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GEOLOGIC EVALUATION OF SIX NONWELDED TUFF SITES IN THE VICINITY OF

YUCCA MOUNTAIN, NEVADA FOR A SURFACE-BASED TEST FACILITY FOR THE

YUCCA MOUNTAIN PROJECT

by

D. E. Broxton, S. J. Chipera, F. M. Byers, Jr.,

and C. A. Rautman

ABSTRACT

Outcrops of nonwelded tuff at six locations In the vicinity of Yucca Mountain, Nevada, were
examined to determine their suitability for hosting a surface-based test facility for the Yucca Mountain
Project. Investigators will use this facility to test equipment and procedures for the Exploratory Studies
Facility and to conduct site characterization field experiments. The outcrops Investigated contain rocks
that Include or are similar to the tuffaceous beds of Calico Hills, an Important geologic and hydrologic
barrier between the potential repository and the water table. The tuffaceous beds of Calico Hills at the
site of the potential repository consist of both vitric and zeolltlc tufts, thus three of the outcrops examined
are vttrtc tufts and three are zeolltlc tufts. New data were collected to determine the llthology, chemistry,
mineralogy, and modal petrography of the outcrops. Some preliminarydata on hydrologic properties are
also presented. Evaluation of suitability of the six sites Is based on a comparison of their geologic charac-
teristics to those found tn the tuffaceous beds of Calico Hills within the exploration block.

Vttrlc tufts at Busted Butte are excellent analogs to the gevloglc conditions In the vltrtc Calico
Hills unit within the exploration block. Bedded vltrlc tufts at Busted Butte Include, In ascending order,
the nonwelded top of the Prow Pass Member, the Walunonle Formation, the tuffaceous beds of Calico
Hills, and the nonwelded base of the Topopah Spring Member. A second site, In the northeastern part of
Yucca Mountain, also has characteristics suitable for a surface-based test faelUtyIn vltric tufts. Rocks at
tiffs site Include the nonwelded top of the Pah Canyon Member and overlying bedded tufts. A third site,
In tufts of the Prow Pass Member 5 km southwest of Busted Butte, Is unsuitable for surface-based testing.

Zeolttic tufts cropptng out at Prow Pass are good analogs to the zeolltic tuffaceous beds of Calico
Hills within the exploration block. Except for minor differences In mineralogy and chemistry, these
zeolitlc tufts, which Include the tuffaceous beds of Calico Hills and the nonwelded base of the Topopah
Spring Member, are similar to the zeolltlc tufts within the exploration block. A second site In the north-
eastern part of Yucca Mountain Is also a suitable location for a surface-based test facility In zeolltic tufts.
Rocks at this site Include the nonwelded base of the Pah Canyon Member and underlying bedded tuffs. A
third stte at Calico Hills ts unsuitable for surface-based testing.

Outcrops of nonwelded tuff at Yucca Mountain provide suitable host rocks for a surface-based
test facility. The recommended host rocks for a such a facility are vltric tufts at Busted Butte and/or
zeolttlc tufts at Prow Pass. Additional site screening can take place when data for hydrologic properties
become available for all of the sites investigated In this study.
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YUCCA MOUNTAIN, NEVADA FOR A SURFACE-BASED TEST FACILITY FOR THE
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by

D. E. Broxton, S. J. Chlpera, F. M. Byers, Jr.,
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ABSTRACT

OutcropsofnonweldedtuffatsixlocationsinthevicinityofYuccaMountain,Nevada,were
examinedtodctcrmlnctheirsultabllltyforhostingasud'ace-basedtestfacilityfortheYuccaMountain
Projcct.InvestigatorswillusethisfacilitytotestequipmentandproceduresfortheExploratoryStudies
Facilityandtoconductsltccharacterizationfieldexpcrlments.Theoutcropsinvc.stigatedcontainrocks
thatincludcoraresimilartothetuffaceousbedsofCalicoHills,animportantgeologicandhydrologic
barrierbetweenthepotentialrcposltoryandthewatertable.ThetuffaceousbedsofCalicoHillsatthe
siteofthepotentialrcposltoryconsistofbothvitricandzeolltictufts,thusthreeoftheoutcropsexamined
arcvltrlctuftsandthreearczcoUtictufts.New datawerecollectedtodeterminethellthology,chemistry,
mlncralo[_y,andmodalpetrographyoftheoutcrops.Somepreliminarydataonhydrologicpropertiesare
alsopresented.Evaluationofsuitabilityofthesixsitesisbttsedonacomparisonoftheirgeologiccharac-
tcristicstothosefoundinthetuffaceousbedsofCalicoHillswithintheexplorationblock.

VitrlctuftsatBustedButteareexcellentanalogstothegeologicconditionsinthevltricCalico
Hillsunitwithintheexplorationblock.BeddedvltrictuftsatBustedButteinclude,inascendingorder,
thenonwcldcdtopoftheProwPassMember,theWahmonieFormation,thetuffaceousbedsofCalico
Hills,andthenonwcldedbaseoftheTopopahSpringMember.A secondsite,inthenortheasternpartof
YuccaMountain,alsohascharactcrlsticssuitableforasurface-basedtestfacilityinvltrictufts.Rocksat
thissiteIncludethenonweldedtopofthePahCanyonMemberandoverlyingbeddedtuffs,A thirdsite,
intuftsoftheProwPassMember5km southwestofBustedButte,isunsuitableforsurface-basedtesting.

ZcoliticruffscroppingoutatProwPassaregoodanalogstothezeolltictuffaceousbedsofCalico
Hillswithintheexplorationblock.Exceptforminordifferencesinmineralogyandchemistry,these
zcolltlctufts,whichincludethetuffaceousbedsofCalicoHillsandthenonweldedbaseoftheTopopah
SpringMember,arcsimilartothezcolltictuftswithintheexplorationblock.A secondsiteinthenorth-
casternpartofYuccaMountainisalsoasuitablelocationforasurface-basedtestfacilityinzeolltictufts.
RocksatthissltcincludethenonwcldcdbaseofthePahCanyonMemberandunderlyingbeddedtufts.A
thirdslteatCalicoHillsisunsuitableforsurface-basedtesting.

OutcropsofnonwcldedtuffatYuccaMountalnprovidesuitablehostrocksforasurface-based
testfacility.TherecommendedhostrocksforasuchafacilityarevitrictuftsatBustedButteand/or
zcolltlcturfsatProwPass.Additionalsitescreeningcantakeplacewhendataforhydrologicproperties
becomeavailableforallofthesitesinvestigatedinthisstudy.



I. INTRODUCTION

OutcropsofnonweldedvitrlcandzeolltlcluffsatsixsitesInthevlclnltyofYuccaMountainwere

examinedaspossiblelocationsforasurface-basedtestfacilityfortheYuccaMountainProject.The

purposeofasurface-basedtestfacilityIsm examinetestlngandconstmctlonmethodologiesforthe

undergroundExploratoryStudiesFacility(ESIDatYuccaMountainandtoprovideasultabletesting

environmentforscientificexperimentsinrocksthataresimilartokeycomponentsoftheradlonucllde

barrierbeneaththepotentialrepository.

Thesurface.basedtestfacilityshouldbesitedinrocksthatareslmllartotherepositoryhostrock

ortokeycomponentsofthenaturalgeologicbarriersystembetweenthereposltoryandthewatertable.

Atthetimethesurface-basedtestfacilitywasfirstproposedIn1988,theESF (thencalledtheExploratory

ShaftFacility)wasdesignedtopenetrategeologlcunltstothedepthofthepotentialrepositoryhorizonIn

thelowerpartoftheTopopahSpringMemberofthePaintbrush'Daff.Becauseextensivetestingandslte

characterizationwereplannedfortherepositoryhorizonbutnotforunderlyingunits,thisstudy

emphasizessitingasurface-basedtestfacllltyInageologicsettlngsimilartothetuffaceousbedsofCallco

Hills,anImportantgeologicandhydrologicbarrierbetweentherepositoryandthewatertable.

ThetuffaceousbedsofCalicol-fillswlthlntheexploratlonblockaremadeupoftwodlsslmllar

lithologlesthatgradelaterallyintooneanother,Intheeasternpartoftheexplorationblocktheseluffsare

thoroughly_Llteredtozeolltesandhavedlstlnctmlneraloglc,chemlcai,andhydrologicpropertleswhen

comparedtothevltricluffsthatmakeupthesameunltInthewesternpartoftheexploratlonblock.Six

sltescontainlngeithernonweldedvltrlcluffsornonweldedzeollticluffswereselectedforstudybasedon

theirslmllarltytothetuffaceousbedsofCalicoHillswlthlntheexplorationblock(Fig.i).Thesesites

are:

l)vl_IcbeddedtuftsatBustedButte,

2)vltrlcbeddedtufts,northeastsldeofYuccaMountain,

3)vlu'Icash-flowtufts,southofStagecoachRoad,

4)zeolitlcash-flowtufts,northeastsideofYuccaMountaln(sameIocatlonas#2,butlowerpartof

section),

5)zeolitictuffaceousbedsofCalicoHillsatProwPass,

6)zeolltlctuffaceousbedsofCalicoHillsatCalicoHills.

Thisreportpresentslithologlc,modalpetrographic,chemical,mlneraloglc,andlimlted

hydrologicdataforoutcropsamplescollectedfromthesitesdescribedabove.Thesedataarecomparedto

slmllarexistingdatasetsforthetuffaceousbedsofCalicoHillswlthlntheexploratlonblock.A

preliminaryevaluation of the suitabilityof these sites to host a surface-basedtest facility Is made based on

the similarity of rocksat these sites to the two principalrockIlthologlesfoundIn the tuffaceousbeds of

Calico Hills within the explorationblock.



TimberMountain This work is acooperativeeffortbetween Los

Csldsra _ AlamosNationalLaboratory,SandlaNational
Mountain

Laboratory, and the U.S. Geological Survey. Los

Alamos National Laboratory was responsible for,

selecting the sites that were investigated and for

producing the llthologic, modal petrographic,

chemical, mlneraloglc data presented in this report,

_k ' Some of the samples and hydrologic Information

l usedin thisstudywerecollectedaspartof a Sandia( Jackass NaUonalLaboratoryInvestigationto estimatethe

Flats

i_ spatial correlaUon structure of hydrologic
t

] 0 s_ properties in tuff (for example, Rautman, 1991)._ Additional hydrologicinformation for thee and

other sitesarebeingdeterminedby the U.S.
Fig, 1. Locationsof outcropsof nonweldedvitrlcandzeollt,:
tuffsinvestigatedfora potentialsurface.buedtestfacilityin GeologicalSurveyandSandlaNational
thevicinityof YuccaMountain,SiteslnvuUgatedtrclude:
1) vitri¢beddedtuftsatBustedButte,2) vitrtcbeddedtufts, Laboratory,
northeastsideof YuccaMountain,3) vitrt¢Mh-flowtufts,5
kmSWof BustedButte, 4) zeolittcMh-flowandbeddedtufts,
northeastsideof YuccaMountain(samelocationas #2), II, METHODS
5) zeoliti¢tuffaceousbedsof CalicoIlillsatProwPass,
6) zeoliti¢tuffaceousbedsof CalicoIlillsatCalicoIlills,and Bulk rock samples were analysed for SIO2,

7) thesamestratlgraphicsequenceu at sites2 and4 but2.2 TIO2, A1203, Fe203 (total), MnO, MgO, and CaOkin.northwest,
by X-ray fluorescence (XRF), Na20, K20, Sr, Ba,

and some Fe203 (total) abundances were determined by atomic absorption (AA) spectrophotometry.

Abundances for P205 were determined by phosphomolybdate colorlmetry (PMC) or by XRF, XRF;

P205 results below 0.08 _, % were rejected because of poor analytical precision, Relative accuracies

(20) for elements In rhyoUtic standards analyzed with our unknowns are SIO2 (2%), '1"102(5%), A1203

(3%), Fe203 (10%), MnO (5%), MgO (20%), CaO (5%), 1)205 (30%), Na20 (5%), K20 (5%), Sr (20%)

and Ba (20%), All XRF, AA, and PMC analyses were made by J, Husler at the University of New

Mexico, Additional majorand trace-element abundances were determined by neutronactivation analyses

(NAA) by S, Garcla of the Research Reactor Group at Los Alamos and by R, Korotev at Washington

University In St, l.ouls, Uncertainties In the measured trace-element concentrations by NAA are usually

less than 10% at concentrations 1order of magnitude above the detection limit, Korotev (1991), Minor et

at, (1982), and Garcla et at, (1982) provide addltonai Information about analytical uncertainties at various

concentration levels, conditions of analysis, and detection limits for elements analyzed by NAA, Loss on

Ignition (!.O1) was delermtn_ by measuring the difference In sample weight at room temperature and

after heating at I(XX)°Cfor one hour.



Samples used forX-ray diffractionanalyses (XRD) were firstpowdered in a tungsten-carbide

shatterbox andthenmixed with an internalstandardof I _m metallurgicalgradeA1203 (corundum)

powder in a ratioof 80%sampleto 20%internalstandard. The samples were then groundunderacetone

In an automaticBrinkmann-Retachmill fitted with an agatemortarandpestle to producean average

particlesize of less than 51.on.This fine particlesize is necessaryto ensureadequateparticlestatistics and

to minimizeprimaryextinction (FdugandAlexander1974,pp. 365-367). Particlesize distributionshave

been verifiedusing a HoribaCAPA-500 centrifugal particle size distributionanalyzercalibratedwith

Duke Scientific glass microsphere standards.

X-ray diffraction(XRD) datawere collected on a Siemens D-500 theta-thctadiffractometerusing

copper.Kotradiation,incident-anddiffracted.beamSeller slits, anda Kevex solid-state (SiLt) detector,

Data were typicallycollected from2,0 to 50.0° 20 using a 0,020 step size forat least 2.0 s perstep.

Quantitativeanalyses employedthe internalstandardor "matrix-flushing"methodof Chung (1974a,b),

which requiresthat an internalstandardhas been addedto each sample. Details for analysis can be found

in Blsh andChlpera(1988; 1989),

Thin-section modalanalyses (AppendixA) forpercentagesof phenocrysts,lithic fragments,

pumice, sha_-ds,perilte chips (solid glass or alteredglass fragments),and voids were performed following

the proceduresdescribedInByers (1985, p. 8-10',1990a). Opaqueoxide mineralsin Appendix A were

qualitatively identified using criteriaoutlinedin Byers (1990b). These mineralsare groupedtogetherin

the "Remarks"row of AppendixA.

A numberof hydrologic propertieshave beendeterminedfor samplescollected in several of these

locations as partof a transect-samplingprogrambeing conductedJointlyby the U,S. Geological Survey

andSandiaNational Laboratories(Rautmanet at., 1991; RautmanandFlint, 1992). The bulk hydrologic

propertiesdiscussed in thisreport(porosity, bulkdensity, andparticledensity) were determinedby

gravimetryusing Archimede's principlefor volumedeterminations. Samples were saturatedwith water

undera vacuumafterdisplacement of airby CO2 gas to facilitatemovement of water into small pores.

Samples were weighed Intheir fully saturatedstate,both in air to determine the mass of rock plus water,

and submerged to determinesample volume (Archimede's principle), Sampleswere then dried Ina

relativehumidity oven at 60°C and 45 percentrelativehumidity andrewelghed to determinethe massof

rockwithoutporewater,Dryingsamplesunderthe.socondiUonspreventstheremovalofwatercontained
inthezeolitemineralstructureorotherwiseadsorbedontheporewalls(BushandJenkins,1970; Soeder
et al., 1991). The mass (volume) of water thusremovedrepresentsthe volumeof thepore space thatis

available for freemovementof groundwater.These measurementsallow directcalculationof porosity

and bulkdensity, Particledensity is thencomputedfromthe other two bulk properties.



!i!. RESULTS

Appendix A summarizesmodal petrographicdata forsamples investigated in this study,

Petrographicdata for some of the samples fromthe Prow Pass area were previously reportedby Broxton

et at, (1989a) and arenot repeated here, Appendix B presents mtncraloglcdata determinedby XRD,

Major- and trace-clement chemistry for these tufts arepresentedIn Appendix C, Sample locations and a

key to sample field numbers,laboratorynumbers, and Yucca Mountain 3Lmpletracking numbersare

given In Appendix D.

Available hydrologic data for the sttes Investigatedare summarized in tables and figuresIn this

,oft. Numericalsummariesof hydrologic data will be publishedby Sandla National Laboratoryand the

Geological SurveyIn a separate report.

A, Vltrlc Bedded Tm'fsat Busted Butte (Site #1 in ,1¢_.])

Vltrlcbedded tufts cropout beneath theTopopah

SprtngMember In two locations at Busted Butte (Fig,
0_1 / k_*** {)lll_ /

, _ DKBM_IO and /

2). One of these locations is at the north end of '"\ / IX[B,Wt.t /

Busted Butte,just east of the prominentnorth-
trending faultthat gives the butteits distinctive {

appearance, The .,;econdoutcropis on the southeastern ' t
• / !side of the butte. Both outcrops are mapped as / ,

undivided tufts (Lipman andMcKay, 1965). Eight " /t
I

#

samples were collected from the northernoutcropand _ /,
seven samples were collected from the southeastern o. / ./

outcrop. ,, •
L Lltholo_v and Modal Petro_ranh¥,

.... _' _ DEDMIG4

a. NorthernOutcrop. The outcrop at the ,.o. =_,o

north end of BustedButteconsists of a sequence of

nonwelded ash-flow tufts and bedded tufts that ._,_ _..L_,_.. ,_,_,,,.,

Include, in ascending order, the Prow Pass Memberof T,_,

the CraterFlat Tuff, the WahmonleFormation,the o =ooo ,oooR
, l...... J l l

tuffaceous beds of Calico Hills, and the Topopah o lOOOm.t .... l i

SpringMember(Fig, 3). This volcanic sequence has
Fig. 2, Location of vitrtc bedded tufts sampled at Bulted

an aggregate thickness of 85 ft. from the lowermost Butte(SiteI in Fig,1). Sampleswerecollectedfromthe
exposures in the Prow Pass Memberto the basal twooutcropslabeledTtatthenorthandioutheutaidesof

BustedButte,O_logicunitsshownonthisfigureinclude:
contact of the Topopah SpringMember, Outcropsof (Tt)undividedbeddedtufts,(Tpt)Topopah Spring

Member,(Tpc)TlvaCanyonMember,(Tmr)RainierMesa
these tufts are largelycoveredby Quaternarydeposits Member,and (Qal) Quaternaryalluvium,



I

O &_i Massivenonwoldedtufts,probablymostlypyroclaotl(:flowdeposits;Pumiceslzoproportionalto,,,o 01 nlzeIniuff',Blacktrianglesindcalollthlc-rlchzones,

BeddedTufb;Wellslmllfledinle_mb;IncludesMh-felltufts_ reworkedluffs;l-kxizontel,neeincllr,aAom o_cr_doelraliflcitlon.

FIg.3, Stratigraphlcsectionshowingandsamplelocationswithinvltrtcbeddedluffsatthenorthendof BustedButte(Site 1 in
Fig,t),

exceptIna deepnorth-trendinggulch,whichexposesbedrockbeneathablanketof colluviumandsand

rampdeposits,

About 3 ft. of the upper part of Prow Pass Member is exposed at the base of the section in a small

exposureof bedrock In the bottom of the north-trendinggulch. The Prow Pass Member consists of

nonwelded ash-flow tuff with brown pumice lapllll in a yellow to tan ashy matrix. The ba_ and top of

this Member are not exposed. The Prow Pass Member Is approximately 130 ft. thick tn outcrops 6 km to

the southwest (McKay and Sargent, 1970). The one sample of Prow Pass Member collected at Busted

Butte contains 9.2% phenocrysts comprised of sanldine, plagioclase, and wormy quartz with minor

biotite, hornblende, and orthopyroxene (Appendix A, Fig. 4a). Accessory minerals include Fe-TI oxides,
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Fig. 4. Variation diagrams summarizing petrographic, mineralogic, and chemical characteristics of vitric bedded

tufts at the north end of Busted Butte (Site l in Fig. 1), "me data arc plotted as a function of s_atigraphic position
and include: a) modal petrography, b) total water contents (as loss on ignition), c) mineralogy, and d) chemistry.
All samples are vitric tufts excepted for the uppermost sample in the Topopah Spring Member which is a zeolitic
next to a major N-S trending fault.



allanite, apatite, and zircon.

Approximately 14 ft. of Wahrnonie Formation Is exposed at this location. The base of the unit ts

covered and the thickness of this tuff is probably closer to 40 ft. The Wahmonie Formation consists of a

single ash-flow(?) tuff with sparse pink pumice lapllli In a tan ashy matrix. Phenocrysts make up 18% of

the rock and consist of plagioclase, biotite, orthopyroxene, hornblende, and clinopyroxene (Appendix A,

Fig. 4a). Accessory minerals Include Fe-Ti oxides, apattte, and zircon. On the basis of Its petrographic

characteristics and stratigraphic position, this tuff correlates either with the lower part of the Wahmonie

Formation or with the Salyer Formation as described by Poole et al. (1965) and Warren and Broxton

(1986). The Wahmonie and Salyer Formations are very similar in their petrographic and chemical

characteristics. All of the dacltic turfs between the Prow Pass Member and the tuffaceous beds of Calico

Hills are provisionally assigned to Wahmonie Formation until additional work can be done to resolve

their stratigraphic assignment.

The tuffaceous beds of Calico Hills are a sequence of Intercalated white ash-fall turfs and light-

brown to pinkish-brown massive nonwelded tufts and stratified reworked tufts. This unit is 41 ft. thick

with individual tuff layers ranging from a few inches to 4 ft. tn thickness. The lower two-thirds of this

unit is relatively crystal-rich containing 6 to 21% phenocrysts whereas the upper part contains only 3%

phenocrysts (Appendix A, Fig. 4a). Phenocrysts throughout the unit consist predominately of quartz,

sanldine, plagioclase, and biotite. Minor amounts of hornblende and pyroxene are present in tufts near

the base of the unit. Accessory minerals include Fe-Ti oxides, allanite, apatite, and zircon.

The base of the Topopah Spring Member ts a white to tan nonwelded vitric ash-flow tuff. The

thickness of this member below the basal vitrophyre Is approximately 50 ft. The nonwelded tuffs at the

base of the the Topopah Spring Member contain about 1% pbenocrysts consisting predominately of

plagioclase and sanidine. Quartz occurs in small quantities and may be xenocrystic. Mafic phenocrysts

consist of biotite and trace amounts of hornblende. Accessory minerals include Fe-Ti oxides, allanite,

apatite, and zircon.

b. Southeastern Outcrop, The outcrop on the southeastern side of Busted Butte is a sequence of

nonwelded ash-flow tufts and bedded tufts that include, in ascending order, the Wahmonie Formation, the

tuffaceous beds of Calico Hills, and the Topopah Spring Member of the Paintbrush Tuff (Fig. 5). This

volcanic sequence has an aggregate thickness of 32 ft. from the lowermost exposures tn the Wahmonie

Formation to the basal contact of the Topopah Spring Member.

The Wahmonie Formation consists of light-colored massive to poorly-stratified ash-flow(?) turfs.

Approximately 11 ft. of Wahmonie tuff Is exposed In this location. The base of the unit Is covered and

the actual thickness of this tuff may be much greater. The Wahmonie turfs at this location are similar to

the Wahmonie Formation described for the north end of Busted Butte. The unit contains 15%

phenocrysts of plagioclase, biotite, orthopyroxene, and clinopyroxene (Appendix A). Accessory minerals

include Fe-Tl oxides, apatite, and zircon.
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o <3 o Letter Member

• o , o • • o._ predomlnatelyof quartz,sanldlne,

o -..:----...__..-----.,j.----_-._.._____...-,plagloclase,andbiotite(Appendix
Coven_l In_otvol

A),Minoramountsof hornblende
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Accessory mineralsinclude Fe-Ti

Fig, 5. Stratigraphic section and sample locations within vitrtc bedded tufts oxides, ailanlte, apatlte, and

on the southeast side of Busted Butte (Site 1 in Fig, 1). zircon.

The base of the TopopahSpring

MemberIs a white to tan nonwelded ash.flow tuff. No samples of the Topopah Spring Member were

collected at this location, but Its llthologlc characteristicsaresimilar to those described above for

exposures at the northend of Busted Butte.

2. Mineralogy,

The nonwelded turfs at both outcropsstudied at Busted Butte contain large amounts of volcanic

glass and relatively few secondary minerals (Appendix B, Fig. 4c). The Prow Pass Member, tuffaceous

beds of Calico Hills, and Topopah Spring Member generallycontain 70-97% glass whereasthe

phenocryst-and Ilthic-rich Wahmonic tuffs contain 46-54%glass. In some samples, Incipient diagenetic

alterationof volcanic glass is indicated by the presence of small amounts of smecttte (0-7%) and

cllnoptilolite (0-12%). Feldsparabundances range from 1 to 26% with the highercontents found In

phcnocryst- and llthtc-richtufts. Together, quartz,and crlstoballtemake up I-10% of the ruffs.



Althoughthe nonweldedtufts at Busted Buttearelargely unaltered,thereis a local zone of

zeoUtizationnext to the majorfault thatbounds the westernside of thenorthernoutcrop. Next to this

fault, the nonwelded baseof the Topepah SpringMemberis thoroughlyalteredto cllnoptilolite (-98%)

andminoropal. Zeolltlzattonextendsdownward to the baseof the Topopah SpringMemberbutdoes not

affectthe underlyingvltrictuffaceousbeds of Calico HAllsexcept in the westernmostpartof the outcrop

wherethis unit is closest to the fault. Zeolitizationdies out eastwardaway from the fault.

_, _emlltrv.

The ProwPass Member,the upperpartof tie tuffaceousbeds of Calico Hills, andthe Topopah

SpringMember arehigh.silica rhyolites. The major-elementchemistry of these tufts is similar andtheir

compositions are typicalof these unitselsewhere in the NTS region (Llpman et al., 1966;Qulniivan and

Byers, 1977;Scott and Casteilanos, 1984; Broxtonet al., i989b; Schuraytzet al., 1989;Spenglerand

Peterman, 1991). They generallycontain75.2-77.6% Sl02, 4.6.5,2% K20, 2.6-3.4% Na20, and0.5.

1.6% CaO, normalizedto an anhydrousbasis (Appendix C, Fig, 4d). The phenocryst-rtchbase of the

tuffaceous beds of Calico Hills ts less sllicic (72.2% SiO2) than the upperpartof the unit. Volcanic

glasses within therhyolitic tufts are hydrated,and whole.rock watercontentsaverage about 4% by weight

= (Fig.4b).

The WalunonieFormationconsistsof calcictocalc-alkallcturfsandlavasthatgradeupward

chemicallyfromdacltetodaclteandandeslte(Pooleet al,, 1965;WarrenandBroxton,1986;Broxtonet

al,, 1989b),TheWahmonletuftsatBustedButtearedacltesandarecharacterizedby66.6-67,0%SIO2,

2.9-3.5%K20, 2.8.3.4%Na20, and3,4-4.6%CaO,onananhydrousbasis(AppendixC, Fig.4d).

Whole-rockwatercontentsof thesetuftsrangefrom2.8 to7.1%byweight(Fig.4b),

The zeolitlcTopopahSpringMembernexttothe faultat thenorthendof BustedButteis

enrichedIn calcium(3.2%CaO)andmagnesium(1,1%MgO)anddepletedinpotassium(3,4%K20) and

sodium(0.6%Na20) whencomparedtothevltdctuftsof the sameuniton ananhydrousbasis(e,g,

comparesamplesDEB4/90-1 andDEB 3190.50,AppendixC), Thewatercontentof thezeolltictuff Is

12,8%,assundngthattheentirelossonIgnitionis dueto waterloss(Fig,4b),

4. Hydrolo_ie Properties.

Hydrologic propertieshave not beendeterminedfor the vitric tufts at Busted Butte.

B. Vltrlc and Zeolltlc Bedded Tufts. NE Side of Yucca Mt.(Sitex #2 and #4 in FIf. I)

Nonwelded beddedtufts crop outbetween the TopopahSpringandYucca MountainMembersof

the PaintbrushTuff on the northeastside of YuccaMountain(Fig, 6). These turfswere included in this

studybecause the upperpartof this stratigraphlcsequence(Fig. I, Site #2) Is similarto the vltrlcportion

of the tuffaceous beds of Calico Hills at Yucca Mountainand because these Paintbrushbedded turfs are

of generalinterest to hyclrologlstsstudyingthe movementof groundwaterin the unsaturatedzone, The

lower partof this sequence(Fig. I, Site#4) is zeolltlzed andmay be suitablehost rock for a surface-based
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test facilityin zeolltic tuff. Though treated

as two seperate sites Intheir evaiutlonas

potentialhost rocks fora surface-basedtest

facility, thesezeolltlc andvltrictufts are

describedtogetherInascending stratigraphlc

orderbecauseof theiroccurenceIn the same

continuousstratigraphlcsuccession.

Samplesof these vltrlc andzeolltic tufts

were collected west of the drillhole
;i

UE25WT-6 in a composite section which

includes, in ascendingorder,a beddedtuff

associated with theuppermostpartof the

Topopah SpringMember(Christl_en and

Llpman;1965), the Pah Canyon Memberof

the PaintbrushTuff, anda thicksection of

unnamedbeddedtufts above the Pah Canyon
7,$'

Member(Fig. 7). The upperbedded tuff

units are the sameas those designated as map0 2000 4000It
' ' ' .... ' ..... ' unit Tpb (Paintbrushbeddedtufts) on the0 2000m.

'........ ' _ ...... ' geologic map of ChristiansenandLlpman

Fig. 6. Location of composite section of vitrictufts (Site 2 in FiB.1) (1965), A totalof 17samples were collectedandzeolitio tufts (Site 4 in Fill. 1) sampledatnortheMternYucca

Mountain. Samples(indicatedby dots) were collected from the in the composite section.
bedded tuffbeneaththePahCanyonMember(not shown st thh,
scale), thePahCanyonMember, endbeddedtufts above thePah 1. Llthology and Modal p_troaran!ly.

Canyon Member. Geologic units include: (Tpt)TopopahSprtnil A thin zeolltlc bedded lapilll tuff
Member, (Tpp)PahCanyon Member,(Vb)beddedtufts, (Tpy)
Yucca MountainMember,O'pc) Viva CanyonMember,end (Qec) overlies the quartz latitic caprock of the
QuaternaryalluviumandcoUuvium.

