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JOINT ORIENTATION AND CHARACTERISTICS AS OBSERVED IN A
TRENCH EXCAVATED NEAR TA-3 AND A BASEMENT EXCAVATED AT TA-55

by

William D. Purtymun, Eric Koenig, Terrance Morgan, and Edward Sagon

ABSTRACT

Walls of excavations in the Bandelier Tuff for pipefines and
foundations for structures provide excellent areas to determine the
orientation (strike and dip) and characteristics of the joints (frequency,
width, and type of material fallingthe joint). Joints or fractures are
commonly associated with structural adjustments such as faulting;
however, joints formed in the tuff mainly result from the shrinkage of the
ash-flow tuff as it cools. The presence of faults can restrict the siting of
buildings or structures. In waste disposal operations, open joints can be
pathways for the transport of contaminants.

I. INTRODUCTION

The tuff that underliesthe PajaritoPlateauis highlyjointed.The presenceof thejointsposes
numerousquestionsaboutthe faultingand hydrologicpropertiesof the tuff.Are therejoints associated
with faultingthatwouldlimit the sitingof structuresor facilities,and whateffectsdo thejoints haveon
the movementof fluidsor contaminantsin the tuff?

Severalstudieshavebeenmadeof the orientationand characteristicsof jointsor fracturesin the tuff
at Los Alamos.The mostrecentstudiesthathave focusedon fracturesand the sitingof facilitiesare by
D. W. Davenport(1993),S. L. Reneauand D. T. Vaniman(1994),and D. T. Vanimanand K. Wohletz
(1991).The lateststudyrelatedto fractureson PajaritoMesawas madeby D. ‘I’.Vaniman(1994).Two
early studiesof thejoints were madein relationto wastestorageand disposalareasat TA-54 (Purtymun
1966A;Purtymunand Kennedy1971).Numerousinspectionreportsof shaftsand pitjoints and fractures
at TA-54 are foundin Purtymun(1994).Basicdata relatedto these inspectionreports,photographs,and
maps,can be foundin filesof ESH-18.Mappingofjoints and fracturesin cores taken in a studyof
contaminanttransportfrombeneathdisposalpits at TA-54is documentedin Purtymunet al., 1976.

The excavationof a trench to lay a steamlineeast and southof theCMRBuildingat TA-3 afforded
a chanceto investigatethesoil zone,underlyingtuff,andjoints in the tuff.In the springof 1972,the soil
zone,joint orientation,andjoint characteristicsweremappedin the wallof the trench.The excavated
basementat TA-55 was mappedin the springof 1974by TerryMorgan,a studentfromNew Mexico
Tech.

Dr. DavidB. Slemens,Departmentof GeologyandGeography,MackaySchoolof Minesat the
Universityof Nevada,Reno,Nevada,reviewedthe mappingin theTrench nearthe CMR Builing.The
help of Dr. Slemensis gratefullyacknowleged.The geologicmapsof the trenchwerecompiledfor
draftingby Ed Sagon,a studentfromNewMexicoTech at Soccoro.
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Formation of Joints in the Tuff

The tuff in thisstudywas laid downas numeroushotash flows.As the ash flowscooled,shrinkage
occurredcausingtensionjoints to form,breakingthe tuff intonumerousverticalhexagonalcolumns.
Becausetheash flowsare nota homogeneousmass, thejoint intersectionsmaynotbe orientedexactlyat
120°anglesin the horizontalplane.The coolingor tensionjoints formin verticalor near verticalplane.

The orientationof thejoints in the tuff can varyconsiderablyovera shortdistance.To obtaina good
samplingof theorientation,a largenumberofjoints shouldbe mapped(Figure1).The pointat which
the orientationof thejoint is taken is shownon the maps.In somecasestwo orientationsmay be made
on the samejoint.

Masterjoints are numerousand long,and may passthroughoneor moreash flows.Masterjoints are
verticalor nearlyvertical(dip 70° to 90°)and perpendicularto theash flow.The verticaltrendmay be
straightor slightlycurved.

Minorjoints dip at angleslessthan 70°.They maybe morenumerousnearthe top of the flow,
beneaththe soiIzone,anddo notpersistas they intersectthe majorjoints.Minorjoints are also tension
joints set up by the coolingof the ash flows,the finalstressreleasedafter themajorjoints form.A few
of the minorjoints withdipsnearhorizontalmay be causedby unloading.Minorjoints havea more
horizontaldip than masterjoints.

