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GEOLOG1-,DWLLING,ANDSOMEHYDROLOGICASPECTSOFSEISMICHAZARDS
PROGRAMC&E HOLES,LOSALAMOSNATIONALLABORATORY,

by

JamieN.Gardner,TomKolbe,andSusanChang

ABSTRACT

NEw MEXICO

As part of the Los Alamos National Laboratory’s Seismic Hazards
InveXigationsProgram,wehavecoredfourholes,as follows:SHB-1atTA-55
to 700feet;SHB-2atTA-3to 2(KIfeet;SHB-3atTA-16to 860feet;and,SHB-
4 atTA-18to 200feet. In thatthenear-surfaceseismicvelocitystructureof the
holes is the subjectof other reports,we describehere the lithologies,general
aspectsof drilling,andsomehydrologicimplicationsof thecon holes.

All four holes penetrated variably welded Tshirege Memberof the
BandelierTuff. Thetwodeeperhoks encounteredthicksequencesofepickistic
sandsandgravels,withminorinterbedsof CetTOToledoRhyolite,on topof the
dominantlynonweldedOtowiMemberof the BandelierTuff. Beneath the
Otowiwasbasalt at TA-55andPuyeFormationsands and gravelsat TA-16.
Two of the core holes(SHB-3at TA-16andSHB4 at TA-18)appearto have
encmntemdgmundwater.

The holes were all continuously cored with conventional wireline
diamondcoring techniques. Maintaininghigh percentagecore recovery in
nonweldedtuff and loose formationswith air as the circulatingfluid proved
impossible. Light muds, however, improved recovery in these zones
considerably.A varietyof bitswe~ tested,butnoneyieldedconsistentresults
in thealternatinghardandsoftrockconditionsfoundbeneaththeLaboratory.

I. INTRODUCI’ION

Aspartof the Laboratory’sSeismicHazardsProgram,fourholeshavebeencoredfor theprimary
purposeof determiningnear-surfaceseismicvelocitystructureat key Laboratoryfacilities. Whilethe
velocitystructurestudiesm thesubjectof otherreports(Redpath,1992;Wong,in preparation),wepkesent
in this report somenotablecharacteristicsof the drilling,geology,and somehydrologicaspectsof the
holes. Aftercompletionof the velocitystructurestudies,the core holesand cores will be availablefor
sampling,experiments,andstudybyotherinterestedpersons.
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Tl:e gcnerai loca~ionsof [ticcore holes are shown in Figure 1. F“igures2 through5 show the
locationof each hole on moredelailcd technicalarea mapsmodifiedfromthe Facilities Engineering
Division’sreport“StmctureLocationMaps.” Figures6 through9 aregeneralizedgraphiclogsof thecore

hules.

II. STRATIGRAPHYANDNOMENCLATURE

Throughoutthis repott,theestimatesof thedegreeof weldingin the ignimhritesof the Bandetier
Tuffarehasedonhandsampleevaluationof thedegreeof ftattcningof pumices.Generally,nonweldedtuff
containsequant,undeformedpumice;moderatelyweldedtuffcontainspumicethatexhibitssomedegreeof
flattening;and densely weldedtuff is a dense grey rock with pumice fltittencdto thin wispy fiamme.
Althoughtheweldingprocesshas imparteda firstordercontrolon the degreeof Iithification,andfor that
matterotherphysicalproperties,of the tuff, it is importantto rememberthatjust becausethe tuff is well-
indurated it is not necessarily welded. Other processes, such as vapor phase alteration and/or
crystallization,cancauseindurationof thetuff.

ThegeneralstratigraphicandIithologicrelationsthatwerelyon arediscussedindetailbyGardner
et al. (1986). Geologicmapsof the Los Alamosareaalsoprovideextremelyrelevantrelations(Griggs,
1964;Smithet al., 1970;Goffet al., 1990).Wehavealsoemployedrecentlyobtainedradiometricdates.or
ageconstraints,of unitsreportedin Gardneret al. (1986),Goffet id.(1990),andSWllct al. (1990).