Topopah SpringMemberatthe base of the

measuredsection, l_mlce lapllli within this tuff aregenerallysmall (0.5-1 cm) and there is little or no

ashy matrixbetweenthe clasts suggesting a pumicefall origin, The uppercontact with the PahCanyon

Memberis coveredbutthe estimatedthicknessof the lapllll tuff Is 10 ft. Phenocrystsmake up<1%of

the tuff andconsist of plagioclase, sanldine,andbiotite (Appendix A, Fig. 8a). Accessory minerals

include Fe.Tt oxides, apatlte,andzircon. The modalpetrographyof this tuff matchesthe lower,

dominantlyrhyoliticportionof the Topopah SpringMember.

The PallCanyon Memberis a simple ash-flow tuff cooling unitthat is 245 ft. thickat this

location. The lower50 ft. of the tuff is nonweldedto partiallywelded andIs pervasively alteredto

zeolltes, the upper50 ft. is nonweldedand is vltric,andtheremainderof the unit Is partiallyto moderately

welded andis devltrtfled to an assemblageof high-temperaturenonhydrousminerals (Fig. 7). Vapor.
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Ftl. 7, Compositestrattgr_hio ,_t|on _ndsampleIo_tion, for v|trtc tufts (Sit• 2 in Fig, 1) ind
z_oUti¢tufts (Site 4 in Fil, 1) at north®uternYu_a Mountain. Potentialhost rocks fora surface.
bued t_stf_cillty includezeoUtlctufts atthebaseof this stratigraphicNquence andvitrictufts st the
lop,
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phase alterationoccurs in two zones in themiddle, partially, to moderately-weldedsubunit, The upper

vaporphase zone forms a resistantledge 30 ft, thick i90 to 210 ft, above thebase of theunit, The lower

zone of vaporphasealterationis located 75 and I00 ft, above thebaseof the member. The PahCanyon

Membercontains 3,6-I 1,3%phenocrystsof sanidine, plagloclase, biotite,andcllnopyroxene(Appendix

A, Fig. 8a), Accessory mineralsincludeFe.Ti oxides, sphene,pcrrlerile,apatlte,andzircon.

Bedded luffs above the PahCanyonMemberhave an aggregatethicknessof 125 ft. andconsist of

vilric ash.fall tuffs, reworkedtufts (?), andash-flow turfs, They are subdividedinto 10 l_uonnalsubunits

basedon differencesin bedding featuresandmode of deposlUon(Fig, 7), The ash-fall and reworkedtufts

aregenerallythin(0.5.5 ft,) and atecharacterizedby well-definedstratificationImpartedby gradingand

sortingof clas[s, Fourtufts are clast-supponed lapllll tufts and containlittleor no ashy matrix;these luffs

areprobablypumlce.fall _poslts, Foul'ash.flow tufts areintercalatedwith the bedded tufts in thls

sequence;threeof ash flows arethin(3,'/to Vfl,) and the fourthis relatively thick(95 ft.), All fourof the

ash.flow tufts are nonweldedand muslve. All subunits in the beddedtuff sequence above the Pith

CanyonMemberare pbenocryst poor(2-3%) and contain san/dine,plagloclase, hornblende,andbiotite as

primaryphenocrysts(Appendix A, Fig. 8a). The plagloclase contentof the lowermost ash-flow tuff is

slgn/flcant!y greaterthan in theupperthreeash-flows, which are nearly plagloclue fi'ee. Hornblendeto

bloOteratiosincreasein the upperthreeash-flows relativeto the lowermostone. Fe-TIoxides, spheric,

perrlerite,apatlte,and zirconcomprisetheaccessory mineralsin all fourash-flows,
2. Mlneraloav.

The base of thePah Canyon Memberand theunderlyinglapilll tuff are alteredto clinoptllollte

(68.75%), morden/te(0-13%), andopal (AppendixB, Fig. 8c), The zeolitic zone gives way upsectlon to

a zone of high.temperaturedevitrtflcationandvapor-phasealterationwhich Is dominatedby alkali

feldsparand crtstobalite;tfldymlte is detected in one sample fromthe lower vapor-phasezone, Small

amountsof clinoptllolite and mordenitearefoundin both upperandlower vapor.phasezones, The upper

partof the PahCanyonMemberis a nonweldedvitric tuff thatcontains68-85% volcanic glass, Incipient

alterationof these vitrtctufts is suggested by the presenceof 1-11% smectite.

The bedded luffs above thePah Canyon Memberconsist predominatelyof volcanic glass (63-

82%) and alkali feldspar(9-2-/%), The principalsilica phases are quartzandcrtstoballte,which together

makeup less than 4% of the tufts, Incipientalterationis indicatedby the presenceof small amountsof

smectlte (1-17%) andcltnoptllollte(0-2%),

l,..¢lltmatr
The zeolltlc lapllli tuff at thebaseof the section (DEB 5/91.7) has the Immobilemajor-and trace.

element chemistryof a high-silica rhyolite(Appendix C, Fig, 8d), Concentrationsof TIO2(0.10%), Hf

(4,9 ppm), Sc (2,4), Nd (28 ppm), andEu (0,3 ppm) closely matchthe rhyoliticportionof the Topopah

SpringMember, The lapllll tuff overliesthequartzlatitlccaprockof the TopopahSpringMemberand

probablyrepresentsa late eruptivephasethattappedTopopahSpringrhyolitic magmathatremainedin

13



(h){a): ....

ImIQ_

....... " ]2
_m im

io io

o _o 4 o _t _o Noo oo no ,o oo t o lo
_,l,mmmym _ ,urn _em_ Pq,_m Lm on,W,m

M%a u_,,_ N%et (wt_)

(o) - ,...............

..... .... ,y -

l%hwml_lqOeny__ _m _ tto

__ :---i...., -i l l l I J,i.i _ i 1 ....l :_"_ i_',i"IJ,':i:,:if:L,-_ / :I ] -]
II0 40 00 10 l0 40 _ I0 N _ O0 I0 1 I | 4 10 H I10 I t0 1|

_,l OIIIWqllell, AIO_Itlmw ¢)u_ Omlm,llo Ilmmne
%) Oat%) _It _) (Wt%) rWt%) (Wt_1

(d)..... t ........ ...................................

leo ' NO

C,_ nm

P,hO,n),c_ _,o J 1_

100

i_ l 211-1 Jr_tl ;I2-1 i I _ _1 ! l IN I ,l _i Ii- I] ] _'1 " [ ......_-i

I01 C_O II. I_ le u

FII, 8, Vm%tton dJqrtma mummtrtalnI pe_rolFaPhic, mineralo|t¢, and chemical cheracterill|¢n of vltric LUffS(Site 2 in FIll,
1) I1!(11410]_lt/¢l_lffl (Still 4 111Ftl, 1) It thenortheutln Yuoct Mountain. Data plo!ted u mfunct/on of llZilil[raDhlc Dollt/ol)
include: l) modalpotrolrmphy,b) total watercontents(an Io. on iinltion), c) mineralogy, andd) chemistry (normali_d to
an mhydrow bull),

14

- IIIIII IIII IIIHIIIII IIIIIll , -



the magma chamber afterthemainash-flow ruffswere emplaced. Chrlstia_n andLipman(1965)

Include this bedded tuffIn theTopopah SpringMember.

The PahCanyon MemberIs lntermedlstein chemicalcomposlUonbetween thehigh.silica

rhyoliteand quartzlatlteof the TopopahSpringMember (Byerset al,, 1976;Qulnilvanand Byers, 1977;

Ploodet at., 1989; Broxtonet al., 1989b), Vltrtcand devltrifledtufts of thePah Canyon Memberare

characterizedby 72,4-73,7% SIO2,4,6-6,4% K20, 3,2.4.0% Na20, 0,8-1,1% CaO, 1184-1611 ppm Ba,

78.94 ppm La, 54-78 ppm Nd, i.7.2,0 ppm Eu, 2,8-3,7 ppm U, and 20.1-23,9 ppm Th, on an anhydrous

basis (AppendixC, Fig. 8d), On average,the vltric tuftscontain _u_ 12% lus Na20 than the

devttrtfledtufts,probablybecauseof IncipientsmectJticalterationInthe vltrtc tufts, The zeoUUctufts at

the baseof the Pah Canyon Memberandtheunderlyinglapllll tuff arecalcium.rich(I,24-3,23% Cue)

and sodium.poor(0,96-2.14% Na20) comped to the vltrlctufts (Appendix C, Fig. 8d). 7_2.eolitictufts

with similar compositions arefoundin the PahCanyon Member in drill hole USW G-2, one kilometerto

the west (Broxtonetal., 1986).

The fourash.flow tufts of the _,dded t, ff sequence above the PahCanyon Memberwere smnpled

formajor-andtrace-elementchemistry, The lowermost ash.flow tuff (Informalunit2 in Fig, 7) is

characterized by 71.8% SiO2, 4,2% K20, 3.3% Na20, 1.46% Cue, 370 ppm Ba, 179 ppm Sr, 60 ppm La,

47 ppm Nd, 0,96 ppm Eu, 24.6 ppm Th, and4,,15ppm U, on an anhydrousbasis (AppendixC, Fig, 8d).

This lowermostash.flow tuffis generallysimil,u'in major-elementchemistryto the low-silica rhyoliteof

the Pah CanyonMember,but it has trace clementcharacteristics(e,g., higherU and Th and lower Ba and

I.REE)that clearlydistinguishit fromthe Pah Canyon, Based on its distinctive chemistryand

petrography,th/s lowermost ash-flow tuffIXobliblyis correlativewith the rhyoliteof DeliriumCanyon

(Christiansenand l.ipman, 1965;Warrenetal,, 1988;R.G, Warren,personalcommunlcaUon), The upper

_.ree ash.flow tufts (informalunits 5, 7, and 9 tnFig, 7) have similar chemical and pelrograpldc

characteristicsand are more evolved chemically than the lowermostash-flow tuff, Forexample, the

up_rmost ash.flow tuff contains76,1%SIO2, 4,9% K20, 3.2% Na20, 0,6% cue, 19ppm Ba, 25 ppm

Sr, 29 ppm l.a, 20 ppmNd, 0,27 ppmEu, 25,6 ppm Th, and 4,9 ppm U, on an anhydrousbasis (Appendix

C, Fig. 8d). Based on a comparisonof chemlsu7 and I_trography,these threeash-flowtufts probablyare

correlativewith the rhyoliteof Bl0ck GlassCanyon(Christiansenand Ltpman, _965',Warrenet at,, 1988;

R, G, Wa_en, 1_2 personalcommunication),
4, Hvdroloulc Pronertles.

Hydrologicpro_rtles were measuredforsamples from a laterallyequivalentsection of ruffs(site

#7) located approximately2,2 km northwestt_,fthe sites #2 and #4, Hydrologic datafrom site #7 should

closely approximatethe hydrologic prol_..'rtlesof the turfscomprisingthe composite strut/graphicsection

at sites #2 and #4,

'luffs in this stratigraphicintt_rvalvaryin porosity from 12 to 55%, with an averageporosity

value of 35% and a standarddeviation of 1I%, 'l'ne averagebulkdensity is 1.558/cm3 andparticle
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TABLE I,

HYDROLOGICPRO_RTI_ OF THE PAH CANYON MEMBERAND BEDDEDTUFF'S

ON THE NOR_EAST SIDEOF YUCCAMOU_AiN, NEVADA|

__ i ...... ! J ,llllfll] i I1[I ] , LL .... lull I__L IlUlII _JJ __

HydrologicProperly Combi'ned ..........PehCtnyon Becld_TurfsA_ve
withMean+ $td,Dev, Section Memt_r P_ CanyonMbr.

........................ .........,, ,,,in, 44) (n. ..... ,, (n, 9)
............ Porosity91, 35 ± ii 33 ± 12 39:1:4

I Ifl[ll ! Illl I II I_lll - II IIII I [ _- _ IL i 111111111[[_ __

Ranlle 12- 55 (44) 12- 55 33.51.... II I I I I III __ JL.[ .... j]l[_l IIII Illl[ -- [ ...._;- I M:I ] Illll U[I [11 ......

...... BulkDe_lty li/cm.3................... i.S_._0,30 l ._t :1:0,33 1.414,0.11
-- io II I II II --- I [ I III liE! III jIU 1

..........................Rlmile 1,05 - 2.17 1,05- 2,17 1.13- 1,57

...... I Illll [[ _" -- I I - II Illl I -- _lULl lift I L1[ I ..... nlm .........

ParUcle_MIIy IVcm3 2.38:1:0,i ! 2,41:1:0,12 2,29:t:0.04
....... III I I " | I Ir I t fl, I I ii L-T I iiii1[ ii iiiii [ iiiiiiii _ --- ii I ;

Ranileb 2,13- 2.58 2,13- 2,58 2,23- 2.35
-- ' " 11111 ...... -- I Illl .I II I I III I [_1_ _- I _ _ __ IIII I1[ __ II I

I, Ilia#?inPLI,l,

detallJeserebetween 2.13 tnd 2,58 iI/cm3 (TableI), Hy_lo81c pro_rtlea vary complexly u a function

of verticalm'attlFaphlcposlUon(Fill, 9). 'r'neaovarllUons erecontrolledby verUcalchansea in Ilthology

' bothbetweenendwltldnindividualstrttlllrzphlcunits,

Poro_UesforthePahCanyonMembervaryfrom12to 5591,andaverage33%(Table!), Porosity

valuesforthe unitreflecta cluslcalweldlnllprofile,rangingfrom37to 38%atthezeolltlcnonwelded

bue, 12to43% In thepartially-tomoderately-welded_vttrltled Interior,and47 to 55% In thevltrlc

nonweldedtop(Fill,9). BycontrMt,porosltleJof thebeddedtuffunitsvarybetween33 and51%and
i

' ii: e
Noflwelded 4 4"

_x/ e

e ,

1 , ,

-i
10 _0-_0 40 _ eO t i,4 i,t IJI |,e ,it

Pil,9, Jtt_KIbbtopKnlofporolity,bulkden|try,tndpiml¢ledemityforvitrh:tndzeollLt_turf:a!thenorthoaztemYuc¢t
Mountain(Silo7inPII, 1).
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average 39%. 'I'nemore Iimlt_ variabilityof all
t

hydrologicpro_nlesmeasuredforb_dedtufts _0-I to
DEB3/90.3

aboveandbelowthePahCanyonMemberreflectsa

lackof welding,Zeolitlcsamplesfromthethe__
f To

tuff beneath the Pah CanyonMemberandfromthe

lower partof the Pah CanyonMember have_rosltles

(-38%) andparticledenslUes(-2.24 Idcm3) that are

similarto the vitrlcbeddedtuftsabove _ Pah
t

Canyon Member(39% and -2,33 g/cm3 reactively), /
t

although the dataset to supportthisconclusion is :: :
small. : :

: Qae :
l, st

C. VIIHc Ath.Fln WTuftL _outh of _tnnt_naeh
Road (S/re#J beFle.l } Mm_ _ u_r_, ,m

The Prow PassMemberIs exceed in non.h.

trendingoulcropssouth of Stag_oach road,5 km ,:4,00o

southwestof Bust_ Butte(Fig, I0), Sampleswere
0 le000 4000It

collectedfromnonw¢ldedluffsat thebaseof the . ............' ' : ....
0 IO00m,

Memberandfromthinov_lylng beddedluffsof the , .............., ....... ,

Wahmonje Fonnatk)n, Only threesamples(two from Fit tO l,ocetlonof vttrt©uh.flowluffsHmpled it
outcroW $km 5W ofBusted BuIW, in thevk_inttyof

theProwPassMemberandonefromthe Wahmonie SulKou:hRoad(SIW3 InPtl, I), Samplewere
Formation)werecollecl_ fromthis I_atlon because collectedfromthelowerputoftheProwPMeMember,

Geolollcunitsthownonthisfilm include:(Tcb)
11wasevidentfrom ourprellmln_ examinationof BuilfroI Member,(Top)ProwPMaMember,fTwl)

WtlunonleFormation(lowerpart),(Tpt)Topopth
the site thatless altered '¢itrlcluffs, which belier Sprinl Members(To)beddedtuff,(Tpc) TlvtCanyon
representthetuffaceousbedsof CalicoHills,couldbe Membersand(Qa¢)Quaternaryalluviumandtellurium,
foundatotherh)caUons.

I,, L!thology and Modal Petrag_raphy.

The Prow Pass Member Is a simple cooling unil approximately130 ft, thickat this location, The

lower 50 ft,of the unit is nonweldedtuff that is partiallyvltrlc,but Iicontains beds and cylindrical to

irregularenclaves that arepemialiyz_olltlc, The upper partof the unit is a partially-to m_ralely.

welded tuffthat hasundergone high.lemperaturedevltdficaUon, The base of the moderately-weldedluffs

f't)rmsa resl:,tantledge that is a useful marker_, Nonwelded tufts sampled hum the base of the unit

contain 6,5.6.9% phenocrystsof sanldine, plaglocla._, quartz,bit)tile,and orthopyroxene(APt_ndlx A).

Accessory mineralsInclude Fe-Ttoxides, al!anil¢,apatlt¢, andzircon,

The ProwPass Member ts overlain by !0 ft. of light-colored masalve to _rly-bedded tuffof the

WahmonieFormation. 'luffs of the Wahmonie Formationat this It)cationare similar to [hose al Busted
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Butte andhave pelz'osraphlccharacteristicstypicalof the lowerpartof the formation.The sample

collected fromthis unitcontains 14% phenocrystsof plqlioclise, biotite,o_pyroxene, and

cllnopyroxene(Appendix A). AccessorymineralsincludeFe.TIoxides, apatlte, and zircon.

lowermostsample collectedat the base of the exposed section Is alteredto cllnoptllollte

(64%), mordentte(3W)andopal (AppendixD), A second sample collected 2S ft. hiilherIn the sequence

is | 811jhtlyalt_ vi_¢ tuff (68_ jlass and5_ cllnoptllollte)that ia locally alteredto zeolites ( see Lab.

# lfl0 I_A tn AppendixB). In thissample, zeolitizatlon occurs asa cylindricalzone of'alteration2 to 3

In, In diameterwithina vltrlchost_k, Thezeolitlcturfsprobablyrepresentzonesof greateralteration

alonJpreferredpound waterpathways,Noclearboundary_arates tuftsthatire dominantlyzeolltlc

fromthosethataredominantlyvltrlc,

No XP.D anldyalawas made forthe beddedWahmordetuffabove theProwPiss Nlemb_, Ttds

unitIs Izqtely vi_c b_ on the pe_ollraph/c examination(Sample DEB 3_3 In A_ndlx A),
_t.C*n,mhtrv.

ThevltrlctuffIn thelowerpartofthe ProwPus Memb_ (Lab,# 158,PI In AppendixC) Isa

high-silicarhyolitethatIstyptcalof theProwPissMemberatotherlocationswithintheNTSregion

(ScottandCutellanos,1984;Broxtonetel,, 1989b),A localzoneof zeolltlzatlonwithinthesamesample

block(Lib.# 158,P2In AppendixC) hasthesan_m_orelementchemistryasthehostvltrlctuff;

however,concentrationsof mobiletraceelementssuchasuraniumandrubidiumarelowerand

concentratlomof SrarehigherIn thezeolltlctufT. Incontrast,concentrationsof majorandtraceelements

Inthe thoroulthlyzeolltized tuff at the b_ of the section (Lab.# t57, PI In AppendixC) are similarto

those foundin the vitrlctuff.

4. Hvdroloale Pron,rt_t.

Hydrologicprepares havenotbeendeterminedfor thelowerpm of theProwPassMember

southofStagecoach mad,

]D. 7__NdltleTufhioeou, RiNItof CJilli_oXIlI- at Prow pna r_/t. #_ bzF_./|

Zeolltictuffaceousbedsof CalicoHillsandlowerTopopahSpringMem_ cropout atProw

Pus, at thenorthendof YuccaMountain('Fill,I 1), Thelargenumb_of samples(73)examinedatProw

Passprovideanuniqueopportunityto lnvestlltatebothverticalandlateralchangesIn mlncralollYand

chemistrywithinthecontinuousexposuresof thesezeolltictufts, Southof ProwPass,sampleswere

collectedfromtwo verticalmeasuredsections0,5km, apartO'`11P,12and 13)andfroma lateralsample

traversethatfollowedthenorth-trendingstrikeof thetuffac_us bedsof CalicoHillsoutcropfor a

distasteofoneldlometerbeforeturningeastward_tg, ! I), Additionalsamplesof tuffac_us bedsof

CalicoHillswerecollectedIna verticalsection0,8 kmnorthof ProwPass(t'18,1I), Petrographicdata

foroneof theverticalsectionssouthof ProwPass(3.15.82- seriessamples)andfor theverticalsection
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No,,.,,V.,W northof Prow Pus (82FB. series samples) are
s.a_

(um.__ publishedIn Broxtonet al. (198%) and arenot||_4)

repeatedIn AppendixA. Whole.rock

mineralogyandchemistryfor all samplesfrom

ProwPassare given in Appendixes B and C,

respectively.

c...,v.n,.., I, Lltholoay rand M0d_ Petrmrmnhv.
sNtm

(_.ta4,._,o Thetuffaceous beds of Calico Hills at Prow
3.IH|.tl}

Pass are a sequence of yellow.white to pinkish-

k,_m,,Vm_,, tanIntercalatednonweldedash-flow tufts and
,,Q,,

©toute.**w beddedash-fall andreworkedtufts (Fig, 12
DlltMte.,ll)

13), At Prow Pass, thethickness of this unitIs

about370 ft. with individual tuff'layersranging

froma few Inchesto 65 ft. Inthickness, The

lower 50 ft. of thisunitIs relatlvelycrystal-rich,

containing7 to 18% phenocrysts(Appendix A,

,_ _, ....... ........... Fig. 14a). The reminderof the unitcontains
t RUm

,, .. . . less than 3% phenocry_, except locally where

Fill, 1i, _ttion of zeolitic tuff| sampledatouu:mplintlw crystals accumulated in reworkedtufts,
vicinity of Prow Past (Site $ in Pill, 1), $tmplN were
colle_tedfromthetufftmousbedsofCltlicollUlalindthe Phenocryststhroughouttheunltconsistof

lower part oftheTopopth SprinllMember, Oeolollic units quartz, sanldine, plagloclase, andbiotite.
shown on this fissureInclude: (Tcb)BullfrollMember,(T©p)
ProwPillMember, (Th) tuffaceousbedsandlavu ofCtlim Accessoryminerals IncludeFe.TIoxides,
Ilillz, (Tp|) Topopah Sprinll Member,(Tpu)upperPaintbrush
tuffl, (Tnnr)rhyolite lavaof WindyWash,(Tnu')Rainier allanJte,apatlte,andzircon.
Mesa Member, and (Qac)Quawmaryalluviumand The Topopah SpringMemberOVerliescolluvtum,

the tuffaceousbeds of Calico Hills at Prow

Pass, The lower 20 ft, of this MemberIsa pink nonweldedzeollt/c uh-flow tuff, The nonweidodzeolltic

tufts grade abruptlyupwardsIntomedium.grayto blackmoderately-weldedvttrophyre,which Is up to 50

ft, thickat _s location. Phenocrystsare sparse(0.4.1,1% ) and consist predomlnatelyof plagloclase and

sanidine (Appendix A, Fig, 14a), QuartzIs presentIntraceamounts, Mariephenocrystsconsist of biotite

andrace amountsof hornblende, AccessorymineralsincludeFo.Tt oxides, allanite, apatite,andzircon,
2. MlneraloDv.

The tuffaceousbedsof Calico Hills andthenonweldedbase of the TopopahSpringMemberare

thoroughlyaltered to cllnoptllollte (!5-71%), mordenite(2.38%), opal-CT (0-40%), and smectlte(0-5%)

(Appendix B, Fig, 144:),These ruffstypically contain 1-16% feldspar, some of which have potasslc end-

membercomlx)sltlons(Or99.1_) and representlow.temperaturealterationproducts(Broxtonet as., 1980

and 1987), Except forthe basal vltrophyreof theTopopahSpringMemberandfor partially.weldedtufts
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Fill, 12, Stz'atlllrnpb_csectionand,amplelocationsfor zeolttictuftsinthesouthernpartof the ProwPsssarea(Sit©S in
Pll, l),
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Fig. 13. Stratigraphic section and sample locations for zeolitic tufts in the central pazt of the Prow Pass area (Site 5 in Fig. l).
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immediately below the vltrophyre, all of the original volcanic glass in the nonwelded tufts at Prow Pass

was destroyed during alteration (Fig. 14c).

In vertical section, the abundance of total zeolites decreases from 70-80% at the top of zeolitic

tuff sequence to 30-40% at the base of the sequence. Clinoptilolite abundances decrease down section in

all three vertical sections whereas alkali feldspar, quartz, and opal-CT abundances generally increase with

depth (Fig. 14c). In the lowermost part of the tuff sequence, increases in feldspar and quartz contents

correlate in part with higher phenocryst abundances at the base of the tuffaceous beds of Calico Hills,

However, in the central and northern vertical sections, feldspar and quartz abundances also increase with

depth In the phenocryst-poor upper and middle parts of the tuff sequence; this suggests that at least part of

the feldspar and quartz in these tufts formed by secondary alteration processes.

The mineralogy of tufts in the lateral traverse at Prow Pass does not vary appreciably except at

the extreme north end where total zeolites tend to be lower and feldspar and quartz abundances tend to be

higher than to the south. The decrease in zeolite abundance and increase In feldspar and quartz correlate

with an Increase in phenocryst content and suggest that mineralogic zonations within the tuffaceous beds

of Calico Hills occur laterally as well as well as vertically. Alternatively, the lateral traverse may not

follow a single stratigraphlc horizon as Intended but instead cuts down section into phenocryst-rich tufts

northward; if this is the case, the mineraloglc zonations observed for the traverse are at least partially

caused by vertical changes in mineralogy as a function of stratlgraphic position.

3. Chemistry,

The chemistry of zeolitic tufts at Prow Pass differs substantially from the compositions of vltric

tuffaceous beds of Calico Hills and lower Topopah Spring Member at Busted Butte. These zeolttic tufts

contain higher calcium (up to 3.5%) and lower sodium (0.5-2.4%) than the vitric tufts, when compared on

an anhydrous basis (Appendix C). Potassium content is highly variable but generally tends to be higher

than in the vitric turfs. Potassium content varies antithetically with the concentration of sodium and to a

lesser degree with calcium. Concentrations of mobile trace elements are also highly variable, and

although there is some overlap with concentrations found in the vitr" .uffs, U, St, and Ba contents are

mostly lower in the zeolitic tufts. Rb and Cs concentrations overlap those of the vitric tufts, but the range

of values in the zeolitic tufts Is much greater. Concentrations of immobile elements such as Al203,

TiO2, Zr, Hf, and Th closely match those of the vttric tufts. Water contents of the zeolitic tufts, as

Inferred from LOI, decreases systematically from 11-13% at the top of the sequence to 5-8% near the base

(Appendix C, Fig. 14b). The decrease in water content correlates with a decrease in total zeolites with

depth.

Mobile major elements such as Na20, K20, CaO, and MgO form complicated patterns of

elemental enrichment or depletion with respect to vertical stratigraphlc position in the measured sections.

For example, calcium concentrations are greatest in the upper of the zeolitic tufts in the southernmost
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Fig. 14. Variation diagrams summarizing petrographic, mineralogic, and chemical characteristics of zeolitic tufts

sampled in the stratigraphic section at the southern end of the Prow Pass area (Site 5 in Fig. 1). Data ate plotted sa a

function of stratigraphic position and include: a) modal petrography, b) total water contents (as loss on ignition), c)
mineralogy, and d) chemistry (normalized to an anhydrous basis).
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verticalsection at ProwPass (Fig. 14<t)whereas0.5 km to thenorthcalcium concentraOonsaregreatestin

the middleof the alteredtuff sequence, Similarly, the alteredtufts are most potasslc in the middleof the

sequence in the southernmostverticalsection ,Fig, 14d),and0,5 km to the norththe most potassic tufts are

nearthe top andbottom of the alteredtuff sequence.

Mobile traceelementsalso show a greatdeal of variabilitywithrespect to verticalposition within

the altered tufts, Forexample, in thesouthernmostmeasured section, U and As are concentratedin a well

definedzone within the central partof the tuffaceousbedsi

of Calico Hills, and U is also concentratedin an upper

a_o zone (Fig. 14<1),Inthe same secUon,Sris concentrated

. betw_n the upperand lower zones of U enrichment,
ado

Othermobile traceelements such as Cs and Rbshow no

ioo correlationwithstratigraphlcposition.

Although compositions are variable, tufts in thenorthern

partof the ProwPass areaare generallymore potasslc

a than tufts to the south (Fig. 15), Silica, sodium, and

_. strontiumconcentrations arehigher in the southernmost

_ outcrops, Whereasthe chemical composition of tufts isrelativelyuniformInthe northernpartof theProw Pass

area,tufts fromthe southernpartof the areaare
_ t ,,,, ,,,, . t ,, i , .............

characterized by highly variablechemistry (Fig. 15),0

... 4. Hydroid fie Properties.

Hydrologicpropertieswere measuredin samples fromthe

southern verticalmeasuredsection and the lateraltransect
( (Fig. 11), Hydrologicpropertiesfor the lateraltransect are

reportedby Rautman(1991). Data from Rautman (1991)
• _, t , , , ,i , ,,t ........

do and from the U,S, Geological Survey/gandiasystematic

_. samplingprogramfor the southern verticalsection are

._ 7a summarized in TableII andFig. 16. The following' 7e _ discussion focuses on the results fromthe southern
verticalsection because the systematic sampling fromtiffs

location should yield values representativeoft he unit as a
10

15 2o _.h whole. Porosityvalues for thezcolltlc tufts at Prow Pass
TraverseStation

range from 18 to 38%andaverage27%, Thereis a

Fig. 15. Compositionalvariationsalongthe lateral significant amountof variabilityin porosity throughoutthe
traverse within the tuffaceous beds of Calico llills

in the Prow Pass area (Site 5 in Fill, I ), tuff sequence, but in generalthe lower partof the section

has a somewhat higherporosity (mean = 30%) than the
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TABLE II.

HYDROLOGICPROPERTIESOF THE ZEOLITICTUFFACEOUSBEDS OF CALICO

HILLSAND TOPOPAHSPRING MEMBERAT PROWPASS, YUCCA MOUNTAIN,

NEVADAa

Hydrologic Property SouthernVertical
with Mean± Std. Dev, Section b (n = 6 I) LateralTransectb

II I I IIIIII III IIIII!1 III n II IIIIII I

Porosity % 27 ± 5 33 ± 5 (n= 28}IIIIItUII I II I] II]11I [ I II IIIII I I ..............

