is low, but all profiles show quite a bit of magnetic relief over the top of the
Range This rrregularlty of magnetic. relief is a common -feature over intrusives. The reason usually
~ given is that the magnetic minerals. tend to congregate in clots, i. e. the mixing i is not complete ~How--
- ever, in this case the: 1rregulanty is, at least i in part the affect of both topography and structure. = -
S Both Fairview Valley and Fourmile Flat are marked by magnetic surfaces of Tow relief and at lowb?
' magnetrc levels Thrs would mdlcate that the valley-fill deposrts have much lower susceptrblhtres than:

B T




the surroundmg rocks and that they must elther be very thrck or must overhe other essentrally non-:

magnetrc rocls

Thereisa smooth magnetlc hrgh over the southern end of the Range Thrs would mdrcate a
rather homogeneous rock whose susceptrbrhty is somewhat greater than that of the granite. This an-
omaly is interpreted as being: due to the metamor phic rocks, which are predominantly phyllite-horn- -

_fels in this area. The Quaternary-Tertlary volcanic cover in thls area consists mostly of rhyolitic flows
_and pyroclastrcs It is too. thln and the rocks are. too nearly noumagnetrc to affect materrally the
magnetrc pattern : e : : = :

' The metamorphrcs on the north end of the Range are in an area whrch is geologrcally complex -

'vlnvolvmg contact effects, mineralization, and Qtv intrusives and extrusives in addition to the meta- =

B morphrcs Asa result no magnetrc anomahes can. be defrmtely attributed to the metamorphrcs alone. - 7'

N

The ‘basalts of the Cocoon Range and the sou thern Strllwater Range produce a farrly typical mag—f
netic pattern—very rough magnetrc topography, having large anomalies (up to 1,300 gammas relief)

- with the lows being more conspicuous than the highs. These lows are not due to the simple geometric

response-to the inclined magnetic field, whereby there is a magnetic low on the north side of every .
- high. Generally these prominent lows are ascribed to edge effects and/or to reversed polarrzatron The -

basalts as to be expected have greater susceptrbrh ties than do the granites or metamorphrcs

There are several large anomalies over- Farrvrew Peak, in fact much larger than would be guessed E

from the “Tv” specimens examined. “The largest anomaly (goo gammas) detected during this sur-

vey is over Slate Mountain, which is in the. southeast corner of Area A" (see Plate- 8) No attempt :

o wrll be made to explarn these features as they are outsrde the area of prime interest.

i port ‘For instance, cither the basalts on the south, west, and north sides of Fourmile Flat do not ex-
- tend into the basin, or if they do, they are flows too thin to have much magnetic expressron The pres- - - %

The rnagnetrc data helped to explain several features considered in the gravrty section of this re-

" ence of the faults in Fairview Valley away from the Range frorrt (see: Plate 7) is based in-part on -

o small (several gamma) magnetic anomahes “The gravity “nose”, extending out into Fairview Valley o

: south of Lucky Boy Canyon coincides with a magnetic high. Takrng into account the fact that the
- rocks producing this anomaly are buried beneath valleyfill, the magnetic level here is greater than that

- over the granites to the north, Hence, it appears that these rocks have greater susceptrbrhtles thaindo
the granites. Thus, the | gravrty and magnetic. anomalles are rnterpreted as havmg been produced by a oo

L /horst composed at least in: part, of metamorphrcs

e (see Plate 8). The northern contact of the gramte with - the metamorphrcs is marked for its entire .
~length by a°prominent magnetic:low, which is probably due to the geometric effect as well as to con- ~ * "+
- tact effects, hydrothermal alteration, etc. On the south the typical granite pattern abuts’ the large S
i magnetrc high over the metamorphrcs It is 1mpossrble to determine magnetometncally the extent of -
“ ~the granrte to the north and south of 1ts surface exposure. because of the maskmg effect of the over]y— G

“The limits of the surface exposures of the ¢ grar mte can easrly be seen on the aeromagnetrc map,

mg rocks

U

7 A fair frt to the magnetrc profrles across the granrtrc portron of the Sand Sprmgs Range can be e
obtarned by using a simple, flat-topped horst with vertical sides as an analytical model. Making a rea- .. "

sonable estimate as to the altitude of the aircraft (the altimeter tapes are not yet available), 5,700 feet -

was found as the maximum depth of fill in Fairview Valley This is within 100 feet of the depth obtain- =~~~
ed in the gravrty survey ‘The agreement is remarkable in view of the assumptlons mvoIved in both e

: methods e : ek : , AT '




, A depth of 2 soo feet ‘was obtamed in Fourm1 le Flat ThlS is greater than the gravrmetncallv de—
termmed depth, though it mrght be noted that 1,000 feet of valley fill plus 1,500 feet of metamorphosed .
e sedlments should be the magnetlc equ1valent of 2, 5oo feet of valley fll. " TR R \,,3 '_ =

S The calculated magnetrc susceptrblhty (average of three determlnatrons) is’ 1,400 X 0™ c.g. s-
N ',Assumrng that the susceptrbrllty of the granites de pends (linearly) only on the magnetrc content we
oy ’fmd that the granltes should contarn on the average 0. 28 percent magnetrte , :

e It was ongmally planned to have susceptrblhty and remnant magnetlsm measurements ‘made on
~ some 30 samples taken from widely separated points in Area A, and from the drill cores. This was not -~

* 7 -ent time it is planned to make these measurements only on the core from ECH-D. They are not in- ,
e tended to help with the aeromagnetlc 1nterpretatron but rather to augment the before—the—blast cata—v R
e log of the physrcal pr0pertres of the gramte N S S : :

TR

o b Refractlon Survey
St INTRODUCTION : L 7 e g L
It was apparent that several geologrcal—geophysrcal problems mrght best be solved by seismic meth-

: " 'ods Preliminary analysrs of the gravity data indicated that the valléy fill was very shallow in Fourrmle ,
o Flat immediately west of the Sand Springs Range, and very deep in’ ‘Fairview Valley to the east. It -

done because of the delay in obtaining aeromagn etic. coverage and the delays in drilling. At the pres- o

was also evident that the east side of the Range was ‘bounded by steep, normal faults. The refraction -~ !

'.‘survey was desrgned to serve as a check on, and to a ugment the gravrty and aeromagnetrc data.

e . The refraction method could be expected to provrde accurate depth—of frll data on the west Also «
it should be possible to determine something of the drp of bounding faults on the east by shooting in
- the high speed granites and by shootmg a parallel series of proflles broadside to the Range. Although

~ the third problem, the depth to “bedrock” in Fairview Valley, is made to order for the reflection
- method, the costs for drilling the shot holes were deemed too high, hence no-reflection survey was = .
~ planned. (It has been found both in this’ area and elsewhere that to insure the transfer to the ground S
- of an amount of elastic energy sufficient to ‘produce strong reflections it is required that the shot be -
Sl ’emplaced below the water table. The water table in the Fairview Valley opposite Ground-Zero is fairly
S deep, near 300 feet, and the ground is in such condrtlon that the shot—holes would have to be cased ).

o Some prelrmrnary testmg was done i in the granitic mass on top of the Sand Sprmgs Range w1th a
- DynaMetrrc seismic timer, because it was thought that the velocities obtained would be useful in lat-

- er refraction surveys. However, the velocities deter mmed usrng this “thtstone system were only
.~ about one half of those determined using an explosive ‘energy source, -a - phenomenon also observed .
1 elsewhere. Also, using this system, calculated depths have been found to be less. The hammer impulses -
i e probably excrte only the near—surface weathered matenal not the deeper more massrve rock ' -

- EQUIPMENT AND DRILLNG

The refraction sersmograph unit used to carry out th1s program was a 12£hannel research mod- B
v fel The Umversrty of Nevada is especially indebted to Professor J. L. Soske of Stanford who, in addl— o
tlon to- furmshrng the selsmograph also donated’ four days field time to the project.. : ‘

o The shot—hole dnlhng was contracted to Sprout Englneers Inc. Elghteen holes (9 on each srde o
-of the Range for Profiles I and I1I) were drilled, without dlffrculty in granite, 6 each at 5, 10,and 15 ~~,
" foot depths. The holes in the. valley £ill, drilled wrth a power auger, proved to_be more troublesome.

e .'All of these holes were cased w1th galvanlzed dram plpe to prevent cavmg Thls worked well on the '




% . 14, WlllCl'l is some 1 50 feet to the northrof I In fa ct there is less than one mgal vanatlon on tl‘llS hne : :’u‘—

00—

S west srde but on. the east- srde where the alluvral debrrs is much coarser, all of the holes except for the e
~ top 5 feet were lost as the drill was removed. The two holes for Profrle II were hand dug toa depth of j s

4 feet witha shovel They proved satlsfactory

. Atlas 60 percent and 40 percent “Gelodyn” hlastrng gelatrnes ﬁred by Statlcmaster caps were . ‘-/"‘
used as the explosrves In practxce the strcl(s were sllt and tamped in the holes R '

PROFILES

~ Three east-west refractlon proﬁles were shot and’ are shown on Plate 7. The locatxon for refrac—»‘
tlon Profrle I was selected on the basrs of the very low gravrty gradrent encountered on Gravrty Line ..

AN
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Flgure 23 T:me dlstance curves spread 3 Proflle I

o “over, its entire two—mrle length

o " Profile I consists of three z,4oo—foot spreads (2oo foot takeouts) Most of the pertrnent data for"'-
~ the entire profile are given on Figure 23, which shows the time-distance curves for the westernmost of
the three spreads. The calculated depth to the high velocrty medium is only 176 feet at the center of e

- this spread whxch 1s 5,600 feet from any gramte exposures in the Range.

" The average \elomty of the hlgh-speed medrum as determmed from the shots emplaced in the i -
gramte is about 11,500 ft/sec. This is fairly. typical for weathered-granite or metamorphrcs The low’ e
velocrty is on the order of only 2,000. ft/sec mdrcatmg that the vallev-frll debrls is unconsohdated n- o :

thxsarea 545 L i




Proflle 1, consrstmg of one z,4oo—foot spread is centered at hydrology test hole H—; The re-
fractlon data shown in Frgure 24, 1nd1cate that the hlgh-velocnty medrum dlps gently to the west at

: :17, 400 ———
")
=
2200
S
|, he196 FT
R | WELLH3 gl |
R 800 00 .- . 2400 . g

DISTANCE IN FEET .

o Flgure 24, Tlme-dnstance curves, Profrle 1

. 1.2°. The depth to thrs medium at H-3 is 196 ft. The low velocrty, encountered on II s much thef
- same as on Profile I. The high velocity, 13,810 ft/sec, is 2,300 ft/sec higher. - :

~ Unfortunately, the selsmrcally determined depth (196 ft.), does not agree w1th the depth (3 10

~ ft.) shown on the well log of H-3 (see Appendix E) . A possible explanation for this difference is as

- follows: the well log shows lithic fragments in the interval 140 to 205 feet. These rocks are report- <
edly metamorphic. In view of the fact that H-3 does not lie down drainage from any present metamor-

- phic outcrops, it is postulated that the drill penetrated 114 feet of weathered metamorphrcs before
entenng the granlte : : ~ : ,

The dnlhng rate in the metamorphlcs could be expected to be greater than in the granites. The

L granites, valley-ill, and some of the schists and argillites of the metamorphic section are quite similar- |

i mineralogically. Hence, it is possible that the interface between the valley fill and the assumed meta-

‘morphics was ot recognlzed during the drilling. As mentioned in the gravity section of this report, -

o well H-3 lies just off the axis of a gravrty hlgh whr ch mlght best be 1nterpreted as belng produced by =

T _ buned metamorphrcs

~ Profile I, two 2 4oo foot spreads is ]ust south of and para]le] to the GZ Canyon road The
time-distance curve for the shot into the Range on spread I'is shown in- Flgure 25. No- recognrzable
 events were recorded on the shot out of the Range, i. e. with the shotpoint in the granite. (This is

. ’also the case for sPread 1 of Proﬁle I) ‘This i is a falrly common occurrence (] L Soske oral com-




- mumcatron) ‘when shootmg from a hrgh—speed 1nto a low—speed medrum Fr rom surface evrdence the

frontal fault should mtersect spread I-at about the 1 1oo-foot marl( of Frgure 25 L

e wonsEs i

e T T T e 1600 2000 -

DISTANCE IN FEET

: Frgure 25 Tlme dlstance curve spread l Prof|le e o

The hrghest velocrty found on spread 2 'was 7 870 ft/sec Energy travelmg at ;}us velocrty waste
" corded for all three shots, one at each end of the spread and ‘one in the granite 2,400 feet west of

‘the westernmost geophone. This velocity is too low for the medlum to be granite; it is more likely to -

. be compacted fill. The top of this high-velocity medium closely coincides with the water table as e
. measured in° hydrology test hole HS-1. The depth to a‘granite or metamorphic bedrock would have to
< be greater than 2,000 feet as no hrgher veloaty returns were recorded 4,800 feet out from the shot- -

= pomt

IS surveys ‘sufficient data were already at hand for the purposes of this pro]ect Furthermore it is antrcrpated St
' that more refraction work will be done in Fairview Valley at the time of some. pr0posed HE shots of .
-~ the US.GS. and at the same time as the Shoal event. With the large energres mvolved 1t should o

iy be possrble to obtam a depth ﬁgure for the bottom of Farrvrew Valley Sl S




Physrcol Propertles of the Dr|II Core

Tests were made of the thermal conductmty, permeabrhty, and elastlc propertres of the gramtrc\g\’

e drrll core from drill hole ECH-D. It was not expected that extreme variations ‘would' be found, thus - -
- _the physical properties- mentioned above were measured on segments of core taken at approxrmately
L 500. foot mtervals The results of the tests supported thrs expectatron :

THERMAL CONDUCTIVITY

- The thermal conductlvrty determlnatlons were made usmg equrpment constructed in the labora-
i tory of the Nevada Bureau of Mines."A small hot plate, with a “variac” to control the current, .
- was used as a heat source. Each core segment, 2 centimeters thick with a cross-sectional area of 8o.1

square centiineters, was sandwiched between -3/1 6-inch-thick brass disks.. This assembly was placed
- in’'an aluminum ‘foil basket resting in a sand bath heated by the hot plate.. The sand bath, alumi-
* num foil basket and brass disks acted to provrde an even distribution of the heat. A 500 ml. Erlen- -

“meyer flask was placed on top of the upper brass disk. The foil basket was then filled with pulver-

" ized calcined diatomite, completely covering and mrroundmg the core: segment, brass disks, and Er-

_lenmeyer ﬂask thus msulatmg the entrre assembly agamst heat loss or undesrred heat flow.

Ty Two thermocouples were attached to the bottom of the core segment and two attached to the o
,top One top-bottom pair was connected in a differential circuit with a recordmg potentiometer to
.~ measure and record the difference in temperature between the top and bottom thermocouples: The

j'other two thermocouples were connected to a sensitive potentiometer to.measure the absolute tem- :

e peratures of the top and bottom of the core—the hot and cold sides. To determine the thermal con-

o ductivity of a core segment, the hot plate was turned on and water allowed to flow through the Erlen-

= i flask from a steady-head supply. The water was rntroduced at the bottom of the flask through

a glass tube and removed at the top. The temperature of the incoming water was measured with a

-~ mercury thermometer mounted in the steady-head supply, and the temperature of the drscharge water.

. was measured With a mercury thermOmeter mounted in the top of the Erlenmeyer ﬂask, rmmedrate]y
ad)acent to the outlet : o , . :

Measurements were begun when the record ing potentrometer mdrcated that a constant tem-

- “perature difference had been established between the hot and cold sides of the core segment. A grad-

* - uated cylinder-was placed under the water discharge, the temperatures of the water at the steady-head'- o

~and flask outlet were recorded, and the temperatures of the hot and cold sides of the core were re- 7
" corded. The discharge water was collected for 15 to 40 minutes, the temperature readrngs were re-

o peated at the end of the time period and averaged with the first readmgs Knowledge of both the vol--

ume of water. collected in the graduated cylinder, and the increase in temperature from inlet to outlet,

g8 }permltted calculating the calories of heat transferred during the time period. The temperature read- -

ings of the hot and cold sides of the core segment established the- average temperature gradient. These

temperature readings rarely varied more than o.5 degree Celsius from the average, and were usually =
. within.o.2 degree Celsius of ‘the average. A" temperature gradient of 40 degrees Celsrus was usually,
o jmamtamed wrth the lower temperature berng about Qo degrees Celsrus R

The above procedure was repeated until consrstent results were obtamed further mdrcatrng the
_,establlshment of balanced conditions. Many of the observations were made during a 30 minute time -
- period during which time over 750 ml. of water were- collected a volume 1.5 times the volume of the_
- Erlenmeyer flask: The results of the testing are given 'in Table 2. These results compare with values
e _~:of o. 0054 to o. 0059 gram calorles per second per degree Centlgrade per centrmeter grven for- gramtes

. ‘42 e




the core segments are probably caused by the thermal resrstance of the fracture cleavage

QMODULUS OF ELASTICITY

2 capacrty of 250,000 pounds. The pressure gauge was ‘tested using a proving ring’ certified by the.