The coreholespenetratemostlythe BandelierTuff,whichis dominantlya complicatedsequence
of weldedto nonweldedignimbntesthatwereeruptedfromtheValies-ToledocaIderacomplex(seeSmith
andBailey,1966).Thenomenc!atweweemployfortheBandelierTuffwasdefinedby Griggs(1964)with
revisionsof Baileyet al. (1969)andSmithet al. (1970). The BandelierTuffbeneaththe PajwitoPlateau
consistsof two members: the Tshirege(formerly“upper”)Member(1.13Ma)andthe Otowi(formerly
“lower”)Member(1.5 Ma). At the base of eachmemberthere may be a pyroclasticfalloutor Plinian
deposit. Withinthe Pajarito Plateau, the basal fallout deposit of the Tshirege Memberis called the
Tsankawi,which consists of well sorted ash or pumice Iapilli; the basal fallout deposit of the Otowi
Memberis calledtheGuaje,whichconsistsmahiy of wellsortedpumicelapilli.

Griggs(1964)andSmithet al. (1970)recognizeda sequenceof pyroclasticdepositsbetweentine
two membersof the BandelierTuff. These pyroclastic deposits represent part of the Cerro Toledo
RhyoIite,eruptedfromthecalderathatwasformedas a fesultof OtowiMembervolcanism(seeHeikenet
al., 1986).

In two of the coreholes (SIiWl and SHB-3,see below),a sequenceof alluvialsandsandsandy
gravelswithinterbedsof CermToledoRhyolitepyroclasticdepositswasencounteredbetweenthe Otowi
andTshiregemembers. Muchliteraturedealingwith geologyGf the Laboratoryapparentlycalls these
sedimentarydeposits“Tsankawi.” Clearlythis is a misuseandpotentiallyconfusingapplicationof the
nomenclaturebecausetheTsankawiis definedas thepyrodasticfalloutdepositat the baseof theTsh..:ge
Member. Heikenet al. (1986)includedepiclasticdepositsat this horizonas part of the Cerm - dedo
Rhyolite;however,theirdescriptionsandourfieldreconnaissancein the areaswheretheyworkedmdieate
the epiclasticdepositsthat Heikenet al. (1986)includedas pan of CerroToledoRhyoiite re derived
directlyfromvolcanicdepositsof thatformation.Atthistime,wecanseeno stratigraphicass+yunrntfor
the sands and gravels penetratedin SHB-1and SHB-3becausethere is no definedunit to whichthey
temporallyand lithologicallybeIong. Althoughlithologicallythesesandsandgravelsareverysimilarto
Puye Formation deposits, they are too young to be assigned to that formation as it is defined (see
definitionsanddiscussionsof Baileyet al., 1969,andGardneretaL,1986).

Three formationslie beneaththe BandelierTuff of the Pajarita Plateau, as follows: the Puye
Formation,Cerrosdel Riobasalts,andTschicomaFonnat.ion(DransfieldandGardner,1985). Oneof the

2

.—.—. —.—.—-



SHB-2
(TA-3)\

@ \‘w%4MAY’’..,,
+*

-----

,,s&:j’+j~rJE .-
. (TA-55) -‘4!.!.!2 fl~

\

f’-<...

,- Shi~-4 1

Figue 1:

\
<“- (TA-18) “, \,

A. .,
\

s-#B-3 \-Y>

: ‘T’-’” ,~,;,,,.’y ~-1

“)

1A
, White

Rock

MONUMENT
Headquarter+ ~ - ‘mHP’ 7“ f=,

>
+

Mapet Los Alanm NaticnalLaboratorymeashowingmainreads,residential/commercial
areas(shaded),andgenerallocationsof the SeismicHazardsProgramcoreholes.

—— .



i
/’

Figure2: MWofm TA-55ma showingmainroads,securityperhneter,andIocti~ of COIEhoIe
Ml&l.

4

-. ————-—..~



I

1,

1“

ToLosAlamos ToLosAlamos

~ ‘“’O” f

weal
Jemez
Road

‘“---P\ ----:

(SM40) ~
PHYslcs—

BLDG. m-J \ ~m

Figure3: Mapof theTA-3areashowingmainreads,selectedbuildings,andlocationof comhole
sIim2.