The soilon the surfaceof the mesaand thecasehardingof the tuffexposedon thecanyonwalls
forma seal to causedifferentialpressuresbetweenthe tuffand the atmosphere.Testholesor even a
trenchcut throughthe soilzoneand into the tuff willresultin air exchangewithchangesin barometic
pressures(Purtymunet al,, 1974).The reservoirfor air is in thebulkporosityandopenjoints of the tuff.
Jointsbelowthe soil zoneare filledwithclay material;however,at depththeyareopen.

Thoughopenjoints werenotnotedin the trenchnear the CMRBuilding,openjoints probablyoccur
at depthas seen in the pitsand shaftsat TA-54and shaftsat TA-49.

The tuffandjoints are permeableto watervapors(Purtymun1973;Purtymun,Chapter 19, 1994).
Rootspenetratethe soil zoneand clay-filledjoints and extendinto theopenjoints to depthsas much as
25 meters.Moisturewithinthe tuffand openjointsmovesin the vaporphase(Purtymun1973).Live
roots in the tuffand the openjoints adsorbmoistureand transpireit fromthe foliage(Purtymun,
Chapter 19, 1994).Rootsfrompits in Area L and G at TA-54weredatedas modern(less than387 years
before thepresent)by Carbon-14.

IL TRENCH NEAR CMR BUILDING AT TA-3

The surfaceof the mesain the areaof CMR is formedand underlaidby Unit3, theTshirege
Memberof theBandelierTuff.Unit3 consistsof a light-grayto tan,moderatelywelded,pumiceous,
rhyolitetuff breccia.It is composedof crystaland crystalfragmentsof quartzand sanidine,rock
fragmentsof rhyolite,pumice,and latitein an ash matrixof glassshardsand pumicefragments
(Baltzet al. 1964).

The joints in the trenchweremappedon cross-sectionpaper.Orientationof thejoints (strikeand
dip) were determinedwitha Bruntonpockettransitand were notedon the map.The widthof thejoint
and type of materialfillingthejoint werealso noted.

Accessto the trenchwas limitedto two sectionsof the excavation,SectionsA andB (Figure2).
Also mappedwere fiveexpansionloopsexcavatedoff themain trenchthat wereto allowexpansionof
the steampipeswhen in use.The trenchwas aboutone meterwideandrangedin depthfrom0.8 to 2.5
meters(Figure3).

A concretebase hadbeenpouredin SectionA and in ExpansionLoopsA, B, C, and D (Figure4).
We mappedabout390 metersof the trenchalongSectionA, and 80metersin the fourexpansionloops
were mapped.The southwal~of theeast-westportionsof the trenchwasmappedas was the west wallof
the north-southpart of the trench(AppendixA). The west,south,and east wallsof the expansionloops
were mapped(AppendicesA and B). The tuff wasdry,probablylessthan6% by volumemoisture.

When SectionB wasmapped,the concretebasehad notyet beenpoured.Therewas a thicksection
of soil and fill, about2.2 meters,abovethe tuff witha highmoisturecontent,greaterthan IO!ZOby
volume.We mappedabout57 metersof the trenchwalland 10metersof anexpansionloop(AppendixC).
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Fig.1.JointNumber9,SectionA, at Station44 meters(AppendixA) showingchangein s~”keanddipofjoint.
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Fig. 2. Planview of the trenchshowinglocationof mappedSectionsA andll.
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Fig. 3. Crosssectionshowinglocationof mappedareasandgroundlevelandbaseof the excavation.

A. Joint Orientation

Jointorientationdescribesthe strike(thedirectionor trendof thejoint) and the dip (theanglethe
joint makeswith the horizontal,perpendicularto the strike).

The strikeof 343joints in SectionsA and B and the fiveexpansionloopswereplottedon a rose
diagramthat showsthe distributionof strikeorientations(Figure5). The lengthof eachray (10°sector)
representsthe percentageof the totalnumberofjointsmapped.The diagramindicatesthreemajorsetsof
joints, averagingN40E,N25W,andN65W.

The dip of 343joints in SectionsA andB and the fiveexpansionloopswereplottedon a rose
diagramthat showsthe frequencydip of thejoints in a verticalplane (Figure6).The diagramindicates
that 82%of thejoints are masterjointswithdipsrangingfrom70°and 90°.