*1 in Geologrcal Socrety of Amenca Specral Paper 36 page 849 The shghtly lower results obtamed for_‘;v

The ‘modulus of elasticity - (Young s modulus) was determmed usrng a compressron tester. wrth- e

" National ‘Bureau of Standards. Strain measurements were made using a feeler gauge with o.oc0g.inch = =

"drvrsrons Readmgs could be made to 0.0001 inches with: an accuracy of o.0001 inches. Total deflec-
: ftrons exceeded o. 0150 inches when a compressrve load of 120,000 pounds was applle(l ‘ ’

Segments of granrtlc core approxrmately 7 inches long by 4 inches i in diameter were tested o

ﬁ‘The cores-were obtained from drill hole ECH-D at depths of approxrmately 512 feet, go4 feet, 1,422
~ feet, and 2,004 feet. Each core was compressed with -a_maximum' total load of 120,000 pounds,

- the pressure slowly released, recompressed to 120,000 pounds, and the pressure again slowly released.
P ‘Stram readings were taken at 2 ;000 pound- intervals-for the o to 20,000 pound load range, and at
~ 10,000 pound intervals. for the 20,000 to 120,000 pound load range Two hysteresrs curves were con-
o structed for each core and are shown in Frgures 26 to 29. s ‘

o “‘_uneven values for the compressrou loads are a result of dividing total Tloads of 20,000 and 120,000
e xrt-pounds by the area of the core. The modulus of elasticity for any partrcular mterval in the range o”
~+ t0 10,000 p.s.i. may be determrned by usmg the proper hysteresrs curve. o
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* The values obtamed for the modulus of. elastrcrty (Young s modulus) are, grven in Table 2. The‘_' s

;»f,' The values obtamed for the modulus of elastrcrty compare with- values of 3,440 000 psr to.;»;
7 "8 280 000 p s for surface specrmens of gramte and values of 5 000,000 > P- 5.i/ to 6, 820 ,000-p.Sii. ob- s

Frgure 26 Stress—stram hysteresus load vcurves core segment of gramte at 5]2 feet m Core Hole ECH D e
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: ’Flgure 29 Stress-straln hysteresrs load curves, core segment of gramte at 2003 feet in Core Hole ECH D.
tamed for gramte at a depth of 235 feet as glven in Geologlcal Socrety of Amenca Spec1a1 Paper 36
oo page73 ' ' : ‘ ' EE S e

L PERMEABILlTY : ERE : |
: B Tests to determme the permeabxhty of the core were made by Core Labs Inc Dallas Texas S G
N 'Core segments from depths of approxrmately 512 feet, 994 feet, 1,422 feet, and 2 ,004 feet were tested.

[ " "The results are given in Table 2. Permeability tests of granite are rarely made and no reliable figures
o for general ranges of permeability in granite could be found. The permeability s extremely low bemg 5
Ea 1/ 1,000 to 1/1 ;000,000 of the low range for permeablhty m sedxmentary rocks B

S - The permeabxhty values were measured while the whole-core samples were sub)ected fo sxmulated; it
overburden pressure. The overburden pressure was similated by estal)hshmg a_pressure differential ‘
- of approxrrnately 0.6 pis.i. i. per foot of depth between the external and average mternal pressure apphedr i

" to the core. I S S CR AN '

GENERAL OBSERVATIONS R R L
~ The values obtained for the physrcal propertles appear to be of the proper magmtude A companson'- S
~of the various physical properties of individual cores réveals substantiating agreement. As an example, -~
- the core with ‘the lowest thermal conductivity also has the highest permeabrlrty, while the core ‘
', ~with' the highest thermal conductrvnty has ‘the lowest permeabxhty ‘This is to be expected be-
- - cause the permeabrllty represents, in a general way, the number of openings or discontinuity of solid
uock within the core, ‘while the thermal ‘conductivity represents a continuity of solid structure. The
T same relatronshlp is apparent when comparing the permeability and the modulus of elastrmty The o
i specrmen w1th the hrghest modulus of elastlclty has the lowest permeabllrty and the converse rs also TR
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true A deﬁmte relatlonshlp exists between the modulus of elastrcrty and the thermal conductrvrty

= strarght line will result, with the exception of the core segment taken at a depth of go4 feet. It thus'
. appears that either the thermal conductrvrty or the modulus of elasticity may be readlly determmed
o rf one value is known and if the core has not. somchow been altered or drsturbed ' :

* mination of the modulus of elasticity. A few loud audible crackmg sounds were heard during testing.

~ The visible cracks are parallel to the axis of the core. No changes were noted in the other cores during or
followmg testing. The low initial modulus of elasticity for this core, as compared to the others, sug- -
gests the presence of openings. As the modulus of- elastrcrty for the: hrgh range is normal, these opeu— :
_ings may have closed during the early stages of compression. The presence of mmute opemngs is .
further suggested by the hrgher permeablhty and lower thermal conductrvrty : ' =

 The results of the testing on the core. segment obtamed at 994 feet should not be extrapolated e
throughout a large interval. The cores for physical testing were selected so that they would be as solid ~ -
-as’possible and free from any apparent | fractures or cracl<s Testmg of core: wrth obvrous flaws would o
yleld little ‘or no valuable mformatlon R : R

* Other portrons of this report descrrbe the condrtlon of the core throughout the length of hole -
" ECH-D. The values obtained during the physical testing can: ‘be applied to the intervals. where solid
~ “core without fracture or faulting was obtained. Segments of core so disturbed will have lower moduli
: ‘of elasticity, higher permeabilities, and probably lower thermal conductrvrtres The presence of water
o Wlll obvrously alter the thermal conduct1v1ty NS

TABLE 2

e Core Depth =, - . Young’s Modulus (E) SR Thermal Conduchvnty ‘ "Permeability
. (Feet) . . Range (psi) - Range (ps.i) Gram calories per sec. " Millidarcies
" L © . 0-1618 - 0 716189708 - percm. X 107 @ 100°C" e 10t
. .- 3,000,000 5,090,000 - . e
512 ¢ e — 09 . 036 T ;13.8 e
S 994 o A 00 — '(503()‘00-0 : : : 3.1 03,100
I - 1,760,000 - 5,180,000 . - e T Gl
S 13,860,000 - 0 6,160,000 oo b S )
1,422 Wt e 45 - less '
cooo oo 3,860,000 0 6,730,000 o 45 T blves:s,’tl"!anr’l
2004 PN ; , S T Y e e L
S e ;'_35100007? ,‘_,',‘,,_5910000 I 4 ] SE ‘ 390

i

o "‘The upper fugure is denved from the flrst hysteresns compressron curve the Iower ﬁgure from the second' :
hysteresrs compress:on curve ’ o , : - :
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" If the modulus of elasticity is plotted against the thermal conductiivty for the. four core segments; a .~

In the ¢ case of the core segment taken'at 994 feet visible' cracks were apparent followmg deter— _ R




HYDROGEOLOGY AND HYDROLOGY
Nature of the Problem S s

7 The purpose of thlS/anCStlgatIOIl is to determlne the probablhty of contannnatlon of water as a~~“_
,result of the proposed nuclear detonation in the gramtlc mass in'the Sand' Springs Range Inorderto -~ © 7 0

"i";frelrab]y predlct the pl‘Obal)lllty of contammatlon 1t is necessary to’ ascertam the orrgm of the water,

' "lr“system elther naturally or artlﬁcrally Further as the study deals pnmanlv with ground water, the geo- - S

- logic nature of the transmitting media assumes critical importance. This report, therefore, records

i evidence obtamed from both hydrologic and geologrc studies as they pertain to-the -occurrence -and -

. rhovemert of water, and interprets this evidence in regard to the probability of ground-water. con- -

- ,“"'tamrnatlon Prelrmlnary consrderatrons mdlcated that the study mlght safely be conﬁned to withina — -

o 1g-mile radits of the proposed experiment and detailed studies here reported ‘are so treated. Sup- A
S plementary observations beyond this limit are ‘included where ]ustlhed by specral con31deratlons such e
as present or potentral water use and populatlon den31ty s - L

Summary of Drlllmg and Testlng Program

: At the outset it was recogmzed that available hydrogeologlc and hyclrologrc data were sparse and“‘ 1 :
*1nadequate for the purposes of the investigtion. Further, sources of hydrologic data such as exist- .

. ing wells and springs were s1mllarly limited. ‘Therefore, a modest test-well drilling program was
- initiated to obtain information on the occurrence and nature of the. geologic formations, their hy- . "¢

:l'j?—*;draulrc charactenstlcs -and on the occurrence, movement, storage and chemrcal quallty of the water.”

On February 14, 1962 two cable—tool dnll rigs started operatrons on Test Holes HS-1 and. H-4 o

‘ln Falrvww Valley. The test holes were located 150 feet apart in Section 32, T. 16 N, R. 33 E (see”
- Table 3 and Plate g) . The holes were intended to be drilled and tested srmultaneously, but when the = .

G lower boundary of the first aquifer system was encountered and the first pumping tests had been con- R
- ducted, it scemed expedient to continue exploratlon in one hole only, and to move the other drill rig
to a new location. Accordingly, operations were. started on Test Hole H- 3 in Section 29, T. 16 N, R..*

- 32 E. in Fourmlle Flat on March 16. Drrllmg was meanwhrle continued in Test Hole: H-4, and it was
" planned to deepen Test Hole HS-1 with the same drill rig as soon as results of exploratory drillingin' = "
. Test Hole H-4 indicated the most logical program to. follow, Similarly, the drilling operation. at Test, -~

" “Hole H-3 was to guide further dnllmg in Fourmile Flat, specifically to determine the need fora nearby" Lo

o observation well. F ollowing this plan, Test Hole H-4 was completed at 935 feet and the dnll ng was . - s

- moved to Test Hole HS-1, which hole was subsequ ently cornpleted at 699 feet.

In Fourrmle Flat Test Hole H—; was drilled to a depth of 480 feet. Because granltle bedrock of'

L »:very low permeablllty was penetrated below. the water table, and pumping tests in this area could not - -

: : “be successfully conducted, it was - concludecl that dnllmg an’ observatron well at thrs locatron was not . :
i ’k;.;)ustrﬁed Therefore the drill rig was moved to a new site in ‘Section - 19, 16 N R. 32 E. and Test
- ‘Hole H-2 was drilled. This hole was completed at a depth of 768 feet i in alluvral sedlments S

, Pumpmg and balllng tests at the Farrvrew Valley site were couducted both durmg dnlllng opera-. A
tions and after the wells. were completed One pumping test was run when both Test Hole H-4 and

Test Hole HS-1 were at a depth of about 530 feet, at the top of the first clayey layer encountered The - - |
second purnpmg test was conducted followmg the cornpletlon of both holes when the lower aqulfer" S
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TABLE 3 WATER WELLS AND SPRINGS INVENTORIED FOR PROJECT SHOAL CHURCHILL COUNTY NEVADA

Wl

Locations | k 0wner

Use

Depth
In Feet '

Dlameter. ]

Dlocharge

Pump R

Surface .
. Elevatlon

Dat nd

bepth o Water ~ -

Remarka_- s

Number

- HS

SWY

SWYi NWVy.
sec. 32 T16N R33E

AEC

Test .-
Well

- 699

In Inches "in gpm (est.)

s 70

‘Type .

Turbine

‘ 4243 76

21730014

Shoal Project: = -

o Test Well..- "

o oH-4

- SWY4
sec. 32 T16N R33E

SWYe -NWYe -
A E C.

Test
Well

935

i

6

70

Submefsible

4241 92

2/18

2992 -

“Shoal. Pro;ect

Test WeII

h2

- SEV4 sec. 19
~ T16N R32E

R - Test

Well

768 °

4',3%;

Reda

'40173 '

110.88 TN 'Pump removed

U H3

TSWY% SE% | T
sec. 29 TI6N R32E ~ A, E. C..

NEV:

Test
- Well

480

8%

-"10

Peerless '

42322

7731

7/30“

328, 3

: ] »

- SEV4

‘NEY SWW¥a = -
sec. 36 TI6N R31E P: Cushman

_Dom.

315

5~10

Cyhnder

41927

6/

,2850 .

- Pumpvremoved, - S

- Gas driveﬁ 5

“NWv4 sec. 19

"T16N'R32E ’, P Cushman

Stock

3- 5

-~ None

3900

r6/1"(

,GS

Flowing, water _
"-leak near. casing

" SEVa SW'% NW% .
sec. 5 T16N R32E . P Cushman

Stock

Nbﬁe]

39045

7730

4/10:

32 ST

- Gravity feed to '

tanks L

- NWw SEV4 SEV4 ik
" sec. 5 TI16N. R32E F.: Bennett

Aband.

27

05-1

e e

4770
- 7/30

TIE e

'Tungsten Ml"

SEVi SEVa SWY% | B.

-sec.. 5 T16N R32E :Matthews

Dom..

& Com. .~

“None "~

20 - 25 g;’STubmersi'bl‘e:»

3973.6.
3961

T4/13
~7730.

29.1

6587
2925

Big Top. -

Restaurant = = .

NW% NWW NEY -
sec.”31 TI17N R31E Whitman

S'f'OCk

05.1

" None -

{ 3625’

7/30

13 o
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TABLE 3 (Contmued) WATER WELLS AND SPRINGS INVENTORIED FOR PROJECT SHOAL CHURCHILL COUNTY NEVADA
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was pumped and the upper aqurfer was sealed oE at least in the pumpmg well In addrtlon at
g - Frenchman, farther north in- Farrvrew Valley, wells whrch are 280 and 288 feet deep (Wells 17 and
18) were tested. . oo AR TR Iy L Tt g

- : : Pumprng tests in Fourmrle Flat were- conducted after eaeh test hole was completed At Test Hole - :
1 H-3 extensive bailing t tests were run to determine whether a pump should be installed. Since these tests
b were mconclusrve a pump was 1nstalled and a conventronal one—well test was. conducted

; A series of recoyerv tests were performed on’ ECH-D the vertrcal granite test hole near Cround-‘ '

- Zero These consisted of bailing and blowing out the hole and observing water level recovery when the
" well had been drrlled toa depth of 1,355 feet and agam when the well had been drrlled toa depth of

”:f1575feet ‘ . L : :

Gamma ray, neutron and temperature logs were run in Iest Holes H-4 and H-g, and samples for
. chemrcal analysrs tritium content determination’, and radiometric analysis® were taken from the test
-holes The results of most of these analyses are given in a subsequent section of the report.”

T “The mformatron denved from the drrlhng and testing program is descnbed in detail in the fol-
E lowrng parts of thrs report and in Appendrces C through G. i a

Hydrogeology

VVater occurs at the surface in a few places and at varyrng depths underground throughout the ’
aarea. In nearly all instances ground water is found: shallower inthe valleys and deeper in the moun-
tains, although a few seeps and springs in the Sand Springs and Stillwater Ranges and on Fairview Peak-

 Slate Mountain attest to the presence of some shallow, probably small bodies of perched or otherwise -
trapped water. Evidence from drilling operations in the Sand Springs Range granite is essentially - -
inconclusive regarding the water-bearing characteristics of such rock, although it has been estab- -
lished that some water does occur in the granite. Continued study of this problem is anticipated. The -
detailed geology of the consolidated rocks of the Sand Springs Range is given in the Geology section
of this report. Consolidated rocks of other ranges bordering the valleys have been examined by recon-
naissance only, in order to determine their hydrologic significance. The consolidated rocks act as geo?
hydrologic barriers and neither store nor transmit appreciable quantities of water—appreciable, at
least, in relation to any probable contamination hazard that might occur as the result of the Shoal ‘
experiment. Therefore, the emphasis in-the hydrogeologic study has been placed on investigation of = -
the valley fill, because these sediments do contain and transmit appremable quantmes of water and
form the reservoirs from whrch water supplres are wrthdrawn ‘ )

G E:GEOLOGY OF THE VALLEY FILL

_ Plate gC is a geologrc ‘map. of the valley i1l in the area 1ncluded wrthrn roughly a 15—mrle radr—
i ‘us of Ground-Zero. Plate g-B- shows geologic features outside this area that are of critical importance
- tothe hydrogeologrc and hydrologic problems. As is- shown on the maps, the two areas containing =~
" widespread deposits of vallev frll are Farrvrew Vall y and the valley in which' Fourmrle and Erghtmrle ‘

- Flats occur. S - ~ ‘ » :

4, Fmrvrew Valley : . V .
Farrvrew Valley 1s a structural bedrocl< basrn whrch has been partly frlled w1th alluvral sedrments -

72277 1 The results of tmtrum studles had not been recewed at pubhcatron date . A Lo T
e - 2 Radwmetrrc analysrs has been conducted and wxll be reported by the U S Public Health Servrce ‘




I AR AR

Cravrty studres mdrcate that consohdated rocks are at least 5, 800 feet deep near the west srde of the e
i - south part of the valley, in the vicinity of Test Holes HS-1 and H-4. The surface of these consolidated =~~~
procks seems to slope upward to the east and to the north as: indicated by gravity profiles, so that the
- depth to bedrock near the east side of the valley is about 4,000 fect and near the center.of the. valley'

e along U. S. Highway 50 about 5,500 feet. Geophysical studies have not been made farther north in

the. valley but geomorphrc mterpretatron would suggest that the bedrock is shallower in that drrectron s

S : Detarled 1nformatron on the alluvral fill is lrmrted to local areas around Frenchman and Test Holes o s
. HS-1 and H-4, where wells have been drilled Driller s logs are available: at Frenchman for wells that-

7 ‘have penetrated 288 feet into the valley fill. These logs confirm data collected from Test Holes -

-~ HS-rand H4. about six miles south. The drill log of a former well beneath the playa deposits of La-~
"< bou Flat in the Bernard Navy Bombrng Range south of Frenchman,’ reports essentially all “clay” (silt . =~
- oorsilty clay?) to a depth of 400 feet: The logs of Test Holes HS-1 and H-4 provide the best available.