— .-—-. . . . . ..



TA-16

Jemez
Springs

Z;a

TA-3and
LosAlamos

#

n’

WhiteRockand

1

BandellerNatbnalMenument

!&I&#%MI+r

I

Fiqure4: Mapof theTA-16areashowingmainroads,theTritiumFacility,andlocationof WE hole
SHB-3.



-.
●✎

““””””--::;----J; ,’
\

9 \,
, : a.’ ‘.,“

j TA-18 c.-!..,,...-””

; .~

‘.------ .-----#.-.. -...0,....... -....- ..... *........... -... :: #--- :./.” :.....................---- : 0~.:: , %
I

‘.“.‘.

1~
T~W~tietm o ‘.

FE= ‘“’ o

Figure5: Mapof theTA-18areashowingmainroads,securityperimeter,and locationof corehole
SHB4.

coreholes(SHB-1)penetratesbasaltsand relatedsedimentsof the Cerrosdel Rio, andanother(SHB-3)
penetratessandsandgrovelsthatmust,becauseof theirlithologyandstratigraphicposition.be considered
partof thePuyeFormation.

We have avoided, in this report, use of the subdivisionsof the Tshirege Memberof previous
workers(for example,Wier and Purtymun,1962;Baltzet al., 1963;Croweet al., 1978;Vanimimand
Wohletz,1990).Wehavedonethisfortwomainreasons:fimt,theunitsusedin theaforementionedworks
are inconsistent;and,second,wenotethatthesub-unitsaR usefulonlywithinlocalizedareas,andwithout
geologicmappingbetweenthese areas correlationsare dubiousat best. Thus, we makeonly the moz!
general stratigraphic correlations, and emphasize descriptions of the rocks and deposits. Another
differencein ournomenclaturefromthatof somepreviousworkersat the Laboratoryis in our use of the
termsurge.Surgesam a kindof pyroclasticflowthat leavedepositsof sortedpyroclastswhichcommonly
exhibit bedforms typical of high energy flow regimes, such as plane beds or Iow-anglecross-beds.
Previousworkers(forexample,WierandPurtymun,1962;Purtymunand Stoker, 1987)havecalledthe
surgesof the Pajti.to Plateaufluvialsandstones. However,in that the surgesof the BandelierTuff are
ratherfamousin the earthsciencecommunity(forexample,Fisher, 1979;Fisherand Schmincke,1984),
theirdescriptionas sandstonesshouldbe discontinued.
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111. DRILLING

All fourof the holcsweredrilledby conventionalwireline,diamondcoringtechniquesusingan
lngcrso]tRandTH-60drill,duringthewinterof 1991-1992(OctobcrthroughJanuary).PCExploration,of
SalILakeCity, Utah,wasthedrilling contractor.ForeachholeH core(2.5inche~in diameter)wastaken
to !otaldepth,thentheholewasreamedto o.hout6 inchesindiameter.Schedule8CPVC(about2.8 inches
innerUi,amcter)casingwasset withgrout. Acapis on thebottomof eachcasingstring,andeachholewas
leftwith[hecasingfilledwithwater.

Bothdeepcoreholes(SHB-1and SHB-3)weredrilledmos{lywithmud,but bothshallowholes
(SHB-2WKISHB-4)weredrilled with air. Althoughall holeswerecontinuouslycored,corerecoveryWM .
cxtrcmclyvariable. Wefoundthatcorerecoveryin nonwclded tuff wasdismalwhileusingair, but light
muds(waterand bentonite)improvedcore recoveryfromnonweldedzonesremarkably(see Figures6
through9). It is alsoworthnotingthateverytimewe wentto mudsystemswe almostimmediatelylost
circulationandnevergot it back.