..... Range 18- 38 22- 41

Bulk.......Densityg/cm3, ,,I.59± 0,23 , , , , n/d............

R_ge I.37- 1,93 n/d[Jl]JIll 0 II[II I III IIIIIii i] i ii [[ i IlL I r JJl i

ParticleDensity g/cm3 2.20 ± 0,07 n/d,m,,. , i i i ii i i

Range 2,05- 2.38 n/d ......

, ,AirPerme,ablllt_, md .... ,n/d,, , ,,,,,,,,, 0,_,±,0.45,{n= 27)

,,,........ ...... Range .............. n/d 0,II - 1.5 ...........
a, Site 05 in Flit, I,
b, n/d- not determined,

c, matrix permeability only; excludel datl for fractured sample,

upperpart(mean = 25%). Bulkdensities average1.59 g/cm3, and particledensities average 2.20 g/cm3,

All threepropertiesformrelatively unimodal distributions(Fig. 16), The average value for porosity Inthe

southern vertical section is similar to the value for the lateral transect(Rautman, 1991), though the lateral

transectappearsto be moreclosely relatedto the lower,higher porosityportion of theunit.
E. ZeoHtlcTuffaceous Beds of Calico Hills at Calico Hills (Site #6 In Fig.l}

Zcolltic tuffaceousbeds of Calico Hills crop out at the type locality for this unit at Calico Hills,

northof JackassFlats. A totalof 10samples were investigated from a single tuff bed In an east-west

_- 25 30

! -i0 --,
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"':I J: • 10

e -
10 20 30 40 50 60 1,0 1,4 1,8 2.2 2,6 :2,1 2,:2 :2,3 :2.4 :2,8 2,6

Porozity,% BulkDensity,g/orea Pwtiole Density,g/orn_
[._..-.-3Upperh_foftuffsequenm

Lowerhalfoftuffzequenoe

Fig, 16, llistograms of porosity, bulk density, and particle density for zeolitlc tuffaceous beds of CaUco Hills sampled in e
vertical stratigraphic section at the southern end of the Prow Pass area (Site 5 in Fig, 1),

25



lateraltraverse(Fig, 17). The 0,5 Ionlong traverse
ou /.

0 i follows the strikeof the unit, thusthe samples are

I{ notrepresentativeof the entireCalicoHills unit at
this locality. Samplesfor this traversewere

originallycollected to determinethe spatial

____\'_ unitvariabilitY(Rautman,°fhydrologic1991). propertiesin a single tuff

. CRCH.I.SNL
: 1. Litholoav and Modal Petrogranhv.

.. The tuffIs a pinkish.tan to light green

j nonweided lgnimbrltethat Is partof a tuffaceous

i sequence approximately200-300 ft. thick. The

tuffaceoussequence lntertongueswith thicklava

flows to the north. The lgnimbrltesampled Inthe

,ms lateraltraverseis relativelycrystal-poor(I-4%)

with phenocrystsof quartz,sanidlne,plagloclase,
dwtumoFlats

o 4oo0 ,moot. _:_ooo andbiotite (AppendixA).
............. , i _ie kAW

I.ssso 2. Mineralogy.0 _!000m.

' .........' ............. ' The tuff investigated atCalico Hills Is

Fill,17.Locationofzcolltlctuff.sampled in alateral feldspathlcandzeolItlc(AppendixB),Alkali
traven|e in the southwestern part of Calico tltll. (Site 6 in
Fig, t). Sample. were collected from a single uh-flow feldspar, whichmakesup 25-67% of the rock, is

tuffwithinthetufftceouabedsofCalicoHill,(Rnutmlm, significantlymore abundantIn this tuffthan in the
1991), Geologic uniU,hewn include:((Th)tuffaceous

bedsandlavuofCalicoililb, (Tpt) Topopah Spring vltrlc tufts at Busted Butteor the zeolltic tufts at
Member,and(Qac)Quaternaryalluviumandtellurium,

Prow Pass (Fig. 18). Muchof the feldspar was

deposited In tugs tn the groundmass or formsovergrowthson plagloclase. Severalof thealkali feldspars

were analyzed by electron microprobeand arepotasslc end.membercompositions (Or99.100). Other

major alteration phases include mordenite (6-32%), cltnoptilollte (0-31%), opal-CT (0-20%), kaolinite (0-

5%), and calcite (0-1%). Cllnoptilollte occursonly Inthe three easternmost samples. Small amounts of

smectite were detectedin onlyone sample,
3. Chemistry.

The feldspathic and zeolitic tuff atCalico Hills Is significantlymore potasslc and less sodlc than

any of the other vltrlcor zeolltlc tufts InvestigatedInthis study, whencompared on a normalized

anhydrousbasis (Fig. 19). Potassiumconcentrationsrange from 5.4 to 9.4 wt.%, whereassodium

concentrationsrange from 0.4 to 0.8 wt.% (AppendixC). Concentrations of mobile traceelements are

highly variable,and U, Sr,andCs contentsare generally lower than in the vltrlctufts atBusted Butte. Rb

andBa concentrationsoverlap those of the v!trlctufts,but the rangeof values Is muchgreaterInthis

feldspathlcand zeolltic tuff. Concentrationsof immobileelements such as A1203, Tie2, Zr,HI',and Th
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Fig. 18. Itistograms comparingthemineralogyof zeolitic tuffaceousbeth of Calico Hills within theexplorat/onblock at
YuccaMountain(YM) to zeolitic luffsof the same unitat ProwPass(PP), andCalico Hills (Cll), Mineralogicdatafor Yucca
Mountaintaken fromBlsh and Chipera(1985),

closely match those of thephenocryst-poorportionof thevltrlctuffs, No systematicvariationsin

chemistryoccur along the traverse. Watercontentof the tuff (3,2-7.1%) Is generallylower than Inthe

turfsat ProwPass (5-13%), reflecting the slightly greateralterationandlower abundanceof zeolltes tnthe
tuff atCalico Hills.
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4. Hvdrolnaie PronertieL

Hydrologicpropertiesof the tuff at Calico Hills arereportedby Rautman(1991) and are

summarized in Table Iii and FIg. 20, Porosity values rangefrom 23 to 38% and average 29%, Bulk

densitiesforthesealteredruffsrangefrom1.55to 1.898/cm3andaveraBe1.72g/cm3, Permeabllltiesto
airaverase0.57rod.Noneofthehydrologicpropertiesshowsystematicchangesalongstrike,
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........ "....... - ......._' IV. DISCUSSION

4 s ....I The tuffaceous beds of Calico

Hills Inthe vicinityof the potential
8 m_Itory areasequenceof

stratifiedtuftscomprisedof

i intercalatednon_d_ imh-flow

1o 2o =o 4o as so i t.4 1.s s.s ts tufrl, _uh-fall, lr,d mworked
pm,ooay,_, i_kt3en_ty,OJom*

tufts.ThesemiTtmeIdllh-slllca
Plil.20. lllstoiP'llmaorporoiltyandbulkdimity for umilti©tuffli_mtmbeds
of CidicoHillsuunplsdin ii hlterld_avorlmlltCallaollills (Site6 in Pi|, I ), rhyolitos _ form a compositional

Datafrom Raulman(1991), continuum withthe o_lytni

rhyolitic tufts of I._ Topopih

SprlnitMember (Oroxtonet as., 198%;thisreport), The nonwei_ mlTiof theCalicoHillsunit andthe

nonweldedtufTsin theIowe_st _ of theTopopahS_nil Member hive similarthermalImd

mechanicalpropertiesandtogethercomprisethe_al.mechanlcal unitCHnof Oftiz etas.(1985).

Whole-rockmlr.eraloillcpro_es of thistuff intervalvitryitemmltheexplorationblock,andthethermal.

mechanicalunitIsfurthersubdividedintoCXnv for vltrlctuffl andCXnz forzeolJtlcmfrs.Thealtos

investigated fora surface.basedtest facility were selected for studybecause they belonll to the slime

suiUgritphlcsequence itsCHnvor CHnz,or because theMtoscontainrocks thatire slmllir to one or both

of thesetwo thermal.mechlmtcalunits,

ThehydrologicproperUesofthetuffaceousbedsofCalicoHillsIn thevicinityofthepotential

repositoryhavebeensummarizedby_nt andRlnt(1990).ThesedatairesummarizedinTableIVand

Fig, 2 I, Although these datarepresentgeographicallydistributedsamples, theydo not representunbiased

samplingof the unit as Itwhole. Forcomparison,a moresystematic slimpllnllof thevltrlctufts of Calico

Hillsjust southof thepotentialrepositorywas conductedusing core from drill hole USW GU.3, The

TABLE III.

HYDROI.OGIC PROPERTIES OF THE ZEOLITICTUFFACEOUS BEDS OF CALICO

HILLS AT CAHCO I'IILI.S,YUCCA MOUNTAIN, NEVADA|

- " ::: -- ,, ...... iiiiillilll ill i i

Hydrologic Property LateralTra_

withMean:1:Std.Dev. (n= 101II II IIIII I /111 II I

% 29:1:5_ , 0 poroslt_ ...........................

Rnn_,e 23-38- t llilll that j t jtt LtHHHI ,__.

......._Airpermeability,m d ..........._ 0,57d:0.35

..... ........o.07 -l,2.........
a,Site#6inFIi, 1,
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TABLE IV,

HYDROL_IC PRO_R_ OF THE _ACEOUS BEDS OF CAIJCO HILLSINTHE

VICINITYOF THE POTENTIAJ.REPOSITORY,YUCCA MOUNTAIN, NEVADA a

I If . 77 _ m " ...... :_.J,__ , , u L_ L

........Call¢oXIIIi Vltrlc_'_iii Call¢oHlllJ

withMegm± SIC _v. vl_lc luffmb Drill HoleUSWGU.3_ _IIU¢ tulTib
........ IIII [_ -_i_ i ] II II I ............................... UIIiii1

_1_ _ 33 35±9 28
................. IIII I l I _ FIr[FIIIETn I _IIII] Ill f I ILl : -- It

...... Rlu_le ........ 27- 39 I 0" S I .... 14- 36
........ _ LL ttl Itf IjlIjI t

.... Bulk_nllty li/cm3 1.67 1.51:1:O.24 1.62
J ....... Ill III " .L_ [I: " :: tl L I I ........

.............Relic n/s 1,05- 2.13 1.44.,1,87
....... I I I [ I I ill]|I [11111 11111i I ! ! ! j iiiii ...... iii

Pemlelbllity to Water, md 0.63 n/d 0,013............. ii ........ nr t ill it ....

......... Rlmlle ......0.01-1,7(47)d n/d O-O, O7(9,9)d
a,_a. not_Ucab_,onlyon.,am_em_ _d. not__.
b.eH'ae_ hemR_t m__nt (I_); 0_ _v_Uonnotcom_.
o,dataco_WdbyA,LPalm_ C,A,Riumnan,m YuoetMounl_Pmjw! (I_2),
d,_mnh_ v_mn_mmmwai_l_ ex_ v_uenolin_l_d _ mean,

reeul_0wMch_ould _ mo_ re_nl_ve st_IUc_ly of _e vl_c ma_ wl_n _ C_Ico Hllll u_l,

ire tl_ ixeient_ in Tlible IV forcomptrlson with the smaller vitrlcdata_l of Rim end Rlnt (1990).

The hydrolollc. Ileochemlcal,lindmechanicalpropertieswithin_ lutTac_us beds of Calico

Hills in the vicinity of the potentialrepository_ spatiallyviirtable. Foriruilimce,on theeul_ st_ of

exp!orttlon block the tuffaceousbeds of Calico Hills COll_lslof nonweldedzeollLIcluffs thatire

|

v_ioTulto 4

I

_-N I0-_ I_-_ l,O i_4 II I,I 1,8 d,l IJ I.! l.l 11 D|.O

I
i , ,_ 111llllll- _ -- ::: : L__. _ ......

Zamou,Tu_ '_

j_o el _o

"_- >J_o:_6': g-" :I.... :! ie _"_i ,,-i--l_ii.i-_tS- to i_i
P,o_oiy,_ t_ Oo_o_0y,_/om: Peso Oono0_,IVY*

Fill, 21, llilloiprimi of porosity,bulkdenlity,andparticle_nmltyforvltrlctuffacoouibediof (?alicellilli intheexploration
block (repteltentedby dlitiifor drillbole USWCtU.3) Ind for _olltic tufh of the mimeunitin the explorationblock(repreientad
by datafor drill holes LISWG.I, UF.25. #1, UE25c #1, and UE23c #2), Datafromlqtnt andlqtn! (1990),
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_laUvelylmlx.r_able to wsta mom.t. smy,orve r,dJonuc,,,,, orly
Indurated,Theser_ka mesu_lsnt_ westwardby vltrt¢tuftsthat_ wry stmilw in_nj and

weldingcharacteristicsbut_ rciaUvolyunaltmxlv_,i_n_m_od to tu_ on t_ out, _ vltrtctuftsin

westhavehJghpmnabillty towatermovemem,m leas_rlxtvo of csUonicradJonucl_, _ Me

poorlyIndurate.

A surface.heedt_t facility_lan_ toaccourocb aindlu to tho_ tr_ makeup thetufTacmml

of CidlcoHillswithintheexplorationbl_k c_ld beslt_ inet_ vl_¢ oraoollUcnonw_.Jdodlab.
flowandbeddedtufts,b_ on_ chmct_stics dea_l_ above,Sel_ttonbetweens vltrlca_

z,,,,olltlchostrockwill beIlovemedlarllelyby tesUnll_utremenlaof invesUptorawhowtli usethe

facility,The rollowln8discussion_mparcsdata_llected for the site exsml_ in thisstudy_ llml_

datafor tlw tufta_us _ of Cldlco Htlls wltldn theexplorationblock.A prellmi_ evaluationof the

suitability of tl-.esealtosto hosta surfKe-b_ testfacilityisHide b_ onthesimilarityof the_ka at

theslt_ tothetwoprincipalrock!!thololllea(vltrlcandxoollUc)foundwithintheexplor_n block,

1_ vltrlcbeddedtuftsexposedatBurnedButteand_ vltrlcfaciesof thetu_s bedsor
CalicoHillswithintI_ explorationb_k (thermad.mechanlcalunitCHnv)st YuccaMountainaxeidndIK

1t_loay, mln_aiOlW,andcl_mlstry. _x_ forthelnclmdonof theWahmonieFormation,the

su'atiaraphlcsu¢ce.sslonat BuntedButte(FIBs,.t_ _)matchesthestratljraphJcunitsthaimakeup
thermai.m_hanicalunitCHnvatYuccaMountain.In bothIocaUona,thetuftsconsistof lnte_adatedash.

flowtufts_ beddedash-failandreworkedtufts.Well_velop_ straLttl¢|Uonandlackof woldinll

chaxac_rlzoturfsin bothlocations,ThevltrlctuftsidBustedButte_ thi_ (i maximumof i25 ft.

LldckfYomthet,)pof theProwPus Membertothebasalvttmphyreof theTopopahSprln8Member)than

unitCHnvat YuccaMountain(-332 it. InUSWGU-3),butthereisamplematlipraptdcthl¢_ torite a

ht_rlz()nt_atiltatBustedButte,particularlyat I_ northend.

chemistryandmln_aiollYorthevttrlcluffsat BustedDullsau'everysimilarto equivalent

tuftsatYuccaMountain._ tufts Inbothlocationsatehlah.slllcarhyolltes,_ ex_ forzoolltization

locail_ed&longthefaultat thenorthendof BustedButte,haveundcriloneonlyratherchomlcldand

mlneraJoglcalteration.TI_._WahmonieFormationIs madeupof dacltosthatcontainslllnil'lcantlymore

mal'lcphenocrystsandaccessorymln_alsthantherhyollieathat lie aboveandbelow. Investillatora

planrdn8experimentslnvolvlnitrock-waterInteractions,particularlyfor rsdlonuclldondilrationstudies,

shouldbeawarethat theuniquechemicalrharsctt,'rlstics_1'ti_Jstufr maybea slinillcatlt variableIf !_m

aresitedInthisunit, I.lthol()_lcprol_ttlesof theW_onie Formationarev_y slmlllr to _ of unit

CHnvatYuccaMountain.Hydroloaicpro_rtJeshavenotbeendeterminedfor thenonweidodvltrtctufts
at DustedButte,
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Nonwel_ tuftsbelween_ TopopldlS_nll amdYuccaMountainMemOs it _ n(wtheaataide

of Yu_i Mountainir,ci_ l) _ t_r)liticlap,, turfanduh.rlow ,urr., _ ,_ or_ Pih C_yon

Mem_ and2) vlU'Icash.flow_ _ tuftsthaimakeupthet_ of _ PahCanyonMemberandti_

o_lylni uquenceof _ turfsAll. ?), These_nweld_ t.eollticandvltrlcturfs_ nlmJlaltuff. thai

mike upthemal._h-arJ_ unitsCH& andCHnv,_Uvely, It YuccaMounl_n,

/d_lih _mprt_ ordifferentstraililraphicunits,_ _Ax_llUcluffsatmalhelmt_nYucca

M_ntain ha_ dmllal Iitholoillcchaxi_t_ailcsto CH_ • YuccaMountain,_ majorlithoioliic

dtrf_ b_wC_flt_ tuftsat _ l_ locations!iik pl_li_fl_of'onlyonedefx)sltionaibreakin

/..eoUtlctu_ It nort_Hl Yucci Mountainw_iul _ tuffaceous_ of Calicollll!s I_tcIJly conlal_

numerous (k_ollUoflal _kL _ aitaUf'tClLIon _ulUnil _m _ pr_nce or nu_mus deposlUonld

_ mayaffecttheh_lolttc pip:4xarUeiof thetuffaceousbedsof CalicoHills, Juxtii_sitlonof units

with_nttutlnil sprainstzmicfmmdeposition__a camltTectpartiality pathwaysaionilwhich

watermovesth/mlllzthetufT,Availableh_loilc _1i auilteatthatthetufTiceous_ of CalicoHills

aleillllbUyleesporouslindhavea lowerbulkdensitythin thel_)lltic tuftsit t_ baseof _ PanCamyon

Member(compareFillS.9 and2I). InveatJllaiorswtlointendtolnvestillaiewai_ _ven_nl tn_lltic turfs

_Id takeintoaccountthelenerai llck of'matiflc_ion inthe_)lltic tuftsal thisIocaLion,_ Ix;-oiltlc
tUfTIIIt norU_utYuccaMountainare-._ I1.thick,

TheminefaloilYof'l_x)llticIulTIatno_,,,iHllYuccaMountainIsverysimilarto thaif()undin the

tufTr,_ousbe_ of CalicoHills it Y_il Mountldn,butthereire _me sllnincint dlfferenc_in_mis_y,

Bm.hNrfl Ire alteredtoin _mbllBe of cltmpUIolltelnd lUb(M'dinlHalnountsof mordenite.However.

thezeoltdctufTS(lad presumablythe_,eoHtolthemselves)Ill m)rtheutYuccaMountainale muchtrmre

cllctcthanthe_littc tuffaceousbedsof CadicoHills atwesternYuccaMountain(1"1il.19). Calcium-rich

zeoHtescamsm)nillyidTecttheexplmton/conuscUon,hydtaUon/dehydrailon,andlon_xchlmileprobes

of tuff (Dish,1984and198_t;Ames,1_; Vauihim,1978), Thus,thedifferencetnc_mlstry betweenLids

outcroplocaUonandthetufT_s _ of CalicoHills isavaliablethatslv.)uldbeevaluatedin any

pl,mmdteat.,
Vitrlc tuftsIt thetopof thesectionill h0rth0Ht Yucca Mountaincloselymilch _ iitholoiwof

vIvi¢ tUfl'IC0OUl_ OfCalicoHills wlthlnthe explorationblock,Vilfic tulT_it i_)thlocationsconsistof

IntercalatednonweldedImh-flowtUftSa41dbe_ lash.faillad rework_ tufts, StradflcaUon!s well

developedit bothlocations_auae of'the_nce of'numefousindividualdelx}sltlonaiunits, Althoullh

partof thermal.mechimietdunitPT_,theIILl_doiilcproperUesof thevltricturfsatm_rtheutYucca

Mountainire verysimilartothoseof thomas.mechanicalunJtCHnvwithintheexplorationblock,
vi_tctuftsit northeutYuccaMounlldnale -170 n. thick.

In8eneral,thec_stry andmineraioiWof thevltrtcturfsutn()_ulern YuccaMountainare

veryslmllalto thatfoundinthevittlctufTacoouabedsorCalicoHillswithintheexplorationblock. Both
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tuff _uer, c_.-esire myolites,whichhaveundergonelittledlaileneticaiteritlon,andhydrated81uly

p_lull ire _i,- primarymi_aioglcil _nsUtuentl. Althoulhthechemls_ of tuftsIn_ locations

issimilar,thePih CanyonMemberand_ rhyoliteof l_lirlum Canyonof the_ tuffsequenceire

lu Idghlyevolvedu _ hilh-sl!Ici rhyoliteof thetuffaceousbedeof CailcoHills. DifferencesIn

chendstrybel_n _ tu_ arerelaUvelyminorformajore_ementlbut ire greaterfortraceelements.

_/henconsi_nl the lower_ of _ vltrl¢_ tuffl it northeutYuccaMountiflnforasm'face-

bued testfacility,tnveitiptorl thouldevaluatew_ _ chemicaldifferences could havein effect

ontheir ex_ments, Therhyoliteof BlackGllmlCan)on,whichmikesup_ ip_aterpan ofthe

tuff _que_ _ve thePih CanyonMember,isa hlilh-sllicarhyolitethatis verysimilarInmajor,and

trace_lementchemistry to the tuffaceous_ ofCail_ Xllls,

Hydrologicpropertiesof thevitrlcbeddedtul'llabovethe Pih CanyonMember_ quite

similarto thoseof thevitrlctuffaceousbedsof Calico Hills it USWOU-3 (compareTablesI andIV and

_ils, 9 and21), PoroslU_l arebetween35 and 40_ at both locations. _ _ tu_ at nonheut

Yucca Mountainire sltilhUymore porousthin k morewidely-distributedbutpotentially.blued dill of

l_lnl andFlint (1990), Bulkdensitiesofthevltrlcbeddedtu_ ire similarto valuesfor USWOU-3 and

from Flintand Flint (1990), andire distinctfromthe mor_welded pomonaof thePih CimyonMemberat

thislocationandfromzeollUctuftselsewhere.TheseuPl_ tufts_ tobegoodanalogstothevlUlc

tuffaceous beds of Calico Hills withintheexplorationblock,

C. Vitrle Ash.lrlnw Tufl_ _th tdp_itim_lleh Rnnd

VtltlCtUftSin the lower pan of theProwPm Memberire Ilenerailysimilar in Ilthology to the

nonwoldoduh.flow luffs commonly foundIn thetuffaceous_ of Calico Hills at YuccaMountain,

The majorlithololiic difference between these two tufts is thit ProwPus tufts southof Stagecoach Road

arecomprisedof a single Mh-flow tuff whereasthe tuffaceousbeds of Calico Hills typically contain

numerousdeposlUonalunits separatedby prominentstraOgrapldcbreaks, HydroioillcpmperUeshive not

beendeterndnedonsamplesfromtheStagecoachRoadlocality, However,thelackof stratification

within the tuftsat Stagecoach Roadprobablymeans that the hy_loilic propertiesof these tufts differ

substantiallyfromthe tuffaceousbeds of Calico Hills withintheexplorationblock,

The degree of alterationfound in the vtlxtcluffs titStagecoachRoadpreclude them frombeing

sel_ted u host rocks for a surface.b_ tat facilityin vitrictuff, Dlaiteneticalterationof vltric tufts at

Stail_ach Roadoutcropsis moreextensive than what is usually found in the vltrtctuffaceous beds of

Calico Hills withintheexplorationblock, The vltrictufts Inthe lower piss of theProw Pus Member

contain numerousI_al zones of zeollUzatlonandthebase of theunitIs thoroughlyzeol!tized, Alteration

is unevenly distributedthroughoutthe viLrlczone _ probablyresults Innonuniformhydrologic and

tick--heroicalpro_es over _ scale of iny proposedexperimentsin a surface.bued test ficllily,
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D. Zt,elltle TufftL,tma IIt_h of Calla,0 tllllt at Prow Pm

IlthoIoiy of zeolltlc tuffaceous_ of Calico Hills andlower Topopah SpringMemberat

ProwPus (FiBs. 12 and 13) closely matchesthai of equivalentunitswithin the explorationblock. Tufts

atboth locations consist of well-stratified,intercalated,nonweldedash-flow tufts and bedded ash-fall and

reworkedtuns, The zeolltic luffs at ProwPus _ laterallyequivalentto thermal.mechanicalunit CHnz

at Yucca Mountain. The section of zeolltic tufts at ProwPass is relativelythick (-390 ft,) attdwelt

exposed,

The ¢Jlemlstryof thezeolltic tufts at ProwPass differssubstantiallyfrom the zeolltic tufts at

Yucca Mountain. Concentrationsof mobileexchangeablecations such as K20, CaO, andMgO ate

stronglyenrichedand Na20, U, and Cs ate depletedin the zeolltic luffs Prow Passrelativeto equlvaler,t

rafts at Yucca Mountain (Fig, 19). _plte thesedllrerences in chemistry, the mineralogyof tufts at br_.tl

locations Is very similar. Both tuft sequenc_ are thoroughlyalteredto an assemblageof cllnopUiolite

and mordeniteand total zeolite abundances_ aboutthe same_lg. 19). CllnoptiIollleis the dominant

alterationproductel bothlocationsalthoughmordeniteabundancesaresomewhathlR,_ atProwPass

(FI8, 18), The diffez_nc.esIn chemh_ryandmineralogyhetw_n tufts at ProwPassand at Yucca

Mountainprobablyhave little effecton the hydrologic_ mechanicalpropertiesof the tufts. I_, the

averagebulkhydrologicpropertiestnT 'bles11and IV ate verysimllat. TI_ averageporosities are27

and2891,respectively, andthe average bulkdensity of both Is 1.6g/cm3, The rangeof values forthese

parametersIs 81milaras well, whichcouldbe equally informative,given the nonsystematicdata in Table

IV. However, differences in chemistry andmineralogyslx)uldbe carefully evaluated by Investigators

because these factorscouldhave a significanteffect on experimentsInvolvingrock-waterlnteracUons.

E. ZtqgtlltlcTuff_ _ of _sll£.o ILlsat f?_sllcoHill-,q __ -- ......

The Ilthology of zeoliUctufts at Calico Hills is similar to thatof equivalent units within the

explorationblock. Although the lateral section atCalico Hills sampledonly one ash-flow unit, this ash.

flow unitis partof a stratified sequencethaiincludes Intercalatednonwelded ash.flow luffs andbedded

luffs that areverysimilar to those found at Yucca Mountain. The zeolltlc luffs at Calico Hills are

stratigraphlcallyequivalentto thermal-mechanicalunitCHnz at YuccaMountain. The section of 7_olltic

tufts at Calico Hillsis relativelythick(200.3(g) ft.)and well exposed.

Like at FrowPass, the chemistryof the z_Jlltic luffs atCalico Hills differs substantiallyfromthe

zeoHtic tufts at Yucca Mountain. Concentrationsof K20 andMgO arestronglyenrichedin the _olltic

tufts at ProwPass relativeto equivalent luffs at Yucca Mountainwhereas Na20, U, and Cs are depleted

(Fig, 19). Unlike atProwPass, the mineralogyof luffs also differs substantiallywhencompared to luffs

at Yucca Mountain. At Calico Hills, the alterationassemblage primarilyconsists of authlgenic potassium

feldsparandmor_nlle (Fig. 18). Cllnoptllolltewas detected in only thr_ of the tensamples exandned.
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Becauseof greaterauthtgenicpotassiumfeldsparcrystallization,total zeolite abundancesare muchlower

for the tufts atCalico Hills (<50%) thanforsimilartufts at Yucca Mountain(Fig. 18). Because of the

magnitudeof chemical andmineralogic differencesbetweentufts atCalico Hills andat Yucca Mountain,

there also may be substantialdifferences in mechanicalpropertiesbetween the two tuff sequences.

Differences in hydrologicpropertiesare difficult tojudge becauseof the linvltedandpotentially non-

representativesamplingat Calico Hills. The averageporosityof 29%for the sampledunitat Calico Hills

(TablellI) is verysimilarto 28%for the potential repository area (Table IV) and27%for the southern

vertical sectionof the Calico Hills unit atProwPass (Table II), suggesting the differences in the bulk

hydrologic propertiesmay not be extremes. However, investigatorsplanningexperiments involving rock-

water interactionsshould be particularlyawareof the large chemical andmineraloglcdifferences between
the two sites.

V. RECOMMENDATIONS

A rankingof the sites investigated in this study to host a surface-basedtest facility is given in

Table V. Eachsite was evaluated forits similarityto the geologic setting of the tuffaceous beds of Calico

Hills atYucca Mountain. The evaluationis based on how well the sites i_westigatedmimic the lithologic,

mineralogic, and chemical cond_.tionsof the vitricand zeolitic tufts that makeup the Calico Hills unit

within the explorationblock. The gradingof rock characteristicsfor each site is based on thediscussions

above. All characteristicsreceived equal weighting in the evaluation; it might be appropriateto re-grade

these sites atsome time in the future afterassigninghigherweighting factorsto rockcharacteristicsof

particularinterest, such as lithology or mineralogy forexample, if the suite of tests developed for the

surface-based test facility emphasize mechanical or hydrologic propertiesof the tuff overrock/water

interactions. The evaluationdoes not take into accounthydrologic properties,because these types of data

are not available for all of the sites investigated.

The vitric tufts most closely approximatingthe geologic properties of the tuffaceous beds of

Calico Hills within the explorationblockare 1) those at Busted Butteand 2) those in the upperpartof the

Pah Canyon Memberand the overlying bedded tuff sequence at northeastYucca Mountain, Tufts atboth

locations are excellent analogs to the tufts at Yucca Mountainandeach received 11 out of a possible 12

points (Table V). Both locations were rated excellent in the categoriesof lithology and mineralogyand

were rated good in the category of chemistry. Chemistrywas gradedno higher than good because both

locations contain some tufts that are less chemically-evolved than the high-silica rhyolitesof the

tuffaceous beds of Calico Hills. These less-evolved tufts arefound in the lower partsof both sections,

whereas tufts with compositions more typicalof the tuffaceous beds of Calico Hills beneaththe

exploration block arc found in the upper partof the sections. Presumably, a surface-basedtest facility

would be sited in the upper parts of these tuff sequences if rockchemistryis identified as an important

variable in the tests to be performed.
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TABLE V.