Perpendiculars(poles)to joint orientations(strikeand dip)wereplottedin SectionA on an equal
area stereonet(Figure7) and a stereonetshowingthe densitycontoursof thepoles(Figure8). As would
be expectedwhenusing the samedata, the orientationof thejoints of the two stereoplotsare similarto
the rose diagrams.The averageresultsindicatethreepredominantsetsofjoints,N40E,N25W,and
N65Wthatare verticalor near vertical(a 70° to 90° dip).
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Fig. 4. SectionA of the trenchlookingwestfiom Station150meters(AppendixA) showingwallsof the
trenchand concretebase.
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Fig. 5. Rose diagramshowingthe orientation(strikes)ofjoints in SectionsA and B.
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Fig. 6. Rose diagram showing the attitude (dip) of joints in SectionsA and B.
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The averageorientationof the threesetsofjoints shownby the rose diagramand steronetis sepa-
rated by 40°, 65°, and 105°.The intersectionof thejoints doesnot equateidealorientationof cooling
joints (1200).Thejoints as they cookd did not formtheexactideal intersectionof coolingjoints;
however,the averageintersectionas shownon the stereonetandrose diagrams,the verticalcomponent
of thejoints, as wellas theobservedcharacterof thejoints indicatethat themajorityof thejoints were
formedby cooling.A typicalcoolingjoint intersectionof about 120°can be seen betweenjoint numbers
90 and 91 in SectionA (Figure9).

Fig. 9. Joints,SectionA, Numbers90 and 91 (AppendixA) showinga typicalcoolingjoint intersection
of about 120°.



B. Joint Frequency

Joint frequency(thedistributionofjointsper unit lengthof the trench)wasdeterminedfromthe
numberof joints mappedin sectionA. Thejoint frequencyvariedfor every 15meters(Figure10).The
overallfrequencywas 228joints in 390metersor 1joint for every 1.7meters.

To showthe variationin frequency,SectionA was dividedintothree sectionsaccordingto the
distributionofjoints shownon Figure IO.The numberofjoints fromstations30 to 180meterswas 74
with a frequencyof 1joint for every2 meters.The numberofjoints from 180to 300metersincreasedto
89joints with a frequencyof 1joint for 1.4meters.From300 to 420meters,thenumberofjoints
decreasedto 66, or witha ikquency of 1joint for 1.8meters.Thejoint frequencywas similarto that
foundin the the disposalpits at TA-54,whichwasabout 1joint for every2 metersof pit wall.

C. Joint Width

Jointwidthrangedfrom 1cm to 8 cm. The widthof thejoints wasmeasuredas indicatedon the
map.Thejoint widthof the samejoint can varywithina shortdistance.Thejoint frequencyand width
variedslightly.In SectionA fromStations30 to 180meters,thejoint frequencywas 1joint for every
2 meterswith an averagejoint widthof 2 cm. FromStation180to 300meters,thejoint frequency
increasedto 1joint for every 1.4meterswith an averagewidthof 1cm. Similarly,fromStation300 to
420 meters, thejoint frequencydecreasedto 1joint for every 1.8meters,withan averagejoint opening
of 1

270 330 390420
Distance(Meters)

Fig. 10.Histogramshowingthe$-equencyofjoints (15-meterintervals)in SectionA.
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D. Joint Fiil

Alljoint openingswere tilled.Therewere no openjoints notedin the trench,nor was thereany
indicationthat thejoints thatweremappedwerecausedby construction(machinejoints).Thejoints
rangedfrom 1cm to 8 cm in widthfilledwith brownclay,red clay,light-grayclay,and yellowclay.
Thoughrootsoccurredin the soil zoneand in the clay-filledjoints, theywerenotmapped.

The brownclayfill materkdis foundin the sectionof the trenchand expansionloopswherethe tuff
is dry.The yellowclay fillingwas foundin SectionB underlyingthefillmaterial.In this area,a low
placeadjacentto theparkinglot, the tuff in the wallof the trenchcontainedan excessof moisture.
Weatheringin the tuff abovea nearlyflat-lyingjoint in SectionB appearedas thoughwaterhad moved
downthroughthe tuff and perchedabovethejoint, whichmay haveformeda barrierto the downward
movementof water.Similarweatheringof tuff aboveflat or nearlyflat-lyingjoints was notedand
mappedin large-diametershaftsat FrijolesMesa (Weirand Purtymun1962).