Anotherproblemin nonweldcdzones wasextremebit wear. A varietyof drill bits were used
duringthe SeismicHazardsDrillingProgram. The resultsweremixedanddifficultto assess(Table1).
Corerecoveryfor givenbits ran froma lowof 13%to a highof 72%. Acceptablecore productionwas
achicvcdusingdiamondas wella..carbidebits,howeverconsistencyvaried. LongyearStratipakbitswith
two rowsof chisel-shaped,carbideteeth and Christensen surface-set,diamondbits performedwell in
nonwchkl !hroughdenselyweldedtuff(SHB-2andSHB-3).Lcmgyeargnxn, diamondimpregnatedbits,
alsoperformedwellin tuffwithmixedstrength.

Variability in the degree of welding and/or Iithification within the BandelierTuff probably
contributedto the widerangingand fluctuatingcore recovery. Variabilityin rockstrengthalso madeit
difficultto selecta bit thatwouldconsistentlyyieldsatisfactorycoreproduction.Ingeneral,however,core
recovery increased with both diamondand carbide bits with some consistency in holes with greater
amountsof weldedtuff(Figs.7 and8).

TableI:Summaryof corebitperformance.

BoMgs
~~1 SHB2 SHB3 SHB4

CoringBit %Rcc Feet %Rlx Feel- %Rec Feet %Rcc FaX

1) Punchcoretube,springloaded 31 20 6825
2) Sfratip&spom-sbapedcarbi* 36 315

singlerow
3) Sfratipak,chiwcl-sha@carbi@ 62 175 5664 17 107

stepf~ doubleR)W

4) Diamondimprcg,Series6 29 27
5) Diamondimpreg,Longyeargrcen 47 165 72 2S8
6) DiamotIdimprcg,StC@LX StiCC 13 8(.) 13 93

set
7) LongyearSeries2 65 64
8) Chris.tlansensurfacesct 64 4%
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Iv. SHB-I (TA-55)

SHB-1wasdrilledimmediatelywestof TA-55(Figures1imd2) to a totaldepthof 700fcc[. Core
recoveryon this hole waspoor,witha totalof less than40%. Approximately70!Z0of theentiresection
penetratedby SHB-1is nonweldedtuff and unconsolidatedsediments (Figure 6). Rather than core,
recovery from nonwelded tuff was morecommonly powder.

The TshiregeMemberof the BandclicrTuff in SHB-1extendsfromthe surfttccto 310 feet, It
mainlyconsistsof muitiplesequencesof non- to denselyweldedunits, ‘andapproximiucly6(~Y@of the
Tshiregesectionis nonweldedtuffat this locality.TheTshircgccontainsaprobablcsurge bcdbctwccn80
and 85 feet.The thicknessof this surgebed is uncertainduc [opoor rccovcrythroughthis zone. From
about 250 to 270 feet the tuff is prominentlyvaporphase altered with dark purple pumice lumps. The
bottom 30 feet of the Tshirege ignimbrite sequence is notably pumice rich. The baseof theTshircgeis
markedby a fallout depositof white ash over tan to light brownpumice(up to several centimetersin
diameter)betweenabout302and310feet.This falloutdepositis,or at Icastis cquivaicntto, theTsanktwi
pumice. The true thickness of this falloutdepositis uncertaindue to erratic recovery through this intcrwd.

Beneath the Tshirege Member is a thick(from310to 447 feet)packageof dominantlyepiclastic
sedimentsthat lithologicallyresemblethe olderPuyeFormatior. The sedimentsare fluvialdepositsof
poorlysortedsandsandgravelsderived mostly from the dacitc highlands to the west. Some of the gravels
am very come with cobblesranging up to boulder size (greater than 30cm indiameter). IJnderstandably,
thealternatingsoft,unconsolidatedsandsandcxtmmclyhardtkwitebouldcmprovidednightmarishdrilling
conditions.Interbeddedwiththeepiclasticsedimentsaretwoprobablepyruclasticfalloutdeposits.These
depositsate thin(lessthan0.5 foot)andconsistof coarseashat about369feetandpumiceIapilliat about
395feet. Thesepyroclasticinterbedsamprobablypartof theCermToledoRhyolite.