- information on the alluvial fill to a depth of 935 feet: (see Appendices C and F). These logs show = =

“that the alluvral fill is of very uniform lrthology, consisting primarily of fine- to coarse—gramed sand with

o ~ some silt and very little clay. Only one layer of clayey material, with medium to high plasticity and a -

~ only a little clay, and consists predomlnantly of silt and frne-gramed sand. This layer serves as an aqui- i

thickness of about 32 to 35 feet, occurs between depths of 530 and 565 feet. Even this layer contains

o “tard between the two aquifers differentiated in valley fill in"the drill hole vicinity. The mineralogical -
- composition- of the: ‘materials descnbed in these two logs is charactenstrc of weathered granite and con-

E - tains primarily.sand and silt-sized partrcles of quartz. and feldspar wrth small amounts of accessory B

R mrnerals 1ncludrng hornblende magnetrte aud zircon..

: The valley fill is the result of deposrtron from streams carrvmg ‘erosion products from the ad)a-
 cent mountains: Because the streams flowed mainly in an easterly or westerly direction, and because ..

R many interstream areas occur with much finer sediments, it is almost impossible to correlate well logs >
_ina north and south direction. Since these lensshaped and finger-like strata change texture rapidly'in -~ - -
~ both horizontal and vertical directions, correlation for long distances in any direction is difficultif not. -
" impossible, The latest deposition of these lenses and rnterﬁngermg layers | composrng the alluvral fans{ Ll

Th ;makes up the’ present surface deposrts in the valley and conﬁrms thrs conclusion. -

r ‘Four tvpes of sedlmentary deposrts are found in the' valley today, stream alluvrum alluvral fans s
i ‘playa and lake deposits. Most of the sediments have a common origin; they result from erosion and
' stream transport from the mountain ranges. In the southern end of the valley at elevations of about 4,300~ *
- feet, alluvial fans extend halfway across the valley. Large granite blocks four or five feet in diameter. -

. are found in the stream channels. “When the streams flood; the roads: may be covered i in a few hours’ s
time and several feet of sand, gravel and boulders may be deposited. On the west side the fans are less

' dissected than those on the east side, and on Fairview Peak the streams are downcuttmg rapidly. At :

" the northern end of Farrvrew Valley a large fan built out from the Stillwater Range extends almost
i ;‘across the valley. It is now modrﬁed on the east end hy a small stream called Dixie Wash. . o

Several beaches of gravel and sarid may be found on the east slope of the Sand Sprmgs Range R

about seven miles south of Frenchman “at an elevation. of -about” 4,230 feet Terraces and playa flats

- ;also occur near the 4,150 foot level. This is evidence that at one time a lake or lakes: covered many
- square miles of the valley and might have been about 75 feet deep.. The ages ‘of these lakes are not ©

Q

known as Labou Flat. About six mrles north of thrs area several terraces mark the northern boundary L

presently known, nor is it known whether they were extensions of a-lake in Dixie Valley. The

sediments of these features are very fine and contain much clay due to the settlmg and reworking ac-

tion of the lake waters. As mentioned above, 400 feet of clay was encountered by the well in the playa




of the lake in Farrvrew Valley The lake deposrts' i

dlﬁer markedly in composrtron from  the alluvial

“sediments, as the former are very fine sand, silt, or-

- clay while the latter consist of coarse gravels, stones,

- - boulders, or very coarsé sand. On Plate 9-C the allu- L
“vial fan and lake deposrts are mapped as'a single’

- unit - (Quf). The playa deposits are mapped as a

posrts pnmarrly strearn a]luvrum (Qr).

Fourmlle and Elghtmjle Flats ~
in Fairview Valley. In Test Hole H-3 granitic bed-
roek was.encountered at a depth of 310 feet. About

~ H-2, bedrock was not enceuntered at a depth of 780

of at least 1,950 feet in the val]ey

~ detailed history of late Quaternary . sedrmentatron

- wellas a history of fluctuation-of: Lake Lahontan.

i

_was actually the result of a series of lake rises and
‘declines (Morrison, /1961b) Glacial advances were

L approximately synchronous with rises in lake levels. -
- Most of the drainage into Lake Lahontan was from E

the Srerra Nevada ,
The Quaternary hrstory of the basin around'

Fa]lon (exclusive of Fourmile Flat) was extensrvely, B
- interpreted and recorded in an attempt to set up .
" geochronologic type sections representative of Late -~
Quaternary time in the northern part of the Great, =~
- Basin. {(Morrison, 1961a). The Quaternary sedi- ©

“ments are differentlated into " three ‘main strati-
graphlc units by Morrison on-the basis of hthologrc RN

dlfferences and soil horizons’ (see Figure 30):

oA the Paiute Formatron a subaerial alluv1a1
o and colluvial sequence of later Pleistocene

- age that \overhes Quaternary and Tertrary

' vo]canrcs S E :

~ separate unit (Qp), as are the recent alluv1a1 de-

"The thickness ‘of the -alluvial ﬁH rn F ourmrled'_‘
and Eightmile Flats is probably much less thari that -
-14 miles downslope- (northwesterly), at Test Ho]efj._\V' :

feet, the total depth:of the well. Gravrty measure- i_ -
“‘ments given in thegeophysrcal report suggest depths e

F ourmile and Erghtmrle F lats are 2 reentrant .
of the large-basin of the Fallon agncultural area. The '
sedrme;ﬁs and soils of this reentrant furnish a =

~-erosion, soil development, and climatic change, as

~This lake was a result of pluvial conditions’ existing . |
dunng the Tahoe-Tioga penods of glacratlon and--

T

'Subaeri‘al depbsits,‘kdi‘ls, S " Lacustrine deposits and }
“and disconformities in- - " *- - “inferred lake fluctuations -
d|catm lake recessions - — = — — = = e m——
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2 The Lahontan Valley Group, a sequence of 1ntertongu1ng deep—lake subaerral and shallow—lake' k,

.sediments of Lake Lahontan and post—Lake Lahontan time and;
3 . the Fallon Formatron a succession of rntertongurng subaerial and shallow—lake deposrts

- Wrthm the Lahontan Valley Group, Morrrson s main drstmctrons between deposrts depend upon;"‘_ Syt ,'
'gthe dlfferences between subaerial and lake sedrment relatronshrps as well as the presence of ‘various sorls il

'Wlllcll are eﬁectrvely used as marker horizons.

* Shorelines evrdent in the Carson Desert area are’ ¢ not by themselves good crrterra for establrshrng e

PR the chronology of the Pleistocene lakes. Deposits must be identified and- superposition of these de- -
f ,,;posrts traced Soils are an excellent criterion to.use in ‘this area in establrshrng a relative chronology ’

Although the 869 square miles mapped by Morr ison does not 1nclude the valley—ﬁll deposits of Four- . - o

g :,mrle Flat, but terminates at the eastern edge of Eightmile Flat, the stratrgraphrc record depicted in

" Figure 30 is believed to be applicable to the valley-fill deposits in Fourmile Flat. Field work accom- ,
~ . plished ‘in the present investigation substantiates - the presence of readrly recognrzable Lahontan -~ -7
- Valley: Group (Late Pleistocene) and Recent deposrts distinguished by gross- lrthologrc drfferences B

e ;and the presence of soil horizons, whrch were the basis of Morrison’s | correlatrons

o Because of the nature of this pro;ect it was decrded that the mappmg of valley ﬁll deposrts rn’ﬁ-v | ae
" -“-"".aﬁFourmrle Flat in the detail of Morrison was not as important as creating a° geologrc map based on .

vgross lrthologrc differentiations of these dep031ts (see (Plate 9—B and C). S T
" The criteria used in establrshrng the mapping units were gross lrthology and applrcabrllty to the '

,;.’f» hydrologrc problems Therefore, most of the presently established units are known to be time trans- E
- gressive. An example of this is the Quaternary sand dune (Qsd)" ‘deposits mapped as a gross litho: =
- logic'unit of eolian sand (predominantly fine- to medium-grained) . This sand is of Turupahand Fallon .~ -

_ age (see Frgure 30) although a portion of these eolran sands ( those sand dunes mapped south of Well i
No 1) may even be Wyemaha age. : : k L ,

| ilonly to-the extent of placmg an “M” before the rock type abbrevratron : -
Lahontan bar deposrts (le) and Lahontan lacustrme deposrts (Ql) are belreved to be correla-

Bedrock symbols are those used by the Nevada Bureau of Mmes personnel and are modrﬁed

o "i'»_trve to the intertonguing Sehoo-Indian Lakes Formations. The Indian Lakes Formation is a subaerial =~

*'coarse alluvrum and colluvium while- the Sehoo F ormatron rs lake sedrment of predommantly ﬁne Y
grarned sand silt, and’ clay composition. - - g

Undrfferentrated Lahontan Valley Group deposrts (Qlu) are belreved to be the age. of sedr—": e

Lo jaments of the Lahontan Valley Group, with possibly some Recent alluvrum e

St " The Recent lacustrrne deposits (Qrl) rnapped in Fourmrle Flat are probably correlatrve in part to, a5
,}the Fallon Formatron a shallow—lake deposrt (see Figure 30). R Pl

B The hrgh shorelme of Lake Lahontan at the 4, 380 foot elevatron is used to separate known La- w
f}hontan Valley Group sediments from the deposrtsdescrrbed as undrfferentrated fans. The ease of rec-

14 - ognition, of this shoreline both in the field and from aerral photos conveys the excellent preservatron of{ T

r» tlle Quat ernary gegloglc hrstory Of ﬂle area

- Sediments: encountered in Test Holes H-z and H—g consrst prrmanly of falrly unrforrn sand ﬁne

sand and silt deposited by Lake Lahontan, and of eolian sands of late Plerstocene—Recent time. In-" o
Uterbedded with these: deposrts are alluvial fan materials, some of which are very coarse (one stratum’
: encountered at 8o feet in Test Hole H-3 is made up of boulders of large dimensions) . The surface .~

and subsurface geology ca.nnot be accurately correlated wrthout detarled work Ostracods belreved to




: be correlative to ostrocod faunas in Wyemaha or Sehoo deposrts to the west are present in sampres
 taken from various- levels of Test Hole H-z. - ‘ S e AR E

The alluvral frll in Fourmile and: Erghtmrle Flats has been mapped in greater detall than that 1n\v)_

. Fairview Valley and south of the Cocoon Mounta rns because of the greater vanety of sedrments and
other features avarlable for outcrop studv o : gt : S

| HYDROLOGIC CHANGES INDUCED BY EARTHQUAKES

Earth displacements known to- ‘have occurred in seismically active areas have been known to f(CER

- sult in considerable hydrologrc changes: For example many: authors Teport changes ‘in" discharge of
springs and flowing wells as well as fluctuations in water levels. One of these reports (Zones, 1957)

refers specifically to the region contiguous to the Sand Sprrngs Range In this paper he discusses wat--
erlevel fluctuations on the order of four to eleven feet and discharge changes in -the eprcentral area
where the intensity of the 1954 earthquake was VII, ‘based on the Modified Mercalli scale of 1931.Zones -

points out (1957, p. 387-396) that such phenomena result prrmarrly from trltmg of aquifers, com-
paction of sediments over large areas, fracturlng of rocks, and movement along faults. Further, in all

instances he suggests that either increased or decreased water level or dlscharge would be temporary, - - )

and that eventually the balance between ground-water recharge, discharge, and storage would be re-' -
established with essentrally no- resrdual effect on the overall hvdrologrc prcture ' T

It is doubtful that detonation of a devrce such as is proposed for Pro]ect Shoal would resiltin

effects of even a sizeable fraction of those produeed by the earthquake of 1954 VVater level changes'f b
within a mile or so of the detonatlon point probably wrll be undrscermble ’

OCCURRENCE OF GROUND WATER

The occurrence of ground water in the consolldated rocks has already been descnbed in general -

Occurrence in the alluvial fill is discussed in the following paragraphs. Knowledge -of occurrence of -

ground water in the alluvial fill is based primarily upon the results of the test—drllllng program and .
upon scanty records of previous drilling operatrons in the valleys :

Results of test drilling in Fairview Valley indicate the presence of two aqurfers separated by an .

aqurtard in the upper 935 feet of valley fill at Test Holes HS-1 and H-4. The upper aquifer, 218 feet

thick, is composed of fine- to coarse—grarned sand with some silt, and layers or lenses of highly silty

beds. Below the aquitard, which is 32 to 35 feet thick, thé lower aqurfer was penetrated about 120 feet .
and consists of somewhat finer-grained sediments than those in the upper aquifer. About five feet of
clayey material, lithologically comparable to the aquitard between 530 and 565 feet, was penetrated -
at the base of the lower aquifer. The beds below this level may form a third aquifer. They were not
tested for hydraulic properties. However; it appears to be a geohydrologrc unit comparable to the
other two aquifers. Between a depth of 813 feet'and the bottom of Test Hole H-4 better stratified
- and consolidated, frner—gramed sedrments wrth many beds cemented with calcareous and sr]rceous
jmaterrals were encountered. These strata are questronably assxgned a Tertrary age :

» Thus, at the Test Hole site water occurs in-at least three aqurfers separated by two relatrvely_ '
distinct aquitards. Under natural conditions, these units act as a single hydraulic system. The horizon-
tal extent of this aquifer system is unknown and may be llmrted because of lateral and vertrcal changes_
in lithology. SRR R ’ =

Shallow aqurfers were: also encountered in Well Nos 16 17, 18 19, and 24. These wells range
in depth from about 280 to 350 feet. The log of Well No 18 is grven below T'hrs well log is represen-
tatrve of sedrments in the vrcmltv of Frenchman N e ,




¥ From i '; ; To ,‘,:’,_,_, Thrckness -Type\of'Me.teriarl R
~ Feet - Feet . . Feet el L
L 42 55 kk' :,f . 13 f;_,‘Sand and gravel v ,

55 e i ‘44 LR 89 :‘,"3;;'?. Sa"d and gravel s L

48 om0 22 ‘White clay

L ]70 _ 223 53 hSandstone . IR
23 283 60 . Sandand snlt wrth thm gravel Iayers— £

L S T e R T f’_;water encountered at 227 feet : :

On the west. snde of the Sand Spnngs Range water was encountered in Test Hole H-; in gramte b o

i at a depth of 361 feet and’ the thickness of water-beanng granite penetrated was 119 feet. Down slope - - o

-+ “6,000 feet from Hole H-3, in Hole H-2, water was encountered in a fine- to ‘medium-grained, clean .
. sand aqu1fer at a depth of 128 feet below land surface. This aqulfer 652 feet thick in Hole H-2, be- -~

' comes coarser gralned toward the bottom. Ground water occurs in predommantly finer-grained sedi- -

s ‘ments than on the eastern side of the Range: ‘These are lake sediments and occur up to approximate-

ly 4,380 feet above sea level, where often coarser alluvium underlies them. The alluvial and lacustrine
sediments slope. toward Fourmile Flat, except from the northwest. Thus, the Fourmile Flat playa is -

_ f",’the major discharge avea for both' ground and surface water. From hydraullc gradients determined be-
. tween Hole H-3, Hole H-2, and the playa, it appears that water occurring in the bedrock and in the . - e

f,’rialluvmm is in direct hydraulic communication, estabhshed over a long penod of time durmg whlch e
Sl recharge and dnscharge rates were in approx1mate equlhbrlum = o .