The brownand yellowclayfoundin thejoints is probablymontmorilloniteand illite,as foundin the
soil zone.The brownand yellowclay is derivedfromweatheringof the tiff. In placesclay contained
streaksof whiteto light-graylayersof calciumcarbonate.In someplacesthe calciumcarbonatewas
layeredwithinthe clay or betweentheclay and thejoint face.Theclay containssilt-sizeparticlesof
quartzand sanidine;however,sandparticlesare notabundant.The weatheringand formationof the
claysoccurin thejoint openingswith the additionof water.Theredoesnotappearto be any weathering
of the tuff behindthejoint face.

The brownclay-filledjointsmadeup mostof thejoints mapped.A totalof 336joints weremapped.
Of these,305or 91%,were filledwitha brownclay with somecalciumbicarbonate(Table 1).The
brownclay thicknessin thejointsrangedfrom 1cm to 8 cm. Of the305,65%had a thicknessof about
1cm,26’%0of the filledjointshad thicknessof about2 cm, whiletheremaining9’%0rangedin thickness
from3 cm to 8 cm (Table 1).

Materialfoundin 14,or 4%, of 336joints wasalteredfromash to reddishclay by hot gasesescap-
ing fromthe ash flow as it cooled(Table 1).Thepresenceof materialin thejoint openingsas the gasses
escapedindicatesthat thejoint openingswere filledby wind-blownash on the top of the flowalmostas
soonas thejoints were formed.The fillmaterialrangedin thicknessfrom I cm to 8 cm. The escaping
gasesalteredthe tuff to alight red as muchas 10cm to 15cm fromthejoint face. The ash alteredby hot
gasesoccurredfromSectionA, Station252 to 264 (jointmumbers131to 142,AppendixA, Table 1).
Thejoint frequencywas highat 1joint per 1.1meter,whilethejointwidthor fill averaged2 cm.

Table 1. Width and Type of Fill in Joints in Sections A and B

Width of Filling in Joints

1 cm 2 cm 3 cm 4 cm 6 cm 8 cm

Brown Clay
No. of Joints 199 78 15 7 1 5
Percent 65 26 5 2 <1 2

Red Clay
No, of Joints 11 1 2 -—- --- --—
Percent 79 7 14 ––– --– ––-

Light-Gray Clay
No. of Joints 7 1 1 .-— --- ---
Percent 78 11 11 -–– --– ---

YellowClay
No. of Joints --- 5 2 1 --— ---
Percent --- 63 25 12 --- ---
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There were only 8joints filledwith yellowclay.Theymadeuponly2% of the totalnumberof
joints mapped.The widthof theyellowclayrangedfrom 2 cm to 3 cm (Table1).

Light graycontainingstreaksof whitecalciumcarbonateoccurredin 9joints or 3% of the 335.The
thicknessof the light grayclay rangedfrom 1cm to 3 cm (Table1).

E. Joint or Fracture Offset Because of Structural Adjustment

Faultingor structualadjustmentsbeneaththe tuffmay be reflectedbyjointsor fracturesextending
upwardthroughthe tuff. Orientationof thesefracturescausedby faultingmayoccur at randomwith a
verticalor near-verticaldip of thejoint or fracture,and are difficuhto distinguishfromcoolingjoints.
The adjustmentsmay be indicatedby an increasein the numberofjoints formingbrecciatedzones
withinthe tuff, displacementof fracturesby movement,or by slickensidesof the fauItface. The rare
occurenceof slickensidesas the resultof movementin the tuff is describedby Purtymun(1966B).

A brecciatedzonesectionthatmay implysomestructuraladjustmentin the tuff occursin SectionA
betweenstations141and 145(AppendixA). Jointsfilledwithbrownclay with somecalciumcarbonate
inclusionsoccur in joint numbers59 through62.Nojoint offsetis apparentin the sectionof the trench
exposed.Three of the fivejointshavea thicknessof 4 cm, whichis greaterthan the averageof about
1cm. Otherbrecciatedzonesoccurredin SectionA betweenStations239 and 240,374 to 377,and 400
to 403, thoughno offsetmovementof any of thejointswas observed(AppendixA).

Offsetjoints, indicatingsomefractureof the tuffcausedby structuralmovement,occur in joints or
fracturesin SectionA betweenstations261 and264 (AppendixA). It appearsthatjoints 139and 141
havepulledapart, droppingjoint 140downabout10cm. This is in the areawheresomeof thejoints are
filledwith red clay, the resultof alterationby escapinggases.

III. JOINT ORIENTATION IN BASEMENT AT TA-55

The excavationof the basementat TA-55allowedan investigationof the soil zoneandjoints
exposedduringthe construction.The soil zoneandthejoint orientationsweremappedusingthe same
techniquesas used to map the wallsof the steamtrenchnear the CMRBuilding.