From 447 to 631 feet is the Otowi Member of the Bandelier Tuff. It is mostly nonwelded
ignimbntewhichbecomesverypumicerichnearthebase. The ignimbriteexhibitsprominentvaporphase
aherationat about550fee~ Beneaththe ignimbriteis possiblyas muchas41 feetof pumicefalloutwhich
is clearlycorrelativeto theGuajepumice.

Underthe BandelierTuff in SHB-1is a sedimentaryintervalfrom631to 644feet. Thedeposits
m siltstone,pebblysandstone,andconglomerateallderivedfroma basalticsourcematerial.Muchof the
siltstone appears to be water-workedand altered basalticash, and pebbles and cobbles in the coarser
depositsarevariablyalteredbasaltclams.

Thebottom56 feetof SHB-1(from644to 700feet)penetratesa scnesof olivinebasaltflowunits.
Theflowunits= thinandvesicular,withextremeoxidationat unitboundaries.Thesebasaitsarepartof
theCermsdelRiobasaltfield.

Faults,andassociatedfractures,areevidentthroughoutthe corehole. Prominentfaults,showing
cataclasticbrecciationand shearing,have beennotedat 155-160feet, 174feet, 638 feet, and 656 feet.
Faults and fracturesare commonlylined with smectite,as identifiedby X-raydiffraction(S. Chipera,
written communication, 1992). The abundance of faults encountered in this core hole provides
confirmt.ionof the faultzonemappedby VanimanandWohletz(1990)at thislocality.

v. SHB-2(TA-3)

SHB-2was drillednorth of SM-40(PhysicsBuilding)in TA-3 betweentwo largeparkinglots
(FQunx i and3)to a totaldepthof200 feet. Apparentlybecauseonlyabout45%of thesectionpenetrated
wasnonweldedtuff (Figure7), core recoverywasabout65%usingair as the circulatingfluid. Several
non-to moderatelyordenselyweldedunitsof theTshiregeMemberwerepenetrated.Theholebottomed
in denselyweldedignimbritc.Approximatelythetop20 feetof theholeappeamvaporphasealtered.

9



Explanationof symbolsforFigunx 6-9.
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Figure6b: Graphic Iithologylog forcoreholeSHB-I. Blackmarksin recoverycohnnn indicate
whereewe wasmcovemd.SeeTable11forexplanationof symbols.

VI. SHB-3(.TA-16)

SHB-3wasdrilledwestof thenewtritiumfacilityinTA-16(S-site)(seeFigures1and4) witha
totaldrilleddepthof 848 feet andanaccessibledepthof 860feet (thedepthdiscrepancyis explained
below). Inspiteof thefactthatabout70%of thesectionpenetratedconsistedof nonweldedtuffand
unconsolidatedsediments(Figure8), eon nxoveryfromSHB-3wasnearly70%,indicatingboththe
advantagesofdrillingwithmudandthem?ndtsof lessonsleanedduringthedrilIingof SHB-1.

Aftertheholewascoredto 848feegthereamingoperationproceededto790f~ withtheuseof a
down-holeairhammer.At thispointthemwasa breakdownon therigandthehammerwaspulledup
about40 feetto 750 feetwhilerepairsweremade.A*r about45 hoursfromlastairinjection,airwas
resuppliedto thereaminghammerto resumeoperations.Withina minuteof theresupplyingof airto the
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hammer,SHB-3empteda spoutof waterat lewt40 feetintotheair (40feetis theheightof thederrickon
the drill rig). The spout lasted for less than 10 seconds, and, while air was supplied to the down-hole
hammerforthe remainderof the reamingoperation,SHB-3continuedto makewaterat a rateof about 10
to 15gallonspermimtte. Reamingproceededwithoutfurtherincidentto 852feetwhereair wassupplied
for about 10moreminutesafter reaming to rcmove sand and other loose material from the hole. By this
time,thedischargingwaterwascleaqfurthermo~,thedischargewaterneverappearedtocontainbentonite
or otherdrillingmudadditives.Whenthe PVCcasingwas insertedinto the comhole,it droppedto 860
feet. Appanmtly,the loosebottomholematerial(seebelow)wasextensivelyerodedduringthe flowingof
theho’a.