RANKING OF VITRIC AND ZEOLITIC TUFF SITES TO HOST A SURFACE-BASED TEST

FACILITY, YUCCA MOUNTAIN, NEVADA

iii i1, i

Degree of Similarity to Tufts at Yucca Mountain

1 = Poor 2 = Fair 3 = Good 4 = Excellent
i i i iiii i i

Site Vltrlc (V) or Llthology Chemistry Mineralogy Total Score

(Site# inFig. I) Zeolltlc (Z) (out of 12)
ii i iii i i ii ii i i |

Busted Butte V 4 3 4 11

(Site#I)

NE Yucca Mt, V 4 3 4 11
(site#2)

Stagecoach Rd. V 2 3 1 6

(site#3)
i iiiiiiii H i iii HI i iiii i i i IH ii IH ii if

NE Yucca Mt. Z 2 2 4 8
(Site#4)

Prow Pass Z 4 2 3 9
(Site#5)

Calico Hills Z 3 1 1 5
(Site #6)

The zeolltic tufts most similar to the zeolitic facies of the tuffaceous beds of Calico Hills at

Yucca Mountain are 1) those at Prow Pass and 2) those in the lower part of the Pah Canyon Member at

northeast Yucca Mountain. Zeolitic tufts at both locations are very similar to the tufts at Yucca Mountain

and received 8 to 9 points out of a possible 12 points (Table V). The Prow Pass site received good to

excellent marks for llthology and mineralogy, but only a fair rating for chemistry. The fair rating in

chemistry reflects the potassic chemistry of tufts at Prow Pass relative to Yucca Mountain. The tufts in

the lower part of the Pall Canyon Member received an excellent rating for mineralogy, but only fair marks

for ltthology and chemistry. Llthology was graded as fair because the Pah Canyon is a single massive

ash-flow tuff and lacks the stratification that results from the deposition of numerous individual tuff units;

such well-stratified bedded tufts are typical of the tuffaceous beds of Calico Hills. The fair rating in

chemistry reflects the unique calcic chemistry of tufts at Prow Pass relative to Yucca Mountain.

Vl. CONCLUSIONS

Outcrops of nonwelded vltric and zeolitlc tufts in the vicinity of Yucca Mountain were examined

as possible locations for a surface-based prototype test facility for the Yucca Mountain Project. In this
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report,emphasis is placed on examiningsites withrockssimilarto the tuffaceousbeds of Calico Hills, an

importantgeologic andhydrologic barrierbetween the potentialrepositoryand the water table. The

tuffaceousbeds of Calico Hills within the explorationblock are made upof both vltric andzeolltlc tufts

whose mineraloglc,chemical, andhydrologic propertiesare quitedissimilar. Three of the six sites

investigatedInthis studyare in vltrlctufts, andthreesites are in zeolltic tufts.

Ltthologlc, chemical, mineraloglc,and modalpetrographicdata werecollected for samples

collected from all of the sites investigated. These datawere compared to similar existing datasets for the

tuffaceousbeds of Calico Hills within the explorationblock. Some hydrologic Informationfor several of

the locations investigated is also presentedbutwas not consideredin the evaluation processbecause

hydrologic dataare not availablefor all of the sites. Based on these comparisons, the sites best

approximatingthe geologic conditionsof the vltrlcCalico Hills unit within the explorationblockare at

BustedButteandin the northeasternpart of Yucca Mountain. Bedded tufts at Busted ButteInclude,in

ascending order,the nonweidedtop of the Prow Pass Member, the WahmonleFormation,the tuffaceous

beds of Calico Hills, andthe nonweldedbase of the Topopah SpringMember. Bedded tufts in the

northeasternpartof Yucca Mountaininclude thenonweldedtop of the Pah Canyon Member and

overlyingbedded tufts. Although partof a differentsttatigraphlcsuccession, these tufts have lithologlc,

mlneraloglc,and chemical propertiesthatmake them good analogs to the tuffaceous beds of Calico Hills

within the explorationblock.

The sites bestapproximatingthe geologic conditionswithin the zeolite tuffaceous beds of Calico

Hills within the explorationblock areatProw Pass andin the northeasternpart of Yucca Mountain. The

thick sequenceof zeolitlc tufts exposed at Prow Pass consists of the tuffaceous beds of Calico Hills and

nonweidod base of the Topopah Spring Member and are exposed in continuous vertical section for several

kilometersalong a N-striking outcrop. The zeolltic tufts maltingup these outcropsare generally slmllat

to the zeolltic tufts within the exploration block except forsome differences in mineralogy and chemistry.

"luffs in the northeasternpartof Yucca Mountain Include the nonwelded base of the Pah Canyon Member

and underlying beddedtufts. These zeolltic tufts also are generallyslmllat to the zeolltlc tufts within the

exploration block except forsome differences in mineralogyand chemistry.

Additional screening should take place when hydrologic propertydata become available for the

sites investigated in this study, although hydrologic propertiesare largely controlled by Uthologlc and

mlneraloglc characteristicsof the tufts. Most likely, the rangeof hydrologic properties within the four

favorablesites identified Inthis reportwill overlap those of the vltrlc and zeolltic tufts within the

exploration block.
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APPENDIX A. (cont)

ProwPass Area (SouthernVedical Section)Cont.

Field Number DEB3/90-24 DEB3/90-25 DEB3/90-26 DEB3/90-27 DEB 3/90-28 DEB 3/90-29 DEB 3/90-30 DEB3/90-31
LANL Number 180 181 182 183 184 185 186 187
SplitNumber T1A T1A T1A T1A T1A T1A T1A T1A
.3sol.UnltI Tht Tht Tht Tht Tht Tht Tht Tht

Uthology2 nwt nwt b nwt nwt nwt b nwt

MajorAlteration3 Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op
MinorAlteration3 Srn Sm Sm Sm Sm Sm

MatrixMaterials(countsl4

Gmundmass5 4158 5640 4358 6133 5565 3324 5127 7350
I ithics 138 83 725 414 161 376 175 134
Vold_ >3014 nd nd nd 150 82 48 nd 656
ColloidalSilica 183 -- 57 p _ -- 14 ---
Pumice Laptlit 1795 -- -- 3E;55 -- 1247 -- 2682
PediteChips -- 243 481 348 197 556 113 290
Calcite ........

Phenocrysts(counts)4

Quartz 36 64 142 123 45 77 67 29
AlkaliFeldspar 8 91 76 110 51 62 74 33
Plagloclase 15 26 41 19 33 16 36 39
Biotite 1 2 5 6 9 4 2 5
Amphibole ........
Orthopyroxene ........
Clinopyroxene -- p ......
Other(Pseudo.........
morphs)

Accessory.Minerals(counts)6

Fe-Ti Oxides p 1 2 2 5 1 2 4
Apatlte ........
Allanlte -- -- p -- 4 p -- --
Perderite ........
Zircon p p p p p p p p
Sphene ........

Total Counts 6334 6150 5887 10862 6152 5711 5610 11222

Remarks Hematiteafter Hematite Hematiteand Hematiteafter Hematite Hematiteafter Hematite after Hematiteafter
magnetite goethlte magnetite magnetite magnetite;rut. magnetite;il-

fieafter ilman- menite
Ite

PhenocrystSummary7

% Phenocn/sts 0.9 3,0 4.5 2,4 2,3 2,8 3,2 1,0

Rel. % Quartz 61 35 55 49 35 50 38 29
Rel. % AIk. Feld 14 50 29 44 40 40 42 33
Rel. _ Plag. 25 14 16 8 26 10 20 39
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APPENDIX A. (cent)

ProwPassArea(SouthernVerticalSection)Cent. ProwPassArea (N-S LateralSection;Site5 on Fig.1)

FieldNumber DEB3/90-32 DEB3/90-33 DEB3/90-34 DEB3/90-35 CRPP-1-SNL CRPP-2-SNL CRPP-3-SNL CRPP-4-SNL CRPP-5-SNL
LANLNumber 188 189 190 191 126 127 128 129 130
SplitNumber T1A T1A T1A T1A T1A T1A T1A T1A T1A
Geol.Unit1 Tht Tpt Tpt Tpt Tht Tht Tht Tht Tht
Lt_ nwt nwt vt vt nwt nwt nwt nwt nwt

MajorNteratlon3 Zc,Zm, Of) Zc, Zm,Op GI, Zc, Zm,Op GI Zc, Zm,Op Zc0Zm,Op Zc,Zm, Op Zc, Zm,Op Zc,Zm,Op
MinorAlteration3 Sm Sm Op Sm Sm

MatdxMaterials(counts)4

Groundmass5 8558 10248 11172 11759 10578 3796 5190 3458 3052
LilNcs 582 60 230 69 942 720 470 78 59
Voids>30p 870 nd nd nd 344 346 208 nd nd
Collo_dalSilica ....... 64 356
Purn_ Lapllli 2242 -- -- -- nd 3872 5582 2213 1728
PedlteChips 194 80 -- -- 554 1876 524 153 116
Calcite ..... 68 16 -- --

Phenocrysts(counts)4

Quartz 39 0 7 9 128 109 115 18 39
AlkaliFetdspar 30 5 15 26 114 113 101 56 24
Plagloclase 119 25 20 91 74 56 37 31 19
BJo_te 4 3 1 _ 4 3 4 6 3
Amphibole -- -- p -- p ....
Orthopyroxene .........
Clinopyroxene .........
Olher(Pseudo- .........
morpha)

Accessory_Minerals(_"Qunls)6

Fe-TIOxides 5 5 3 5 1 1 1 1 p
allts .........
nits p p -- p 5 -- -- -- 1

Perrierite .........
71rcon p p p p p p p p p
Sphene .........

TotalCounts 12643 10426 11448 11960 12744 10960 12248 6076 5395

Remarks Hematite Hematite Hematite Hematite Hematiteafter Hematiteafter Hematiteafter Hematiteafter Hematiteafter
after after after magnetite magnetite magnetite magnetite magnetite

magneUte; magnetite; magnetite;
maghem- rutilewilh rutUeafter

lie(?) llmanlte llmenlte
relicts

PhenocrvstSummary7

% Phenocrysts 1.6 0.4 0.4 1.1 2.5 2,6 2.1 1.8 1.6

Rei. % Quartz 21 0 17 7 41 39 45 17 48
Rel, %/Ok. Fold 16 17 36 21 36 41 40 53 29
Rel. % Plag. 63 83 48 72 23 20 15 30 23
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ProwPassArea (N-S LateralSection)Cont.

FieldNumber CRPP.6.SNL CRPP-7.SNL CRPP.8.SNL CRPP-g-SNL CRPP.10.SNL CRPP.11.SNL CRPP-12-SNLGRPP.13.SNL GRPP.14-SNL
LANLNumber 131 132 133 134 135 136 137 138 139
SplitNumber T1A T1A T1A TIA T1A T1A T1A T1A T1A
Geol.UnitI Tht Tht Tht Tht Tht Tht Tht Tht Tht
Uthology2 nwt nwt nwt nwt nwt nwt nwt nwt nwt

MajorAlteration3 Zc, Zm, Op Zc, Zm, Op Z¢, Zm, Op Zc, Zm, Op Zc, Zm, O10 Zc, Zm,Op Zc, Zm, Op Z¢, Zm,O1:) Zo, Zm, Op
MinorAlteration3 Sm Sm Sm Sm Sm Sm 8m 8m

MatrixMaterials(coun_J4

Groundmass5 3195 5752 6896 5976 7533 5464 6018 6288 6296
Uthics 617 270 677 268 225 334 396 198 187
Voids>301z nd nd nd nd nd nd nd nd nd

ColloidalSilica 3 317 g2 !204 68 46 -- 242 12
PumiceLapilli 1545 4660 2780 3414 3494 4524 4144 3758 3095
PerliteChips 266 184 279 232 235 ggo 336 396 213
Calcite 42 -- -- 98 -- _ p _ _

Phenocrysts(counts)4

Quartz 49 111 69 59 79 122 140 74 78
AlkaliFeldspar 49 64 60 47 65 79 83 64 112
Plagioclase 17 39 64 26 25 83 22 25 61Bio_te 1 7 14 7 4
Amphibole -- _ _ 4 1 1 6

Orthopyroxene -- __ __ _ _ '-- E _ ._--Clinopyroxene _ _
Other (Pseudo- _ _ _ _ .....
morphs) ......

AccessoryMinerals(counts)6

Fe-TiOxides p 1 1
Apatite _ _ P 1 p 2 2 5
Allanite -- _ _-- ......

Petrierile -- _ _ _ "- "- "-- -- --
Zircon p p p ....
Sphene .... P P P -"

Total Counts 5784 11405 10932 11331 11729 11646 11142 11048 10065

Remarks Hematite Hematite Hematite Hematite Hematite Hematite Hematite Hematite Hematite
after after after after after after after after after

magnetite magnetite magnetite magnetile magnetite; magnetite magnetite magnetite magnetite
and ana and maghern- and and and and

maghem, maghem, maghern, lie (?) maghem, maghem, maghern- maghem.
ite (?) ire (?) Its (?) tie(?) ite(?) Ite(?) ire(?)

PhenocrystSunlmary7

% Phenocrysts 2 1.2 1.5 2,5 2,2 1.5 2,61.g 1.9

Rel. % Quartz 43 45 47 43 57 45 31
Rel.% AIk. Feld 43 52 36 36 38 28 34 39 45
Rel.% Plag. 15 30 31 20 15 29 g 15 241B 33
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ProwPa. Area (N-S LateralSection)Cont,

FieldNumber CRPP.15-SNLCRPP.16.SNLCRPP.17.SNLCRPP.18-SNL CRPP.I_.SNL CRPP.20-SNLCRPP.21-SNLCRPP.22.SNL CRPP.23.SNL
LANLNumber i40 141 142 143 144 145 146 147 145
SpiltNumber T1A T1A T1A T1A TIA T1A T1A T1A T1A
Geol,Un_1 Tht Tht Tht Tht Tht Tht Tht Tht Tht
LI_ _" nwt .wt nwt nwt nwt nwt nwt nwt nwt

MajorAlteration3 Zo,Zm,Op Zo,Zm, Op Zo,Zmn,Op Ze, Zm,Op Zo,Zm,Op Zo,Zm,Op Zo,Zm, Op Zo,Zm, Op Z¢, Zm, 0,,
MinorAlteration3 Sm 8rn Sm qm Sm Sm Sm 8m Sm

MatrixMaterlals(counts)4

Groundmus5 5412 5314 8034 5348 5862 5834 62t:10 4792 _641
Li_ 170 216 456 158 504 388 1538 584 232
Voids>30p nd nd nd nd nd 168 nd nd nd
ColloidalSilica 6 -- -- 2 54 -- 50 2 --
PumiceLsptlll 5915 2922 3454 2918 3982 3108 3672 4524 1350
PediteChil_ 215 286 438 314 238 162 342 228 143
Cakdte m _ 88 -- 24 14 p p --

Phenoeryzh,(counls)4

Quartz 73 65 116 72 118 125 101 111 198
Nkall Feldspar 58 66 112 78 98 72 62 142 160
Plagiodue 56 52 84 14 72 75 48 61 52
Bo§te 3 8 7 3 7 7 5 4 8
_p_tx,, .........
_roxme .........nowroxme -- p(?) .......

........ .
Accessory_Minerals(counts)8

Fe.Ti Oxides 2 1 2 2 6 5 p 2 3

.........-- p ...... p
PerrkN'lte .........
Zircon -- -- -- p p p p -- --

TotalCount= 11910 8930 12779 8909 10963 9958 12078 10450 5793

Remarks HemaUte Hematite Hematite Hematite Hematite Hematite Hematite Hematite Hematiteafter
after alter after after after after after after magnetite;

magnetite; magnetite magnetite magnetite magnetite; magnetite magnetite magnetite goelhlte(?)
rulileand and geothite

maghem- rr_te(?_ite (?)

P_st Summary7

% Phenocrysls 1.6 2.2 2.5 1.9 2.7 2.9 1.8 3.1 7.3

RM. % Quartz 39 36 37 44 41 46 48 35 48
I:_, % AJk.Feld 31 38 36 48 34 26 29 45 39
Rel. % Rag, 30 28 27 9 25 28 23 19 13
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ProwPass/Vim (N-S Laltrsl Section)Cont

FieldNumber CRPP.24.SNL CRPP.gS-SNL CRPP-2P,.SNL CRPP.27.SNL CRPP.28-SNL CRPP-29-SNL CRPP.30.SNL CRPP.31.SNL
LANLNumber 149 150 151 152 15.3 154 155 156
SplitNumber T1A T1A T1A TI A T1A T1A TI A T1A
Gaol,Un_1 Tht Tht Tht Tht Tht Tht Tht Tht
LiItx_ogy< nwt nwt nwt nwt nwl nwt nwt nwt

MajorAltereUon3 Zo,Op Zo,Zm,Op Zc, Zm,Op Zo,Zm Zc, Zm, Ot:) Zo,Zm, Op Zo,Zm, Of) 7.o,Zm, Op
MinorAltereUon3 Zm,Sm Sm Sm Sm Sm Sm Sm

MiLtrixMaterials(eounll)4

Groundme_5 33OO 4730 483g g154 3275 5432 2851 57WJ
LIIhi_ 62 782 449 9tt6 303 1122 252 62e
Voids>30_ nd nd nd 540 nd nd nd nd
ColloidalSllk:a 1 -- 96 -- 21 4 .-- 150
PumiceLaptlll 2346 3614 4551 nd 1777 3504 2106 3164
PerllteChips 17t 792 336 844 214 736 139 e68
Calcite ........

El'_ryl_ (oounll)4

Quartz 13g 307 192 290 206 268 11B 257
AlkaliFeldspar Oe 237 le0 206 151 168 142 18t
Plaglodase 132 B8 82 115 80 121 62 70
Biotite 30 21 19 13 13 21 5 19
Amphibo_ .........
Orthopyroxene .........
Clinopyroxene p ........
Othem;(Pseudo. -- 32 ......
morphs)

Accessory.Minerals(oounls)8

Fe.T1Oxides 5 5 3 7 2 i 2 4
allte ........
nlte -- p ..... p

Pordedte ........
Zircon p p p p p p p p
Sphene ........

TotalCounts 6255 10585 10527 12165 6114 11377 5677 10041

Remarks Hematiteafter Hematiteand HemaUleand HemaUteafter Hematite;rut- HemaUWand Hematiteand I-klmitiNand
magnetite futileaggre- futileaggre- magnetite;rut- lieand goe_te rutJleegg ruUleaggre- rutileaggre-

gate gate;ep!dote tieaggregate aggregate gate-re- gate;white-mica gate
crystal after-il-rnenlle; crystal

chalcedony

PhenocrystSumm_ 7

% PherK_rysts 8,0 60 4.3 5.2 7.1 5.1 5.8 4.9

Rel.% Quartz 41 50 44 47 50 48 37 50
Rei. % AIk,Feld 20 3g 37 34 38 30 44 37
Rel % Plag 3g 11 19 lg 14 22 19 14
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cm_o HIIleArea (E.W Lateral Seatton;Site6 on Fig 1)

FieldNumber CRCH-1.8NL CRCH.2-SNL CRCH.3.SNL CRCH-4.SNL CRCH 5.SNL CRCH-B.SNL CRCH.7-SNL
LANLNumber 116 117 118 110 120 12i 122
8pllt Number T1A T1A T1A TIA T1A T1A T1ATht Tht Tht Tht Tht Tnt Tht

__1 nwt nwt nwt nwt nwt nwt nwt

Mqor Alteration3 Kf, Zm, Op, Kf, Zm, Op, Kf, Zm, Op, Kf, Zm, Op Kf, Zm, Op Kf, Op Kf, Zm
Minor Alteration3 KS KS Ks Zrn, KS Ks

Gmundmllu 6 10276 8973 10062 6774 4620 5956 507e
Llthtoe 310 1079 764 206 S12 994 690
Voidt >30ta 300 e4a 152 604 406 594 1004._
Col_Idlll SHlce ...... 4760
PumiceL_III nd nd nd 2946 4810 419670 190 150
ISOIIIIIIChlpl "" -- -- -- 44 18
Ce_tta 230 12 110 148 62

_..o_m (oountm4

Quartz 25 63 41 72 49 40 4367
Alkali 82_ Feldspar 34 64 50 30 91
Plagtookmtm 42 154 63 72 96
B4otIto 4 4 2 11 6 6 I
/_mprdbote .... _ - --
Or_opymxen. -- -- - -- _ -- --
Gltnolwroxer_ --" -" -- "- 4 2
OUter (Pwuclo. 14 2 S -. 1
mom_0)

AccIIIO _ MbllraJl (countl) 6

Fe.ll Oxides 6 p p p 11 4 2
_Olanetita -- .-- -.. _ -. .-

., - - - : - _ -
Perrtedta -- -" "" p
Zircon -" P P "- P Pm '-'-' .,,,m

_hene ....

TotalCounte 11241 10999 11249 10761 10733 12117 11773

Remarks Aduleda Mefl¢ Pl4_udo- Msfic Pleudo- Altered Mafk:;P_eudo- Mafic Pseudo- Pyroxene(?);
overgmw_ on morph!; morph|; opequel m0rphs; morphs; NconaarY

plsglo(:laN altered altered sltered secondary opaques (9)
phenocrystm opaques opaques opaques opaques =

.Phmnocryntsummary_7

% Pheno(:ryltl 1,1 2.6 1,4 1.7 2.4 1,5 1,5

Rel. % Quartz 25 22 27 4t 21 24 25
1:141.% Alk, Fekt, 34 23 32 17 39 40 36
Rel. % _w;l, 42 55 4! 41 41 37 38
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Calico HillsArea (E-W Laterld5eotlon)Cont.

Field Number CRCH-e-SNL CRCH-9-SNL CRCH.IO-SNL
LANLNumber 123 124 125
SplitNumber T1A T1A TIA
Geol.Untt1 Tht Tht Tht
LJU_ology2 nwt nwt nwt

MaJo¢Alteration3 Kf,Z¢, Zm, Op, Kf,Zm, Op, Kf, Zo,Zm, Op,
MinorAlteratk)n3 Ka Z¢, Ka Ka

MatrixMaterials ((:guntt)4

Oroundmass5 9616 6234 44514
LJlhk:s 182 470 632
Voids>@Ott 390 610 18
ColloidalSilica -- -- ---
Pum;ceI.apllli nd 3852 3,180
ParliteChips 30 382 508
Calcite 6 322 --

PMnoervsts(counta_4- . _

Quartz 142 105 68
Alkali Feldspar 161 66 68
Pingk:clase 112 132 50
Biol]to 1 -- 2
Amphibole -. -- --
Or_pyroxsna .- -- --
Cllnopyroxene --. -- --
OIt_x (Pseudo- 20 6 6
mor_s)

Accessory Mi_rldi (counts)6

Fe.TI Oxides 9 4 2
Apatita --- -- .-
All=mite -- -- ,--
Perrlertta -- -- --
Zircon p p p
Sphene -- --- --

TotalCounts 10668 11163 9372

Remarks Fe-Mn oxides(?); Ma_ Pseudo- Ma_ Pseudo-
secondary rnorphs; morpl?s;

opaques(?) secondary secor_larf
opaques opaques

Pl_sn_ryStSu_mmary7

% Phenocrysts 4.0 2,8 1.9

Rel. % Quartz 34 35 39
Rel, % AIk. Feld. 39 22 33
RoI,% Ping, ,.... _7 44 28
1 Gaol. Unit: Tcp= ProwPus Member,Twl = WshmonieFormation(lower part),Tht= tuffaceousbedsof Calico Hills, T_ =

Topopsh SpringMember,Tpp= Pth CanyonMember,Tfd = rhyoliteof DeliriumCanyon,Tfe = rhyolite of Black GIs_ Canyon,
2 Lithoiogy: nwt = nonweldedtuff, mostlypyroclssticflows butmay includemassive ash.fall sad reworkedtuffs;pwt = I_'tltlly-

weldedash.flow tuff; mwt= moderately.welded ash.flowtuff; vt : vitrophyrtc tuff; b = beddedtuff, individualbedscharacterized
by internalstratification.

3 Major andMinorAlteration: GI= glassy, Zc = cllnop¢ilolitezeolites, Zm = mordenitezeolites, Sm = smectite, 0 I) = oratI-CT,Kf =
adularia,Ka = kaolinite,Cx = post-emplacement,hish-tempertturecrystallization.

4 Numbersin colunmsindicatethe numberof times these matrixmaterialsandphenocrystswere hitin the point count;p = wesent but
not hitduringpointcounted;nd = not determined;_ = notpresent.

5 Includesbothshezds andpumice in sampleswherepumice is notcountedsepexately,
6 For Fe-Ti oxides, numbersin columnsindicate the numberof times these mineralswerehit in thepoint count;for all otheracceuory

minerals,the numberin the columnsis a tallyof all grains seen in thin section;p = presentbutnot hitdurlnllpoint count or counted
as partof tally; -- = notpresent.

7 RelativepercenLstre percentsof felsic phenocrysts(quartz+ alktli feldspar+ ptailtoclMe).
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APMNDtX C. MAJOR._0 TRACE.ELEMENTANALYIEB_ NONWELDEDTUFFEFROMOUTCROP,
Y_CA _UNTAIN, NEVADA

Ii_hmJmlljiulIl,tkIilt Linl_ U

nwl nwt nM nwl b b nw_ b

Lti_ No 110,PI I11,Pl tti,111 tlI,Pl tH,PI 114,1_ IiI,Pl IM,PI

04,4 041 78_3 738 ;Poe 74e 7ae 73+1
0_ o+11 ole 01O 0,03 ODe o110 o113
lli II0 I_I I_.7 +01 ts e 12,s lal

T 4 II 4OO t el +,40 o+e4 o._ 1141 !2I

001 0.07 0107 001 o04 004 0.07 OO4
114 lal 040 04i 0111 0n 0,4, O_
+++ ,+. ,. o+. o,+ ,O7 01. o70

=, :+m .+,, .. ,+m ,17,
o+,, o.,, o.,i o, o+o, o.o7 o+o, o+o,
++, , ,+, , ++0 , ..7 ,+,

Tom .+, ,+ ,m++ ,oo4 .m+o ..o ,m2 ,m+,
e..m ,ram ., +,o ,m ,,+ ,m ,,o

ila 8oo .? _. +o o7 u

(_) =:m,Oll s_oso14 8,?soi1 3_to_o14 _t_,oo+ 2+elt o+o+ 271,o+_2 8,io,o_s
%) IAM)i01ii 110101| 0411000 0MI0+I0 nd nd _04+ ¢0+1O

) 1111i011 !111 101 ljl!I t 04 I|+1 1O 4 I_ l_i i)I i 014 iIII 014
1M t M _t? t 47 _ t M t17 t 1¢_1 _d nd 1!i t M |17 t H

(%1 $1110|t |HI0U 4+el t0._ 4,1Mti041 nd r_ 417"/_ 0151 4 HI0,_I

(%) 141 I0 II I el tOE0 I 1!120.10 00110101 04110110 IO0 _001 0,10! i0:07 O71 !0107
i1001040 1+71tOM l._ ttO 17 3ii 10111 |$1 10101 13I t003 34420+11 ILeli014

t 400 _4 1 471 04141! 114 HI i IN I_i I_ IN 1 lie • 4667
V 41tt3 1013 !411 <7 nd nd ¢7 ¢7
Or 111101 Ii+li 1 0 llI0l 4+1 IO,I ¢I 1110! 4,1 tO,I IIi0+4

tM t I4 lOl t |4 673 t I4 4N t !7 nd nd IM t 8! 16_1t _4

_,_ii_ (%) t t 1 s 00I 1_1 10 00 _ 004 _ t 004 I+
40I 014 40I 0.I+ el O ?4 0 Ill 001 1,30 14 OO7

I|+I0 l0 70 1111 1 013 10791017 147 i044 I16i03 1411 I 0+I !1,6020,11 12710,46

, _10 , IN , _91 , ISI nd _I * _97 , llMI
tiSI 7_S 10 10_7 _ _I nd nd eltt eltt
• 40 0 17.0 1 41 •III , _!31 nd nd • l;li • Ill

AI _+i 10i IIt O4 $2 tOi 3I I 01 37 10| 41 tit 311 i01 3+4 20+6

• I10 + II .3 0 ¢ 3+4 r_l I_I ¢ I10 • 3+4
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04 !010 t t0 13416t i I 171 t 30 787 1 3+3 I4t 2 01 606 t 0I 10! ,7 t 4I IIO 2 4,t
Nd _00140 t12 t 4 t 334 _) 7 403 s 33 _37 t 1I _30 t 12 373 t 30 4t10_ 34

7,!_03 7.4_03 61103 tit03 6,3t0t 14101 7 1_0,3 aI t013
! +Ikl+t0110 110 t 0DE 0 60 t 0DE O13 t 0,_I O_4 _ 00! O_1 1 001 0+40 t 0.04 03t + 0+03
071 t 003 014 t 007 0M t 0+04 DeE + 0.07 01172 0_ 07_ t 0 01 0113 t 0+04 0+74 t 0,07
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APPENDIX C, (oont)

II.8IHIluUm&u LttotlnEnlmolon 1)
F_No DE6_-44 OE6_46 OEB_ 0EB_47 OSO_o4e DEO_.4e O[8_gO.SO OEB4'01.1
Oeol, UrldI To4) Twi Twl 1111 TM ?hi TpI Tpt

Uqhok_. nwt nwt b b nwt nwt nwt nwt
AJtemt¢o_ Ol Ol Ol Ol Ol Ol Ol Zo
LM_ No. _,P1 _01,Pt 2_,Pt 203,Pt RC)4,Pt a_,Pl gOe,Pt 43_, Pl

X/!r a_ A.4 R_u/_ (wt _)

Si_ ?_s sIe U,S 74,i ;2_7 7a| ?:L4 eT,e
TJO 0t0 0.49 0.97 0,16 0,16 O14 0,tt 0,10
AI_$ l_e 1(L3 149 119 i37 13.4 i;I,S 1t,4