TA-55is locatedon PajaritoRoadabout3 kilometerseast of the trenchat the CMRBuilding.The
geologyis similar,with the basementcut into the soilzoneand Unit3 of theTshiregeMemberof the
BandelierTuff. It is quiteevidentthat the surfaceof the mesahad been leveledbeforethe excavationof
the basement.The basementwasexcavatedon the northslopeof the east-westtrendingmesa.The soil is
underlaidby a clay and weatheredtuff, clay beinginterbeddedwithweatheredtuff fragmentsfrom
pebbleto bouldersize.

The soil,made up of dark-brownclay,rangedup to 2 meter in thickness,but the underlyingclay and
weatheredtuff is as much as 5 metersin thickness.The excessivethicknessof the soil and underlying
clay and weatheredtuff wascausedby differentialsolarradiation,whichallowedmoistureto remainfor
a longerperiodof timeon the northslopeof the mesa.

A. Joint Orientation at TA-55

Only themostprominentjoints weremappedin the excavatedwall of thebasement(AppendixD).
Thejoints mappedwere all masterjoints withdipsrangingnearvertical.

A rose diagramof the strikeof thejoints indicatedthat therewerethreegeneraltrends,N to N1OE,
N20W to N30W,and a set neareast-west(N80Eto N90Wand N80Eto N90W,Figure 11).The intersec-
tion of the threesets ofjoints indicatesthat thejointswere formedas the ash flow cooled.

A rose diagramof the dipsof thejoints indicatedthat thejointswere nearvertical,rangingfrom 80°
to 90° northand 80° to 90° south(Figure12).

The orientationof thejointsmappedat TA-55indicatedthat thejoints were masterjoints formedby
coolingof the ash flow,Therewasno indicationfromthe limitednumberofjoints mappedthat these
joints couldbe attributedto structuraladjustmentor faulting.
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IV. SUMMARY AND CONCLUSIONS

The red clay (ash alteredby hot gasses)in thejoints in one smallsectionof the trenchseems to
indicatethat thejoint openingswere filledsoonafterthe ash flowwas emplaced.Otherwise,the material
in thejoint tuff adjacentto thejoint wouldnotbe alteredby thehot gas.The loosematerialon top of the
ash flow wouldhavefilledthe openjoints aidedby windand sheetwash thatoccursduringand after
volcanicactivity.

Ash filled thejoint openingsshortlyafterthe coolingjointsformed.Waterand moistureinfiltrating
the ash-filledjoints weatheredto clay.Mostof thejoint face (tuff)adjacentto the brownclay showedno
weatheringor the breakingdownof the tuff intoclays.The sharpcontrastbetweenthe clay in thejoint
and tuff is probablybecauseof the releaseof gasesthroughthejoints soonafter they formed,depositing
a thin coatof silicaon thejoint face. The silicapreventedthe infiltrationof moistureor waterfrom the
joint into the tuff that wouldcauseweathering.

There were only fourareas identifiedwherejointsor fracture(brecciateones)may haveresultedin
the structuraladjustmentsof the tuff.The ashflowsweredepositedaboutonemillionyearsago. It is
hard to believethat in that spaceof time in an activestructuralarea suchas theRio GrandeRift that so
few of thejoints or fracturesshouldhavebeencausedby faultingor stresscausedby faulting.Mostof
the displacementof thejoints was causedby thepullingapartof the tuffas it cooled.Probablysomeof
thejoints that were mappedresultedfkomstructuraldisplacementor adjustment;however,none of these
were identified.

Orientationof thejoints mappedin theBasementat TA-55indicatedthat they weremasterjoints
formedas the tuff cooled.
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APPENDIX A

GEOLOGIC MAPS AND INDEX OF JOINT ORIENTATION AND
CHARACTERISTICS OF SECTION A (STATIONS 15 TO 420 METERS

(Strike and Dip in degrees; Width in Cm; BC Brown Clay;
RC Red Clay, LGC Light-Gray Clay: YC Yellow Clay)
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Geologic Map and Index of Section A from Station 15 to 75 meters.
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Index of Joint Orientation and Characteristics, Section A, Station 15 to 75 meters.