Fromthe surfaceto about335feet,SHB-3penetratestheTshiregeMemberof theBandelierTuff.
TheTshirege at thislocality,c!oserto thecalderasoume,is over95%weldedtuff,most of which is densely
welded(Figure8). Coolingbreaksarefew,withonein the top60 feetof theholeandanotheraround230
feet. Fromabout320to about335feetcore recoverywas poor,but this intervalapparentlyincludesthe
nonweldedbaseof theignimbriteandanunknownthicknessof Tsankawifalloutpumice.

Fmmroughly335to424feetis a sequenceof unconsolidatedsandsandsandygravelsverysimilar
to thesequencektween theTshiregeandOtowimembersencounteredin SHB-1. Lithologicallyidenticat
to the olderPuyeFormation,theseepiclasticsedimentsrepresentalluvium”shedoff of the Sierrade 10S
Vallesdacitehighlandsto the west. Interbeddedwiththisepiclasticsequenceat about385to 388feetis a
coarsesand-sizedpumicsfalldeposit.Someof thepumiceeontamobsidianfragments,Itis 1ikelythatthis
pyroclasticinterbetlis mkdedto theRabbitMountaintuffof theCermToledoRhyolite(Goffet al., 1990).

SHB-2

WeJlheaclefevation
7436feetAS.L

1+---Bcdtanhole

Figure7: GraphicIithologylog for core hole SHB-2. see Table II andFigure6 for explanationof
symbols.
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6 for explanationof

The Otowi Memberof the BandeiierTuff extendsfrom about424 to 839 feet in SHB-3. It is
almostentirelynonweldedtuft”witha zoneof slightlyflattenedpumicesfmmabout450to480 feet.

Beneath the C)towiin SHB-3 is a sequence of sands and boulder-rich gravels that must be
correlativeto the Puye Formation(see Discussion,below). The cobblesand clastsof these epiclastic,
alluvialdepositsaredominantlydaciteIithologiesthatcanbe foundexposedin theTschicomaFormation
in the Sierra de IOSVanes immediatelywest of the drill site. As with the similar epiclastic deposits
encounteredbetweenthe OtowiandTshiregemembershigherin SHB-3and in SHB-1,the alternating
unconsolidatedsands~cdharddacitebouldemcausedverydifficultdrillingconditions.

w. SHB4 (TA-18)

SHB-4 was drilled exclusive y with air, north and east of entrance road to TA-18in Pajarito
canyon(see Figures 1and5), to a total depthof 200 feet. Core recoverywas only about 12,5~0,so our
interpretationsof stratigraphymustbe cmsidemdto beconstrainedspeculation(seeFigure9).

The top 40 feetof SHB-4appearsto penetratenonwelded,vaporphasealteredignimbriteof the
TshiregeMember.Spottyrecoveryfrom40 to about117feetsuggeststhis intmmlconsists~fnonwelded
ignimbrite. At about 117feet, the samplesrecoveredwerediscretepebble-sizedpumices,whichmay
repre~enta falloutdepositequivalentto theTsankawipumice.%ornabout 120to 200 feet,the nmminder
of SHB-4appeamto havepenetratednonwefded ignimbriteof theOtowiMember.

Cuttingsandcore samplesfrom32to at least 125feetcameout of SHB-4dampandmoist. The
comtubeandmcksamplesfromabout125feetand 145feetcameoutof theholewet. Fromabout55 feet
to totatdepthSHB4 wouldsteadilydischargealr whiledrillingwasstopped.