b T Geohydrology

i x‘i}‘;,;‘fHYDRAULIC PROPERTIES - e Ty
. The hydrauhc pr0pert1es of the aqurfers are determmed pnmanly by pumpmg test ana]yses The\“; AR
propertles of greatest concern are. the transmlssw1ty and storage capacity of the aquer Values for =

" these entities are’ most commonly expressed by the coefficient of transmnssxbxhty and the coefflclent"r. g

ik fj",of storage that appear in the Thels non—ethbrlum formula and recovery corol]ary (193 5) and in f e

]acobs modrﬁed non-ethbrlum formula (19;0) AR e
The Thels equatlon is: ;" PRy R |
T 1 87 r"’S “ SR
e T s

Where s r—-drawdown in feet at any pomt of observatlon in the v1cm1ty of a wel] dxschargmg St

R ataconstant rate. G
q dlscharge in ga]lons a mmute 'f'i ‘ :/ e '
: T — coefﬁcnent of transm1s31b1hty m gallons a day per foot

”'_S——coefﬁcrent of storage T e D e




= drstance m feet from the pumped well to the observatron well

= time in days since pumpmg started N IR R N S iy

e e—“natural logarrthrn base . f RO I o o o/
u=a drmensronal variable between the ¢ grven lrmrts of 1ntegratrorr -

The exponentral 1ntegral is usually expressed as the well functron of u or: Y (u)

The recovery method of determrmng the coefﬁcrent of transmrssrbrlrty 1nvolves the use of the
~forrnula lEEEE : : oy

L k 726
: T-:'j-—-s:tcl logw

Where q and T are deﬁned above Ff e - e

-8 -—resrdual drawdown in feet at any mstant ‘

trrne in rmnutes srnce pumpmg started -
t = time i m mrnutes srnce pumprng stopped

The value over one log cycle of time. reduces the loganthm to unrty and As ( the change in

- :reSIdual drawndown for one log cycle of trme) may then be determrned graphrcally over one log cycle.
. ‘Thus, over one log cycle. o , o

o264
A convement way to express the transmrssrvrty of the aqurfer is by determmatxon of the apparent L
permeability, P,. The apparent permeabllrty may be deterrmned when the coefﬁcrent of transmlssrbrlrty .
-and the thrckness of the beds m, is known Thus e . _ :
> _1_

The values for apparent permeability as determmed from the pumping tests are glven in Table 4 o

These formulas are readily adaptable to pumping test procedures that 1nvolve field measure— ;
ment of values of discharge and drawdown for a known time. Several such pumping tests were run
in Farrvrew Valley and. Fourrmle Flat and are dcscrrbed below in detarl

- PUMPING TESTS IN FAIRVIEW VALLEY.

, On March 10, 1962, Test. Hole HS-1.was pu mped for 20 hours wrthdrawrng water from the in-
- terval between 310 feet to 530 feet, and Test Hole H-4 was used for recording observatrons Recovery
'ﬁitobservatrons were taken for 27 hours after- pumping ceased. All measurements in the observation .
- hole were taken with a Leupold- Stevens ‘automatic water level recorder calibrated by steel tape mea-
~ surements at frequent rntervals Measurernents in the pumprng well were made by an air line with
an attached water-pressure gage. : ; ‘ ' -

, The total drawdown in HS 1ata purnprng rate of 66 gpm was 37 feet thus the. specrfrc capacrty g ;
s, about 1.8 gallons a minute per foot of drawdown. The pumpmg test data curve is shown in Fxgure 31

v Py

T % summarv of the results is grven in- Table 4 S e
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Flgure 31 Pumpmg test data curve for the u‘pper aqurfer in’ Fanrvnew Valley

On May 5 the lower aquifer system (570 feet to 68 5 feet) at. this site was tested usmg Test Hole f o
H—4 asa pumplng we]l ‘and recording observations in Test Hole HS-1. This operation called for a re- - B
- duction in casing size and utilization of the natural seal provided by the clayey lajer at about 530 feet.
~ That this seal was effective was demonstrated by pumpmg the lower aquifer system at Test Hole H- - A
4 for seven hours with no measurable drawdown in the 1 upper aquifer system at Test Hole HS-1. Mea- - =
- surements were taken in the annular : space between the casings.. These preliminary- tests were made = -
~ while Test Hole HS-1 was being deepened to 699 feet. However, when the 8 84-inch casing was em:= -~
. placed at 685 feet, the seal between the casing and the clayey layer was broken As a result ]eakage R
occurred durmg the pumping test in Test Hole HS-1.- : e

SR A semi Jogarithmic plot of drawdown i in Test Hole HS:1 agamst time mdlcated that movement'v'r; e
B of water to the lower aquifer from the upper aquifer occurred 10 minutes after: pumping started. By -~ -
extendmg the 1o-minute section of the time-drawdown curve back to the line of zero drawdown, it .
owas possible to obtain a time value at the intercept. An approximation of the coefficient of storage was
then obtained by application of Jacob’s formula: S = 0.3 Tts/1?, where T is equal to the coefficient -~

of transrmss1b111ty of the lower aqulfer system as determined from Test Hole H-4 recovery data (Fig- ~ |
Qure 32), to is the time value at the intercept for the 10 minute- portion -of the time-drawdown curve . - .
and ris the dlstance between HS 1 and H4 (150 feet) A summary of the results is glven in oo

Tah]e4 O A T e i ST




: 1:,‘ TABLE 4 SUMMARY OF TRANSMISSlBILITY APPARENT PERMEABILITY AND STORAGE COEFFICIENTS DETERMINED BY

PUMPING TESTS

| WELL AND
. AQUIFER*

V;NSPECIFIC
- CAPACTTY

PUMPING TEST

~‘"METHODf

TCoEFFICiENTJbFf~f
| TRANSMISSIBILITY |

mo

COEFF ICIENT OF

STORAGE

.

EFFECTIVE
| THIGRNESS -

 APPARENT |
 PERMEABILITY |.

{,j“}n -, Hs—l

'11~:Upper AQulfer‘iV’-ﬁl -

Drawdown

) 17,100 ,gp‘d/ft‘:, :

BN

Cpohx 10

S 219 £, |

78 gpd/£t2

TR N
Lover Aquifer | .

" Recovery

| 11,000 gpd/ft.

T

it

| 2.45x7107F

120 fe.

o garee |

S~'Frenchman 8-
o Station l
“Eight ‘and Six -

o

"Inch Diame}ter :

;”;Wells

Drawdown

- '5,275 gpd/ft.

3053 % 10

" esus grl|

60 gpa/et? |

By

| Bedrock

G (Granite)
,5Aquifer

i

Ty oy a0 oy S DY

. >200 gpd/ft. |

il

R VGRS I
i

. wmn et e pa ety o |

N

fnez."}a"
Fourmile
| Flat.

‘H_éo,d;ff‘

“ Recovery - . .

76,000 gpd/ft. |

T Ty T Y

| 640 £e.

118 gpd/ft?

*Pumped well is underscored

: (ij; o
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On March I 5, an 18- hour pumpmg test was conducted at the domestlc we]]s at F renchman m

: ;Falrv1ew Valley. The wells are owned by Mr. Edward ‘Weyher. ‘Mr. Weyher’s erght—rnch diameter v_
- well (288 feet. deep) - was pumped and drawdown was measured in a six-inch diameter well 8o feety, :
- away. The total drawdown in the eight-inch diameter well at a pumpmg rate of 17. 3 gpm was 20 feet,”

" thus the specrhc capacity is 1.1 gallons a minute per foot of drawdown. The pumpmg test data curve

‘ is shown in Frgure 33. A summary of the results is glven in Table 4.

iy »dpuMPING TESTS IN FOURMILE FLAT

On April 25, a pumpmg test was conducted on the: gramtrc aqurfer penetrated by Test Hole H—;

. The primary interest in this test was to determine the approximate characteristics of the aqulfer and, . d

. therefore, to establish a basis for determining the necessity of an additional test hole in the vicinity.

B - The aqurfer penetrated failed to respond ‘satisfactorily to pumping test analysrs In less than one hour =~ .

(55 minutes), at a low pumping rate of 33 gpm, 12 5 feet of drawdown was observed. The pump broke -

: ";A‘suctlon at this level. Further, eight feet of residual drawdown remained four hours after pumpmg*"” :

. stopped. Although water-bearing, the bedrock ‘at thls locatlon has a very ]ow coefﬁcrent of transmls—,"j‘ .
S srbrhty, probably less than 200 gallonsa day per foot. - : SRy - o

S - On May 28, Test Ho]e H-2 was pump—tested Durmg the frrst few hours- of the test, the wel]
o pumped a large amount of fine sand The well improved dunng the test, but the data collected were -

- practically useless. ‘A second test was attempted on June 1, the data obtained bemg consrderably.,’

| ",better but still not satlsfactory Thrs was primarily due to the difficulty ‘involved in’ ‘accurately mea- .
: .surmg the small mcrement of recovery. and drawdown in the pumped well. Inasmueh as the data do

IIIIII_‘W“,; ,lrl T T r,rrrrlr i ,'1 T IFIT_FY,';
o ~ - - e - - - - - - - oL
R R IR ~\o : ST e :

_ v T ‘
_ 2640 —F B S R
S 0s———— T=(264)(72) —
——— T=76000 gPd/ft. —————
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b T e e '?° L L M00L 16000,

 Figure 34 Pumping test data curve erT.est Hole H-2 in Fourmile Flat - -




not 1nd1cate a snarght lme relatlonshrp between s and log ¢ (see Frgure 34) the coeffrcrent of trans-'{’ "
mrssrbrhty reported is consrdered an approxrmatron ' T :

HYDROLOGIC TESTS AT PROPOSED GROUND ZERO

o Hydr010g1c tests were conducted between ]uly 13 and 21, and August 1 to 4, _1962 on Core Hole R

 ECH-D (elevation 5,233 feet) at the Shoal Test’ Site. Included in the discussion of these tests are de- = =~ -

: ; . tailed geologic and operational data which are ‘necessary to discuss properly the hydrologic situation
S near Ground-Zero. In regard to-both technical and safety aspects of the Shoal Project, the following ~ ~ = -
three questions pertalnlng to- the occurrence of- water in the granite appear to be of most srgmfrcance Lo e

1) ‘What is the elevatron of the natural zone of saturatron and the condrtlon of saturatlon at

Ground Zero?

The water level as determrned durlng and after several tests. endrng on ]uly 21, 1961 (see Figure =~

ges " 35), consistently returned to an elevation of approxrmately 4,265 feet (approxrrnately 968 feet

from ground surface) . Further tests conducted with a packer indicated that water was entering . -
~ the hole at ‘horizons above 4,061 feet (1 172 f.eet) in small quantities, and that it entered thehole =
S in larger quantltres below an elevation of 4,014 feet: (1,219 feet) . It is estimated that perhaps8o .
~ to 9o percent of the water entering the hole came in between 4,014 feet (1,219 feet) and the . . =

~ . bottom of the hole at an elevation of 3, 878 feet (1,355 feet), and that over half of the water

| ‘entered below elevation 3,951 feet: (1 282 feet) . In other words, all fractures below elevation 4,265 o
- feet (968 fect from ground surface) are saturated and yield water to some extent, but the fractures' SRR
T near the bottom of the hole as of ]uly 21 (elevatlon 3,878) transmrt more water. ' S

~* Plate 6 shows the posrtnon of 1omts fracture cleavages and faults The - average dlrectlon of joint-
© ingis N. 60> W., the same ‘bearing as ‘exists between the core holes; these joints are predominantly
- vertical, The fracture cleavage has an’ average trend of N 30 E and is erther vertlcal or drps P

£ eastwardat 70 to go°.

'Between the collars of the core holes a hnear dlstance of 1,376 feet two ma]or fault zones are'r =

: mapped at the surface and these | sarne fault zones are encountered at depth as were many weal(er’ S
,faults | i S - . i

S “The contmurty Of any glven fracture or fractu re syStem and hydraulrc connectlon w1th other frac—, s
. tures is unknown and - may be extensrve or extremely hmrted S i

1 },j:Dunng the period ]uly 21t0 August 1, Core Hole ECH-D was deepened an addltlonal 220 feetr
- to elevation 3,658, or 1,575 feet below ground surface. At elevation 3,794 (1,439 fect below
- ground suiface), a fault was encountered dipping approxrmately 70° S, and probably strik-
~ing east. The width of the fault zone is uncertarn because the drill bit probably was’ deﬂectedf .

g 'v;somewhat mto the softer materlal in the faulted zone but may be at. least 7 5 feet

R :On August 1, another recovery test was c0nducted the results of which are shown in Frgure, - e
35, Although the recovery rate appears similar to the earlier tests, approximately 118 feet of head RS
~was lost, and the water level returned to elevation 4,147, or 1,086 feet below ground surface An .

explanatron for this is not readily forthcomrng but may develop as study of the problem progresses -

~Meanwhile, the interpretation that only water mtroduced dunng dnllrng operatlons is involved - S ‘

~ isnot necessanly supported by thls loss of head. -

'i:-'Z) To what extent had this l‘?Vel been affected by ln]CCthl‘l of dnlllng water durrng Operatlons at '. . L

~ ECHAand ECHD?
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A tota] of 386 000 gallons of water were used in dnlhng ECH—A of whrch an undetermmed but i
 relatively small fraction was recirculated to the surface. Circulation was lost almost consistently

: - from the surface to approxrmately an elevation of 4,580 feet. ‘The largest loss of circulation was at .-
o sapproxrmately an elevation of 4,9 so feet, the position of a major shattered zone within the gran--

te. ‘Water that was not lost through this zone on the downward move may have been lost here with -

. return c1rculatron Complete loss of circulation’ generally occurred as: drilling proceeded through;
“o the ma;or fault zones at about. the.. 4950 foot and 4,650 foot elevatrons '

~ Core Hole ELH A was cased from the surface to an elevation of approxrmately 4, 580 feet. The R

- casing was later removed and a.new casing inserted after the hole was drilled to an clevation of

3 ‘.’,{.4,140 feet. Below an approximate level of 4,580 feet circulation was never entirely lost, except for

very small mtervals and even then’ the major loss may have been at the upper fault zones.

o dtis probable then, that all v01ds within the fault zones are water-fllled and a combrnatron of m? . | g

- clination of fault planes plus decrease in volume of void spaces below the fault zones, may serve -

. as‘a more or less effectlve barrrer to ﬂow of water toward Core Hole ECH-D

; i r:'Because Core Holes ECH-A and ECH-D élPPrOélCh to W‘thm approxlmately 150 feet of each
: - other, and consrdermg the highly fractured granite, it is possrble that some commumcatlon exists

- between the two drill holes. This is not to imply that a single,  continuous system of fractures -
 exists between-the holes. During hydrologrc testing of Core Hole ECH-D, 4,000 gallons of water

. were introduced into Core Hole ECH-A in an' effort to determlne any commumcatrons between s

the holes Nothlng conclusrve can be determined from the’ test

= "-'Durmg the drlllmg of Core Hole ECH-D 191,000 gallons of water were used of Wl’llCl’l an unde— ;

oy termined amount was ‘recirculated to the surface. It is hrghly probable that the use of air under

o ‘high pressure during drilling operations forced some water into fractures in the granite walls of .

o ~ the hole. However, the heat and other characteristics of the drrllmg method assure that a large,

proportion of the introduced water returns t0 the. surface

: 'T;Chemrcal analyses “of water taken . from three levels within Core Hole ECH-D (4,120 to 3,892" e

o *"foot elevations) during hydrologic testing; plus a sample from the total section of water within
. .Core Hole ECH-D as of July 14, were compared to analyses of the water injected into the hole.

~ This comparison offers no evidence that water in ECH-D is largely introduced or mdrgenous The
closest similarities ‘exist between ECH-D water and water from the deep aqurfer of H-4. In gen- .

S e, the ECHD samples show the followmg differences from Fairview Valley water: Slight in-- -~~~
- crease in pH; increase in total dissolved solids, calcrum magnesrum sodium, sulfate, chloride, car-
- ‘bonate, bicarbonate, and alkalinity; and decrease in potassrum iron, and silicon. These differ-

- ences may be only a reflection of the soap solution used in ECH-D while drilling. .