Joint Number Strike-Dip Characteristics

1 N4E 87N 1-BC
2 N51W71N 2-BC
3 N34W86N 2-BC
4 N63E78S —--

5 N43E74N --—

6 N66E72N 1-BC
7 N47E80S 1-BC
8 N51W86S 1-BC
9 N24E77S 2-BC

10 N59W88N 1-BC
11 N22E 87N 1-BC
12 N76W74S 2-BC
13 N29E80N 1-BC
14 N77W76S 1-BC
15 N28E 86S 1-BC
16 N59W84S 2-BC
17 N7E 78S 2-BC
18 N72W90 2-BC
19 N42W90 2-BC
20 N79W88N 2-BC
21 N87W87S 3-BC
22 N18E74s 1-BC
23 N2W 82N 3-BC
24 N56E74S 1-BC
25 N56W64S 1-BC
26 N22W79S 2-BC
27 N52E 84N 2-BC
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Geologic Map and Index of Section A from Station 75 to 135 meters.
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~dex of Jobt Orientation and Characteristics, Section A, fhtiOIE 75 to 135meters.

Joint Number Strike-Dip Characteristics

28 N42W 90 1-BC
29 N64W 87S 8-BC
30 N24E 90 ———

31 N72E 80S 2-BC
32 N70E 79s ——-

33 N24E 76S 2-BC
34 N24W 79S 2-BC
35 N69W 90 1-BC
36 N36W89S 6-BC
37 N56E79N 2-BC
38 N86E67N 1-BC
39 N78W47S 1-BC
40 N34W86N 1-BC
41 N52W87S 1-BC
42 M4790 1-BC
43 N87E 84S 1-BC
44 N32W84N 2-BC
45 N56E77N ---

46 N24W--- ---
47 N21E56S 2-BC
48 N86E77s 4-BC
49 N29W88S 4-BC
50 N79W89S 2-BC
51 N51W72S 1-BC ,
52 N26E 86S 1-BC
53 N74W86N 1-BC
54 N71W82S 2-BC
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Geologic Map and Index of Section A from Station 135 to 195 meters.
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Index of Joint Orientation and Characteristics, Section A, Stations 135 to 195 meters.

Joint Number Strike-Dip Characteristics

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

N87E83S
N18W89N
N18W86N
N14W83N
N83E-–-
N4W 73N
N81E74N
N64W66N
N63W89N
N19E81S
N89W86S
N4W 87S
N56E67S
N34W83N
N4W 84N
N4W 80N
N81W76N
N39E 88s
N31E 81S
N31E79s
N82E 84S
N39W46S
N63W 87S
N39E 88s
N60E 88s
N22W89W
N14W79S
N4W 78N
N19E 87N
N58W 84N
N67E79N
N54E 84N
N89E44S
N24W79S
N53W 88S

2-BC
3-BC
1-BC
1-BC
-—-
4-BC
4-BC
4-BC
1-BC
2-BC
1-BC
1-BC
—-—
2-BC
2-BC
3-BC
2-BC
2-BC
2-BC
2-BC
2-BC
1-BC
2-BC
2-BC
1-BC
2-BC
2-BC
1-BC
1-BC
1-BC
2-BC
1-BC
1-BC
2-BC
2-BC
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Geologic Map and Index of Section A from Station 195 to 255 meters.
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Index of Joint Orientation and Characteristics, Section A, Station 195 to 255 meters.

Joint Number Strike-Dip Characteristics

90
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116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

N79E 88N
N42W 87N
N54W81S
N51W59N
N54E 87N
N29W89N
N86E 83N
N38W 87N
N56E 89S
N16E 83S
N39W67N
N89E 60S
N69E73S
N47W74S
N57W 81S
N74E48S
N41E 89S
N21E 86s
N89W48S
N29E 86N
N5E 81N
N8W 81S
N73E 86N
N64W79S
N62E 88S
N34W76N
N41W77S
N68E73N
N42W 89S
N69W59S
N19E76S
N49W 84S
N89W 89S
N70E 81N
N2W 76S
N6E 76N
N61E 89S
N34W89N
N64E 84S
N22E 89S
N34E 72S
N41E 89N
N67E 85S
N69E 83S
N34W82S

2-BC
2-BC
1-BC
2-BC
2-BC
1-BC
1-BC
2-BC
I-BC
1-BC
1-BC
1-BC
2-BC
1-BC
2-BC
2-BC
1-BC
1-BC
1-BC
1-BC
1-BC
1-BC
1-BC
1-BC ,
3-BC
1-BC
2-BC
1-BC
2-BC
1-BC
1-BC
1-BC
2-BC
1-BC -
2-BC
1-BC
1-BC
1-BC
2-BC
1-BC
1-BC
3-RC
1-RC
1-RC
1-RC
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Geologic Map and Index of Section A from Station 255 to 315 meters.
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Index of Joint Orientation and Characteristics, Section A, Station 255 to 315 meters.