'3T ! ,_ 4Ot |32 13i i ,39 t ,3i 1.01 0,U0,06 010 004 0,06 0,04 O 16 0,09 0.07
M_ OJlt 1._ 0_ 0.44 O6t 0.N 0.18 O,IM

I_ 4_ 11J0 I_12 1,00 0_79 0_lkl |,O0

a111 ;IM 11.73 2,9t i,?3 IL7'3 3N 0,N

4013 |04 $_10 4,46 4,67 4._ 4,97 1,00
009 0,19 0,1t 0, I0 0,04 0,07 0,07 0.01
4,0 7_1 6,1 34 41 4,1 $,7 1|,11

Total 906 N_O 090 997 9!L9 094 19.a 100.0

IM ppm _.13 t t91 liar) 604 _ t6 136 40 48
8r ppm 104 7_ 400 IM 110 70 16 141.11

,WkA Ro.un. 4 (aM va/uu _m un/u. oU.m_ no_

NIgO (%) 3:4910 II 3.00,011 270, Ol;Z ) 56,0.11 3.07,0..13 |?6 t0.13 $.1420.1a 0.60i0.01

.M__ ().) ¢031 t_11,01) 0 70*0H 0,_ * 009 0,_ J0,0? ,_030 ¢0,37 f_

) t30i0,6 163204 14,320,4 19.020.3 132 20,4 t27 20,4 t3,820,4 N400 X_ 0990 i ?19 311412 19_ 4;_!12 M 4_1 2 M _ _ M t_ _ _4 hd
K_(%) 4 7110,_ | 67_O|t 304 t 0.33 4,67 _0_ &|? _0,37 470 _ 0,_ 6,10 _0,_ rld
CiC:)(%) t_14 t 0,011 4,4_ _ Q_ 11,M_ 0_t4 I,M t 0.00 10_, 0_09 0,M 2 004 0,_ _ 0,04 a,?l _0.10

t,90 _ 0 06 6Ht036 42tl t 0,33 939,Ot3 3t0_0,16 3N,O14 3,11_, 0,19 3,07,0,0_
TI ,_4_1J4 _II04 * 41:) 171112 30i 934 2 _01 7|7:2 102 640 2 100 ¢ 34_ nd
V ,_? 43:2_ 37,3 ¢9 9._ ¢0 *_7 nd
Cr 3J_ t 04 1311t I • 9..:I2 0,7 3(_ 2 0°4 40 206 4,| t 06 ¢ 0,9 0,64 2 0_14
Mn 403.17 973_27 I_J4100 371:2 16 4M_ 19 1130146 976 2_9 lid

'dO3(%) 133200? 30710_ 240 _ 0,14 1_3NI* 0 07 !,342000 1._3 _ 0,07 0.H 2 0,06 0.73 d:0,014 4920_6 13692074 1606, Ok 1209 _ 0(M 9_aIt* 049 1327 _ 0,69 11.13_0._ |.1112 0,06

Zi_ 67 _ O I)7 _ 9 4 30 46:29 40 26 100 _ t4 ¢6 no
,t 393 ¢ 40 t ¢ 30,9 ¢ 344 ( 39,0 ¢ 309 ¢ 41,3 nd

At 3;It0 6 33t04 4,4*0,8 43 20,0 4,4*0,6 4,320,6 3,1 20,6 1,0:20,1
tl4 ¢ 33 ¢ 3,4 ¢ ;I,4 ¢ 116 ¢ 3.4 ¢ 3,(I ¢ |,0 M

2902 log I,;K), 0 37 720,08g ,/;t67 ¢ 1_76 3.t0, 1,07 1,0120,33 0,I1 d_0,0_!&tl 2 8 t362 6 t19 19 171 t 9 t74:2 9 !M _.9 1N :19 1111_ 3
8r ¢301 IS99i t06 410 t tk4 ¢:N4 ¢_7 ¢_t6 ¢NI |M_ 16

Uo

c 14 ,__O c 9,1 ¢ 1_6 ¢ !.9 ¢ 3,0 c 1.00,36 ,_O_6 _ O:JK) ,I 033 ,( 0.36 ¢ O.JL_ < 0J_ rKi
Sb ,=029 049 _ 008 034:2 004 046 _ 004 0,M t 0,01; 0,39 t 0,04 0,_ :2007 0.11120.01
1 • l0 ¢ 19 ,_16 4 17 c 17 ¢ 91 ¢ 10 rid
Cl 326 _ 020 343 _ O_ 407:2 0.34 439:2 039 693 * 0,34 6,16 :k0,_ 4,92 t O_ 4,aO2 0,04
84 391 1 96 19M * 9_' 740:2 104 601:2 4.1 _69 2 60 177 * M 106 :_14 442 $
LA 69,92 3_i 690_33 44,7 _2 :_ 46Ot30 3HL9211_0 37,tl _ 11,t 34,723,1 _10,9_ 0,3
Co 106424,7 122P2 55 93714.9 1004246 70,9*33 02,6*30 77,1.3,4 70,020,0
Nd 442_ $4 43,0*35 368226 37_1_;Ig 333*20 29,6 * _6 343 d:_,7 34,_ d_1,1

61 _04 0.6*03 &l :202 6_1*03 6,0 _03 6,_ * 0,3 6,820,3 6,320,1

,_ 0,_ t 0,04 ! .9,1;t0.0tl t ,03 * 0,04 053:2 004 0,44 _ 00.4 O,M d:0,03 0,3'gd:0,03 0,330._ t 0,04 0 5g:20,O¢S 0,5'6_ 0,04 0,54 * 004 0.60 :t,0,07 0,73 * 0.07 0,77 * 0,07 0,93 t: 0,01

yD_ 6,77 * O_ 3_(_ !040 3,64 * 0,36 3,43 * 034 6,34:20,M 4,411* 0,41 6,27:20.M nd3,49t0,35 186 _0.16 _.40,01Ft 211 t0,91 2M :20.16 2M d:021 _.Og :20.;lO 9.t6 di:0.0_
LU 0,44 1 00_ 0,3! :_002 0.33 2 0,04 034 t 0Og 040 * 0,0g 0,40 _ 0,02 0,43 2 0,0_ 0,34 2 0,01
Hf 6.00 _ 03_ 99410.46 6,17t0.40 4,0020.26 4,33*0,30 4,4_ :I:027 4,1kt2 0.92 4.H :20.04
TI 3,131013 O.gg :t 0 07 t79'013 _.19:2 0,t6 3,19,0.16 2.11 d:0.14 R,M :k0.17 1,7t :t0,03
W 4t t 6 91 * 3 t07 * !3 94:2 19 tt4 * 6 10! ::213 !00 _ 13 30 _ 0
Au _ 0,01g • 0011 (00013 ¢0011 ( 0,01_ _0,013 ¢ 0.0(03

¢ 04 ,_06 ,_0,3 ¢ 03 ¢ 04 ¢ 0,4 ¢ 0,3 nd_41,3,0,9 130 _ 0,6 17,6,0,7 ;74,t *09 34,1:20.9 _31 *0,9 34.6* t,0 _,4 d:O,9
U 3.44t0,13 2,402000 29620,11 3,76t0,t3 4.76 ;r,,0_17 4._} k,,O,16 4,93 :k0,17 ;I,_6 :k0,06
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APPENDIX C. (oont)

FJetdNo, OEBIS/Ol.7 OEBI,'ot. OEB_I.8 OEe6_I.10 DEe_l.12 DEBt1.1, DEB3/K).39 DEe_.37
_,col, Unill1 Tpl TIN) Till) Tpp Tpp Tpp Tpp Tpp
U_ nwl nwl nwt pM mM pM nM nwt
Allore_"'" Zc, Zm, OlD Zc, Op Zc, Op Cx C'x,Zm Cx Cx, Zc al
Lm. No. 439,Pt 430, Pl 440,Pi 441. Pl 443. Pt 442.P1 102,P1 193.PI

,mF M#,U/beu/U Cwt.!_)

61.44 06.77 06,71 7207 _,22 M,06 70,6 614
O.0M 0,R44 0,2M 0.216 OgM 0.276 0,26 028
11.07 l|._j 1_.6t !4.26 t4.0t 14.18 128 142

F_C_8T 0.8 1.44 t.33 1.46 t .44 1 lid 1.30 1_0.044 O,0M 0.076 O.0il 0._ 0._ 0._ 0.09

CM_g_ 0,7 0,46 0,87 O,t4 023 0,46 0,41 0482,00 2,31 23 0,742 0,016 2,6 1,17 0,91

0.86 1._ 1.34 36 3.0 3.U 2,02 2,9e

3.8 86 3.72 0,39 6,34 6,64 6.90 664
0.013 0.0_ 0.018 0.011 0.006 0040 008 0.01
t 1.M 10.37 11.04 0.69 1.t8 2.41 4.7 8.4

Totld 100_ 61,8 M,6 61,6 613 99,7 013,2 t)9,9

Beppm 107 1100 1_ t478 !400 1667 12K) t387
p_ 6M 406 163,1 127 166 170 11! 224

.qu_ (t.e ve/uee ppm un/ew o_ no!u9

NesO(%) 0.8i 20.08 t.22,0.01 1.2420.01 3._, 004 3.612004 3.tt20.04 2.04 2 0.08 3Og 2 0.13
MoO (%) nd nd nd nd nd nd 0.31)¢ 0.01 0.40 2 0,12

( ) rid nd nd rKi _ nd 13.320.6 14.8 _ 0_4
nd nU nd nd nd nd ,_04 e40,M

_(%) nd nd nd nd nd nd e,41 :L0,43 6,8020,40

i_0 (%) 2,M 2 0_13 2.1r4t2 0_ 2.M 2 0.14 0.6720.16 10320.23 2672023 i3t t0.t0 o78 2 o,o72,00 2 0,08 3,3020,03 3.39 2 003 3.77 i 0.04 3.11 2 O04 4,01 20.04 3.8! i0,19 401120,_
TI hd nd nd rid nd nd 1411 2 260 1224 2 26,'1

VC I1¢1 Md nd nd nd nd 721 822r ¢6 ¢6 ,(6 ¢8 ¢6 ,(6 1.620.4 1.8,0.6
Mn nd nd nU nd nd nd 620, _ 707 2 28

(%) 03020.01 1.0tt2 0.01 1.11 20.01 1.26 2 0.01 1.24,001 120 2 0.01 !_322 0.07 1.6320.0618.4620.16 12.982 0.13 3.31 2003 10.3920.10 6.261006 6.26 2 0.06 4,30 2 0.84 1t.01 20.67
GU t'1¢1 rKl nd nd nd rlcI < _ 4 314
Zn nd nU nU nd nd nd 8o28 c7
Oil nd nd nd nd nd nd c 36,q ,t 47.6
Ai 4.e 2 0.4 4.3 2 0.2 3.0 2 0.2 1_62 0.3 2.6,04 62 2 0.6 2.1 2 o.4 2.6 2 0.6
tie nd nU nd nd nd nd c3,1 _3,0

j_ 0,21 .t 0.09 0.1820,07 0.1720.07 ¢0_20 O26 2 0.tl 0.46 2 O19 ¢ I.M t.2820.44tM 2 $ 1t7 2 6 67 2 2 179 2 6 1G32 4 161 2 3 t 12 2 8 160,8
Sr 4832111 418221 1610280 e.')72 12 106210 16327 IOM 2 130 ¢321

1332 8 260 2 13 H0 2 t2 277 2 14 211 2 10 207 2 7 226 2 33 343 2 60nd nd nd nd nd nd • 7e _4

inAg nd nd nd nd nd nd c 2.2 1.11, o.Gncl nd nd nd nd nd c 0.28 c o,;_e
t_ o.26 2 0.01 0.i020.oi 0162001 0.142O.Ol o_t8 2 O.Ol o.122O.Ol ¢ o.2t) ,_o.37
t nd nd nd nd nd nd c 18 ( 21

8.87 :k0.07 8.27 * 0.06 3,47 * 0.04 1.6002 0.03 1.303 2 002 1.3042 0.0t 0.01 2 0.09 3.42 * 0.26! 3M,7 1181 2 10 13002 t6 1411 224 163t 222 1684222 14432 136 16402 143
Lt 31,1 2 0_3 80,8 2 0.7 88.8 2 0.7 70.6 2 0.8 70.9 2 0.8 81,8 2 0.6 02.7 2 4.6 62.3 2 4.6
C4 6t.3:t:0.7 137.02 1.4 131.12 t.3 164.72 16 1Eh3.02 1.6 157.62 1.6 150328.81 71_42 7.6
NU 24.6 _ t.4 40.3 * 20 60.2 2 21 I37_0* 3 2 60,3 2 28 63.0 2 2.8 62.7 2 80 64.7 2 4.0

6.220.1 8,6 2 0,1 8,820,1 8.5 2 0.I 10,1,0,1 10,020,1 0,020,4 10,1 20,6

._ 0,26 2 0,01 1,48 2 0,02 1,4020,Og 1.702002 1,6420,02 1,80 2 0.02 1.68 2 0,09 1,01 1o,110.6420.01 0.01 :t:0.01 0.11020.0t 0.M 2 0.02 1.02 2 0.01 1.0720.01 0.64 2 0.00 t.0t20.1t

y0_ ncl nd nd nd nd ncl 6.70 2 0.66 e.ge 2 0.642.37 .t 0.00 2.6120.03 2.71 *0.03 3.07 * 0.03 3,07 2 0,03 3.00,0.03 2.9020.12 3.16 2 0.22
J,,.U 0.34 2 0,01 0,39 :k0,01 0,40 2 0,01 0,43 2 0,01 0,44 2 0,01 0,43 * 0.01 0,43 2 0,03 0,40 2 0.03
Hf 4,_ 2 0,01 8,60 2 0,08 6,8020.07 7,6620,10 7,1120,06 7,00 2 0,08 7,1720,62 6,31 20,76
Tt 2.1220.04 t.1120.06 1.70200,1 3.64 .t 0._ 2.83 2 0.06 220,003 1.40,0.09 1.71 20.11
W 77:t: t M_ 1 61 * 1 184 *2 1t62 1 78*2 2223 40t6
AU 11¢1 nd nd nd nd nd ( 0.012 ¢ 0.016

,_ nU nd nd nd nd nd ,0.4 c 0,418.320.2 10.! _0.2 17820.2 20.020.2 203202 20.420.2 19.3t0.0 22.6t0.0
U 2.1820.07 4.02 * 0.12 2,7620,07 2.76 _0.11 3.26:1:0.11 3.M*0.13 3.1220.12 3.8tlt0.14
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APPENDIX C. (cont)

Northeast Yucca Mountain Area ConL _Sitas 2 and 4 on Fi_o.1_

FieldNo, DEB 3/90-38 DEB 3/90-39 DEB3/90-40 DEB3/90-41 DEB 3/g0-42 DEB3/g0-43 DEB5/91-13 DEB 5/91-14 DEB5/91-15
Geol.Unit1 Tpp Tpp Tpp Tpp Tfd Ttb Tfb Tfb Tfb
Utholoc_- nwt nwt nwt nwt nwt nwt nwt nwt nwt
AltemtiorP"" GI GI GI GI, Sm GI, Sm GI GI GI GI
Lab, No, 194,P1 195,P1 196,P1 197,P1 198,P1 199,P1 444,P1 445,P1 446,P1

XRF and .4.4Reault= (wt. %)

SiO2 69.6 69,1 68.4 67.7 66,0 73.0 65.25 71.0 72,1
TiO2 0,28 0.28 0,29 0,31 0,29 0.16 0,14 0,15 0,14
AI203 14.0 13,9 14,1 14.1 14.0 12,5 12,1 12,5 12.6
Fe203T 1.48 1,49 1,54 1.62 1,91 1.11 0.95 1,00 0.96
MnO 0.10 0.10 0.09 0.09 0.15 0.10 0.09 0.11 0.11

Mag_o 0,38 0,52 0.67 0.85 1,15 0.29 1,31 0.66 0,670.81 0.84 0.91 1,07 1,34 0,48 2,25 1,07 0,69
Na20 3,45 3.21 3,24 2.93 3,03 3.27 2,75 3,05 3,02
K20 5.02 4,92 4.75 4,30 3,87 4,56 3.8 4,57 4,61
P205 0,08 0.09 0.09 0,07 0,07 0.07 0,01 0,01 0,01
LOI 4,1 4,9 5,3 6.5 8,0 4.i 11,7 5,9 5,5
Total 99,2 99,3 99,3 99,5 99.7 99.6 100.3 100.1 100,2

Ba ppm 1343 1290 1299 1102 340 170 45 27 16
Sr ppm 104 107 112 138 164 63 507 41 24

INAA Re=ults4 (aft values ppm unless otherwise noted)

Na20 (%) 3,58+0.15 3.33:t:0.14 3.57+0,16 2,96+0,12 3,00+0,13 3.45±0.15 2,73+0,03 3.08+0.04 2,97:1:0,04
MgO (%) < 0.31 < 0,48 0.45 + 4.10 0.86 + 0,11 0.93 ± 0,11 < 0,45 nd nd nd
AI203 (%) 14.4:1:0.4 14.3±0.4 14,7+0,4 14.5±0,4 14.3±0,4 12,8±0,4 nd nd nd
CI 315 ± 32 346 :L35 323 ± 33 360 ± 36 1017 ± 78 507 + 94 nd nd nd
K20(% ) 5.28±0.36 5.40+0.38 5,13±0,36 4,05-t-0.30 3.77±0.28 5,11 +0,38 nd nd nd
CaO (%) 0.29 ± 0.04 0.89+0.08 0,87±0.08 1.05:t:0,09 1.31 ±0,10 0,55±0.06 2,10 ± 0.15 0,94:1:0.13 0.55+0.10
Sc 3,92 ± 0.21 4,02 + 0,22 3,96 + 0.2i 4.08 ± 0.22 3.96 ± 0,21 2,05 ± 0,11 1,64:1:0,02 1.71 ± 0.02 1,87 ± 0,02
Ti 1657:t:285 1784+321 1789±31i 1607±281 1470±272 <5015 nd rid nd
V <8 <8 6±2 9±2 13±2 <8 nd nd nd
Cr 2,5 ± 0,4 < 1,3 < 1,6 3,0 + 0,5 9.3 ± 0.8 2,0 + 0,4 < 5 < 5 < 5
Mn 794-1-38 783:1:31 747±29 673±28 1166±48 753±30 nd nd nd
Fe203 (%) 1.43±0,08 1.48±0,08 1,46±0,07 1.52±0.08 1,82±0,10 1.04±0,05 0,79+0.01 0.84+0,01 0,81 ±0,01
Co 10,71:1:0,57 7,29±0,39 8.85±0,49 5,54±0,30 7.85±0.44 27.10±1.41 3,50±0.03 2.73±0,03 2,81 +0.03
Cu < 324 < 298 < 322 < 282 < 325 < 278 nd rid nd
Zn 59 ± 8 72 ± 10 61 + 9 56 ± 8 < 49 76 ± 10 nd nd nd
Ga < 40,0 < 41.7 < 46,6 < 44.3 < 40.1 < 39,3 ± nd nd nd
As 2,4 ± 0,4 2,2 ± 0,5 2,5 ± 0,5 2,5 ± 0,5 3,8 ± 0,6 2.8 ± 0,5 2.5 ± 0,4 3,7± 0,5 3.0:1:0.4
Sa < 3,7 < 3,1 < 4,2 < 3,0 < 2.4 < 2,7 nd nd nd
Br <3.66 3.60± 1,11 <4,15 2.59±1,11 < 1.30 1,29±0,34 8,10:1:0,78 1.30+0.18 1.39 ±0,18
Rb 157±8 157±8 153±7 162±8 154±6 193+9 143±3 179:1:5 190:t:5
Sr < 301 < 385 < 381 < 288 < 329 < 359 500 ± 16 52:1:6 47 ± 7
Zr 260±46 305±79 288±41 277±37 240±34 213±36 193±6 205±8 187±8
Mo < 81 < 4 < 92 < 95 < 71 < 4 nd nd nd
Ag < 2.1 < 2,0 < 2,3 < 2.4 < 1.9 < 1,6 nd nd nd
In < 0,24 < 0,29 < 0.31 < 0,26 < 0.24 < 0,28 nd nd nd
Sb 0,33 ± 0.06 < 0,31 < 0,36 < 0,33 0,39 ± 0,09 < 0,28 0,29 + 0,01 0,30 ± 0.01 0,31 + 0,01
I < 18 < 23 < 22 < 19 < 20 < 22 nd nd IKI
Cs 3,46 ± 0,22 3.82 ± 0,22 3,44 ± 0,20 4,35 ± 0,25 5,71 ± 0,33 5,70 ± 0.32 4,96 ± 0,05 5,75 ± 0,06 6,45 ± 0.06
Ba 1506+114 1566±102 1522+93 1330±153 414+93 276±19 54±4 31:1:5 <8
La 90,4±5,0 84,2±5.1 90,3+5,0 79,1 ±4.1 54.6±3,1 38,6+2,3 31.9±0,3 34.4±0.3 28,6+0,3
Ce 165.1±7,3 173.0+7.6 164.9±7,3 160,7±7,2 104,6±4,6 83.1 ±3,7 63,7:1:0.6 65,7+0,7 63.4:1:0.6
Nd 74,2±5,8 72,3±5.5 70,7+5,5 63,7 ± 5,0 43.4±3,3 33.5±2,7 21,4+ 1.2 23,2+ 1,5 20,1 ± 1.3
Sm 11,0±0,5 10,0±0.5 10,9+0,5 9.4±0,4 7,5±0,3 6.1 ±0,3 4,9±0.1 5,4±0.1 5,0:1:0.1
Eu 1,80±0.09 1,84±0,11 1,89+0,09 1.58±0,09 0,88±0,06 0,51 ±0,05 0,30± 0,01 0.31 ±0,01 0.27+0.01
Tb ,94 ± 0,09 1.00 ± 0,10 0,94 ± 0,09 0.99 ± 0,09 1.01 ± 0,10 0,83 ± 0,08 0,78 ± 0.01 0.82:1:0.02 0.79 ± 0,02
Dy 6,04 ± 0.53 < 7,80 5,74 ± 0.57 5,76 ± 0,49 6,44 ± 0,58 5,65 ± 0,51 nd nd rid
Yb 3,35±0.22 3.25±0,27 3,60±0,23 2.96±0,21 3.62±0,22 3,72±0.23 3,12 ±0,03 3,37:1:0.03 3.35+0,03
Lu 0,47 :t:0.03 0.49±0.03 0.50±0.03 0.46±0.02 0.52±0.03 0,51 ±0,06 0,46±0,01 0,48:1:0,01 0,48:1:0,01
Hf 7,73:1:0.53 7.98:!:0.74 8,04 ± 0,34 8.00±0,60 7.51 ±0,47 6,97 ±0,45 6,93±0.07 7.32±0,08 7,17±0.09
Ta 1,90±0,13 1.84±0,12 1,66±0,11 1,56±0,10 1.68±0.10 2,32±0.16 1,56±0,02 2.59 + 0,05 2,48+0.05
W 46±6 55±7 60±7 21 ±3 26±3 98±12 54±1 92±1 77±!
Au < 0.013 < 0,013 < 0,015 < 0.013 < 0,009 < 0,012 nd nd nd

H_ < 0.4 < 0,4 < 0,5 < 0,5 < 0,3 < 0.3 nd nd nd21,0 ± 0.8 22,5 ± 0,9 21,2 + 0,8 21,6 ± 0.9 22,6 ± 0.9 25,8 ± 1.0 23.8 ± 0,2 25,3 ± 0.3 25,6 + 0.3
U 4,10±0,15 4.00+0,14 3.74±0,14 3,70±0,14 4.09 ± 0.15 4,73±0,17 3,80±0,10 4,82±0.12 4,91 ±0.12
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APPENDIX C. (cont)

Sta_ecosc=h Road Prow Pass Ares (S0uthe_rt_YorUcal Section:
(_Site3 on Fla. 1) Slle IS on FIe. 1)

FietdNo, DEB3/90-1 DEB3/90-? DEB3/90-2 DEB3/90-11 DEB3,/90-12 DEB3/90.13 DEB3/90-14 DEB3/90-15 DEB3/90-16 DEB3/gO-17
Geol. Unit1 Tcp Tcp Tcp Tht The Thl Thl Thl Tht The

Lithology2,., nwl nwt nwt b b nwt nwl nwl nwt nwt
Alteratlo# Zc, Op GI Zc, Op Zc, Op Zc, Op Zc, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op
Lab. No. 157,P1 158,P1 158,P2 167,P1 168,P1 169,P 1 170,P1 17i ,P1 172,P1 173,P1

XRF and AA Results (we.%)

SlO2 67.5 68.9 67.9 73.4 71,8 70.9 68.5 68.5 69.1 68,7

ATiOI_ 0,12 0.19 0,11 0.15 0,11 0.11 0.09 0,08 0.08 0.0912,1 13,1 12.0 11,3 10.9 11.4 11.9 12,0 11,3 ! 1.6
Fe203T 1,33 1,83 1.29 1.31 0.93 0.96 0,97 1.01 0,93 0,93
MnO 0,07 0,08 0,08 0,02 0,02 0.03 0.03 0,04 0,04 0.03

Magg 0,29 0.60 0.47 0,60 1.49 0.49 0.42 0,48 0.20 0.370.65 1,18 0.76 2,16 1,95 1,73 1,69 1.94 1,47 1,91

N_K_) 3,71 3.28 3.12 1.71 1,54 1,24 1,11 1,27 0,59 1,014,16 4,20 4.24 2.96 3,20 3,77 5.18 4.47 5,80 4,53
P205 0,07 0.09 0.07 0.07 0.08 0.07 0,07 0.08 0.07 0.08
LOI 10,2 6,1 10.0 6.7 8,5 9.0 10,2 10.4 10.0 11,2
Total 100.1 99.6 100,0 100.4 100.4 99,6 100.1 100.3 99.6 100,4

Ba ppm 187 183 191 451 393 307 122 110 111 84
Sr ppm 288 271 777 292 202 93 85 100 112 130

INAA Result41 (all vmlusmppm unlHe otherwlte noted)

Na20(% ) 3.91 ±0,16 3,31:1:0.14 3.23:1:0,14 1,78+0.07 1,65+0.07 1,34±0,06 1.25±0.06 1,35±0.06 0.68+0.03 1.10±0.05
MgO(%) <0.31 0.58¢0,09 0,44±0,08 0.50±0.05 1,28+0.08 0,48:1:0.07 038±0.07 0,45+0,09 <0.19 <0,21
AkJO3(%) 12,5±0.4 13,6+0,4 12,3±0,3 11.4±0.3 10.9+0.3 il,5±0.5 12,0 ±0.3 12,0±0.3 11,4 +0,3 11,8+0,3
CI <154 391±37 <114 <82 563:t:47 <81 371 ±46 1244:1:97 <8i 636±51
K20(%) 4.18±0.28 4,46±0.29 4.63±0,30 2.88±0,19 3,32±0.22 4.26±0,28 5,50±0,35 4,78±0.31 5,86+0.37 4,95+0,32
CaO(%) 0,33:1:0.05 1.29:1:0.10 0,66±0.07 2.40±0,14 1,77+0.12 1,81 ±0.12 1,75±0,12 2.11 ±0,13 1.39±0,10 2,04±0,13
Sc 1,74±0,09 3.32±0.18 1,61 ±0,09 1,88±0,10 1.85±0.10 2,01 ±0.11 2.37:1:0,13 2,31 ±0,12 2.30¢0,12 2,34±0,13
TI <4789 1205±235 <4113 870±170 <3205 428±124 <3433 <3771 <3180 619±137
V <8 15±2 9:!:2 7±1 <6 <8 <6 <6 <6 <6
Cr 1,9±0.5 15.2±1,1 3,2 ±0A 4.2 ± 0,4 2.1:1:0.4 <1.2 <1,3 <1.2 <1,3 <1,2
Mn 542±24 624+26 485±19 157±7 194±8 269±11 256±10 328±13 289:i:16 297±12
Fe203(%) 1,23+0,07 1.79:1:0.09 1,18±0.07 1,19±0,O6 0.85±0.05 0,93±0,05 0,91 ±0.05 0,92±0,05 0.86±0.05 0,8;±0,05
Co 3,86 ± 0.25 9,32 ± 0.49 4,73 ± 0,26 12,93 ± 0.69 6.28 + 0.34 10.54 ± 0.56 8,01 ± 0,44 5.31 ± 0.29 6.34 ± 0,36 16,67 ± 0.88
Cu < 329 < 328 < 245 < 218 < 209 < 245 < 196 < 224 < 178 < 232
Zn 64:1:9 181±23 47±7 40±7 38:1:5 46±7 35±6 40±6 33±5 48±6
Ga <30.5 <24,5 <22.1 <20,7 <20,0 <18.3 17.5±3.4 <19.3 <14.5 <17.0
As 2.5 ± 0.5 3.9:1:0.5 3.4 ± 0,5 1.4 ± 0,3 2.3 ±0.4 2.3 ± 0.3 1,9 + 0,3 2,3 ± 0.4 2.5 ± 0,4 3,0 ± 0.4
Se < 3.5 < 3.1 < 2,8 < 2.6 < 2.5 < 2.9 < 3,2 < 2,7 < 3.4 < 2.9
Br <3,91 <1,98 <3.44 <1.41 4.48+0,57 <2,49 <2,71 3,22±0,43 1.39±0.68 1,67±0.31
Rb 143+7 151¢7 87±4 93:1:5 117±6 149±7 180±9 178±9 222±11 252±12
Sr <309 402±111 883± 100 354±68 <200 <218 <246 <266 <191 <221
Zr 117±22 227±32 135±21 147+25 113¢23 110±30 112±22 130:1:24 114+22 140±27
Mo < 111 < 113 < 86 < 90 < 3 < 89 < 68 < 80 < 57 < 75
Ag < 1.8 < 2.0 < 1.4 < 2.0 < 1.5 < 1.8 < 1.9 1,2 ± 0,3 < 1.9 < 1,9
In <0,29 <0.24 <0,24 <0.20 <0.19 <0.!7 <0.19 <0.21 <0.16 <0.17
Sb 1.22±0.16 <0.39 <0.35 <0,31 0.43±0.09 <0,29 0.51 ±0.07 0.48±0,07 0.37±0.07 0,38 ± 0.08
I <20 < 18 < 18 < 13 < 14 < 13 < 15 < 16 < 13 < 14
Cs 4,86±0.28 9.26:1:0.52 6,32±0.36 4,01 ±0.24 5.88±0.34 4.10±0,24 5.90±0,33 5,08±0.31 5.14±0,30 5,88±0,33
Ba 284±46 299+46 237±50 593±55 540±29 459±52 137±51 126±31 123±25 154±18
Lt 38,7±2,2 52.2±3,1 37.1 ±2.0 34,2 ± 2,0 33.4±1.9 51.4±3,1 28.6±1.5 28,1 ±1.7 22.4±1.4 31.2±2,0
Ca 93.6±4.3 112.1 ±5.0 77,7±3,5 63,3±3,0 64.5±2.8 95.7±4,2 53,4±2.6 56,1 ±2.5 48,1 ±2,3 61.5±2.7
Nd 31,3 ±2.8 43,0 ±3,3 25,2±2,0 24,0±2.1 27.4:1:2.3 36.5:1:2,9 25.8±2.4 26.5 ± 2.5 21,5±1,9 33,6:1:2,8
Sm 4,7 ± 0.2 8,6 ± 0,4 4.8 ± 0.2 4,3 ± 0,2 4.0 ±0,2 6.4 ± 0,3 4,8 ± 0,2 5,0:1:0.2 3.8 ± 0.2 5.3 ± 0,2
Eu 0.24¢0,04 0.42±0.05 0,26±0.03 0,65+0.04 0.45:1:0.04 0,51 ±0,03 0,26±0,03 0,26±0.02 0.21 ±0.03 0.30±0,04
Tb 0,53:1:0.05 1.13±0.11 0.58±0.07 0.42±0.05 0.54±0.05 0.81 ±0,09 0,56±0.05 0.63±0.07 0.51 ±0.06 0.64¢0,07

yD_ 3,52±0.37 6.74±0.61 4.01 ±0,38 2.69±0.31 3,64±0.36 4,55±0,97 3,92±0.36 3.82±0,41 3.69±0.42 4.36:t:0,412,38:1:0,26 3.94±0,27 1.83±0.18 1.82±0,18 2.03±0.16 2,50±0.19 1,98±0.16 2,32±0.17 2.25±0.15 2.07±0,17
Lu 028 ± 0.02 0.56 ± 0,03 0,31 ± 0.02 0.24 ± 0.02 0.31 ± 0,02 0.39 ± 0.02 0.28 ± 0,02 0,37 ± 0.02 0.30 ± 0.02 0,29 + 0.02
Hf 5.76±0.44 6.27±0,44 5.31 ±0.32 3,84±0.36 3,06:t:0,25 3.53±0,30 3.62+0,20 3,74±0.24 3.50±0.18 3,49±0,25
Ta 2.03+0.14 2.39±0.16 1.79±0,12 2.57±0.16 1.63±0.11 2.52±0,18 2,12±0.14 1,61 ±0.10 2.14±0,14 1.65±0,11
W 42 ± 5 73 ±9 45 ± 5 138 ± 17 58 ±7 140 ± 17 65 ± 8 27 ± 3 74 ±9 35 ±4
AU < 0,016 <0.017 <0.015 <0,013 <0,010 <0.012 <0,011 <0,012 < 0,007 <0,011