~ On the basis of the data presented in answer to.1) above and the relatrvely small quantrty of in- : e S
~ troduced water believed to be remaining in Core Hole ECH-D during the tests, it is concluded =" -

- that naturally—occurnng water must be present and that the 1ntroduced water recharged the satu-',
. f,,rated zone to an unknown extent.- R o N S
- 3) What problems mrght result from the occurrence of natural water in the gramte? , ﬂ

oIt must be emphasmed that quantltatrvely accurate data are not yet available on occurrence; e

g - movement, and storage of water in the granite. This prrmarlly results from' test-drilling methods

used to date; from lithologic conditions; and from depths at which observations were made. Tt is . ;
* likely that dralnage of water from the granite in the vicinity of Ground-Zero will be very. slow,and -

: ” completeness of dramage is unpredrctable because the degree of fracturmg and 1nterconnectronr -




of fractures and faults is not predrctable Furthermore because of geologlc condrtrons such as -

Tithologic and structural boundaries, it is not possible to accurately predict conditions of occur-

rence of ground water at ‘even ‘moderate distances’ (say 1,500 to 2,000 feet) from the core holes i

~ or from any other future test hole. Some additional data bearing on these problems will be forth- u o

’commg from loggrng operations and, possibly, from further hydrologic tests on Core Hole ECH—D o
~but it is unlrkely that they wrll adequately answer the questrons herem drscussed

- MOVEMENT

- The ultimate source of all the water in thrs area is frorn local precrprtatron and from 1nfluent E
seepage “and surface flow from the Fallon area. In the Fourmile/and Eightmile Flats most of the wat-

' er is probably derived from the latter source, with only small contributions from precipitation on the

: low—lyrng surrounding mountains. In Fairview Valley south of U S Hrghway 50, essentrally all of the =

o - ground water has orrgrnated as precipitation in the: surroundrng rnountarns and alluvial slopes. North

- of U. S. Highway 5o considerable, perhaps the major, contribution to ground-water recharge is made
- by Dixie Wash which drains a large area to the east. Some récharge is also supplied from’ the surround- o
s i"rng highlands. In both valleys, recharge from the Sand Springs Range is minimal, but some ground

water does move toward the valleys through the alluvral and lacustrlne sedrments to pornts of dis-

Fourmrle Flat isa closed basm wrth a hrgh water table Essentrally all dlscharge from the basrn is :

L ‘accomplrshed by evapotranspiration. . Fairview Valley ground water moves northward and discharges

~ by underflow into Dixie Valley. Very small quantities of water are pumped for domestrc and stock

. use and are eventually discharged by evapotransprratron e

In Fairview Valley the ‘hydraulic gradient from Test Hole HS-1- northerly to- Frenchman is

S about three feet per mile, and the gradrent steepens considerably to 33 feet per mile from Well 24 to

Well 25. The steepening over this reach is most likely a result of convergence of the valley walls- (see -

Al ‘Plate 9B) and consequent reduction in cross-sectional area.- The steep gradient, therefore, can be

o readrly explained by Darcy’s law. Vertical movement probably does not. occur; especrally since. pump-. '
age is slrght and has: produced no “low pressure -zones of ¢ any great extent : '

Fourrnlle Flat functions as a pOInt sink and, therefore a point of convergence and natural drs—' 5

~charge for ground witer in the valley. It is quite likely that Eightmile Flat is an extension of the sink, -
- although there appears to be a component of movement toward Fourmile Flat. For all practical pur-

 poses, that part of the basin extending from the alluvial fans on the west side of the Sand Springs Range =
_ toa point somewhere in the vicinity of the Fallon Naval Auxiliary Arr Statron can be consrdered closed '

- o 'wrth radial flow toward the Fourmile Flat playa

, Little ground-water movement occurs toward Fourmrle F lat through the alluvral and lacustrrne

; materral flanking the Sand Springs Range. Assumi 1ng “this flow direction, the hydraulic gradient deter-
~ mined from static levels‘in Test Holes Hg and H-z is almost flat, 0.56 foot per mile. This calculation -
o may be inaccurate, however, due to grease and oil left in Test Hole H-3 as a consequence of a pump-

o " ing test and which caused difficulties in"obtaining an exact static level. Perhaps the most accurate gra-
- dient: determination can be obtained by utrlrzrng the static level in Well 1-and Test Hole H-2. The -
.~ hydraulic gradient measured from these points is 1.46 feet: per ‘mile. That the water is circulating :

B This. substantrates the concept of little or- no recharge to the -aquifer i in thrs area.

~ slowly with very little freshemng from meteorrc-derrved water is best illustrated by its chemrcal nature. ,'

s

The statlc level of Well 5 at Salt Wells is hrgh er than the water level i in Fourmrle Flat and mdr-u

N f cates that ground water is movrng eastward toward the latter However movement of ground water in
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o that general vrcrmty and farther west near the F allon Naval Auxrlrary Arr Statron is extremely complex B

U

- and direction of ground-water flow is influenced mainly by the low-level Carson Lake to the south, the

‘Carson Sink to the north, and Fourmile Flat. These sinks are all approxrmately at the same elevation -

" and receive water that i is subsequently discharged by evapotranspiration: The surface and ground wat-- T
~er encountered in the area east of Fallon and west of the Sand Springs Range may be regarded as one

L flow system wrth three or more srnl(s that control the boundarres of mdrvrdual flow frelds

'The rate of movement in Farrvrew Valley and Fourmrle Flat varies from place to place but is

o everywlrere slow. This can be illustrated by computing the apparent rate of movement in those areas-

. ‘where the hydraulrc properties are known with’ reasonable accuracy Velocrtv of ground-water move- - N
~‘'ment can be estrmated by the followmg formula SR :

' mmed (95 gallons a dayper square foot) and the. porosrty to'be 1o per cent, ground-water velocrty' .

1)1

P
' ';-'P"

\ where v equals the velocrty of the ground water in feet per day, P equals the permeabrhty in  cubic feet R s
~a-day per square foot I equals the hvdrauhc gradrent in decrmal form and p equals the porosrty in

decrmal form Tt

The hydrauhc gradrent in the alluvral materrals in F airview Valley between Test Hole HS L and s
Frenchman is three feet per mile, or o 00568 ‘The permeability is 78 gallons a day per square foot, ~
~or10. 4 cubsic feet a day per square foot. The porosrty of the alluvrum is not known but probably ranges Rt

fronr 10 to 20 percent From the above equatron :

v : 1? 4 4 2;}20;, ==o0. o;o foot per day or o. 71 rnch per day

If the porosrty is estrmated to be 20 per cent the approxnnate velocrty of ground-water movement is

“0.03 foot a day or 0,36 inch a day. If the permeabrhty is estimated to be as the upper limit deter-

is increased only slightly to 0.072 foot per day. It is concluded, therefore, that the low gradient is

the significant control on the velocrty of ground—water movement, and it is doubtful that average ve-

 locities exceed 25. feet a year. This would require over 1,000 years for water now in the vicinity of the
test-hole site to move into the Frenchman area. The above frgures are approxrmatrons and mdlcate

5 only a general order of magmtude

The hydraulrc gradrent in. Fourmrle Flat is at a maximum 1 46 feet per mrle or 0. oooz77 The,:
permeabrlrty is estimated to be 118 gallons a day per square foot The porosrty is estrmated to be be—f’;‘_' SR

L tween 10 and 25 per cent. Then

v 1;8 Xooooz77

T 5044 foot per dav or o. ;3 rnch per day

If the porosrty is. estrmated to be 25 per cent the ve locrty decreases to o. 017 5 foot Pef day, oroz1 lnch{ =

per day Asan approxrmatron the ground water then travels about 16 feet peryear. .

Lrttle is known about vertrcal movement of water in the unsaturated zone, and essentrally no data L

‘i)bearmg on this matter have been collected in this- investigation. Upward movement by capillary rise . i 7
probably could not exceed approxrmately 40 feet, because essentially no fine-grained sediments (par- =~ -
' trcles less than 10 ‘Tmicrons in drameter) are l<novm to exrst in the valley ﬁll Downward movement re- .




- __f’_sultmg from gravrty must occur because the aqurfers are. recharged from precrprtatlon and surface Loy
‘ﬁ:,flow : A : o e : o
St In the saturated zone at the Test Hole site: (HS 1 and H-4) in Farrvrew Valley, head drfferencess.,}
ATy _j'm the various aqu1fers were not observed, although care was taken to detect such drfferences durmg drill-
ﬁ{"lng Therefore it is assumed that little or no vertrcal movement occurs between aqurfers there. -

In the Fourmrle and Elghtmrle Flats flowmg wells are “known at wrdely separated pornts (see ST
' Well Nos. 2, 7, and 11, Plate 9). Water also stands at or near the surface in this area. Since the static .
" level of water in these flowing wells must rise above the land surface and the water at lower head must -
- "be at or below the land surface; a hydraulic gradient occurs from the lower to the upper body of water.
~ Since water. moves from the pomts of hrgh potentral to. lower potentral upward movement of water
 takes place. \ : : '

.\.;

~ The nature drrectron and rate of movement of ground water in the valley fill bears directly on
- the problem of probability of contamination from the Shoal experiment. As is demonstrated above :
- the lateral movement of ground water is very slow. In valley fill ‘sediments in -comparable areas the
- - rate of vertical movement of water is usually a fraction of that of honzontal movement because of
7 - bedding and other sedimentary features of the rocks. Therefore, even in the unlikely event of con- .
. = tamination reaching the alluvral ﬁll the probabrlrty of contammatron of. present sources of ground wat-
' ”:»;_‘-er is very. low : : : : v L

Chemlstry and Temperature of the Woter

The chemrcal constituents of the water collected from all known water pomts in the study area -
e are shown in the analyses in Appendlx G. Illustratron of some of the constituents fron these analyses
- are shown in Plates 9—B and C. Concentrations of six ions, in equivalents per million, are shown by a
method modified from that of Stiff (1951) and Sinclair (1962) . The chief modification is that of
scale. Where a linear scale was prevrously used, an expandmg scale to make dragramatrcally -possible-
) 'fthe 1llustrat10n of a large range of concentratrons is adepted. - : .

i On the maps the pattern-of d1agrams clearly illustrates: composrtlonal dlfferences that reflect en-
' vironmental, recharge, and time factors. In Fairview Valley the ground water contains little dissolv-
'~ ed solids and is potable The concentration of total dissolved solids increases’ down-gradient, as be:
‘tween Test Hole HS-1 and the wells at Frenchman (Well Nos. 17 and 18) . This normally occurs in
- an area of active circulation of ground water. The greater amount of sodium in the Frenchman wells -
- may be related to movement of water over granitic terrain or through lake sediments, or both. Appar--
: jently the sodium increases in combination with_ blcarbonate sulfate, and chlorlde :

L Analyses of the water from Core Hole ECH-D are somewhat srmrlar to that of a sprmg in the :
,Sand Springs Range (No.: 30 in' Section 36, T. 15 N, R. 32 E) . o
* . In Fourmile ‘and- Elghtmlle Flats, analyses of water known | to have passed through lake and playa
S ﬁ'sedrments exhibit gross chemical differences from analyses of water from wells in Fairview Valley and
- wells. predommantly in alluvial apron sediments in Fourmile Flat valley. The constituents in the wat-
~ er from the lake sediments are- predommantly sodium and chloride. Sulfate and bicarbonate occur as
‘major constltuents whereas calcmm and magnesium. usually occur in concentratrons of a few equ1va-
'lents per million. This water is, of course, unpotab le and’ odorrferous :

. The hlgh concentratlons of sodlum chlonde sulfate, and brcarbonate verrfy the conclusron tha‘H
the water is stagnant or almost stagnant as shown by the hydrauhc gradlents in thrs area. Further :




thrs water undoubtedly has been in contact wrth or passed through the sa]t and a]kah beds peat bogs
and other sedrments characterrstrc of Iacustrme lagoonal deposrts ’ Ay RN

1 ,
, In water from the wells in the fan deposrts (Well Nos 1 and 4) the lower concentratron of sodrum o

L and chloride relative to concentrations of calcium’ and magnesium indicate that recharge reaches these: - =

-~ areas. Water from the recharge area probably has flushed salts out of these sedrments and of course,

o the fresh recharge water drlutes the preexrstmg water in the aqurfer ~ CU

e “The water from Test Hole H—; hlgh on the alluv1al slope comes from granrte Its quahty is more
e characterrstrc of the saline waters of the Flat than of the waters from Well Nos. 1 and 4, although it

- contains: consrderable calcium and magnesium. Possrbly this denotes some recharge by fresh calcrc L
R waters and consequent drlutron of the salme water S : : Ca

s Calcrum and magnesmm occur in drmrmshm g concentratlons down the fans and 1nto the Flat o | =
i f where they are relatively inconspicuous. Perhaps this denotes base exchange whereby. the calcrum and' SR
S magnesrum lons become frxed in the clay mmeral elements of the sedlments :

Temperature logs were run by McCullough Tool Company on Aprrl 14, ,1962 in Holes H—4 and e
_H -3..In Hole H- -4 the logged interval was from an 875 foot depth to the surface with a static watet >
= level occurnng at 300 feet. The temperature. gradrent decreased from 69° F. at 875 feet to a low of

s 5 at 340 feet. The gradrent then mcreased to 54 at 300 feet and then to the air, temperature of -

okt ;;,;,94 at the surface ’ : AT SRR g oo L
o In Hole H—3 the logged rnterval was from 480 feet to the surface wrth a statrc water level at 329 SR
iE feet ‘The temperature gradient decreased from 58° F. at 480 fect to a low of 55° F at approxrmately

o T400 feet then 1ncreased to 58° at 329 feet and then to 86° at the surface e

TABLE 5

R Temperature (°F) of Water From Wells A ot
c e s e Date st EREE, e Date -
' ~~.;—,'WelI‘No Temperature . Sampled . Well No Temperature - Sampled
: Yoo 60 3/23/62 0 16 0 64 5/16/62 - -
366 32462 o 18 o 60 5/22/62
660 i 410/62 o 19 o B9 5722762
L Z e 2700 ANN3/62 0 "-_120;7 6V - 5/25/62
9 A A16/62° 21 Y60 o 5/26/62°
10 60 4716762 - HSi 65 o - U18/62 0
L 68 ANT62 o *H-4 B0 4723762
N2 bA L ANT/62 o 32 o 85T 6662
14 T ’68: Y .4/10/62,”..?,}' *Depth‘ 320 feet, L e e e DR

N

Probablllty and Extent of Contammatlon

Prehmmary study of drstrrbutron coeffrcrents of ‘material determmed in other ‘areas (nggms i

e o 1959) such as the Nevada Test Site and Hanford, indicates that the granite in the Sand Springs - 5
‘Range and the alluvial fill in adjoining valleys would rapidly fix the radionuclides resulting from the o
roposed test shot. It is presently deemed ‘safe to say that under ordinary conditions of underground’ . -

S ‘movement of water at the estrmated gradlents in the Range the radronuchdes wrll not travel beyond g
the range front L T e A e e e B




If these estlmates and thlS conclusron are in error and radronuchdes should be earned by ground
water into the alluvial ill, they will be frxed w1th1n a short dlstance of the range front ThlS conclusron

V 1ssubstantlatedbythefollowmg ,;7 e T T e e g

1) The gradrents in the valley fill are very low and the more or less umform permeablhty of any
~ section of the alluvial fill precludes ano malously rapid movement. . Velocities calculated -
from the known gradients and permea bilities are low, on the order of three feet per. rmle
©in Fairview Valley and 1 46 feet per mile in. Fourmlle Flat. .~ » -

’ z‘_) The dlstnbutlon coeffrcrent of the alluvium is certamlv hlgher than that of the gramte for
~ the alluvium i is the weathered product of the gramte and is composed of dlscrete partrcles
.~ with much more exposed surface area. : L S

The conclusrons glven above are based on the assumptlon that the shot w1ll be wholly contamed
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APPENDIX A G
Log of Dlamond Dnll HOIe ECH A‘ o

Locatlon N 1619,292 72—E 5 58,740 32 i
' (U S. Coast & Ceodetnc Survey Coordmates)

Sand SprmgsRange : e
Churclnll County, Nevada

Bea;'ingi;N‘,'-6of’i\\7.' . o ‘

‘hi'c"linatiori-! —5"

'Collar e]evahon 5,15890 ft i B0 (O at

Date "eg“n Febmary a8, e

‘Date completed ]une 21, 1962

Dnlhng contractor Sprague and Henwood

T

R leson "

'Epranahon The onentatlon of fractures and faults shown in the log are glven only in relatxon to the S
axis of the hole (which is para]lel to the columns in the log) and not in re]atlon tO cach Other then- i

fstnkes and dlps cannot be determmed

Core in cy]mdncal pxeces is conmdered asin’ good COI‘ldlthn core in large angular pleces as»
1n faxr condmon and more ﬁnely broken—up (crumbled) core as: poor o el

Logged by NBM personnel L Bea] R Horton S ]erome I Lutsey, H Mossman ] Schllllng’ andv, B
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. Collar elevatron 572 36 03 ft. (7 1 ft aboye ground surfacc)

i APPENDIX B ;_: e
Log of Dlamond Dl’l" Hole ECH D | T el

s Locatron N 1 619,975 66—E 557,545 47 ;
o (U S. Coast & Geodetrc Survev Coordmates)
Sand Sprmgs Range | iy s

Churchrll County, Nevada

- nauaﬁoa; Verti'cal e

i Date begun May 26, 1962 e

x ,‘,V"Date completed August 16 1962 i ! 57' AR

e v LDrrllmg contractor Core Drrlhng, Inc :