Joint Number Strike-Dip Characteristics

N51W 64S135
136
137
138
139
140
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157
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159
160
161
162
163
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168
169
170
171
172
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174
175
176

N72E 83S
N21W74S
N36W59S
N24W84S
N84W 36S
N41E 82S
N87W31S
N53W74S
N3E 89S
N37W 82S
N41E84S
N7E 78N
N14E 82S
N22W88N
N73E79N
N49W52S
N34W84N
N49E 84S
N57E 64N
N64W 83N
N19E78S
N49W71N
N49W 82N
N29E79N
N21W 16N
N2W74N
N61W79s
N54E77s
N41E52N
N44W69N
N14W83N
N21E 88s
N66E 64S
N81E77s
N26W 51S
N47E 84N
N29W 83N
N73E 85N
N1IE 84N
N21E 88s
N38E73S

1-RC
1-RC
1-RC
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2-BC
3-RC
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1-BC
1-RC
1-BC
2-BC
1-BC
2-BC
1-BC
2-BC
1-LGC
1-BC
1-BC
1-RC
1-BC
1-BC
1-BC
1-BC
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1-BC
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1-BC
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Geologic Map and Index of Section A from Station 315 to 375 meters.
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Index of Joint Orientation and Characteristics, Section A, Station 315 to 375 meters.

Joint Number Strike-Dip Characteristics

177
178
179
180
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182
183
184
185
186
187
188
189
190
191
192
193
194
195
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199
200
201
202
203
204
205
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207
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N81W76S
N82E83N
N1lW 81N
N52E 81N
N9E 69S
N42E76S
N41W42S
N49E 82S
N26W86N
N79E 84S
N31W74N
N44W83S
N64E73S
N65E 86S
N34W85N
N46E 82S
N49W85S
N48E 89S
N7E 69S
N89E 89S
N58E 87S
N19E 81N
N4E 87S
N6E 87N
N31W81S
N1lE 78S
N37W86S
N56E 81S
N1IE 84S
N67E76S
N19W 84S
N44E74N
N21E79s
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3-BC
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Geologic Map and Index of Section A from Station 375 to 420 meters.
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Index of Joint Orientation and Characteristics, Section A, Station 375 to 420 meters.

Joint Number Strike-Dip Characteristics

210 N87E 71S 1-BC
211 N34E 64S 3-BC
212 N37E 42S 1-BC
213 N39W 82S 1-BC
214 N33E 79s 1-BC
215 N41W 81S 1-BC
216 N49E 89S 1-BC
217 N66W77s 1-BC
218 N56W74S 1-BC
219 N64E 81S 1-BC
220 N6W49s 1-BC
221 N31E 81N 1-BC
222 N69W81S 1-BC
223 N31W66S 1-BC
224 N61E 89S 1-RC
225 N44W71S 1-RC
226 N56E 87N 1-BC
227 N51E87S 1-BC
228 N21E69S 1-RC
229 N67E 81S 1-BC
230 N24W87S 1-BC
231 N82E 86S 1-BC
232 N28E 89N 1-BC
233 N89W 88S 1-LGC
234 N57W 89N 1-BC
235 N16W66s 1-BC
236 N16E74s 1-BC
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APPENDIX B

GEOLOGIC MAP AND INDEX OF JOINT O~NTA~ON AND
CHARACTERISTICS OF SECTION A EXPANSION LOOPS A, B, C, AND D

(Strike-Dip in degrees; Width Cm; EC Brown Clay; LGC Light-Gray Clay)
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Geologic Map and Index of Expansion Loops A and Bin Section A.
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Index of Joint Orientation and Characteristics of Expansion Loops A and Bin Section A.