._ < 0,4 < 0.4 < 0.3 0,6 ± 0.2 0.3 ± 0,1 0,4 ± 0.1 < 0.4 < 0,4 < 0,4 < 0.419,9±0.8 21.8±0.8 19.5±0.7 14.9 ± 0.6 18,1 +0,7 21,7±1.1 21,2±0.8 22.4+0,9 19.5±0,8 22,3±0,9
U 4.00:1:0.10 3,70±0,10 2,40±0.10 2,60±0.10 2.70±0.10 2.80±0.10 2.90±0,10 2,70±0.10 3.10±0.10 3,40±0,10
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APPENDIX C. (cont)

Prow Pass Area {South_n VerUcel SecUon ConL: Site 5 on Fig. 1)

FieldNo, DEB 3190-18 DEB 3/90-19 DEB 3/90-20 DEB3/90-21 DEB 3/90-22 DEB 3/90-23 DI::B3190-24 DEB 3190-25 DEB 3/90.26
Geol, Unit,1 Tht Tht Tht Tht Tht Tht Tht Tht Tht
Litholonv?, nwt nwt nwt nwt nwt nwt nwt nwt b
Altaratio_-"'" Zc, Zm, Op Zc, Zm, Op Zc0Zm, Op Zc, Zm, Op Zc, Zm,Op Zc, Zm, Op Zc, Zm, Op Zo,Zm, Op Z¢, Zrn,Op
Lab, No, 174,P1 175,P1 176,P1 177,P1 178,P1 179,P1 180,P1 181,P1 182,P1

XRF and AA Results (wt. %)

SiO2 69,6 69,8 67.9 68,0 71.8 69,5 68,4 69.2 70.4
Ti02 0,08 0.08 0,08 0,08 0,08 0,08 0,08 0.08 0,08
AI203 11,8 11,0 11,7 11.9 11,1 11,1 11.2 11.5 11,4
Fe203T 0,95 0.88 1.03 0,96 0,91 0,73 0.88 0,82 0,84
MnO 0,03 0.03 0,04 0,04 0,01 0,01 0.05 0,03 0,02
MaC) 0.23 0,47 0,21 0,25 0,30 0.26 0.51 0,35 0.58
c_o 1,52 1,73 1,64 1.77 1,67 1,42 2,21 1,68 2,00
Ned3 1,09 1.47 0,59 0.66 1,04 0.56 1.03 0,73 0,97

oo, 008 oo, oo, oo, oo, oo, oo, 008
10.3 10.7 10.1 10.5 8.8 10.8 11.5 11.1 ,,8

Total I00.5 I00,0 99.3 I00,I 100,2 I00,3 99,4 100.6 IC_0.0

Ba ppm 130 64 59 80 91 49 53 67 87
Sr ppm 64 98 35 43 177 64 200 48 180

INAA Results 4 (eft values ppm unlell otherwise noted)

Na20 (%) 1,22+0,05 1.50 ± 0,08 0,65+0.03 0,68.+0.03 1,17.+0,05 0.68 ± 0,02 1.10+0,05 0,91 +0,04 1,08 + 0,05
MgO (%) < 0,33 0,55 ± 0,08 < 0,20 < 0,20 0.36 .+0,07 0.28 + 0,05 0,61 ± 0,08 0.27 4.0,06 0,45 4.0,06
AI2C)3(%) 11,9.+0,3 11,3.+0,3 11,9+0,3 12,1 ¢0.4 11.3+0,3 11,4±0,3 11,54.0,3 11,6+0,5 11,4+0,3
CI < 91 124 ± 19 < 82 < 65 < 79 < 60 < 90 < 72 < 80
K20(% ) 5,17.+0.33 3.64.+0,25 5.99+0,38 6.03.+0,38 5,04.+0,32 6.12 .+0.39 3,48±0,23 8,34±0,34 4,21±O.27
CaO (%) 1,80:t:0.12 1.67+0.12 1,59.+0,1! 1,91 .+0,12 1.74¢0,11 1.54.+0,11 2,29±0.13 1,80±0,12 2,104.0,13
S¢ 2,25.+0,12 2,21 .+0,12 2,48+0,13 2,47 .+0.13 2.20.+0,12 2,3t .+0,12 2,56±0,14 2,51 ±0,14 2,33±0,12
Ti < 3722 < 3642 < 3606 307 .+108 < 2979 < 2719 < 3466 453 4. 122 < 3105
V <6 <6 <6 <6 <5 <5 <6 <8 <5
Cr < 1,4 1.3 + 0,3 < 1,3 < 1,2 < 1.3 1,2 4-0,4 1,5 ± 0,4 1,8 ± 0,4 < 1,0
Mn 283 :t:11 271±11 368±15 356.+15 155.+6 ii9+-5 375±15 256±11 221±9
Fe203 (%) 0.88 +.0,05 0.80 ± 0.04 0,88 ± 0,04 0,89 ± 0,05 0.82 .+0,05 0,68 + 0,04 0,83 4.0,04 0,77 ± 0,04 0,79 4.0.04
Co 5,27 .+0,31 5,40 .+0,30 5,31 ± 0,29 5,28 +.0,29 5,54 +.0,32 4.82 ± 0.27 2,97 ± 0.29 4,47 4.0,25 6.24 4.0,34
Cu < 202 < 237 < 164 < 212 < 181 < 168 < 201 < 202 < 179
Zn 36.+6 41 .+6 43.+6 47±6 32.+5 33±5 <5 544.8 49±7
Ga 20.4:1:3.6 20,0+.4.4 14,6+.3,5 14,8+.2.7 13,1 +.2.8 12.64.2,8 < 17,5 13,0±3,2 19,9.+3,6
As 5.0+.0,6 6.0+0,7 6,7.+0,7 4,1 ±0,5 3,6±0,5 1.9±0,3 3,5±0,4 2,4±0,3 2.3.+0,3
Se < 3.5 2.9 +.0,8 < 2.9 < 3,0 < 3,3 < 2,7 < 2.2 < 2,6 < 2,5
Br < 2,75 < 3,14 < 1.82 < 1.74 < 2.44 < 2.25 < 2,01 1.27 + 0.56 < 0.95
Rb 216+10 136+.7 223+.11 222.+11 179+.9 195.+9 147±7 1754.8 146t-7
Sr < 262 < 267 < 210 < 213 303 +.61 < 183 220 ± 64 < 190 < 227
Zr 74.+23 115+23 120+.24 99+30 96+26 112±23 87±34 88±19 101.+21
Mo < 1 < 88 < 61 < 65 < 66 < 70 < 60 < 82 < 63

Ang < 1,9 < 2.0 < 2,2 < 1,7 < 1.8 < 2,0 < 1,8 < 1,6 < 1,6< 0.20 < 0.22 < 0,17 < 0,15 < 0,17 < 0,16 < 0.18 < 0.15 < 0,17
Sb 0,29.+0,06 0,48.+0,10 0,54 .+0,07 0,43+.0,07 0,56.+0,07 0.34±0.07 0.34 ± 0.07 0,27±0,06 0.43.+0.07
1 <16 <15 <14 <13 <13 <11 <15 <11 <14
Cs 5,66 .+0,40 4,00 .+0,23 5,74 +.0.36 5,88 +.0.35 5.06 +.0,29 4.09 +.0.25 4,27 ± 0,26 4.51 4.0,27 3.64:1:0,23
Ba 190 +.57 125 + 18 132 .+31 139 + 43 140 + 28 110 ± 51 96 ± 28 80 4.15 94 .+29
La 36,0+.2.0 30.3.+1,7 30,9+.1,8 19,2±1,2 30,2±1,6 33,5±1,8 23.4±1,3 31,9±2.1 26,7±1.4
Ce 67.9+3.2 61.8+.3,0 67.9+.3,3 48,4.+2,3 54.7+.2,6 61,8+2.7 55,3±2.4 64,9±2.9 56,3+2,5
Nd 34,6.+3,0 25,7.+2,3 33,1 ±3,1 23.9-t-2,1 32,0 +.2,7 30,8+2,6 26,0 ± 2,2 31,0 + 2,4 25.1 .+2,1
Sm 6,6 +.0,3 6.0 .+0,3 5,6 :t:0,3 3,5 ± 0,2 5.6 + 0,3 6,6 4.0.3 4,5 4.0,2 6.3 .+0,3 4.7 + 0.2
Eu 0,37 :t:0,04 0,27 .+0,02 0,26 + 0,03 0,19 + 0,03 0,24 .+0,03 0.27 ± 0,03 0,24 + 0,03 0,29 4.0,03 0.25 :t:0,03
Tb 0,80+0,07 0,71 ±0,07 0,80±0,08 0,52±0,05 0,64±0,07 0.76:t:0.08 0,61:1:0.08 0,78±0.07 0,53.+0,06

D_ 5,36±0.53 4,35 +.0,41 5.13±0.49 3,96 .+0,36 4,73±0,40 4,374.0,41 <5,32 4,40.+0.56 3,90.+0.363,12±0,21 2,12.+0,20 3,74±0.25 2,60±0,17 3,26+0,37 2.06±0,15 1,86±O.14 2,03±O,17 2,194.0.15
Lu 0,43±0,02 0,32+.0,02 0,42.+0,02 0,41 +.0,02 0,40+0,02 0,22±0.02 0.31 ±0,02 0.30±0,02 0.33:1:0,02
Hf 3,77+0,38 3,35+.0,15 3.72 ± 0.24 3,61 ±0,23 3,44±0,32 3.22±0,17 3.63±0.22 3,454.0,22 3,61 .+0.25
Ta 1,77±0,11 1.69±0,12 1.87±0,13 1,75±0,12 !.76±0,13 1,69 ±0.12 1,59±0,11 1,57+0,11 1,98+.0,15
W 40.+5 44+.5 36.+5 36±4 46±6 33±4 26±3 28±3 67.+8
Au < 0,012 < O,013 < 0,007 < 0,O08 < O.011 < 0,O09 < 0,008 < 0,009 < O.010

Hhg < 0.4 < 0.4 < 0.4 < 0,3 < 0,4 0.7 + 0.2 < 0,3 < 0.3 < 0,323.6+0,9 23.2 + 0,9 24.1 +.0,9 23,6±0.9 21.0±0.9 24,1 ±0,9 22.3±0.9 24.4+ 1.0 21,3.+0.8
U 3,404.0,10 3,90+0,10 4,60+0,20 4,504.0,20 4,304.0,20 3,70¢0,10 3,364.0,12 3,06 + 0,12 2,734.0,10
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APPENDIX C. (¢ont)

Prow Pss= Area LSouthernVertloal Se_tlonConL: 81teS on Fig, 1)

Field No. DEB3/90-27 DEB3/90.28 DEE 3/90-29 DEB3/90-30 DEB3/90-31 DEB 3/90-32 DEB3/90-33 DEB 3/90-34 DEE 3/90-35
Geol. Unit1 Tht Tht Tht Tht Tht Tht Tpt Tpt Tpt
Llthtlx2_- nwt nwt nwt b nwt nwt nwt vt vt
NteratJo_"-'-''"Zc, Zm, Op Zc, Zm, Op Zc, Zm,Op Zc, Zm, Op Zc, Zm,Op Zc, Zm,Op Zc, Zm, Op GI,Zc,Zm, Op Gi
Lab. No. 183,P1 184,P1 185,P1 186,P1 187,P1 188,P1 189,P1 100,P1 191,P1

XRF and AA Ruults (wt.%)
SlOp 68,9 68,8 69,2 72,1 67.6 67.9 68.8 71.1 74,2
TI_-

in_ T O.Oe 0,00 0.08 0.11 0,08 0,09 0,09 0.10 0.10

tl.4 11.3 11,3 10.5 11.4 11.3 11.2 11,4 12,4
0.89 0.g6 0.87 i,03 1,03 0,93 0,82 0,99 1.01
0.03 0.04 0.03 0,10 0,04 0.05 0,02 0.05 0,08

cM_aO 0.46 0,51 0.33 0,35 0.38 0,58 0.67 0,46 0,162.30 2,27 2.07 2,00 2,14 3.06 3.07 1.67 0.54

1,23 1.10 1,06 1.37 0.93 1,13 0,69 1.84 3,443,41 3.55 3,99 3,31 4,30 1,88 2.29 4,21 4,55

LP_ 0.07 0,07 0.07 0,07 0,07 0,07 0,07 0,08 0.0711.3 11,5 11.3 9.4 12,1 i3,4 13,2 8.2 3,7
Total 100.1 100.1 100.1 100,4 100.0 100,3 100.9 100.1 100,2

Ba ppm 63 58 48 178 43 36 28 18 46
Sr ppm 410 600 660 270 82 108 326 122 26

INAA Resultd I (all values ppm unlm othetwl#e noted)

A_IM_2_3((%) 1.29±0.05 1,19:t:0.05 1,04:t:0,04 1.42+0.07 0.96+0.04 1.2i +0,05 0.71 ±0,03 1,90:t:0.08 3,48:1:0,15

,,=_ 0,31:1:0.07 <0,21 <0,t9 <0,39 0.32:t:0,07 0,49+0,09 0,59+0,05 0.36±0.06 <0.37) 11.7 ± 0,3 11,4+ 0,3 11.6 + 0,3 10.4 ± 0.3 11,8 ± 0,3 11.6 ± 0.3 11.6 ± 0.3 12,2 ± 0.3 12.3 ± 0,3
105 ± 22 < 91 < 74 189 + 23 < 85 < 89 < 76 157± 22 505 + 43

K20 (%) 3,39±0.22 3,41 ±0,23 4.26±0,27 3.61 ±0.23 4.84±0.31 1.91 ±0,16 2,57±0,t9 4.10±0,28 4.89 ± 0,33
CaO (%) 2,51 :t:0.15 2,41:1:0.14 2.11 ±0,13 2,03±0,13 2.42±0,15 3.01 ±0,18 3,10:1:0,17 1.73+0,11 0,59±0,06
SC 2,29±0.12 2,29±0.i2 2,35±0.12 1,94±0.11 2,06±0.11 2,03±0,11 2,04±0,11 2,28±0,12 2.28±0.12
TI <3442 <3355 630± 154 663± 181 <3764 464± 144 <2671 536± 139 <4033
V <6 <6 <5 <7 <6 <7 <5 <5 <6
C,r < 1.3 1,3± 0.4 < 1,0 3,0 ± 0.4 < 1.3 < i ,3 < 1.0 < 0,9 < 1,0
Mn 268:t:11 302±13 289+12 715±29 338±14 389±16 i76±7 426:t:18 504±21
Fe203 (%) 0,80 ± 0,05 0,86 ± 0,05 0,82 ± 0,04 0.97 ± 0,05 0,92 ± 0.05 0,84:1:0,04 0,86 ± 0,04 0,95:1:0.05 0,94 ± 0,05
Co 4,69±0,28 4,40±0,24 4.31 ±0.32 7,21 ±0.38 3,99±0.25 5,19:1:0,32 3,86 + 0,31 5,55+0,29 6.38±0.34
Cu <213 < 199 <216 <224 < 182 <242 < 168 <233 <245
Zn 36±6 40±5 < 5 61+8 55±8 48±7 < 5 55±7 47±7
Ga 8,0±2.5 15,6±3.5 tl,8±3,1 18.9+3,7 <22,0 <30,7 22,8±5,0 <30,9 <33.7
As 2.2 ± 0.3 1,8+ 0,3 1,4± 0,3 3.2 + 0.4 2.5 + 0.4 < 2.2 2,2 + 0.4 2.5 ± 0.4 4,3± 0.6
Se < 3.1 < 2.8 < 2.2 < 2,8 < 3,2 < 2,7 < 2.3 < 2,3 < 2.6
Br <2,63 <2,14 < 1.98 < 1.12 <2,50 <2,78 <2.50 < 1.39 < 1,27
Rb 135+7 161±8 203±10 154±8 185±9 159±8 121:t:6 181+9 179±8
Sr 363 ± 74 654 ± 85 755 ± 85 < 351 < 262 < 299 455 ± 66 < 214 < 290
Zr 160±33 132± 25 123±33 154:t:28 154±26 117 :E22 149±32 118±20 113+20
Mo <3 <64: <2 <74 0 <66 <69 <76 7+4

iAng < 1.8 < 1.9 < 1,8 < 1.6 < 1.8 < 2,1 < 1.7 < 1.4 < 1.5< 0.20 < 0.17 < 0,15 < 0,23 < 0,19 < 0.23 < O,15 < 0.17 < 0,23
Sb 0,22 ± 0,07 0.25 ± 0,07 0,24 ± 0.06 0.38 + 0,08 0.31 ± 0.06 0,20 ± 0.06 0.23 ± 0.06 0.24 ± 0,06 < 0,25
I < 14 < 13 < 12 <21 < i6 < 17 < 11 < 13 < i8
Cs 5,90±0.33 5.80±0.34 5,89+0,34 8.32±0.47 6,93±0.39 6.91 ±0.39 4,91 +0,28 7.26±0.41 6,79:1:0,39
Ba <60± 69±21 94±20 220±52 <74 <200 < 170 93± 13 78±32
La 32.9 + 2,2 32,1 ± 1,8 28,7 :i:1.9 45.4 ± 2,4 39,3 + 2.2 27.1 ± 1,4 42.0 ± 2,3 27,1 :t:1.6 33,5 + 2.1
Ce 62.9 :t:2,8 60,9 :t:2,9 63,0+2,9 93,4:1:4,2 71,4±3,1 55,0:1:2,8 82,8±3,8 63.1 :t:2.8 71,0+3,1
Nd 28,7±2.6 34,6±3,1 28,5+2.4 41,3±3,3 30,6+2.5 26.0:1:2,3 41,4+3,2 28,4±2,3 34,0+2,8
Sm 5,8+0.3 5,5± 0,2 4,8+0.2 6,4:1:0.3 6,5±0,3 4,1 +0,2 7.4+0,3 4,5 :t:0.2 6,1 ±0.3
Eu 0,25 ± 0,02 0,24:1:0.02 0,25 + 0.02 0,36 + 0.03 0.29 :i:0,02 0.24 ± 0,03 0,32 ± 0,03 0.25:1:0.04 0.26 + 0.03
Tb 0,66:1:0.07 0.65 ± 0,06 0,55 ± 0.05 0,83 ± 0,08 0.81 ±0,08 0,47+0.06 0,89+0,09 0.41 ±0.11 0,71 ±0,07

D_ 3,66±0.36 4.20±0.37 3,42:t:0.32 525±0,47 5,56±0.56 2,76 :t:0,34 4,75+0,58 3,72± 1,08 4.50±0,411.66±0.15 2,21 +0,26 1,86+0.16 3.89+0,24 3,63+0.41 2.11 +0,14 1,88±0.14 2,22+0,16 2,84±0,20
Lu 0,26 ± 0.02 0,33 ± 0.02 0,24 ± 0.02 0.56 + 0.05 0.39 ± 0,02 0.28 + 0,02 0,26 + 0,02 0.32 + 0,02 0,39 ± 0.02
Hf 3,56±0.24 3,77±0,18 3,81 +0.23 4,18+0,18 4,16±0.31 4,31 ±0,28 4,11 +0,21 4,39±0,29 4.52±0.26
Ta 1.64±0.11 1,70+0.11 1,62±0,11 1,85±0.12 1.44+0.11 1,36±0,11 1,36±0,10 1.81±0.13 2,26 ± 0,14
W 36+5 40±5 43±5 54±7 26±3 16±2 13±2 50±6 73+9
Au < 0.011 < 0,008 < 0,010 < 0,012 < 0,010 < 0,010 < 0,009 < 0,008 < 0,011
Hg < 0,4 < 0,4 < 0,3 < 0,3 < 0,4 < 0,4 < 0,3 < 0.3 < 0.3
Th 21,8 + 0.8 21,9 ± 0.9 22.4 ± 0,9 18,6:t:0,7 21.4 + 0.8 21,9 + 0,9 24,0:1:1,0 22.2 ± 1,3 23,3 + 0,9
U 2.97+0.11 2.84±0,11 2,90±0,11 4,38+0,16 4.17 ± 0.15 2,22 ± 0,09 3.82:1:0,14 3,71 +0,13 4.71 ±0,16
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APPENDIX C. (cont)

Prow Peas kee (Central VertlsalSe(:Usn:Bite8 on FIe 1)

FieldNo. 3.15-82-1 3.15-82.2 3.15-82.3 3.15-82-4 3.15-82.5 3.15.82-6 3.15.82-7 3-15-82-8 3.15-82.9 3.15-82-10
Geol, Unit1 Tht Tht Tht Tht Tht Tht Tht Tht Tht Tpt
Lithdog_. nwt b b b nwt nwt nwt nwt nwt nwt
Altetati_ Zc, Zm,Op Zc, Zm,Op Zc, Zm,Op Zc,Zm, Op Zc, Zm,Op Zo,Zm, Op Zc, Zm, Op Zc, Zm,Op Zo,Zm, Op Zo,Zm,Op
Lab. No. 82,P1 83, P1 84,P1 85, PI 86, P1 87, P1 88, P1 89, P1 90,P1 91, P1

XRF and AA RHult# (wt,%)
SiO2 72,1 73,8 71,1 67,2 69,7 68.2 69,3 68.0 87.0 70,6
TiO2 0,16 0.09 0.10 0.09 0.09 0.09 0.08 O.OO 0,13 O.Oe
AI203 12,4 10,1 11.5 11.8 12,4 12.1 11,3 11.5 12,3 10.7
Fe203T 1.36 0.76 0.86 0.89 0,92 0,98 0,86 0,92 1.13 0.74
MnO 0,04 0.02 0.02 0.03 0,04 0,03 0.03 0.04 0.03 0.06
MgO 0,43 0,14 0,07 0,19 0.07 0,28 0.24 0.28 0,10 0.48
CdO 1.88 1,08 0,98 2.08 1,15 t.88 1.88 2,31 0.71 227
Na20 2,01 1.33 0.88 2,02 0,64 0,77 0,97 1.13 0.65 1.15
K20 4,0O 4.48 6,71 4,63 6.42 5.11 4,68 4,62 7.86 2.94o oo, o oo, oo, oo, oo, ooo. oo, oo2

.. ,,,,,, ,oo .. lOO, .o,, ,oo,, =. ,oo ,oo
St ppm 279 72 65 50 53 70 44 62 42 186

INAA Re#ultd I (all value# ppm unless otherwise noted)
Na2O (%) 1.99 ± 0,03 1,30± 0.03 0,81 :t:0,01 2,06 + 0.02 0,57:1:0,01 0,71 ± 0.01 0,90 + 0.01 1.06± 0.01 0,51 ± 0,01 1,13+ 0,01
Mg(?(%) nd nd nd nd nd nd nd rld nd rid
AI;203(%) nd nd nd nd nd nd nd rKl nd nd
CI nd nd nd nd nd nd rid nd nd nd
K2O (%) nd nd nd nd nd nd nd nd nd nd
CaO (%) 1,89 ± 0,16 0,92 ± 0,11 0.92 ± 0.10 1,89± 0.20 1.01 ± 0,10 1,82:1:0,13 1,91+ 0.13 2.44:1:0.12 0.62:1:0,08 2,15+ 0,12
S_ 2.11:1:0,02 1,78+0,02 2,06+0,02 2.44:1:0,02 2,44:1:0,02 2.55+0,03 2,32±0,02 2.54+0.03 2,81±0,03 1.98±0.02
Ti nd nd nd nd nd nd nd nd nd nd
V nd nd nd nd nd nd nd nd nd nd
Cr 1,71 ± 0,22 < 5 < 5 < 6 < 5 < 5 < 6 2.05 ± 0.23 2.! ± 0,15 < 5
Mn nd nd nd nd nd nd nd nd nd nd
Fe203 (%) 1,28 ± 0,01 0.72 ± 0,01 0,80 ± 0.01 0,82:1:0,01 0,84 ± 0.01 0,91 + 0,01 0.81 ± 0.01 0,88 ± 0.01 1,08 ± 0,01 0,71 ± 0.01
Co 24.13 ±0.24 19.50±0.19 21.24 + 0,21 9,36 ± 0.08 6,21 ±0.08 6,02 ±0.08 7,78±0.08 9,54+0.10 4,29 +0.04 13.59±0.14
Cu nd nd nd nd nd nd nd nd nd nd
Zn nd nd nd nd nd nd nd nd nd nd
Ga nd nd nd nd nd nd nd nd nd nd
As 3.4 + 0,4 3,8 + 0,5 2,3 ± 0.1 2,4:1:0,2 1,8± 0.3 4,1 + 0,2 5.2 ± 0.2 8,2 ± 0.2 2.8 + 0.3 1,4± 0,2
Se nd nd nd nd nd nd nd nd nd nd
Br 0.29 + 0.11 < 0.30 0.16:1:0,04 0.60 ± 0,08 < 0.20 0.17.4-0.05 0.15 ± 0.05 0.32:1:0,05 < 0.20 0.14 ± 0.06
Rb 132± 4 130± 3 210 ± 4 160± 4 237± 5 216 ± 5 232 + 5 208 + 4 207:1:4 150:1:3
Sr 267 ± 15 63 + 8 69 ± 7 49:1:8 44 ± 6 61 ± 7 34 ± 6 50 + 7 38 ± 6 176+ 9
Zr 140:t:12 72±8 82:1:7 93±9 90±7 86±8 87+7 104±9 117+6 101+6
Mo nd nd nd nd nd nd nd nd nd nd

Ang nd nd nd nd nd nd nd nd nd ndnd nd nd nd nd nd nd nd nd nd
Sb 0.50 ± 0,02 0.39:1:0,01 0,31:1:0.01 0.42 * 0.02 0.41 ± 0,01 0,27 ± 0,01 0,37 ± 0.01 0.48 ± 0,01 0,18 ± 0,01 0.08 ± 0.01
I nd nd nd nd nd nd nd nd nd nd
Cs 4,01 + 0,04 3.62 ± 0.04 4.78:1:0.05 6,1 ± 0,06 6,28:1:0,06 5.66 + 0,06 6,65:1:0,07 5,85 ± 0,08 3,73:1:0,04 5.74 ± 0,06
Ba 533 ± 10 25t ± 7 252 ± 7 95:1:6 125± 5 83 ± 5 74 + 5 80 ± 5 92 ± 4 38± 4
La 36.4 ± 0,4 33,2 ± 0,3 40.0 + 0,4 48,7 ± 0,5 25,8 ± 0.3 30,4:1:0,3 27.9 ± 0,3 32.6 ± 0,3 34,1 ± 0,3 26,1+ 0.3
Ce 73.4 ± 0,7 65,5 ± 0,7 76,6 ± 0,8 88,7 + 0.9 61,3 + 0,5 51.2 ± 0,5 60,8 ± 0.5 72,6 + 0,7 7i.7 ± 0,7 69,9± 0,6
Nd 26,5 ± 1.8 25.1 ± 1,5 24.3 :t:1,4 41,2 ± 2,4 21,9 ± 1,3 25,8 ± 1,5 20,5 ± 1,3 27.6 ± 1,4 25,1 + 1,4 19.6± 1.2
Sm 4.9±0.1 5.4+0,1 5,0±0.1 9.0±0.1 4,6±0.1 5,5±0,1 5,1+0.1 6,5±0.1 4,8±0,1 4.2±0.1
Eu 0.57 ± 0.01 0,33 ± 0.01 0,34 + 0,01 0,4i ± 0,01 0,25 + 0.01 0,28 + 0,01 0,24 ± 0,01 0.32 ± 0.01 0,32 + 0.01 0,18 :t:0.01
Tb 0.61 + 0,02 0.62:1:0,02 0,55:1:0.02 1,09± 0.03 0,56 + 0,01 0,61 ± 0,02 0.60 ± 0.01 1,02 ± 0,03 0,49 + 0,01 0.53 ± 0.01

yD_ nd nd nd nd nd nd nd nd nd nd2,18±0,03 1.60±0.02 1,65 ±0,02 2,30±0,03 1.91 ±0,02 1,66:1:0,02 1.86+0,02 4,64±0,05 1.40+0,02 2.11 ±0.02
Lu 0,31 + 0.01 0.22 ± 0.01 0.24 0,31 ± 0.01 0,28 ± 0,01 0,25 + 0,01 0,28:1:0,01 0.70 + 0.01 0.20 0,32 + 0.01
Hf 4,26+0,06 3,03:1:0,04 3.38±0.05 3.44±0,05 3,66±0,04 3,51+0,04 3.52±0.04 3,47±0.04 4,13:1:0.05 3,77:1:0,04
Ta 2.04 ± 0.04 1,75 :I:0,03 2,07 :t:0.04 1.61± 0.04 1.61± 0,03 1,53± 0.03 1,50 + 0.03 1.57 ± 0.03 1,29:1:0,03 1,50± 0,03
W 345±3 210+2 315±3 94±1 76±1 61±1 85±1 99±1 42±1 114+1
Au nd nd nd nd nd nd nd nd nd nd