EEE V'Explanatron The orrentatrons of fractures and faults shown in the log are grven only in relatron to the"k
' - axis of the hole (whrch is paralle] to the columns in the Tlog) , ot in rélation to each other Their strikes -~ -
- thus cannot be determined, and fractures and faults which are shown as parallel in the log may have

- ent strrkes and drp at. the same ang]e but in drfr’erent drrectrons s

“ farr and more ﬁnely brolcen—up (crumbled) core as poor

’-:vt."f>TLogged by NBM personnel L Agenbroad R Horton S ]erome H Mossman and] Schrllmg

: ’{parallel strrkes, and dip at the same angles but in the same or opposite dlrectron, or may have drffer- S

Core in cylrndrrcal pleces was consrderecl asin. good condrtron core in large angular preces as U
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EXPLANATlON FOR APPENDICES C D E AND F
Hydrologlc Test Holes '

; ,"erilogre Test Holes HS—1 H- 4, H- 3, and H-2, Pr0)ect Shoal rs as follovss

e [;srs or other specral remarks

o Standardrzed by the Wentworth scale as summanzed below

',:”Medlum gravel e i .' 2 .greater than 4omm - L
o Fine gravel SO ;'.‘.z.o mm - 4ommf; o
‘i'fVery coarse sand '-, -»-1 £ mm 2.0 mm:f,,"fj r
~Coarse sand i i1/2 mm 1 omm; - N
' Medium sand e .;.1/4 mm 1/2 mm"f o
o Fme sand . ... .»‘;‘. . 1/8 mm 1/4mm‘ <
| Very ﬁne sand .1/16 mm - 1/8 mm - v 5.
- .' _Silt e Z S T .‘ St less than 1/16 mm

1

Percentages of clay were estrmated by the plast1c1ty of the sample and descnbed as bemg shghtly

F MAIN LITHOLOGY (preceded by quahfymg ad]ectrve( ) 1f accessory lrthologres are present as15

S percent or more of the total sample): color; texture characteristics (grain-size and shape), preceded - -

. bythe percentage of that texture present in'the total sample percent of the total sample that is non- - o
e quartzose; accessory minerals; nature of the cementmg matenal fossrls 1f present comments on gene— g

The procedure used in. descrlbmg hthologres and water—bearmg propertles encountered in Hydro- :

Clastrc sedlment textures were determrned by comparrson wrth partlcles of known size and shape -

- or moderately plastic, plastic, or very plastic. If a particular sample mterval was determmed to be S

- either plastic or very plastic, it was termed a clayey interval.

“Each well log wrll be preceded by a summary of the hthology and water-bearmg propertres o

To conserve space on the accompanymg logs the followmg characterrstrcs w1ll apply to all samplc -

7 intervals, unless otherwise specrﬁed

1. Sands are subangular to subrounded and are quartzose

: 7’; 2. Cravels are fine to medrum gramed subangu lar to subrounded and are quartzose and felspathrc

e 3 Rock fragments are fresh angular partrcles probably broken bv the dnllmg tool and are ﬁne to .

medlum gramed

s 54 Samples are calcareous or have some degree of calcareousness s
s Color of the sample is hght brown when dry, darker brown when wet

o 6 The feldspathrc portrons of gravel in Test Holes HS-1 and H—4 are predommantly potassrum
feldspars, whlle in Test Holes H—; and H—z sodrum and calcrum feldspars are predommant

o In Test Hole H- -2, the nonquartzose percentage of the sample ‘interval consists of biotite mica,

e hornblende olrvrne 7rrcon ﬁne-gramed ac1d1c and basic i 1gneous and metamorphlc materrals :

B e




g A

ﬁne-gramed)

Medlum- to coarse—gtamed sand (or medxum- to G
very coarse-gramed) ' :

Very ﬁne— to very coarse—gramed sand (or ﬁne— to’» -
coarse-gramed) : , o :

el 1

" Gravel and rock fragments
 Microfossils

Bedrock—- 7.

weathered

et

Very ﬁne— to medlum-gramed sand (or Very ﬁne. to\ f‘ iy

Ledoa




RS APPEN DIX c s T O
thhologlc Log of Test Hole HS l Prolect Shoal Churchlll County, Nevada e

b -iﬂGEOGRAPHIC DESCRIPTION East ﬂank of the Sand Sprrngs Range in Farrvrew Valley

: ’;VNEVADA STATF COORDINATES N 1, 622 141 28 E 576 875 65

:~;’ ’GRQUND ELEVATION 4,243 76 feet above sea level

| A.:TOTAL DEPTH: 699 feet below ground surface T

e ‘SAMPLED INTERV:ALS Cable—tool cuttrngs taken erther every ﬁve feet or at a dlstlnct change of hthology

SUMMAR\ OF THE LITHOLOGY AND WATER-BEARING PROPERTIES

Hydrologlc Test Hole HS-1 was drilled in -Quaternary alluvrum consrstmg predommantly of
- sands, with varying amounts of clay, silt, and gravel. The descrlptlon of the alluvium is based on samples
- obtained by the cable-tool method of drilling, and consists of a binocular study of the total section.

~ Procedure followed in descnbmg the alluvial rock fragments is listed on page 98. :

‘Confined ground water was encountered in sand at a depth of 312.0 feet below ground surface.
- Overlying the top of the sand aquifer are approximately 70.0 feet of fine-grained, silty sand. After drilling

~ toadepth of 530:0 feet below ground surface a fine-grained, clayey, silty sand was encountered, approxi-
. mately 32.0 feet thick. This interval serves as an aquitard between the upper and lower. aqulfers the

e latter consisting predominantly of sand, with a higher percentage of c]ay and silt than the. upper aquifer.

“Surveys conducted by-Holmes & Narver, Inc., after completion of HS-i indicate a true depth of
: ,699 o feet, rat her than the 690.0 feet reported by the driller.




0-1501t

Lithology and - Wafer - Bearing Properties.

85 per: cent fine- to’ coarse-grained sand 5 per cent
10 per cent gravel"organic debris.

'per cent silt;
3 toward the bottom."'

‘85 per. cent fine- to. very. coarse~grained: sand 5 - 10
5 =710 per cent gravel becomes more micaceous

“Samar

: ~predom1nant1y medium~. to very coarse-grained -5 per cent silt‘
10 per cent gravel.,;i(f-_‘3_l - B T U;,,,vi S ‘

85 ‘per’ cent very fine- to very coarse-gralned sand

‘Sand-

silt;

80 per cent £1ne- to coarse-grained sand 5 per.cent-
sllghtly plastic' 5 per cent gravel : :

,§and-f
~5 = 10 per.cent silt," decreasing toward the bottom; 5 =
§ v10 per cent gravel increasing toward the bottom.1;.~

85 -~90 per cent fine- to very coarse-grained sand"

Sand"

“predom1nant1y~f1ne-,and coarse-grained up to 5 per cent

-silt;

90 per cent very f1ne- to very coarse-grained sand,

5 - 10 per cent gravel

vSand-
_sand,

d'r cent silt' up to. 10 per cent gravel

90 -'95 per cent very fine- to very coarse-grained S
predomlnantly fine- to. medium—gralned"up to 5 per. o

E

Sand'
sand,

-downward into mostly fine-grained; up to 5 per. cent silt-
up to 10 per cent gravel and rock fragments.,' s :

85 ;“95‘pef‘éénf very fine-'to’very coarse-grained
predominantly fine- and.coarse-grained, grading P

; fSand-

90 = 95 per cent very fine:\to medlum-grained sand

- with some coarse= and _very coarse-gralns, less :than'5 per = .
-] ‘cent silt; 5 « 10 per cent gravel and rock fragments,;,7‘
i decreasing to less than 5 per cent gravel toward the
i bottom. : ,




. mosoott

:tjthoiogy‘fond‘“'Vvofer-BeoringJ‘Propefﬁesf? o

|40,

10 3/4" o.p.——

.Sand* 90 per cent very flne- to very coarse-grained sand

,5 per cent gravel, predomlnantly flne-gralned

with. little medium="or coarse-grained; 5 per cent. silt~ ,,'“”

',Sand- ‘85 = 90 per cent very fine- to very coarse-grained ‘jif‘

,k\”sand, predomlnantly fine-grained; 5 = 10 per cent silt, ,
‘| increasing toward the bottom, 5 per cent gravel"noncalcar---
eous. « s :

[

Gravelly Sand- 60 - 80 per cent flne-~to coarse-gralned

‘at this 1nterva1 samples become predomlnantly fine-gralned ?:
asands w1th up to 10 per cent gravel toward the bottom.-

sand; 5 per cent silt; 15 = 40 per cent gravel and rock
fragments up to cobble size; boulder field encountered

,Sllty Sand-' 80'- 85 per: cent very f1ne- to very coarse=- .

_mlddle five feet of the 1nterval up to 5 per cent gravel
- and rock fragments.;~» ,

grained sand; 10 - 15 per cent 511t, slightly plastic in the:-

— Sand: 85 = 95 per cent very flne- to coarse-gralned sand

‘predominantly fine-grained- toward ‘the top; 5 = 10 per: cent

"tf311t"up to-5-per. cent. gravel and rock fragments.

.Sllty Sand‘ 75 - 85 per cent very flne- to very coarse-,
~grained sand, predominantly f1ne-gra1ned becoming predomln-"

:s per cent gravel and rock fragments. S

antly fine- to medlum-gralned toward the bottom; 15 per .
~cent_silt, ‘becoming 20 per cent ‘toward- the bottom' 5 - 10

o2

‘i;i;sff:

L,




 HYDROLOGIC TEST WELL Hs-l

~ Lithology " ond - -Water - Bearing _Properties

) kao

A0 BN 0D e v

Lol C=Perforations -

~ ~

;Sllty Sand- 51milar to above interval but more coarse-

- grained sand; 1ron oxide stains begin to appear on drledg.
' samples; ‘water encountered at 312 feet; and- subsequently_

rose to 300 14 feet below ground level EIE ,\ ,

- Sand:. 90 per ‘cent very. f1ne-'to very coarse-gralned sand
»predomlnantly fine~ to- medlum-grained 5-- 10 per, cent s11t

»

3

~up-to 5 per-cent gravel. L ey
- Sand: similar.to above, but. coarser-gra1ned '

Sand' 85 -‘90 per cent very flne- to very coarse-grained o

i'/‘-'

‘sand, predominantly very fine- to medium-gralned 10 per - -
'cent silt 5 per cent gravel : ‘ : ST I

‘ Send- 90 .~ 95 per cent very flne- to very coarse-grained‘;.
‘sand,’ predomlnantly fine- and. coarse-grained 5= 10 per .

. cent s11t"up to 5. per ‘cent gravel

-y o an - -

:"Sand: 90 - 95 per cent very fine- to very-coarse-grained B
sand," alternating layers of predominantly medium- to:very
5ncoarse-grains with predominantly fine- to. medium-grains' .
5= 10 per cent silt; 5 per cent gravel; bottom- five feet"'”
uiof interval is fine- and very coarse-gralned sand ‘

'.?ibsﬁ;”




~ HYDROLOGIC TEST WELL- HS-1

 as0-600.

. Lithology and = Water = Bedring Properties

1103/ 0.0.=3 __ . _ Perforations=—=p_ .. ____|

8 548" 0D.—y

Jos Berforations 50 D LToil

|

8'6/8" Casing cut at 510 and removed.

‘”Sand 95 per cent very fine- to medium-grained sand
5 pe: per cent silt; few gravels; this interval becomes ,
;coarser-grained toward the bottom.~x : o

/- 8ilty Sand:';85,per cent{very:fine- to very coarse-grained»

.sand,. predominantly very fine- to fine-grained; 15 per cent -
silt; some gypsum, variety selenite' coarser sand grarns ;
_are angular to- subangular.ia : : '

/entiated aquifers.'¢_j’;;

*Clayey, Silty Sand'ﬂ 85 per cent- very fine- to med1um-~*'
grained sand, predominantly very fine- to f1ne-grained

15 per cent silt; moderately plastic to plastlc' becomlng

,fcoarser-grained and less silty toward bottom of 1nterva1'r-"'
 this horizon serves as an aqultard between the two dlffer-

i

R

”ySand: 90 - 95 per’ cent very fine- to very coarse-gralned
sand, angular to subrounded 5 = 10 per cent silt toward

the bottom, very slightly p1ast1c. 75 per,centAgravel,

‘toward the top.r

. Sand: ‘95 per ‘cent very fine-»to very coarse-grained sand,

' predomlnantly very fine~ to. medium-grained becoming coarser
toward the bottom; 5. per cent silt; non-plastic to very 1
'slightly plastic, some gravel and rock fragments toward the

. bottom. : T O :




. HYDROLOGIC. TEST

;jis-ﬂ;;f?;:;J~jgh:,».

S e

WELL

el

Woter - Bearing " Properties -

Lithology ond

Do iin st Perforations 50 Lo losind

7

SR
i

"Sand:

95 - 100 per cent very fine- to very coarse-grained

"sand, predominantly flne- to coarse-gralned less than
<D per cent: silt ' - i

Clayey,'Silty Sand-'
- grained sand,: predomlnantly very “fine= to fine-gra1ned
- ‘becoming’ coarser-gralned ‘toward the bottom of the 1nterval
9710 =15 per cent s11t' moderately plastic.}f

85 per cent very fine- to medlum-:b

- Sand:

1. some coarser grains; up to 5 per cent silty alternating

f»layers of- sllghtly- to" moderately plastlc sands with non-

| “plastic sands, bottom ‘of interval is moderately plastlc
*;to 699 feet the total depth of the we11

Sl

90 ;;IOO'per:cent;verﬁ'fine; tcaﬁediuﬁégreined‘eend;‘

105




: N“-:if—f:NEVADA STATE COORDINATES N 1 631,585 0; E 5437132 0.

APPENDIX D

thhologlc Log of Test Hole H 2 Frolect Shoal Church|ll County, _Nevoda

£ 7 ‘?:_GEOGRAPHIC DESCRIPTION West ﬂank of the Sand Sprmgs Range on the alluvral fan slopmg towardfr

Fourmrle Flat : \

CROUND ELEVATION 4,017 feet above sea level

= TOTAL DEPTH: 780 o feet below ground surface E |

o WSAMPLED INTERVALS Cable—tool cuttmgs taken erther every ﬁve feet or at a dlstmct change of llthology

HSUMMARY OF THE LITHOLOGY AND WATER-BEARING PROPERTIES b

E Hydrologlc Test Hole H-2 was dnlled predomlnantly in subaenal and lacustrme sedrments of Ple- :
istocene to Recent age, and the section penetrated is poss1bly correlative to Lake Lahontan and post-

- Lake Lahontan stratigraphy as described by R. B. Morrison (U. S. G. S. Professional Paper 424D,

o mented by a calcerous and siliceous matenal

~ pp. 111-114, 1961) . Description of the section is based on a binocular examination of the sarnples

obtained by the cable-tool method of drilling. Procedure followed in descrlbmg the section is listed
on page 98. The dominant lithology is fine- to medium-grained sand with varying amounts of clay, s sllt
- and gravel. Several zones of cemented beach or near-shore. deposrts were encountered.

- Some mxcrofossrls were found almost always present in unrform medrum—gramed sands

, Confined ground water was encountered in sand at a depth of 128.0 feet below ground surface
' Overlylng the sand aquifer is a possible beach or near—shore deposrt of Lal<e Lahontan whrch ‘was ce-

S

e




WOROLOGIC TEST WELL W2 o-mof

l40.