Expansion Loop A

Joint Number Strike-Dip Characteristics

1 N51E 29N 2-LGC
2 N39W 83S 2-BC
3 N64W 83S 1-LGC
4 N64W 81N 1-BC
5 N36E 78S 1-BC
6 N46W 81S 2-BC
7 N56W 82S 1-BC
8 N45E 87N 1-BC
9 N39E 81S 1-BC

10 N51W 86W 1-BC
11 N78E 79S 1-BC
12 N51W 49N 1-LGC
13 N83W 89N 1-BC

Expansion Loop B

Joint Number Strike-Dip Characteristics

1 N16W 85N 1-BC
2 N34W 87S 1-BC
3 N27E 47N 1-BC
4 N87E 58N 1-BC
5 N58W 87N 1-BC ,
6 N69E 69N 1-BC
7 N56E 87N 1-BC
8 N34W 64N 2-BC
9 N87E 71N 8-BC

10 N31E 89S 3-BC
11 N7E 70s 1-BC
12 N39W 78N 1-BC
13 N79E 76N 1-BC
14 N24W 79S 1-BC
15 N81E 77N 1-BC .
16 N44W 81N 1-BC
17 N71E 81S 1-BC
18 N88W 84N 1-BC
19 N69E 79S 1-BC
20 N70W 81S 1-BC
21 N88E 60S 1-BC
22 N19E 89S 1-BC
23 N72W 76N 1-BC
24 N16W 70N 1-BC
25 N64E 48N 1-BC
26 N76E 67S 1-BC
27 N64W 82S 1-BC
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Geologic Map and Index of Expansion Loops C and Din Section A.
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Index of Joint Orientation and Characteristics of Expansion Loops C and Din Section A.

Expansion Loop C

Joint Number Strike-Dip Characteristics

1 N61W 61S 2-BC
2 N37W 86S 1-BC
3 N51E 64S 1-BC
4 N52W 74S 1-BC
5 N42E 79S 2-BC
6 N51W 84S 1-BC
7 N29E 87S I-BC
8 N18E 73N 1-BC
9 N56E 79N 1-BC

10 N49W 71S 1-BC
11 N89W44S 1-BC
12 N74W 69N 1-BC
13 N36E 84S 1-BC

Expansion Loop D

Joint Number Strike-Dip Characteristics

1 N84W 18S 1-BC
2 N69E 87N 1-BC
3 N18E 88N 1-BC
4 N37W 76S 3-BC
5 N5W 84S 8-BC
6 N51W 80S 1-BC
7 N59E 45N 1-BC
8 N62E 49S 1-BC
9 N43W 86S 2-BC

10 N42E 81S 2-BC
11 N78W 79S 1-BC
12 N76E 88S 1-BC
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APPENDIX C

GEOLOGIC MAP AND INDEX OF JOINT ORIENTATION AND CHAIL4CTERISTICS OF
SECTION B AND EXPANSION LOOP E

(Strike-Dip in degrees; Width Cm; BC Brown Clay; LGC Light-Gray Clay; YC Yellow Clay)
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Geologic Map and Index of Section B and Expansion Loop E. (Continued)
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Index of .JointOrientation and Characteristics of Section B and Ex~ansion LOODE.

Joint Number Strike-Dip Characteristics

1 N49E 84N 1-BC
2 N26E 84S 1-BC
3 N56W 67N 1-BC
4 N69W 90 1-BC
5 N71W 75N 1-BC
6 N61W 84N 6-BC
7 N1OE84S 1-BC
8 N87W 88S 2-BC
9 N29W 20N 2-BC

10 N86E 85N 2-BC
11 N54E 90 ---
12 N65E 90 1-BC
13 N79W 84N 1-BC
14 N18E 85N 4-BC
15 N15E 90 2-YC
16 N36W 90 3-YC
17 N69W 90 3-BC
18 N19E 79s 1-BC
19 N79E 85S 8-BC
20 N20E 90 1-BC
21 N34E 78S 1-BC
22 N69E 90
23 N39W 87N 1-BC
24 N64E 65N 2-BC
25 N69W 90 1-BC
26 N29E 70S 3-BC
27 N76E 89S 1-BC
28 N66W 88N 2-BC
29 N48W 88N 3-BC

Expansion Loop E

Joint Number Strike-Dip Characteristics

1 N54E 69S 1-BC
2 N74W 54S 1-BC
3 N54W 84N 3-RC
4 N34W 81N 2-BC
5 N31E 84S 3-BC
6 N64E 5N 2-BC
7 N49W 88N 3-BC
8 N24W 64S 1-BC
9 N51W 84S 4-YC

10 N32E 83S 2-YC
11 N21W81N 2-YC
12 N12E 87S 2-YC
13 N4E 84S 2-YC
14 N18W4N 1-LGC
15 N4W 84S 3-YC



APPENDIX D

GEOLOGIC MAP OF BASEMENT EXCAVATION, TA-55E
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