Hhg nd nd nd nd nd nd nd nd nd nd16,4 + 0.2 20,6 ± 0,2 22,6 ± 0.2 27,3 + 0.3 22,7:1:0.2 22.9 ± 0,2 20,3 ± 0,2 18.8± 0.2 21,0 ± 0,2 16,5± 0.2
U 3,34 ± 0.10 4.44 ± 0.13 2,99 ± 0,08 5.49 ± 0,13 3.08 ± 0.08 2.74 + 0.07 3,52 ± 0,09 4.21 ± 0,09 2,55 + 0,08 4,47:1:0.10
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APPENDIX C. (cent)

Prow Pans _ea {Northern ynrUoaJSe©Uon:Bite 5 on Fig, 1)

FieldNo, 3.15-82.11 82FB-1 82FB-2 82FB-3A 82FB-3B 82FB-4 62FB-5
Gaol. Unit1 Tpt Tht T'nt Tht Tht Tht Tht

Uthok_y_ pwt nwt nwt nwt nwt nwt nwt
AltamUorP Ol, Zc, Zm, Of) Zm Z¢, Zm, Op Zc, Zm, Op Zc, Zm,Op Zc, Zm, Op Zc, Zm, Op
Lab. No, 92,P1 110,P1 11 i ,P1 112, P1 113,P1 114, P1 115,P1

XRF and AA Resul_ (wt %)

SiO2 68,8 66,7 70,7 69,6 66,6 68,1 68,5
Ti02 0.10 0.15 0,15 0,15 0,13 0,17 0,18
_AI_3 12.1 12.8 11.8 12.4 10.8 1i.5 12.0

_ln_3 T 0.98 i .28 1.28 1.23 1.10 1.00 1.060,08 0,04 0.03 0.06 0,03 0,07 0,07
Mg(_) 0.51 0,42 0,52 0,34 1,05 i ,20 0,20
CaB 1.91 2.34 1.76 1.62 3.11 2.54 i .00

1.74 1.96 1.60 1.57 2.20 i .60 1.683.43 4.40 4.68 5.12 4.95 4.50 6.11

LP_I5 0.01 0.06 0.03 0.02 0.04 0.02 0.0310.6 7.7 7.3 7.9 9.9 9.3 9.2
Total 100.3 99.9 99.9 99.9 99.9 100.0 99.9

Ba ppm 45 573 573 6,'t6 412 143 161
Sr ppm 220 106 254 199 i 27 237 110

INAA ResultJ 4 (ell values ppm unites otherwise noted)

Ne20 (%) 1.683:0.02 1.68+0,02 1.81 +0,02 1,66+0,02 2.11:1:0.02 1.55+0.02 1.49:t:0.04
MgO (%). nd nd nd nd nd nd ndAI nd nd nd nd nd nd ndc, .d .d .d .d
K20 (%) nd nd nd nd nd nd nd
CaO (%) 1.94,0.17 2.43,0.21 1.753:0.19 1,68,0,18 3.20+0.21 2.41 +0.16 1.04:1:0.14
S¢ 2.25+0.02 2.32+0.02 2.26+0.02 2.41 3:0,02 2.153:0.02 1.94+0.02 2.13:1:0.02
TI nd nd nd nd nd nd nd
V nd nd nd nd nd nd nd
Cr 2.353:0.21 <5 !0.8+0.55 19.4+0.35 2.82:t:0.11 <5 <5
Mn nd nd nd nd nd nd nd
Fe203 (%) 0.8420.01 1.21 +0.01 1.21 +0.01 1.18:1:0.01 1.063:0.01 0.99+0.01 0.94±0.01
Co 4,16:1:0,04 12.44 :I:0.12 12,903:0.13 11,35±0,11 19,92+0,20 5.18+0,05 9,59:1:0.10
Cu nd nd nd nd nd nd nd
Zn nd nd nd nd nd nd nd
Ga nd nd nd nd nd nd nd
AS 1.73:0.2 9.5±0.7 16.8:1:0.7 7.2+0.4 9.73:0.3 4.1 +0.2 3.9:t:0.4
Se nd nd nd nd nd nd nd
Br 0.65+0.tl 0.33:1:0.13 2.703:0.31 <0.30 3.08:1:0.25 0.42 + 0.06 <0.50
Rb 158 3:4 291:1:8 134:t:4 184 3:4 125:1:2 143 + 3 232 + 5
Sr 242:1:13 134:1:21 275+19 205:1:12 135+8 220+11 121±8
Zr 1143:6 1193:15 1313:13 133:1:9 121 +6 193:t:8 2003:7
Mo nd nd nd nd nd nd nd

iAng nd nd nd nd nd nd ndnd nd nd nd nd nd nd
St) 0.14:1:0.01 1.85+0.06 1.97+0.05 1.67:1:0.03 0.553:0.01 1.16+0.02 0.39+0.01
I nd nd nd nd nd nd nd
Cs 4,993:0.06 355±3.55 100:1:1 13.983:0.14 8,763:0.09 5.33+0.05 4.76+0,05
Ba 483:5 818¢16 529+13 6053:11 384+7 157+6 149:t:5
La 45.8 3:0.5 50.4:1:0.5 48.3 3:0.5 50.3 + 0.5 44.1:1:0.4 34.0 + 0.3 63.2 + 0.6
Ce 93.0 3:0.9 94.3 :+0.9 90.9 :t:0.9 97.9 :+1.0 84.3 3:0.8 69.5 :t:0.7 123.33:1.2
Nd 30.9+1.8 34.0:1:3.1 31.6+2.5 29.5:1:1.7 28.4:1:1.5 25.4+1.5 45.0+2.1
Sm 5,8 3:0,1 5.8 3:0,1 5.4 3:0.1 5,6 3:0.1 5.1 3:0.1 6.0 + 0.1 10,5 + 0.1
Eu 0.23 + 0.01 0.54 3:0.02 0.51 3:0.01 0,51 3:0.01 0.45 ::1:0.01 0,44 :t::0,01 0,63 ::1:0.0
"rb 0.63:1:0.02 0.66 + 0.03 1.57 ± 0.02 0.61 + 0.02 0.57 3:0.01 0.82:1:0.02 1.44 + 0.02

yD_ nd nd nd nd nd nd nd2,14 3:0,02 2,29 3:0.04 2,06 3:0.03 2,36 3:0,03 2.04 3:0,02 2.96 + 0,03 3,21 _:0.03
Lu 0.30 3:0.01 0.36 3:0.01 0.30 3:0.01 0.35 3:0.01 0.30 3:0.01 0.43 + 0.01 0.44 _ 0.01
Hf 4.13:1:0.05 4.14+0.08 4.06:+0.06 4.223:0.05 3.893:0.04 6.36±0.07 6.71:1:0.07
Ta 1,57 3:0.04 1,57 :t:0.04 1.55 3:0.04 1,633:0.03 1.50 3:0.02 1,57:1:0.03 1.83 :t:0,03
W 283:1 1483:2 174:1:2 1483:2 1803:2 50+ 1 98+ 1
Au nd nd nd nd nd nd nd

1H_ nd nd nd nd nd nd nd22.43:0.2 22.1 3:0.2 20.9±0.2 23.1 3:0.2 19.73:0.2 20.9:1:0.2 21.8+0.2
U 3.45 + 0.09 3.52+0.15 2.96+0.12 4.253:0.13 4.37 :J:0.12 4.12+0.10 4.33+0.12
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APPENDIX C. (©ont)

prow Pass Area (N.ll LateralIkmUon: Bite 5 on Ra. t)

Field No. CRPP-I-SNL CRPP-2-SNL CRPP-3-SNL CRPP-4-SNL CRPP-S-SNL CRPP-6-SNL CRPP.7-SNL CRPP4-SNL-A
Gaol,Unlt1 Tht Tht Tht Tht Tht Tht Tht Tht
LJtholoav?. nwl nwt nwt nwt nwt nwt nwt nwt
Alterattort3""" Zc, Zm, Op Zo,Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Zc, Zm, Op Z¢, Zm, Op Zc, Zm, Op
Lab, No. 126,P1 127,P1 128,P1 129,P1 130,P1 131,P1 132,Pi 133,P1

XRF and AA ResultJm(wt. %)

SJO2 69,9 68.3 68.0 68,7 72.6 69,4 68,6 69.8
Ti02 0,08 0,08 0,08 0.08 0,07 0,08 0.08 0,08
_AI2(53 11.4 11.7 11.3 11,3 9.4 11.7 11.7 i0.9

en_3T 0,88 0,89 0.89 0,91 0.87 0,93 0,92 0,950,03 0,03 0,03 0,02 0.08 0,03 0,04 0,03

Ma_0 0.38 0.53 0.53 0,48 0.25 0.30 0,20 0.371.97 2,25 2.48 2,66 1,73 2,10 1,21 1,78

:) 1,19 1,32 1,78 0.92 0.55 1.53 0,57 1.214.26 3.96 3.04 3,26 4.37 4.52 6,77 4.48

LP_I5 0,07 0.07 0.08 0.07 0,07 0,08 0,07 0,0710,0 11.2 12.3 12.3 10,3 9.9 10,3 10,7
Total 100,0 100.3 i00,6 100,7 100,3 100.5 100,4 100,4

Ba ppm 93 87 73 62 67 87 104 88
Sr ppm 200 333 213 129 128 188 70 82

INAA Ruult¢ 4 (all values ppm unless otherwise noted)

Na20 (%) 1,22 ± 0,05 1.31 ± 0.06 i ,68± 0,09 0,96 ± 0,04 0,59 + 0.02 1,51 + 0.06 0,62 ± 0.03 1.24 ± 0,06
MgO (%) < 0,20 0,39 ± 0.07 0,81 + 0.i0 0,51 ± 0.08 0,33 + 0,06 < 0.20 < 0,24 < 1,06
AI203 (%) 11.8+0.3 !2,1 +0.3 1t.9±0.3 il,5¢0,3 9,7±0.3 12,0¢0,3 12.1 ±0,4 10,6±0,5
CI < 91 < 83 < 112 53 ± 13 < 76 463 ± 52 < 70 358 ± 33
K20 (%) 4.05±0,26 4,09±0,27 3.21 ±0,21 3,15±0,20 4,14+0.27 4,41 :/:0.28 6,99±0.44 4,52+0,29
CaO (%) 2,07+0.13 2,49+0.15 <0.82± 2,70+0,16 1.63±0.11 2.12±0,13 1.31 ±0,10 i.34±0,10
,So 2,32±0.12 2,42±0.13 2,23±0,12 2,32±0,12 1,92+0.10 2,45:1:0.13 2.37±0.13 2,17±0,11
Ti 684:/: t62 <2680 <3812 311 ± 110 <3673 <2932 <3610 <3174
V <6 <5 <6 <6 <6 <6 <6 <8
Cr 1.8±0.4 1.8±0.4 2,1 ±0,4 2,0±0.5 2,5:1:0,4 2.1 +0,5 < 1,4 4,1 +0,5
Mn 227 ± 9 235 ± 11 222 ± 9 221 ± 9 504 ± 20 255 ± 11 356 ± 14 213 ± 10 I
F8203 (%) 0,63 ± 0.04 0,83 ± 0,04 0,79 ± 0,04 0,83 ± 0,04 0,79 ± 0.04 0,87 ± 0.05 0.63 ± 0.04 0,80 ± 0,04
Co 6,23 ± 0.34 5,84 ± 0.32 3.70 ± 0,25 4,51 ± 0,25 4,03 ± 0.25 4.51 ± 0,25 3.40 ± 0,23 4.3S ± 0,24
Cu < 200 < 242 < 232 < 205 < 173 < 244 < 192 < 203
Zn 43±6 50±7 33±6 38±6 39±6 49±8 37+6 42+7
Ge 14,2±28 9,7±2.4 <21,4 11.5±2,7 7,5±2,1 23.8+4.2 14,9±2.7 11.9±3,0
As 6,0 ± 0.7 2.6 ± 0.4 5.1 ± 0.6 2,6 ± 0.4 6,7 + 0.7 3,4 ± 0.5 5.7 + 0.6 5.6:1:0,7
Se < 2,8 < 2.8 < 3.4 < 2,7 < 3,2 < 2.9 < 3,6 < 2,5
Br < 2.22 < 1.15 < 0.95 < 1,26 < 1,60 1,98:1:0,76 < 2,24 < 0,9(5
Rb 168±8 156 ±8 157±8 185+9 219± 11 218± 10 251 ± 12 177±9
Sr < 196 406 ± 78 < 276 < 238 < 217 < 210 < 251 < 200
Zr 103±21 126±25 114±29 <86 117±24 101:1:22 79±27 87:1:21
Mo <68 < 1 <86 <77 <$4 <3 <69 <67

Ang < 1,6 < 1.8 < 1.9 < 2.1 < 1,7 < 1.7 < 1.9 < 2.0< 0.18 < 0,17 < 0,23 < 0,19 < 0,16 < 0,17 < 0,19 < 0,18
Sb 0.32 + 0.08 < 0,26 < 0,35 < 0,27 0,27 ± 0.08 0,50 ± 0,08 0,35:1:0,06 0,41 4-0,08
I < 13 < 13 < 17 < 14 < 15 < 13 < 15 < 13
Cs 4.67±0.30 4,09+0,24 5,48 ± 0,32 6,41 ±0.37 6,12:t:0,34 5,96+0,35 4.90±0.29 4,73±0,30
Ba 109+ 17 142 ± 35 < 235 84 + 25 130 + 54 97 ± 16 106 ± 43 139:1:58
La 25,8 ± 1,5 26,4 ± 1.6 34,3 :t:1.8 26.9 ± 1.5 25,5 ± 1.4 36,4 + 2,2 27,4 ± 1,4 26.1:1:1,6
Ce 50,9 ± 2,2 59,4 ± 2,8 65,7 ± 2,9 60,3 ± 3,0 56.4 ± 2.5 79,9 ± 3.7 55,9 ± 2,S 55,0 ± 2.7
Nd 22.9±2.0 25,3±2.1 28,8±2,4 27,1 +2.4 26,4±2,4 42.5±3,4 26.6:1:2.2 24.1:1:2,2
Sm 4,4 + 0,2 5,2 ± 0,2 6,7 ± 0.3 5.5 + 0.3 4,6:1:0.2 7.7 + 0.4 5.3 ± 0,2 4.5 ± 0,2
Eu 0,24 ± 0.03 0,25 ± 0,02 0.35 :l:0,03 0.27 ± 0,03 0.28 ± 0,04 0,30 + 0,03 0,24 ± 0,02 0,22 ± 0,02
Tb 0,58 ± 0,08 0,68 ± 0.08 0,75 ± 0.07 0,61 ± 0,07 0.74 ± 0.07 0,99 ± 0,09 0,66:1:0.06 0,66 + 0,08
Dy 4,03 + 0,37 4,94 ± 0,43 5,!0±0,67 4,22±0,40 4,79+0.40 6,09 + 0,54 4.98±0,46 3.70±0,33
Yb 1.95+0,17 2,42±0,22 2.72:1:0,20 1,87±0,18 3,24±0.19 2,85±0.22 2.91 ±0,19 2.28+0.19
Lu 0,30 ± 0,02 0,45 ± 0,02 0.36 ± 0,02 0,24 ± 0,02 0,43 ± 0.02 0,35 + 0,02 0,31 + 0,02 0,30 + 0,02
Hf 3,43 + 0.26 3.58 ± 0.25 3,30 ± 0.25 3,62 ± 0.21 2.90 ± 0,34 3,85 ± 0,20 3,40 + 0,22 3.34 ± 0,27
Ts 2,07 ± 0,16 1.89±0.13 1,63:1:0.10 1,75+0,13 1,45±0,11 1.71 +0,12 1.65±0,12 1,64±0,10
W 73±9 50+6 28±4 38±5 43±5 31 +4 31 ±4 40±5
Au < 0.009 < 0,012 < 0.014 < 0.011 < 0.007 < 0.012 < 0,009 < 0,009

._ < 0,3 < 0,3 < 0,4 < 0,4 < 0.4 < 0.3 < 0,4 < 0,422.5+0.9 23,8±0.9 20.4±0.8 23,4 ± 0.9 17,8+0,7 25.2¢1,0 20,7 ± 0,8 19.1 +0,7
U 2,90±0,10 4,60+0,20 3,60±0,10 3.20:1:0,10 5,30 ::I:0,20 4,10±0,20 3,90+0,10 3,70+0,10
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APPENDIX C, (©ont)

ProWp=_=_a_Aria (N4 Lstsr=l _on ConL:lilts liolt FI¢ t_

FieldNo. CRPP-I_SNL-B CRPP.g-$NL CRPP,10-SNL CRPP-11-SNL CRPP,12-SNL CRPP,t3.SNL CRPP.14-SNL CRPP.t5-SNL
Thl Thl Tht Tht Tht Tht Tht Tht

Oeo_.Unj,P
Ulhobgf_ nwt nwt nwt nw', nwt nwt nwt nwt
AItMItiOIY Z¢, Zm, 0t) Zc, Zm, Op Z¢, Zm,Op Zc, Zm,Op Zc, Zm,Op Ze, Zm, Op Zc, Zm, Op Zc, Zm,01)
Lab,No. 133,P2 134,P1 135,Pl 138,P1 137,P1 138,P1 139,P1 140,Pt

XRF and AA Ruutts N¢_;)

SK:)2 70,3 70.8 67.9 67.1 ca,2 67,4 87.6 87,8
0.= 0,08 0.08 0.08 0.08 O.Oa O.OS 0.08

o,,, o= o. o., o. o,,. o.. o.o= o,o, o,o o,o, o,o, o,o o.. o,,o

ooo, o= o= o.o, o,o, oo, o,o, o,o,,o= ,oo,, ,oo., ,oo,. ,oo,, ,oo,, ., .,, -,,
8f ppm 70 198 i 80 17 100 52 88 42

tNAA RNulte 4 (all values ppm unless Mherwlse noted)

__O1_3_((%) 1,23,0,05 1,57± 0,07 1.62 ¢ 0.0fl 0.46 + 0,02 0.8i + 0.04 0,82 + 0.04 0,82,0,03 0,85 ¢ 0.04

_,_ < O.21 < 0.37 < 0,31 < 0,23 0.28 * 0.06 < 0.33 0.46:1:0.08 < 0,28
) 11.3,0,3 10.6+0.3 12.0,0.3 12,4,0.4 12.2+0.4 12.2+0.4 12.5,0.4 il.7+0,3

447*38 <99 105¢21 <82 144,34 <84 <8,?. < 100
K20 (%) 4.64 :t:0.30 3.32+0.22 4,32¢0.28 7.49±0.47 6.18,0.39 4.94+0.32 4.68*0.30 4.82,0.31
CaD pA) 1,68,0,12 2,43¢0,15 2.07¢0.14 1.23,0.10 1.74+0,12 2.17+0.16 2,17¢0.14 1,90¢0,14
So 2.27±0.12 2,26+0,t2 2.30+0.12 2,41.0,13 2,34+0.12 2.68.0,14 2,34.0.12 2.46 _:0.13
TI 462 * 139 < 4146 < 4181 < 3833 520 + 157 < 3696 < 3884 456 * 166

VMCtn <6 <6 <7 46 <8 48 <6 <8
< 1.1 1.1t0.3 < 1.5 < 1.4 < 1,5 < 1,2 2,0¢0,4 < 1.4

266,11 404,16 3t7±13 418+17 334:1:14 276,12 267¢11 780±33

_203 (%) 0.84 ± 0,05 0,81 + 0.04 0.86 + 0,05 0.85 + 0,05 0,86 + 0,05 0.92 + 0.05 0,84 ± 0,05 0,88 ± 0,054.20¢0.23 4.59¢025 3.89 :1:0,26 4.44*0.25 3.41 +0.24 8.04:1:0.33 4.13¢0.27 4.48+0.25
Cu < 230 < 2t8 < 260 < 190 < 225 < 192 < 214 < 245
Zn 47¢7 43¢8 29¢5 37+1:6 33+6 54_:8 32:1:6 43+8
Qa 14.0,3.2 < 18.7 16.7+3.7 18.4+3.0 16.3:1:2.9 15.6+3,0 13,4,3.1 19.2+3.6
AI 5.5+ 0.6 4.5 ¢ 0,5 5.3 ¢ 0.6 4.6 ± 0,5 3.9 + 0,5 3,2± 0.4 4.6+ 0,6 8.7± 0.8

< 2.6 < 2.6 < 3.6 < 3.0 < 3.7 < 2.9 < 3.6 < 3,4<2.15 2,10#.0,92 <3.43 < 1.27 < 1.92 1.89.0,72 <2,68 <2.20
Rb 181* 9 142+ 7 155+ 8 248 ± 12 181* 9 179* 9 172± 8 187:1:9

< 207 < 297 218 :t:77 < 233 < 227 < 260 < 260 < 308
_r 96+25 126,25 123,25 106+23 113+27 118,26 497 121+24
Mo < 77 < 74 < 6 < 64 < 70 < 64 < 79 < 85

A9 < 1.7 < 1.7 < 2,1 < 2.3 < 2.0 < 1.9 < 2.1 < 2,3< 0.16 < 0.22 < 0.24 < 0.18 < 0.16 < 0.19 _ 0.20 < 0.22
Sb 0.37 ¢ 0.09 0.37 ¢ 0.08 0.47 ± 0.09 0.30 :t:0.06 < 0.23 0.29 + 0.06 0.16 :1:0.05 0.27* 0.08
I < 12 < 18 < 18 < 16 < i3 < 16 < 15 <21
C| 5.17 + 0.29 4.97 + 0.34 3.78 * 0.22 5.29 + 0.33 4.64 + 0.28 4.78 + 0.29 4,52 + 0.26 4.60± 0.27
BE 164¢40 156 :t:18 211+86 101+46 <272 <81 118+50 <195
LI 26.4 + 1.5 19,7:I:I .I 32,3 + i .8 34.9 + 2,0 20.4 + 1.2 18.9+ 1.0 26,9 :i:1.8 30,6 + 2.0
C.4 57.5 + 2.5 44.8 ¢ 2.0 60.3 + 2.9 69.9 + 3.4 40.0 + 1.8 40.4 + 1.8 61.3 :I:2.3 8!,4 ¢ 3.6
Nd 26.2¢2.2 2t.8+ 1.9 23.1 +2.0 34.9+3.2 22.7+2.3 17.0+ 1.5 17.9,1.6 31.1 +2.7
Sm 4.6 * 0.2 3.6:i:0.2 5,8 + 0.3 6.3 + 0.3 3.6,0.2 3,3 + 0.2 5.3 + 0.2 5.7_:0.3
Eu 0,23,0.03 0.21 +0.03 0.27,0.03 0.33 + 0.02 0.19 :I:0.01 0,23,0,03 0.25 + 0.02 0.31:1:0.04
Tb 0.60 ¢ 0.06 0.64¢0.06 0.71,0.07 0.80 + 0.08 0.47 ± 0.06 0,41 :t:0.06 0.54 :t:0.06 0.84,0,10

DbY 4.10,O.37 3.34¢0.35 4.38,0.49 5,30+0,69 3.36+0.33 < 5,62 4,73 :t:0.46 6.03,0.542.48+0.30 2.34±0.17 2.46,0.21 2.68+0.18 2.tl _:0.15 1.62+0.13 2.02+0.15 3.88,0.24
Lu 0.30 + 0.02 0.33 + 0.02 0,30 ± 0,02 0,33 + 0,02 0,28 + 0,01 0.24 ± 0.01 0,31 + 0.02 0,40 + 0,03
Hf 3.43,0.33 3.24:1:0.17 3.62+0.28 3.68 + 0.22 3.56¢0.38 3.78+0.25 3.47:1:0.29 3.68+0.17
TI 1.74,0.12 1,78+0,12 1.66+0.11 1.71 :I:0111 1.58±0.11 1.86+0,12 1.67+0.12 1,67,0.14
W 40 ".E5 48¢6 29+4 37+5 29¢4 37:1:5 39+5 30+4
AU < 0.011 < 0.013 < 0.014 < 0.007 < 0.010 < 0.010 < 0.011 < 0.008

TH_ < 0.3 < 0.3 < 0.5 < 0.5 < 0.4 < 0.4 < 0.4 < 0.619,8+O.8 17.2+0.7 20.7+0.8 23.6:1:0.9 22.2 + 0.9 21.5 :t:0.8 20.7+0.8 22.7 :t:0;.9
U 3.60+0.10 3.40:1:0.10 3.60:t:0.10 3.30+0.10 2.70 + 0.10 2.50+0.10 2.50+0.10 3.90 +0.10
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APPENDIX C. (oont)

_.roWPaSske_!/N.| LaIRad_llon CoraL:Slim8 on Ply_l)

FletdNo. CRPP-Ie-SNL CRPP-17.SNL CRPP-iI_SNL CRPP.I_.SNL CRPP.gO-BNL CRPP-21. BNL CRPP.R2-SNL CRPP.23,SNL
Oed, Unitt Tht Thl Tht Tnt Tht Tht Tht Tht

LI,_.',_.._..... nwt nwt nwt nwt nwt nwt nwt nwt
/UteratlorP Z_,Zm,Op Z_,Zm,O1) Zo,Zm,Op Zo,Zm,Op Zo,_, Op Z©,Zm,Op 7.o,_, Op Zo,Zm,Op
Lab.No. 141,P1 142.P1 143.P1 144,P1 143.P1 146.PI 147,P1 148,P1

XRFand AA Results (wt,%)

SIC)2 69.0 68.1 67,9 68,4 M_3 60,5 68.6 ell,0

_:_ 0,0O O.Oe O.0e O.0e O.Oe O.0e 0.06 0,103 1i .6 11.4 1t .3 11.g 11.5 11.4 11.$ 11.9

Fe_O3T 0.93 O.91 0.96 0.68 O.87 0.68 0.87 0.lie0.= 0.= 0,= 0.68 O,= 0.= 0.= 0,=
M_ 0.= 0.61 0.34 0.28 0.45 0.,4 0.14 0g_1.62 2.4! ,,12 1.. 2.12 1,30 1,gg :_ilt=/ /w..o o,o o., o.. o., o,, ,. o= o=

oo, o= o= oo, oo, oo, oo, o=
,oo, ,oo, ., ,oo, ,oo, ,oo, ,oo. ,oo,

Srppm 53 63 38 24 70 47 6 66

INAA Fieaulfl4 (all values ppm unless oth_l|e nohld)
o.,o= oo,oo, o.,oo4 o.,oo, oa,,oo, ,la,o= o87,o= o=,o=..o 9 o..o= o.o= .=oz o57.oo7 ..o= .=o=, .o.