L

~ Sand: 90 - 95 per. cent veryfine- to very coarse—gralned sand,

:Tcent subangular gravel' alluvium,

o . .Lithology ond - Water - Bearing Properties - -
e - ~ Sand: 11ght-brown, with some green"IOO per cent very f1ne-'
S B L - to f1ne-grained sand, with medium gralns, predominantly sub-
1l 1 " tounded; non-frosted grains. g e S
f{ B BN Ty Saxn Similar to 0.~ 15 feet ‘but. predomlnantly Fine~ to medlum-:‘-é
o B N e ‘grained sand; up ‘to 40 per.cent of sand grains nonquartzose,"
,20'; 1 ~including.olivine, biotite mica, hornblende, fine-grained
S H R " acid and basic volcanics, zircon. - oo -
B ot & B ~Sand:: 90 - 95 per cent very fine~- to very coarse-gralned
,;’? i A sand, predominantly fine- to medium-grained; up to 30 per.
;;'i‘ Wl cent nonquartzose; sllghtly plastic-at 45 = 50 feet; 5 = 10 :
ao0dlslil» per cent ‘gravel, including some with ellipsoidal shape"
R B R N by possibly 2 beach or near~shore depos1t of Lake Lahontan.
AR S e S e
o ol |k , Sand‘ 100 per- cent very flne- to medium-gralned sand, pre-*xfl’~
e N W I ‘;_domlnantly ‘subrounded; less than 10 per cent nonquartzose'
B B ~ some gravel toward bottom'imlcrofossils present at 50 - 55
eof| ! | feet.
Aol ~ Similar-to above, but llght-green-brown, 30 - 40 per cent .
i x‘f et . nonquartzose..
T & e P00 ) Similar to 50, - 60 feet but subangular to subrounded 25 per
s ~cent nonquartzose.vA =
R T Sand: - 90 per cent very flne- ‘to.very. coarse-grained sand
‘801 |™ ' predominantly subrounded; 25 per cent nonquartzose"lo per
112l E - cent: subrounded to- e111p501da1 gravel; p0351b1y a beach or
Al F near-shore deposit of Lake Lahontan. -
A B I ~'Sand: 100 per cent very fine= to medium—grained sand, pre- -
‘\\ | &5 ;f,dominantly fine-grained, getting coarser-grained toward the . |-
Eaw N B ‘bottom of the. lnterval' up to 25 per—cent nonquartzose, few»ﬁf‘
[lo%s B B N B B '“gravels. _:f-'/ , : . ~ : '
o

’predomlnantly subangular-‘up to 25 per cent: nonquartzose, ,
5.« 10 per cent silt, increasing toward the bottom' 3 per :

"-Similar.to above,: but more rounded. sand and gravel, possibly

beach or near-shore deposit .of Lake Lahontan.

T pertodions - .

. Sand:  olive green-brown; 100 per cent very fine- to very.
'“coarse-grained sand, predomlnantly medlum-'to coarse-gralned
~and- subrounded 25 = 30 per cent nonquartzose- water encount-
" ered at 128 feet and subsequently rose to 111 feet;128<140:.

5 per cent silt, sllghtly to moderately- plastlc, poss1b1y

\contaminated by drilling mud; microfossils from 130-140 feet.»;pizfi

Sand: light=-brown; 95 per cent very fine- to me 1um-gra ned; |-

"20 per cent nonquartzose' microf0331ls,r

107




- HYDROLOGIC TEST WELL

He2

'»",”,Lpif'htoklogyi’ 'onﬂd/,‘;ereter'-,'Bﬂ‘ec‘ring'. ;P}Opeﬁie’s |

- 150-30011.

A
e S o G e e e b e ok W e We O b e e

o :s’i;Q-YVPe'ifo‘ro_ﬁons-ff":f—U g

o]

=571

13 3/8" 0.0

10.3/4%0.0.— " .

8. 5/Bo D. _7

(145 160)

: Gravelly Sand? gray-green-brown, 80 - 85 per cent very flne-

lato very. coarse-grained sand, angular to subrounded 40 per

\ angular to subrounded’ gravel

cent nonquartzose; up ‘to. 5 per ‘cent’ silt 10 - 15 per cent

-Sand: gray-green-brown; 90 - 100 per cent very. f1ne- to very
coarse-grained sand, becoming very fine~ to. medlum-gralned

(‘and angular to subrounded at ‘165 feet; 25 = 30 per.cent non-

‘quartzose; 5: per cent-silt from 160 to 165 feet; sllghtly
~.plastic from 170 to 180 feet, poss1b1y contamlnated 5 per
cent gravel from 160-165 alluvium s e

~ ium-grained sand; 20 per cent nonquartzose, 1ncreasing to L

Sand~'11ght-gray-brown, ‘95 - 100 per cent very. fine- to med=-

40 per cent at 195 feet; up to 5 per cent silt.

Sand° gray-llght-brown, 95 .per cent very fine- to very coarse;

grained sand, angular to subrounded; 40 per cent nonquartzose,
5 per cent: silt rock fragments, subrounded to e111p501dal
.gravel -from 205 =210 :

-~ Sand: gray-green-light-brown, 95 - 100 per cent very f1ne-
to v very coarse-grained sand, predominantly very fine- to

"medlum-gralned ‘from-210 to 215 feet; 30 - 40 per cent- non-

quartzose; 5 per cent silt; few gravels, mlcrofossils present
at 210 to- 220 and 235 to 242 feet - c

Cravelly Sand: gray-green-brown; 85 per cent very fine- to -

o very coarse-grained sand 40 per cent. nonquartzose
T I\ cent gravel.

15 per

-Sand:-

gray-green-brown, 95 per cent very fine- to ‘coarse~
grained sand, predominantly fine- to medium-gralned 15~ 20

- -per cent: nonquartzose, 5- per cent gravel microfossils present

' Sand-
'gra1ned sand, predominantly very fine- to medium-gralned'
- 15.--"25 per cent nonquartzose, ‘5 per - cent silt; few gravels;
",very slightly plastic, ‘may be apparent cohe51on, microfossils
B present at. 285 - 290 feet N RPN

gray-green-brown, 95 per cent very fine- to coarse-i?

: ;;Sand-
o coarse-grained sand

gray-light-brown, 90 per cent very fine- to very
(cont ) , :

s - - -




o Lithology’ ond | wa:ér-reearmg Properties -

,(cont from 290 feet) : el
- predominantly very - fine- ‘to. medium-grained 15 per cent non-p
quartzose; 10 per: cent silt' slightly to moderately plastic'

~microfossils at. 300 -:305 feet ' : A

Lo

’ Similar to above, but up to 20 per cent nonquartzose,tjnfw
;;:5 per.cent silt; nonplastic to slightly plastic some
egravel and rock . fragments L

“Similar to 315 - 350 but 100 per cent sand microfoss11s ‘
Lpresent e . ) , : Lo :

B Sand- gray-green-brown' 95 - 100 per cent very fine- to-
f:very coarse-grained ‘sand, predominantly very fine~ to‘,j

A:f‘,medium-grained from 360 to 445 feet, 20 per. cent nonquart-:
' zose, becoming 25 =30 per cent at 450 feet"nonplastic ‘to

slightly plastic; ‘up to .5 per cent gravel from 445- feet'
;‘microfossils present at 445 to 450 feet.:’,;j,;

%frf3bo;4softf‘lﬁf;;




~ HYDROLOGIC TEST WELL |

as0-s0011.

i 3;7fljibologyf/cn&‘ffVther-‘Beafing5‘Properﬁes e

520l

8 5/8" 0.0.—

Gravelly Sand° brown-green-gray, 80 - 85 per. cent .very

. fine= to very. coarse-grained sand, predomlnantly medlum-';'““
. to very coarse-gralned 50. = 60 per cent: nonquartzose’i ‘ §
“15 = 20 per cent gravel and rock’ fragments, ‘gravels 1ncrease‘u L
‘in size and become more subrounded to ellipsoidal-shaped at "o
465 feet, some show ‘a calcareous and ‘siliceous cement ‘ad- -

E clay lumps present at 470 to 485; possibly a cemented, beach :
Soox near-shore deposit of Lake Lahontan Sk q,‘ﬁe,: [T

‘ Sand-_ gray-green-brown; 95 - 100 per cent very flne- to

T e e d A

very coarse—gralned sand, predomlnantly ‘very . fine='to medrum-
_grained; 15 per cent nonquartzose; slightly plastic. :

.\\fragments.’

“Gravelly Sand: ~olive-green; 85 .per cent ‘very fine- to very .
' coarse-grained . sand becomlng 90 - 95 per cent sand at 505
feet; 25 per. cent nonquartzose; slightly plast1c° 15 per cent
~gravel ‘and ' rock fragments, some cement present on larger

-Sand: ollve-green-brown, 95--'100 per cent: very f1ne-~to
fcoarse-grained sand; predomlnantly very fine~ to medium~

2 ;'predominantly ‘a- sand lithology

grained; 20 - 25 per cent nonquartzose' sllghtly to moderately
plastic.
“Similar to 515 =525 feet but plastlc to very plastic-'still

' Sand~ gray-brown' 90 -'95 .per cent very f1ne- to medlum- »

M5
it gralned sand, becoming coarser-gralned toward ‘the bottom,

,predomlnantly subangular; 20 - 25 per cent nonquartzose,_“fv{f i
o .per cent silt; up to 5 per- cent gravel.: Y T

] ' grained, becom1ng coarser-gralned toward ' the: bottom of

| slightly plastic up to:5 per cent angular<to subroundedpvi“
~f ~grave1 toward the bottom of the interval R

Sand: gray-green-brown 100 per.cent very: f1ne- to very_izll‘
coarse-gralned sand, predomlnantly very fine~ to medlum- ‘

‘interval; 15« 20 per cent nonquartzose, non-plastic to-

: her1ng to their: surface°'some sllghtly to moderately plastlc,i B




“'HYDROLOGIC -VTEST WELL H2 . 600-750ft.

1\9@'} & /. Lithology and’ Water-Bearing Properties - -

e

Gravelly-Sand: gray-green-brown, 85 ~per: cent very flne- to | e
L very: coarse-grained sand, becoming 60 per cent ‘at. 630 feety; 7 = L
.25 per cent’ nonquartzose, becoming 25 - 50 per cent at 630
afeet 15 per cent gravel becoming 40 - per ‘cent gravel at 630
feet, some of gravels are ellipsoidal; poss1b1e beach or .
near-shore deposit of Lake Lahontan.w, : :

Simllar tO\above, but 15 - 20 per cent nonquartzose, 15 per I
cent gravel e T kS ; .

” Sand° gray-green-brown, 95 - 100 per cent very. flne- to ST
Very ¢oarse-grained sand, predomlnantly very fine- to. . . f o
“medium-grained toward the bottom of intervalj 15 = 20 per R
‘cent nonquartzose' slightly to moderately plastlc"up to
. 5'per cent gravel. S . o

Gravelly Sandr brown-gray, 85 - 90 per cent very fine- to >
~very coarse~-grained sand; 20 - 25 per.cent nonquartzose,-,,"
moderately plastic from 695 to 705 feet' 10 - 15 per cent -

gravel SRR R .

EC ST TRTE e : : e - o

Sand- brown~gray, 90‘% 100“pef cent'Very fine-'tc:very‘:v_‘,, L
coarse-gralned sand, angular to. subrounded; 15 =25 per- -~ | - ¢
cent nonquartzose‘ up to 5 per cent. 311t' nonplastic to R

17201
?; ‘ sllghtly plastic"S per ‘cent gravel

.
ol “Perforations — S e T SRS EEU
) KUCERIR I S rg Ry oy roration :ﬂa-; R e b e e e e o e e e




- HYDROLOGIC TEST WELL H-2

e 'Li'théio‘gy‘. and  Water - Bearing . Properties -

- 750-780f.

" _Gravelly Sand: gray-brown, 80 per cent very fine- to

very coarse-grained sand; 40 - 50 per cent nonquartzose""

slightly plastic to. plastic, decreasing in- plasticity
above and below the 760 to: 765 foot interval

;ﬂ(;jaifviv;.fiigi




L ffGEocRAPHrc DESCRIP’HON VVest ﬂank of the Sand Sprmgs Range on the alluvra] fan s]opmg toward
’ Fourmde Flat ~ : : . s e

NEVADA STATE COORDINATES N 1 b‘z /,331 86 E 548 884 86 L
.':'.‘-,%T;ZGROUND ELEVA’I‘ION 4,232 2 feet above sea ]evel o
s . 'T()TAL DEPTH 480 0 feet below ground level |

o SAMPLED IN'I‘ERVALS Cable-tool cuttmgs taken erther every ﬁve feet or at a dxstmct change of lxthology

L & SUMMARY OF THE LiTHOLOGY AND WATER—BEARING PROPERTIES ‘

e ‘jmetbod of dralhng “Procedure followed-i in descn'bnng the section i is hsted on page 98

| top of the aqurfer whreh is probably a fractured and weathered zone | in tbe bedrock

'%j’fii'ﬂifh‘olbéic~ ng of Test Hole Z_H+3,’~,P'éoj'éc’tf Shtéc‘vﬂ‘,; fchurcfhill_ea;.‘nty/,. "iNé,‘;;,»d,, .

e Hydrologrc Test Hole. H-3 was drllled in Quaternary alluvrum consrstrng of sands Wlth Varymg'- |
b ’amounts of c]ay, silt, and gravel, and in a weathered granitic bedrock of late Mesozoic(?) age. De- - ==«
" scription of the section is based on a binocular examination of the samples obtamed by the cab]e—tool e

—-”’{.Conﬁned ground water was encountered in shghtly to heavrly weathered gramtrc bedrock at a
*_ ‘depth of 361.0 feet below the ground surface. Approxrmateiy =0 feet of silty, sandy alluvium and e
S residual, clayey, silty, sand-sized particles: -derived from the weathermg of granite bedroek overlre the U




/ Li,fhelegy . ‘and ._Wo'ter”—qB'edring & PropertieS' i

1 sol|

“16",0.0, ——=

N

10 ‘3/4";0.1 b,y

' Sand-, 95 - 100 per cent very. fine~ to very
Ccoarse-grained sand; up to 5 per cent silt;

some gravel and rock fragments"subaerial
sediments. S »

~-Gravelly. Sand: - 85 per cent very flne- to.-

‘very coarse-grained ‘sand;- less ‘than 5 per-

‘cent silt; 10 = 15 per cent gravel; sub- "
- rounded' and e111pso1da1-shaped, possible
_Lake Lahontan beach or near-shore depos1t.

‘Sand:  green-gray-brown; 95 ~:100 per cent .-

| very fine- to, medlum-grained sand, a few
i coarse-gralns, predominantly subrounded
-] ellipsoidal; very calcareous;" beach or near-

‘shore deposit of Lake Lahontan.

N

Similar to 30 - 45, but brown again; more-
coarse-grained; some angular rock fragments-

noncalcareous to slightly calcareous.

R A

Sands 95 per cent very fine- to very coarse-v:
: grained sand; less than:5 per cent silt; up

‘to 5 per cent gravel and- rock fragmentS'
-subaerial sediments.,-,<

Sand and Sand-sized. Partlcles' 90:1 95 per

,'cent ‘very-fine= to very coarse-grained sand-
- sized particles angular to subrounded; up to.
10 per cent silt-sized particles; 5 = 10 per
“cent ‘rock fragments up to one inch in dia-
“meter; sample becomes finer toward the
-bottom of 1nterva1 at 80 to 101 feet a

boulder field was encountered.

~Sand: 80 - 90 per cent very fine- to very -

tcoarse-gralned sand, predomlnantly very fine=

to: medium-grained; up to 10 per cent silt;.

10 per cent gravel with- suggestions:of re-’

1 worklng by waves; many basic rock fragments,

trace of water encountered at 101 feet but

08sibly was: drilling water.

~Sands - 90 =95 per- cent very fine- ‘to very
?,coarse-gralned sand, ‘predominantly very fine-

to medlum-gralned ‘not all quartzose' 5 per
cent silt; up to 5 per cent gravel and some

‘rock fragments, becomes coarser toward: the

~0-150#t.
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~“bottom of ‘the interval. =

(cont from 140 feet)

f}Sand- 85:= 90 per cent very fine- to med-r
~ium-grained sand, some coarser gralns" "
10 ~"15 per cent silt; some gravels and

rock . fragments -more: rock fragments toward

'1'the bottom of the interval._f"

T Sand 85 - 90 per. cent very. fine- to very |
f:;coarse-grained ~angular to subrounded‘ S
1 -5 =10 per cent silt; 5 - 10 per cent - |
jlu-gravel and rock fragments of both acid and |
. -basic igneous origin, many dark, heavy
: minerals.; : . _ TR

ni,Clazez Sand° 85 - 90 per cent very fine~ L
- to very coarse-grained sand; up to S per |- - O
| . cent silt; slightly plastic to plastic"

- ,f;up to 5 per cent gravel. o :

: 4

-~‘f5}Sand:“ same as the 205 = 220 sample inter-‘ ‘
" Val, becoming slightly plastic to moder- - |’
’:fately plastic at 270 feet. - s

-

’Siltz Sand° 85 —-90 per cent very fine—

to very. coarse-grained sand, angular to . -

1‘Vsubrounded 10 - 15.per cent- silt; 5 per | -
. cent gravel and rock fragments, angular toa R
: ,’_subrounded 1nc1uding ‘much basic igneous
.. material; sample becomes: slightly to - ‘
- ‘moderately plastic and color becomes more;
: yellow-brown at’ 295 feet. o : .