16
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vm. DISCUSSION

It is important to note that while, in a very general sense, the BandelierTuffmayformhlan!et-like
depositsbeneaththePajaritoPlateauthereis goodreasonto expectirregulargeometriesanddistributions
of all stratigraphicunits. The OtowiMcmberof the BandelierTuffwaserupkd overa ruggedtopography
(seeDransfieldandGardner,1985).Giventhis,theOtowiMemberwillhavea variablethickness,notonly
because of thinning to the east with increasingdislancc from the source, but also depending on the
paleotopography of a given site (compare SHB- 1and S1-fB-3,Figure 6 and Figure 8). In addition,
significant incision andsedimentation occurred hetwecn eruption of the OtowiandTshiregemembersas
evidenced by the epiclas[ic sequences at this horizon in SHB- 1and SHB-3. Puye-likesedimentation,
formingalluvialfansoff theeasternfrontof L?CSierrade IosVanes,notonlyprecededtheBandelierTuff,
hutoccurredduringthemajorhiaiusin ignimbriteeruptionsand,in fact,continuestoday.

The Guaje and ‘J%ankawifallout deposits also have variable thicknesses and textures, and should
not necessarilybe expected to be present everywherebeneaththe PajaritoPla;eiiu. Thesedepositstire
thickestalongthe axesof theirdispersalplumes(Selfet al.. 1986).Forexample,theGuajefalloutdeposit
is as muchas41 feetof verycoarsepumiceinSHB-1,hut it is representedbyonlyonefootof ashin SHB-
3. These relationsare consistentwith SHB-3beingfartherfromthe axis of the northeasterndispersal
plumefortheGuaje.Theserelationsalsostronglysuggestthatthe91 feetof Guajepumicereportedfor
DT-5A(Wierant Purtymun,1962),lessthanthreemitessouthemtof SHJ3-3.maybeinerror.

Oftkc fourholesdriltedfortheseismichazardsprogram,ordySHB-4wasdrilled inproximityto a
pre-existingwell. SHB-4 is approximatelyIOfMfeetrmii-northwestof watersupplywellPM-2. A first
comparisonof thekegsfm thetwodrillholes(F@ure9 andCooperet iii.,1965)appearsto indicatea total
lackof correlationbetweenthe holes. However,after examinationof the PM-2Iithologylogs,Rcneau
(writtencommunication,1992)il,dicatedthat PM-2penetratesfirstTshiregeMember,not Otowi.beneath
the near-surfacealluvium,andhe inferredtheTshi~ge-Otowicontactto be at a depthnf around100feet.
Reneau’sre-interpmtmionof theoriginallogsis in verycloseagreementwiththestratigraphyof SHB-4.

The waterencounteredin SHB-3is groundwaterbasedon theobservationsof no drillingadditives
in thefluid;however,howthisgroundwaterrelatesto themain aquifer(forexample,Purtymurt,1984)will
remainuncrxtainuntilfurthertestsareperformed.Operatingpressuresfor thecompressordeliveringair to
the hammer ~cre100to 150pou.]dsper square inch (psi). Simplecalculations,using theseoperating
pressuresand a hydrostaticpressuregradientof 0.4333psi/ft, indicatethat the top of the groundwater
columnfi}!ingSHB J couldhavebeennodeeperthan+$6feetinorderforthecompressorto be capableof
!“.L1ngthe fluid and stim~Iat~g flow, _f~i~Implies titi tie groundwater system has sufficientheadto force
waterupnaturalconduitssuchas faultsandfractures,witha potentialfor formingperchedaquifem.

Wetsamplesand equipmentwerercpeattidlyextractedfromSHB-4. Whilethe dischargeof air
fromthe hole duringbreaks in drilling and someof the moistureon core and equipmentcould well be
attributedto atmosphericeffects,the wetsamplesandcore tubecannotbe explainedin similarfashion.
‘Fhevariationsin weatherconditionswerethe sameduringthe drillingof all fourcoreholes,and at least
portionsof all fourholeswm drilledwithair. Thus,if thewateron/inthesamplesandthecoretubefmm
SHB+ was, forexample,condensation,thentheeffectshoutdhaveapparedattheotherhoiesas well.
Furthermore,samplesandequipmentfrom 125to 145feetweretrulywet. Instead,the wetsamplesand
equipmentretrievedfrom SHB4 maysuggestthatshallow,alluvialaquifetsinPajaritoCanyonhavesome
verticalandlateralcontinuityintothetuffsbcnealhthemesasandcanyons.
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