) 12,0* 0,3 11.§± 0,3 1i,7 * 0.3 11,g * 0,3 11.8,0,3 11.6 * 0,3 1i.7 * 0,3 t 1,8* 0,3
Ct < 73 t04,18 < 68 < 96 1833,136 < 101 68 * 14 ( lie

cKl_lO(%) 6.012,0.38 4.ge± 0.32 4.79 * 0.31 5.50*0.35 5.17,0.33 8.82 * 0.38 7.41 *0.4/ 6.31,0.40(%) 1.67,O.12 2.55,0.i0 2.10,0.14 1.68,0.11 2.20,0.14 1.37,0.11 t.38,0.10 0.ge * 0.08
SO 2,32, O,13 2,35,0,13 2,34,13 2,23,0,12 2,38,0,12 2,34,0,13 R,2e* 0.12 2.17.0,12
TI 5_ :1:145 < 37t8 651:1:140 < 3945 710,150 < 6899 426 * 1_t 777 * 186
V <5 <8 ,26 <7 <e cO <6 ,¢7
Cr 3.1* 0.5 3.1* 0.8 c 1.4 < 1.2 1.7:1:0.8 < 1.2 < !.3 23 * 0.8
Mn 236:1:10 241), 10 224 * O 495, _6 241,10 2§1,10 202 :i:8 713 * 30

(_eo_3 (%) 0.87:1:006 0.87,0.O4 0.87,0.04 0.81,0.04 0.68 :t:0.04 0.84,0.04 0.80, O.GI 0.81), 0.068.58*0.36 4,73±0.26 2,10.0,19 7,68*0.42 4,11g* 0,3Q 4.1§.0,24 8,9"J* 0.34 6,43*0.38
Cu < 211 ¢ 198 < 210 < 208 < 228 < 208 < 172 < 223
Zn 37,5 47,8 37:1:6 38,8 < 6 54,8 36,0 44,7
Oa 15.0:1:3.2 ,(t7.3, <17.0 10.2,2.4 16.233.2 .(18.9 18.6,2.9 8.4,2.8
AS 3,7 * 0.5 4.5 * 0.5 3.2 * 0.4 2,5 * 0,4 2.0 * 0,3 1,9* 0,3 3,1 * 0.4 2.8* 0,4
$4 < 3.3 < 3.1 ,_3.6 .( 2.8 < 2.8 < 3.0 < 3.3 < 2.8
Br < 1.93 < 1.58 ( 2.63 1.96 ± 0.75 < 2.02 < i .0e < 2.19 < 1.03
Rb 228:1:11 163:1:8 211:1:10 206:1:10 178 *O 194 * 10 206 * 10 194* 10
Sr < 200 < 256 < 237 < 239 < 2! 7 < 264 < 203 < 278
Zr 101* 27 106* 38 < 91 88 * 23 102 * 27 117 * 24 101* 27 120* 26
MO < 72 < 79 < 76 < _. < 3 < 73 < 68 c 87
Ag < 2.2 < 1,8 < 1.9 < 2,0 < g,0 < 1,9 < 1,8 < 2.1
In < 0.15 < 0.20 ( O.gO < O.19 < O.17 < 0.21 ( 0.17 < 0.20
Sb 0,73 * 0.06 0._ * 0.07 0.38:1:0,07 0,40:1:0,07 0.44 * 0,07 0.32 * 0.06 0,33 * 0.68 0.50 * 0,07
I < 12 ,c 16 < 14 < 16 < 13 < 17 < 12 < i9
C| 5.14:1:0.42 4.01),0.29 5.62:1:0.32 5.26*0.30 5.31:1:0.32 4.87*0.28 4.53*0.27 8.00* 0.28
Ba 97:1:17 147:1:36 150*46 138:1:24 253:1:77 128:1:46 80*28 372*90
La 31.6:1:2.0 81.9,3.4 23.6:1:1.3 27.4,1.7 22.1 , 1.3 22.8,1.2 22.2:1:1.3 30.9* 2.6
Ce 60.6:1:3.0 118.7:1:5.2 47.6 * 2.1 61.8,3.0 50.1 , 2.3 46.9 * 2.1 41.1 * 2.0 8t.6 4.3.8
Nd 30.0:1:3.0 57.2 * 4.3 22.8:1:2.0 28.2:1:2.7 26.0,2.3 21.7 * 1.9 23.4 * 2.2 38.0* 3.3
Sm 5.8 ± 0.3 11.3:1:0.5 4.3:1:0.2 4.5,0.2 3.8,0.2 4.0,0.2 4_. * 0.2 4.8 * 0.2
Eu 0.32:1:0.03 0.56 ± 0.04 0.23± 0.02 0.29,0.02 0.25:1:0.05 0.23,0.03 0.23 ± 0.03 0.43 * 0.03
Tb O71:1:0.07 1.49,0.15 0.55:1:0.06 0.59,0.06 <0.21 0.53,0.07 0.49,0.06 0,64,0.06
Dy 4.30:1:0,37 7,63:1:0,60 3.59* 0,51 3,46 ± 0,33 5.28,0,48 4.51:1:1,03 3,31,0,33 4.0_ * 0,37
Yb 2.17:1:0.15 3.12,0.24 2.50:1:0.18 2.14,0.17 5.20*0.30 1.71,0.33 2.31,0.18 2.ki _ 0.17
Lu 0.25 ± 0.02 0.47,0.03 0.3! :1:0.02 0.32,0.02 0.75:1:0.O4 0.27,0.02 0.31,0.02 0.34 * 0.02
Hf 3,66,0.28 3.66:1:0.38 3,46:1:0,25 3.40:1:0,18 3,61,0.31 3,47,0,22 3,23 * 0.35 3,78 * 0,40
Ta 180±0.12 1,65:1:0,13 1,52:1:0.11 1,83:1:0.12 1,68,0.11 1.68,0.11 1,71:1:0.11 1,83.0,12
W 56:1:7 39:1:5 21:1:3 57:1:1:7 40*5 _9*4 37.8 62*8
AU < 0,010 < 0,012 < 0.011 < 0,036 < O,010 < 0.012 < 0,002 < 0.006

Hhg < 0,5 < 0.4 < 0.4 < 0,4 .( 0.4 < 0,4 < 0,4 1,4* 0.324.2:1:1.0 22.1 ,2.! i9.9:1:0.8 22.1 *0.9 22.9 * 1.3 2t.0,0.8 21.3,0.8 23.t *0.O
U 2,40.0,10 3.40±0.10 2.70'0.10 3,20±0.10 4,20 ± 0,;)O 3,00.0.I0 4.00.0.10 5.50*0.20
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APPENDIX C. (©on,)

PmwPa,&u_ Z.am - C , a FLIt_U

FiIldNo. CRPP.24-8NL CRPP._.gNL CRPP.ge-BNL CRPP.gI.gNL CRPP.26.,SNL CRPP._.SNL CFiPP.3GSNL CRPP.31.gNL
O4d,eol.UnJil1 Tht Tht 1'hi 1"hi Thl 11tt Tht Thl
UIh(doc_ nM nM nwt nwt nM nM nwt nwt
A!twllk:x_-'m Zo,Op Ze, Zm,Op Zo,Zm,Op Z¢, Zm Zc, Zm,Op Z©,Zm,_ Ze, Zm,Op Z©.Zm, Op
Lab.No, 148,P1 160,Pi i61,Pl I1_,P1 160,P1 IM,PI 1_,PI t58,P1
XRF_ AA RNults (wf. 96)

7i,7 07.0 084 799 72,g 70 3 70 7 _S

_M_T 0.12 0,10 0,18 0.10 0.10 0 15 0,t4 OI i

i2,2 12,7 12.7 11_O 108 1_t6 1t 7 11,6
1,22 0,0e 1Jig O,INi 0,97 131 1.27 1,02
0,07 0.07 0,04 0,06 0,02 0 16 O0g 002

_OO 0,80 0,64 0,41 O,18 027 Q54 0.23 0231,41 t ,68 1,46 O70 1,82 1.38 1,_ t ,04

L_ 0,62 1,00 1.CiB 1,07 1,04 1,23 t ,08 1,13

6,44 4,67 8.66 7,40 6,00 6,73 6,78 606
0,0e 0,00 0,07 0,0B 0,0e 0,00 007 0o07
7,2 102 e.O 4,0 8,7 e,7 8.4 e.e

Total 100,8 100,0 100,3 1003 1000 100.0 1007 1006

Ebppm 4M 2M g04 183 198 280 !98 18,,1
_ 213 118 Og 37 71 80 69 60

INAA Rellulfl 4(all vatuN ppm wtleu Othw'wlH noted)
_(%) 0,B0,0.O4 t,06 :i:0,06 1.08,0.0,4 1,!3,006 1,03.0.06 1,_, 0.0e 1.10,006 1,11t006

MaA_(%_ 0.48,0,06 0,37 t 0,06 0,08 :t 0,00 cO,3g _0,17 067,0,10 c020 031,0.07
) lg,2,0,4 tg,6,0,4 10,8,0.4 lg,3,03 1t,0 203 12.3 t,0,4 11,620,3 !1,6.0,3

¢ltg 121,gO c7i 4 100 ,_71 ,z 106 clio ,172
(%) e.u,047 e07,046 e ,034 e.,039 0.30,0. e24,o4T

cao (%) 1.=,0.10 210,0.14 1 ,010 o,o.oe 1.68,0.11 ie0,0.tt i.,,011 ,.07,0.13
z.37,0.13 2. ,0.13 330.,0.1e 2,0,0.12 200,0.11 30,,0.10 R06,0.14 g.41,0.t3

Tt 648 * leg 647.216 1106, lge ,:4000 433,it6 _6777 lt33,1_ 683,160
V e7 <7 11*g <6 c6 ,cO c0 e6
Cr 2.0 * 0,4 1.6* 0,4 6,e * 0,6 ( 1,3 1,6 * 0,4 4.7 * 0,0 7,4 * 0,7 4,1 * 0,6
Mn ISOe,23 014.2,8 323* 13 38,0:t 17 180,8 1i5(t:1:46 _04,8 1ti4,8

g03 (%) 1,1920,07 0,06 * 0,C_ 1,43,0.08 0,03*0,04 0,0! *006 1,07 * 0,07 1,!0,0,07 O,INi* O,(Xi0.18,0.33 6.73,0.31 398*024 6.50 _ 0.30 6.10,0.30 6.EqS* 034 6.46*0.30 7.04 ;t0.3i)
C_ < 233 ( 210 < 198 c _K) < 207 ,_264 < 180 ( g01
ZZl 60 * 7 47 * 6 43 * 6 29 * IS 20 * 6 60 * 7 33 * 6 43 * 0
G41 16,7* 3,6 18,g* 3,b 20,3 * 3,6 c 30,0 11.0 * 3.g < 18,2 c 166 12,! * _,7
AS 6.7 * 0.6 3.6 * 0.§ 2.0 * 0.4 2.3 * 0.3 2.1 * 0.3 3.7 * 06 g,7 * 0.4 4.4* 0.6

c 3.0 < 3,0 < 3,6 c 4,0 ,_3,_ c g,9 c 4,0 ,c2,0
< 0,29 c 2,77 ,_g.61 0,31 * 0,16' t.20,0,28 208,0.20 ,( 268 c 2,74

Rb 104,10 136,7 10;2,8 277 * 13 164, O 167,8 107 * 10 212 * 10
S_' _i4 * 82 < 334 c 242 5t * 7' < 176 < 409 _ 231 • _16
Z/' 127 * 04 158 * 27 130 * 37 100* 30 147* 06 156* 27 126 * g§ lgg * _3
MO ,(3 c74 ( 1 c70 473 0 c t 480

c 1,8 c 1,7 < g,0 c g,0 < 1,8 < 1,8 < g,2 ,cg,1< 0,17 < O,gg ¢ O,t9 ¢ 0,17 ¢ 0,16 ¢ 036 ¢ 0,18 ¢ 0,18
_0 0,$6.0,08 0,63*0,07 0,6B*O.OB 0,42 * 0.08 0,40:1:0,07 1,11,O10 0,5t *0.07 0,53:1:0,O8
t < 16 c20 < 14 c 10 < 11 < 26 ,( 14 ¢ lg
Ce 4.11 *0,?.5 3.1_ * 0.26 4.14 *026 4.40*030 4.9"J* 028 4.0220.23 4.61 *0.32 6.12 * 0.20
Ba 673 * 47 406 * 3i 340 * 70 276 * 23 gT"J* 58 411 :t42 gM * 62 244 * 59
La 60,4 * 3,4 47.6 * g.6 34,4 * 1,8 41.1 * 2,3 33,7 * 2.1 41,6 * 2,2 34,7 ± 1,8 31,9 * 1.7
CO 103,7 * 4,7 0(5,7* 4.3 63,7 * g,8 7,8,0* 3,0 70.6 * 32 64,t * 3,7 61,1 t 2,7 64.7 * 3.1
Nd 38.g * 3.1 44.3 * 3.6 30.7 * g.7 38.0 * 3.0 20.3 * 2.7 33.4 * 2.0 30.0 :_2.7 33.4 * 3.0
8m §.6,0.3 62,0,3 62, O.g 6.8* 03 4.8 * 02 6.5 * 0.3 6.1 * 0.2 62 * 0,_

"t_ 0,M * 0,06 0,38 * 0,04 0,41 * 0.04 0,37 * 0,02 0,30 * 0,04 0,41 * 0,04 0,43 * 0,04 0,33 * 0,030.64 * 0.0e 0,7_ * 0,07 0,63*0,07 0,632008 0,Bg* 0,0e 0,90.0,12 0,70 * 0,0B 0,64*0,07

y0_ 4.36 * 0,42 4,24 * 0,44 4.215* 0,43 4.20 * 0,40 4,34:1:0,35 4.82 t 0,49 6,26 * 1,09 3,91 * 0,37_.46 * 0,21 g,41 *0,18 2,72,0,18 g.0Q* 0,15 2._ * 021 354.0,21 4,8;2*0,35 g, t4 * 0,17
Lu 0,39 * 0,02 0,32 * 0.02 0,30 * 0,02 0,33 * 0,02 0.36 :t 0,02 0,47 * 0,02 1.g_* 0,C_ 0,3;2* 0,02
Hf 4.03,0.41 4.01 tO.gO 3.74 * 0.38 3.87'0.15 3.30*0.35 4.26*024 3.68*0.35 3.70*0.26
'1"8 1,86 * 0,10 2.g3* 0,i6 1,1_ * 0,10 2._ * 0,18 1,84.0,11 197'0,13 1.07 ,t 0,13 1,_*0,12
W 59*7 73*0 34*4 74,8 53*7 68,8 69,7 58*7
AU < 0,010 < 0,012 c 0,010 _ 0,010 < 0,010 c 0,012 ,_0,01_ < 0,011

_ 0.4 1.9* 0,4 1,0.0,2 36 * 0,6 08.0,2 1,4* 0,3 < 0,6 0,423.8 * 0.0 26,1 * 1.0 22.6 * O.g 24.8 * 1.0 10.4 * O.B 23.4 * 1.5 21,4 * 08 23.0 * 0.0
U 3.80,0.10 2.7020.10 4.8020.20 4.05,0.1§ 5.00,0.20 4.50,0.20 4.60,0.20 330,0.10
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APPENDIXC, (oont)

Fieid No CRCHr_t.$NL CRCH+_I.SNL CRCHpI_.SNL CRCH+,I+�NL CRCH.11.liNL CRCH4.1tNL CRCHf_JINL CRCI_t.INLOeot.Ur_t1 Tht Tht Tht Tht
Ul_ot_. nw_ nwt nwt nwl nwt nwi nwt nwl
JJwmU_ Kf,_, Op Kf,Zm,O_ Kf,Zm,Op Kt,_, Op Kf,_, Op Kf,Op KLZm Kf,Zo,_, Op
Lib+ Noi 1 i1,Pt 117,Pt 1ii,Pl 1lll,Pt t20,PI t21,P! 122°Pl IH+Pt

XRF_mdAAReau/t,(_ s,)

p_ 72,2 73,7 73,3 7027 ?0JI 74,7 74.6 ?1,70,11 o312 O,11 0,11 0311 0312 0,10 0,01

Fe:a0-3At_O_lT 12,3 1i+0 1i.Ii 1037 12,11 11,0 11.11 12,tl1,. 1312 03. 1310 0.711 1,10 1,10 I+14
MnO 0.12 0,04 0.04 003 031' 0,00 0,01 0,,i,
MoO O. 034 0,-- O+llO 021, OJlO 0+_3 O.IHIo,o ,+,, o. ,+o, ,. o. o. o. o.

o,o o.o o., o+, o. o. o,, o+,
,+, ,. ,. ,,+. .o ,,, ,. ,,.o+o, o+o, o+o, o+o, oo, o+, o. oo,,+, ,,, . ,, 4,, ,. ,, ,or+,. ,oo+ ,oo. ,oo,, ,oo+ .. ,o0, ,0o,, .,

,,.,,,,, ,o ,,. ,.o ,,, ,,o ,oo ,; ,,,,
lirppm 441 _t $7 141 40 ill 10 104
INAA RuuI_ 4 (.11wJlue. I_m unkl_l ol_l_'/te ,";oM_

NiaO (%) 0,70 2 0,04 0,_ 2 C,,02 0,87 2 0,O9 0,13,0,0g 0,go, 0,03 0.47 4:0.09 0,44120,0Q 0,1i 4:0+03
MgO (%) ¢ O,M 0,36 * 0,04 ¢ 0.11 0,42 2 0,10 ¢ 0,30 ¢ 0,22 0.11 4:0.011 ¢ ON
A_3(_ ) 12++2 0 + imo 2 03 i21 4:02 i0,7 4:0+ ia 74:04 i244:0,3 i+,44:0.+ tu 4:0.4
oF cl7 ¢441 ¢M 13074:101 10114:10 cM ¢M ,t_
._+ (%) 0,31120,34 74020°47 0,194:0,11t 0,734:0,42 0.37 4:0,1MI 7,N 4:0,48 7,294:0,44 7,344:0,44

O (%) i,1420,37 0+722 0,04 ¢O,61 2,Ct 4:0,t6 1.00 4:0,01 0,41 4:0.04 0,tl 4:0,01 O,Tt 2 0.012+1174:0,14 2.4t120,13 2,00 *0,11 2,244:0,12 1,11 *0,t0 2,M 4:0,t3 2,11 4:0,11 3,14,0,17
TI ¢ 11210 053,131 6t0,14t 73114:211 0344:236 722,!71 3404:124 ¢41110
V ¢7 ¢0 ,_0 ¢1 ¢0 ¢0 ¢i ¢1
Cr I,7 2 0,4 _,l 2 0,6 0,3 2 0,0 3,9 4:0,1t 3,7 4:0+4 1,7 * 0.I 2.1 * 0,4 |,0 4:0.4
Mrl 1t40.37 3102 12 3282 111 ¢1314:27 12014:47 4194:10 _:I: 10 1101 4:47

Foe,_3(%) 1,134:0.07 t,0_ 2 0+O9 0,ttl20,O9 1,194:0,07 0.71.0,04 1,13 4:0,01 1,114:0.01 1,3i 4:0,07
Cu 3,10 2 0,11 6,4420,21t 6,424:0,211 3,0920,1t 7,21 20,40 4,73 4:0,_1 1._II 4:0,20 t.M 20,M¢ 219 ¢ 11t4 ¢ 1M ¢ 370 ¢ 22t ¢ 114 < 140 ¢ 801
Zn 702 10 4020 S120 404:0 20.11 IO4:7 ¢11 4421
Otl 111,0.2,7 17,3 22+6 17,4 23,1 16.422,3 11,34:2,0 22,0,3,1 11.0,2,0 13,0 4:3,t
AI 0,0 2 0,0 3,7 2 0.4 3,0 ± 0,4 4,0 * 0,6 2,0 4:0,4 3,1 * 0,4 3,0 4:0.4 7.0 4:O,l
8, < 30 < 2.4 ¢ 2.0 ¢ 20 ¢ 3+0 < 2.0 < 2.0 ¢ 3.0
Or ¢ I,M 1,62 4:0,73 ¢ 1,1_ 1,00 2 0,22 2,37 4:0,01 1.90 4:0,71 ¢ 1,13 ¢ 1,tMI
Rb 279,13 222:1:10 2014:10 1114,0 2214:tl 2074:10 3004:t0 199:i:10
8r ¢ 371 ¢ 203 ¢ 11_ ¢ 313 < 404 ¢ 227 ¢ 161t ¢ 131
Zr 96237 136226 1364:24 1441220 1"144:2t 131223 121 4:JN_ 120 4:30
Mo ¢71 ¢10 ¢16 ¢t_ ¢04 ¢68 cl3 <tll

AO ¢ 3,0 ¢ 1.0 ¢ t,0 ,c 1,11 ,¢ 1,7 ¢ 1,1 ¢ 1,0 ¢ 1,9< 0,22 ¢ 0+16 ¢ O.16 ¢ 0.27 ,c0,33 ¢ 0,10 c 0,13 < 0,11
lib < 0,38 0,21 2 0.O9 ¢ 0.23 0,37 2 0,_ 0,31 2 0,07 < 0,22 0.34 4:0,01 O.M 4:0,07
I ,t_ c 13 ¢ 12 ,,=10 ¢ 20 ¢ 13 ¢ tl ¢ 20
CI 8,7114:0,40 4.1_7± 0,27 3,M :1:0,22 8,7§ 2 0,33 4+174:0.24 1,t_ 4:0,20 3,18 4:0,24 3,724:0.33
BI 811240 134220 t644:111 1104:34 1304:32 .16 ¢ 190 3_14:14
1.41 104,0:l:11,7 67,7 2 3,7 04,6 2 11,2 67,8 2 3,7 03,2 4:2,0 73.3 4:4,0 41.3 4:2,4 27,7 4:1,0
CO 110,02 11,0 t03,0.4,0 103,2.4,7 09,0 4:4,6 76,0*3,0 121,2 4:6,8 03,64:3,7 62,24:2,1
Nd 82,9*6,4 50,3 2 3,0 tt0,0 4:8,6 49,3 * 3,8 40,1.3,3 60,0,6,1 32.622,t 37,! 4:2,3
lira 13,4t0,6 0,7 20,4 16,74:0,7 7,74:0,4 1,0.0,3 10,6.0,6 4.44:0,2 6,64:0,3
Eu 0.81 * 0,04 0,40 2 0,04 0,80 4:0,04 0,43 4:0,03 0.39 * 0,04 0,60 4:0,06 0,2g 2 0,02 0.26 4:0,03
'rb 1,42.o,37 o,11o4:o,o9 1.3o2o,12 o,90±o,io o,ea4:o,oe 1,294:o,13 o,,w4:o,o8 o,ee4:o,o7
Oy e,. ±0,10 s,702 0,40 7,27.0,117 10,ee.0,_ 3,30,0,4o 7,2120,00 2,T/2 0.30 4.004:0,441
Yb 2,13±o,_ 2._o±o,17 2,11720,23 2,134:o,1o I._ 4:o,13 8,414:o,_ 1,724:o,13 3,_ 4:o,_
Lu o,:m±0,02 o,2e±0,02 0,37±0,02 o,31±o,o_ 0,22, o,oi o,734:0,04 0.344:o,o_ o,_ 2o,oa
Hf 4,24:i:0,17 4,63,0,_ 3,GI 20,31 4,0420,33 4,034:0,44 4,474:0.38 3,104:0,21 4,044:0,20
Ts I,_ ±0,I0 1.7020,!I 1.7320.12 1.4720,10 2.114:0,14 1.73,0,13 1,1020,10 2,_ 4:0,10
W 24 23 44 20 6027 2823 794:10 4-34:11 37.11 604:0
Au ( 0.0t2 ¢ 0,OO0 < 0,101 ,_0,000 < 0,010 ¢ O,00g < 0,104 < 0,009

Hhg < 0,4 < 0.4 < 0.4 ¢ 0,3 ¢ 0,4 ¢ 0,4 ,c 0,3 0,3 4:0,120,022.3 22,720,9 19,74:0,0 21,7.0,8 _.6 4:0,g 23.520,9 19,64:0,8 ;t7,24:1.1
U 3,60.0,10 2,10:t:0,10 3,20:1:0,10 2.10 20,t0 2,604:0,10 3,70:1:0,10 1,104:0,t0 3.304:0,10
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APPENDIX D.

SAMPLE KEY AND LOCATIONS mR VITRIC AND ZEOLITIC TUFT_ INVI_TIGATED MR,

A SURFACE -BASED TEST FACILITY, YUCCA MOUNTAIN, _VADA

LANL Smmnlm Yucca _nuntmln NmvmelmState NeyadJ ,qtml

Pmt_t _immnle Cnnrdln_mtE_ Cm_rdlnats (lq_

amted au:te($o_emtern End)
DEB _ 160 $PC_129 573123 737356

DEB _5 161 $__130 573092 737429

DEB 3_.6 162 S_O(XXJ2131 57_2 737459

DEll 3/90-7 163 SI_(XXX)2132 573047 737526

DEll 3/90-8 164 $_(XX}02133 573041 737524

DEll 3/90-9 165 SI_(XXX)2134 573022 737565

DEll3/90-I0 166 S__ 135 572971 737616

Bu:ted Butte (Nor_#rn End)

DEll 3/90.44 2(X) $PC_ 169 573319 742622

DEll 3/90-45 201 SI_(XXX)2170 573258 742585

I)FB 3/90-46 202 SF_:20(XX')2171 573217 742542

DEll 3/9047 203 SI_(XXX)2172 573218 742497

DEll 3/90-48 2_ SI_(XXX)2173 573200 742498

l)Ell 3_-49 205 $PC(XXX)2174 573186 742468

I)EB 3t90-50 206 S_0(X}02175 573173 742456

DEll 4/91-1 4 32 Si_(XXX}5361 573060 742509

Northeast Yucca Mountain Area

DEll 5/91.7 438 S1_0(,,_5367 562285 780373

DEll 5/91-8 439 SPC(XXX)5368 562285 780299

DEll 5/91-9 440 SIN2(XX}O5369 562210 780224

DEll 5/91. I0 441 SPC(X}(X)5370 562135 780224

DEll 5191-12 443 Sl_J005 372 562959 779851

DEB 5/91-11 442 SPC(X}(X)5371 562135 780149

DEll 3/90.36 192 SI_,..'(X_216! 563110 779585

DEB 3/90.37 193 SPC_2162 562955 779810

75



APPENDIX D. (cont)

_L Samnl+ _ _evadaSt_e_ Nevadast_e
Prol_ _qamule Ctmrdinuta (EJ Cimrdlnale (N_

DEB 3/90-38 1_ SI_00()02163 562887 779516

DEB _39 195 SPCO0002164 562817 77_ 10

DEB _ i96 SI_}02165 562743 7793i7

DEB _ I 197 S_00()02166 562701 779263

DEB _2 198 SIv,..'()(XX)2167562651 779206

DEB 3/90-43 i99 S_(XX)02168 562703 779156

DEll 5/9i-13 _ S__5373 563933 778209

DEB 5/9 I- i4 445 S1_(X1)05374 5644[)07 7782_

DEB 5/9 I-15 446 SPC(XX)05375 564_J7 778134

$tal,ecoaeh Road Area
DEB 3_ i 157 SI_(XX)02126 564198 724492

DEB 3/90-2 158 S_(X_..X)2127 564335 724534

DEB 3/90.3 159 SPCO0002128 564614 724945

Prow Pm# (Southern vtnteal Section)

DEB 3_- 11 167 SPC0(X)02136 550319 784766

DEB 3/90-12 168 S_0(}002137 5503'73 784774

DEB 3/90.13 169 S1_0(X)02138 550419 784776

DEB 3/90-14 170 51_)2139 550457 784807

DEB 3/90-15 171 SPC_2140 550496 784831

DEB 3/90-16 172 SI_0(X)02141 550540 784839

DEB 3_ 17 173 5PC_2142 550592 784877

DEB 3/90-18 174 SIN2(}()002143 550620 7849(N

DEB 3/90-19 175 S1__2144 550650 784912

DEB 3/90-20 176 Slff'.'0(X)02145 550676 784932

DEll 3/90-21 177 S__2146 550714 784948

DEB 3/90-22 178 SPC(XXXJ2147 550738 784976

DEB 3/90-23 179 Si__2148 550764 784990

DEB 3/90-24 180 SPC(XXX)2149 550790 785_

DEB 3/90-25 18i S_0OO02150 550843 785029

DEB 3/90-26 182 SPCtXXX)2151 550887 785053

DEB 3_27 183 Si_(XXX)2152 550919 785057

DEB 3/90-28 184 SPC_2153 550955 785077
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APPENDIX D. (cont)

LANL Sample Yucca Mountain Nevada State Nevada State

.T.£af.klag_ Project Samnle Coordinate (E) Coordlnate (N)
eft3

DEB 3/90-29 185 SPC00002154 550967 785081

DEB 3/90-30 186 SPC00002155 550981 785092

DEB 3/90-31 187 SPC00002156 550999 785084

DEB 3/90-32 188 SPC00002157 551017 785154

DEB 3/90-33 189 SPC00002158 551053 785100

DEB 3/90-34 190 SPC00002159 551096 785102

DEB 3/90-35 191 SPC00002160 551108 785118

Prow Pass Area (Central Vertical Section)

3-15-82-1 82 550749 786716

3-15 -82-2 83 550899 786567

3-15-82-3 84 550899 786567

3-15-82-4 85 550974 786493

3-15-82-5 86 550974 786493

3-15-82-6 87 551049 786418

3-15-82-7 88 551124 786343

3-15-82-8 89 551124 786343

3-15-82-9 90 551273 786642

3-15-82-10 91 551348 786493

3-15-82-11 92 551348 786418

Prow Pass Area (No_hernVerticalSection)

82FB-1 110 549625 789851

82FB-2 111 549625 790299

82FB-3a 112 549775 790448

82FB-3b 113 549775 790448

82FB-4 114 549925 790672

82FB-5 115 550225 790896

Prow Pass Area (N.S Lateral Section; Locations from Rautman, 1991)

CRPP- 1-SNL 126 550696 783540

CRPP-2-SNL 127 550747 783795

CRPP-3-SNL 128 550787 783996
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APPENDIX D. (cont)

LANL Sample Yucca Mountain Nevada State Neyada State

Proiect,Samnle Coordinate (E) Coordinate (N)

CRPP-4-SNL 129 550816 784138

C RPP-5-S NL 130 550857 784344

CRPP-6-SNL 131 550898 784550

CRPP-7-SNL 132 550935 784737

CRPP-8-SNL 133 550995 784835

CRPP-9-SNL 134 550975 784933

CRPP- 10-SNL 135 55 i008 785099

CRPP- 11-SNL 136 551086 785492

CRPP- 12-SNL 137 551126 785688

CRPP- 13-SNL 138 551179 785953

CRPP- 14-SNL 139 551210 786110

CRPP- 15-SNL 140 551247 786296

CRPP- 16-SNL 141 551290 786512

CRPP- 17-SNL 142 551333 786727

CRPP- 18-SNL 143 551363 786874

CRPP- 19-SNL 144 551386 786992

CRPP-20-SNL 145 551416 787139

CRPP-2 I-SNL 146 551445 787286

CRPP-22-SNL 147 551485 787483

CRPP-23-SNL 148 551524 787678

CRPP-24-SNL 149 551765 788885

CRPP-25-SNL 150 551500 787650

CRPP-26-SNL 151 551584 787596

CRPP-27-SNL 152 551689 787527

CRPP-28-SNL 153 551777 787470

CRPP-29-SNL 154 551827 787437

CRPP-30-SNL 155 551923 787375

CRPP-31-SNL 156 552003 787323

Calico Hills Area (E.W Lateral Section; Locations from Rautman, 1991)

CRCH- 1-SNL _t16 591800 775300

CRCH-2-SNL 117 591700 775300

CRCH-3-SNL 118 591595 775300
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APPENDIX D. (cont)

Field# LANL Sample Yucca Mountain Nevada State _TevadaState

Prolect Samnle Coordinate (E) Coordinate (N3

CRCH-4-SNL 119 591400 775300

CRCH-5-SNL 120 591300 775300

CRCH-6-SNL 121 591203 775300

CRCH-7-SNL 122 591000 775300

CRCH-8-SNL 123 590800 775300

CRCH-9-SNL 124 590695 775300

CRCH- 10-SNL 125 590615 775300
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APPENDIX E

DATA SOURCES

Field Notebooks:

TWS-ESS-1-6/88-5, pp. 137-160.

TWS-EES-1-9-89-27, pp. 82-92 and p. 101.

LaboratoryNotebooks:

TWS-ESS-1-2/88-20, pp. 27-46 andpp. 54-147.

TWS-EES-I-9-90-16, pp. 1-141.

TWS-ESS-1-6-90-7, pp. 1-167.

TWS-EES-1-2-92-5, pp.32-47.

t

Maps:

TWS-EES-1-5-92-5

TWS-EES-1-5-92-6

TWS-EES-1-5-92-7

DataFile Locationsfor XRD analysesshown on following pages.
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