Jdoee s
T R - - - -
3 \
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- g Ciayey,'Silty;§and-siaedAﬁarticles"yeilowe
G g ~‘brown; 85 per cent very fine- to fine- =

| " grained sand-sized particles; some coarser -
"lv}fmaterials, angular to subrounded, predomin-
'l +antly‘angular; up. to . 15 per cent silt or
= I ﬁs11t-s1zed particles; moderately p1ast1c>
' to’ plastlc, apparently a weathered bedrock
_jsurface was encountered at 310 feet, ‘with S
‘some ‘alluvial material present (possibly o i
_:\‘as contamination. from above); much limonite
. staining; ‘biotite. present in larger amounts
" than ‘previously; becomes less plastic S
>toward bottom of 1nterva1 ERE

. ‘Similar to above 1nterva1 but only slightly
|’ weathered bedrock; a make-shlft ‘core barrel
- brought up a three-inch core of. ‘acidic,
coarse-textured igneous mater1a1 core has
111monite and clay streaks, feldspars are .
~all plagioclases ‘water was encountered at’ :
. '361 feet below the ground and subsequently |

-\ rose to 329 feet:; a possible fractured zone | |
\ occurs at 361 feet as the drilling tool was S §

‘\ caught there; differences in percentage of -
fine to coarse fragments may be due to dif-
‘ferences in degree of hardness of bedrock

- [3e0] -

Perf'orof'ionS"—-'—.-ﬁ;;; - I0_31_/4_'.' oo-ﬁ ‘, ] NS N

3e0|

‘Sand-sized Partlcles- 100 per cent very
fine- to very coarseegrained sand-sized -
‘particles, ‘angular to subangular, nonecal- -
“careous; sample clean and fresh, ‘becoming
-slightly to. moderately plastic toward bot-[
‘tom of 1nterva1 S : ,

S " - o - s i 7 - 2 oo s s o o
\ - - q

o Jazo| ot

|+ JClayey -Sand~-sized Particles:. gray; very
{-[ fine- to very coarse-sized, angular to sub-.
[ angular; 5 per cent: s11t-sized partlcles'?i
|/ plastic;: slightly calcareous, probably a !
’ clay streak in weathered bedrock Lol T ,7i.) )

i s e e i e e,

e



'HYDROLOGIC. TEST WELL

 4s0-agoft. -

?*§énd-sizéleaftic1eé:f?véfyffinéd to %ery~

' coarse-sized, angular to subangularj 5 =
~10 per cent sllt-sized particles; moder-

Copenc s n
HOLE

'?mately plastic toward the bottom of the o
grinterval : SR ,




i . 5 ‘l’.itholfog'ic_; Logof Test ‘Hole 'l‘l-‘,l»,: P!' Clle.f:"f Sh°°|: ,Cﬁl"éhill CAQ;"“ty", Nevada

{ ‘:v:“fGEOGRAPHIC DESCRIPTION East ﬂank of the Sand Spnngs Range in F arrvrew Valley, 149 50 feet N
~15° 01 18"E ofHSd T o e R

*,;NEVADA STATE COORDINATES N 1 622 285 67, 576’914 39

e GROUND ELEVATION 4,241 92 feet above sea level e

: :TOTAI DEPTH: 935 o feet below ground surface 2

o ‘SAMPLED II\TERVALS Cable-tool cuttlngs taken exth er every ﬁve feet or. at a chstmct change of hthology

. S SUMMARY OF THE LITHOLO(,Y AND WATER-BEARING PROPERTIES

L Hydrologlc Test Hole H-4 was dnlled in: Quaternary alluvrum consrstmg predommantly of sands‘ |
B wrth varying amounts of clay, silt, and gravel, and Tertiary (?)- bedrock: Description of the section is .
~~ based on a binocular examination ‘of samples obtained by the cable-tool method of drrlhng Procedure
s followed i in descrrbmg the alluvial rock fragrnents is hsted on page 98 g

Conﬁned ground water was encountered in sand ata depth of 310 o feet below ground surface. E

o bverlyrng the top of the sand aquifer is approximately 65.0 feet of fine-grained, silty sand. After drill-

- ing to"a depth of 530.0 feet below ground surface a fine-grained, clayey sand was encountered, ap- -
- _proximately 35.0 feet thick. This interval serves asan aquitard between the upper and lower aquifers,

~ - 'the latter consisting predommantly of sand wrth a hrgher percentage of clay and sﬂt than the upper, o
~_-aquifer. o _ , ,

‘Ata depth of 813 o feet below: ground surface a dlstmct hthologxc change was encountered wnth .

S ,fsubsequent changes in the sample of color, texture, percentage and nature of the accessory minerals; -

- as well as an increase in the drilling time requrred per foot. The possrbrhty of Tertlary bedrock from

.‘813 o feet to the bottom of the hole at 935.0 feetexists. -

H-4 was later plugged ata depth of 708 feet below ground surface e

ons
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..~/ Lithology and Water-Bearing Properties .~
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!Sand'

85 per cent’ fine- ‘to " medlum-grained
sand 5 per cent 511t 10 per cent gravel

organic debris. -

Silty Sand: .75 .per cent very fine-~to coarsecid
‘grained sand, predominantly very fine- to !

. _per cent gravel

:/Sand°

flne-gralned 15 - 20 per cent 311t 5«10

85 per cent fine- to very, coarse=
‘grained sand, predominantly ‘medium=-. to very -
coarse-gralned 5 per cent silt, 1ncreasing

" ‘toward ‘the bottom of interval; 10 percent . -

gravel, decreasrng toward the bottom of

\interval. - =
Sand: . 80 per cent f1ne- to coarse-grained

sand' .5 per cent silt slightly plastic-
5 per cent gravel. -
~'8ilty Sand: .70 per cent: very fine- .to very -

’coarse-grained sand, predominantly very: fine-

‘to’ medlum-gralned 15 - 20 per cent silt;

slightly plastic; up to 5 per.cent ravel.
‘Sand: - 90 per cent very fine- to medium-

grained less than 5 per cent silt; 5 - 16
per cent gravel; very. slightly plastic.

: 'coarse-grained sand, predomlnantly very

'ln and. rock fragments.

Silty Sand: 80 = 85 per cent very.fine- to

‘to medium-grained; 10 - 15 per cent silt; | =
very slightly- plastic. toward top of 1nterva1'1“
up to .5 per . cent gravel. T -

~.Sands.

85 = 95 .per cent very flne- to very

flne- to medium—grained S per cent Silt
5 - 10 per cent. gravel.,

Sand°'
sand, ‘some . medium- and coarse-grained less |
than 5 per cent: s11t 5 - 10 per cent gravel

| cent silt; 5 per cent gravel and rock i
: fragments., IR ER REEEE

’ Sand°' 90 per ‘cent very fine- to medlum-'t“
grained sand,;some coarser~-grained; 5 per .}

NOTE Gumma Ray Neutron Log Honzontal scule reduced to 1/4 of Verhcol scale RTLITT

1]9

coarse-gralned sand predomlnantly very- fine-} 7

90 per cent very fine- to fine-grained 2




b ,'Al_:i'fho-lo:gy' ‘and Watér-Bearing Properties

“but | less 511t and rock fragments. -

Sand- simllar to sample 1nterval 130 150,

’coarse-grained sand, with little medium~ to

N Lcoarse-grains toward the top of interval' ‘

Sand- 85 - 90 per cent very f1ne- to very

TSand-~

~.grained;.5 per cent silt; 5 - 10 per cent:
“-gravel and rock fragmentS':
~with more" gravels toward the bottom of:

5 - 10 per cent silt' 5 per cent. gravel.

85 - 90 per cent very f1ne- to very
coarse-gralned ‘sand;,’ predominantly ‘fine- .

becomes coarser

:1nterva1

g Gravelly Sand--

- 40 per cent gravel and rock fragments, up
to: cobble size; boulder field: encountered
-at this intervalj ‘becomes. 85 -~ 90 per cent

"'very fine- to very coarse-grained sand below
\the bottom five feet of interval.- ’

~Silty Sand: .

{ very coarse-grained sand; 10 = 15 per cent
~silt; 5 per cent gravel and rock fragments.'

60 ; 80 per cent f1ne- to
coarse-grained sand; ‘5 per cent s11t 15 =

80 = 85 per cent very fine- to

\\gravel.

: ‘Silty Sand:
" very coarse-grained sand,’ predominantly fine-
~grained; 15 per cent silt; 5 per cent gravel

“~and rock fragments, becomes s11tier toward

Sand- 90 - 95 per cent very fine- to very
coarse-gralned sand, predominantly fine-
rgralned 5 per cent 311t' up to 5 per cent

80 - 85 per cent very fxne- to

rbottom of interval Vi
NOT E Neutron Log plotfed 2 nght of uctuol reodmg : !
i : 120

. 1B0-300f1.




f."jfhd_loéy and: 'WOterQBed?ing 3 f’rcperties :

R ,Lff - & o

’,jSilty'Sand' simllar to 1nterva1 245-300,
.- 'but more coarse-grained sand and gravel; y"
- “water encountered at 310 feet and subsequ=
\ ently rose to 299.2 feet below ground levell
- Gravelly Sand: ‘80 per cent very fine~ to. -
S very. coarse-grained sand; up to 10 ‘per cent’
~silt; 10 - 15 per cent gravel;, ‘iron oxide
stains begin to appear on' dried sample. =
~.Sand: . 85 =90 per cent very: fine= to very
\ coarse-gralned sand; 10 - 15 per cent silt'
"\ 5 = 10 per cent gravel : :
- Sand: . similar to above sample, but predom-~
. ’1nant1y ‘medium~ to very coarse-gralned sand
1f”5 per cent silt.f Rt : ;-

'ffSandE 85 - 90 per cent very flne- ‘to very
coarse-grained sand, predominantly very

- fine~ to medium-grained; 10 per cent silt‘
- increasing toward bottom of interval; 5 =~ | . .
| ‘per cent gravel decreasrng toward bottom’{ S
__of 1nterva1 L -

v Lt S 5 R Ly BRI . S Per i S Y I
- - -

»$:Sand' .90 ~ 95 per cent very f1ne- to very'f
o coarse-gralned sand, predominantly medlum-“
' to very coarse=-grained but becomlng finer~ -
. grained toward the bottom of interval; 5
\iﬁper cent s11t; 5 per cent gravel.

~

-Gravelly Sand: 80 - 85 per. cent very fine-
" to very. coarse-grained sand;’ predomlnantlyi
]/medium- to very coarse-gralned 5 per ‘cent. | ¢ o
, silt; up to 15 per cent gravel. RN EEREE

-~ Sands © 90 pexr cent very fine- to very
fvcoarse-gralned sand, predomlnantly very .
fine= to medium—grained 5 per cent s11t' NE
" 5.perx cent gravel.. : :

420

J*Sand' 85 - 90 per cent very flne-‘to very, el
;Vlcoarse-grained sand, predomlnantly medlum- ;
~to-very. coarse-grained 5 per cent 311t-1 s
«‘AQS per cent/gravel. s :

Perforations ..

a0l 1

‘1 Sand- 95 per cent very flne- to medlum-v"
fgralned sand 5 per cent 811t e

S

NOTE Neutron Log plotted 5 nght of pc'fual readmg T I




. 450-600ft.

/ Ljitﬁclpijy ‘and -Water-Bearing_ Properties

L
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8 5/8" o.0.
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_Sand- 90 - 95 per cent very fine- ‘to very‘

coarse-gralned sand, predomlnantly fine= -
and very: coarse-gralned ‘becoming fine-

_ to medium-grained toward the bottom of .
the interval; 5 per cent silt up to 5

per cent gravel. .

wew s uForforationsi=mY Lol

“Gravelly Sand: 85 per cent’ ﬁery fine~ to

very: coarse-grained sand; up to 5 per cent "

C-silty 10 = 15 per cent gravel

Sand: 90 - 95 per cent very flne to very

‘,coarse-gralned sand, alternatlng lenses

of medium- to very coarse=-grains with veryf
fine- to medium-~grains; less than 5 per

cent silt; less than 5 per cent gravel.

Sand: 90 - 95 per cent very fine- to very

f‘coarse-gralned sand; predominantly very
fine--to medium-grained; 5 per cent silt;.

up to 5 per cent gravel

Clayey Sands 85 = 90 per cent very fine-

to very coarse~grained sand, predominantly

~fine-grained, becoming fine-.and coarse-

grained toward the bottom; 5 per cent silt;

fffsllghtly plastic to ‘plastic; 5 per cent
. gravel; this ‘horizon serves as an aquitard
“between an upper and lower aquifer. -

/8and: 85 -90 perrcent vefy fine~ to very

coarse-gralned sand; up to 5 per cent silt;

very slightly plastlc' up to 10 per cent
;gravel :

:: )“

" Sand: 90 = 95 per cent very fine~ to very.
. coarse~-grained sand, predominantly fine=-
 to medium-grained; 5 per cent silt; 'little
~or no clay; up to 5 per cent g;avel ]

= ]22151_.;
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N 70|

=3 ,l’L‘ithd!’ng;'o_n‘dijdte‘r-VBe’aring. Properties -

i *5?T¢C25?7Exifg”,f*”i*

.............

85 - 90 ﬁet cent - véry:finé- to
—;medium-gralned sand; 5 - 10 per cent -

<
$0
\ f[;silt- slightly plastiC' few ‘gravels.

D

AmEEEes o leSlmilar to 605 - 620, but slightly to
DL N e B i :”wmoderately plastic. coe

ﬁj”,’ff f(’,, ;;Sand

A

'i,grained sand; 5 per cent silt; sllghtly LT
)’plastlc, few gravels.i s e ,i"Q'}} €w‘

90 per cent very fine- to coarse-

"6 5/8" 0.0, —

g)Sand-
' "yery coarse-grained sand, predominantly
. fine- to medium-grained; 5 per cent =
- osile; non-plastic to slightly plastic,
L ,some angular gravel ~

90 = 95 ﬁef'ééht very'flne?'to B

3 Clazeg Sand? 51m115i to 655 -~ 685, but
“+plastic, decreasing in plastic1ty toward

LR | ' . ' - - i . . S
- e o oy o b o > e w e o o e i o " -

~g=—4 /2" 0.5, Casing cut at 720’ and plug inserted .to 708"

Perforations ——r—)

.
s;ﬂ .

- i . -

.-s,.-

'”r.the.bottom of the 1nterval

}.Sand-;
'i;jcoarse-grained sand,’ predominantly fine-vfw
S to medium-grained less than 5 per cent - |
oosiles slightly plastic -in the lower half

”;of interval few gravels.f, = .

95 - 100 per cent very fine- to,‘““

NOTE Neutron Loq plotted ;25" right of uctuol readmg
o e 5 123




§ L’,ith_dlqu?‘ ;:q'nd,fl’:Wdter-‘Beﬁﬁn’gi ”Prdperﬁés N

f'7505'9'06ft.1

SR

Perforations ——

- |820f - -

0.D. =

T - S G W8 "
ERCRNEFS P I X
e ]e et . P

‘412"

leso]

- - - -—---‘--------—q-2--‘—-‘."-'6..——---—’-:..-..;‘-a'—‘—-,

HOLE .. .

(

: -Sand' 90 - 95 per cent very fine- -to very

Silty Sand° 80 . 85 per cent very fine- to} -
fmedium-grained ‘sand, predomlnantly very S
", fine=- to fine-grained; 10 - 15 per cent
~osilty slightly to moderately plastic, no B
[gravel.-,:;ni ‘ L R

coarse-grained sand, becoming: predominantly S

.. very fine= to medium-grained at 780 feet;
5 .« 10 per cent silt; few gravels, ‘but all
:gravel is of basic igneous debris. B

_ Sand: light-brown, becoming 1ight-gray

' toward the bottom of the interval; 95 per’

c:cent very fine--to" coarse-grained sand,

. predominantly medium=- to- coarse-grained
many frosted grains, 5 per cent silt; 10

- 15 per cent of the sand—sized particles

“are heavy minerals and ‘basic igneous
. debris; p0351bi11ty of consolldated Ter- |
tiary bedrock; drilling rate- slowed consid-

erably; many oxidation stains.

Sand:  gray; 95 - 100 per cent very fine-‘
‘to fine-grained sand w1th some medium-

~grains; up to 20 per cent of sand-sized ,
.particles are nonquartzose, much biotlte b

and ‘hornblende.

“Sand: light-gray; 95 - 100 per cent very
- fine= to very coarse-gralned angular to
“subrounded; up to 5 per cent silt; many

" heavy minerals; definite change from pre-,

vious. sample, may indicate bedding.

Sand: light-brown; 90 = 95 per cent very | -

. fine- to medium~grained, alternating

z:,'between predominantly fine-gralned and

. -fine=to medium-grained 5.-.10 per cent
. silt"accessory minerals 5 per cent. :

,\NOTE Gcmma Rcy Loq plofted 25 Ieff of actuol recqu S
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HAYDROLOGJC TEST

P

Fo

j'Sand° g simllar to. 860 - 900 some- shght :
- plasticity or. apparent cohesion to sample;
.. ’heavy minerals increase toward the bottom

"-of the" interval' calcareousness increases‘
s 1 ‘ S i toward the bottom’ of the 1nterva1 -absence
il ]  of gravels since 813 feet may be signifi-

R L B cant in 1ndicat1ng a non-alluvial sequence.
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APPENDIX G
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