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Shallm.,r holes for mois~t<re ~easuremen~s 

Twenty-three holes ~ere drilled on the mesa surface in ~~-49 

(fie;. 20) end tvo in \later Canyon (fig. 6) for the purpose of measu-ine; 

moisture content and the changes in moisture content with time and 

depth. Areas l through 4 and Area 10 were of special interest 

because potential ground-water contaminants would be left in the 

ground as a result of the experimental ·.:ark in these areas. These 

holes Here d ... dlled \d tb. a wagon drill and are 2. 5 inches in d.iame-r.er. 

They '.Jere cased 'd'i th 2-inch plastic pipe. 

A rough vist;.al log was made at the time the holes '>iere d.rilled 

by observing color changes of the air-returned ct<ttings and the 

general drilling conditions. These logs ure plotted beside the 

graphs of moisture content. (See figs. 21-43.) 

Holes ',-ICM-1 and i-JCM-2, in ,-.ater Canyon, were drilled ·with a 

wagon drill using air as a Cl...i.tti~s carrier. These borings penctrCJ.ted 

'"ater in the thin alluvium at the level of water in the nearby stre!ltl, 

and air drilling could not. be continued. The holes ·were d:illed 

about 2.5 inches in diameter and cased ·.dtb. 2-inch plastic pipej 

WCM-1 ~as cased to a depth of 9·9 feet with perforations the entire 

length; \~CM-2 vas cased to 9. 4 feet with perforations in its lower 

6 feet. 
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GeoloG".; and hydrolog-J of Technical Area 49 
Frijoles Hesa, Los Alamos Cour;.t:;·, Uev Mexico 

B;:; 

Jaoe::. E. Heir, Jr. and ~-illliai:l D. Purt:,1Iltll1 

Abstract 

Frijoles !-iesa is a part of the Po.jari to Plateau, a dissected 

ash-flo-w field that laps onto the Sierra de los Valles to the 1-rest 

and terminates in clifi'lJ along Hhite Rock Canyon to the east. 

Technical Area 49 (TA-49) occupies about 2 sq_uare oiles on the 

northern segment of Frijoles Mesa near the center of the plateau, 

about 5 miles south of Los AlWX>s. 

The rocks exposed at the !3urface at TA-49 are of the Bandelier 

Tuff of Pleistocene Cl[;e. Subsurface l-oc."";.s of the Santa Fe Group 

of Middle(?) Miocene to PleistocenJl~e and the Tschicama Fornation 

of Pliocene and Pleistocene(?) age were penetrated by three deep 

test boles. The rocks of the Santa Fe Group, in ascending order, 

are: the undifferentiated unit, the Puye Conglomerate, and the 

basaltic rocks of Chino Mesa. Interbedded Yith the rocks of the 

Santa Fe Group are rocks of the Tschicoma Formation. 



The undifferentiated unit consists of sedi~e~ts laid down as 

alluvial-fan and flood-plain deposits. Above the undifferentiated · 

unit is the Puye Conglomerate 1 which consists o:t' two oembers. The 

lover member is a poorly consolidated channel-fill deposit called 

the Totavi Lentil. Overlying the Totavi Lentil is the fanglomerate 
t 

member that is made up of volcanic debris. Interbedded with the 

fanglomerate member are the basaltic rocks of Chino Mesa and lutite 

! 
and quartz-latite ~ of the Tschicoma Formation. 

---------;?;.,. 

The Bandelier 'lUff overlies the fanglomerate member. It consists 

f 

of ash-fall and ash-flow rocks that are draped over the older rocks, 

filling the lows and smoothing out the topography of the older rocks. 

The Bandelier Tuff consists of three members • In ascending order they 

are: the Guaje Member, an ash-fall pumice and water-laid pumiceous 

tuff; the otowi Member, a friable ash-flow tuf'f; and the uppermost 

Tshirege Member, a series of ash-flow tuffs with one thin water-laid 

bed near the top. 

The Tshirege Member forms the finger-like mesa at TA-~~0. It 

is the moat important geologic unit because test operations will 

~Bov{ J6-L-c w 

place contaminants 1n these rocksAWiloihl:&= 100 feet ¢'the mesa surface. 

There these contaminants could be removed by water and carried into 

the zone of saturation. 



analysis of the tel..ff .:..:!dicatcd the :'ollm,ring ranges: porosi t~:, l). 3 

;:,ield, J.6 to 42.5; :pe:r""...eabilit::.i, 0.04 +..o 22 c;:;::d (:~llo:tS pe::- da:.,·) 

per square foot for consolidated ~amples, and 34 to 59 gpd per 

square foot f.:)r ·.::1.coilliolidated samples. ~!oic7-ui·e content ra.,..,.ged Fro'" 
0.2 to 8.7 percent by •~lume beneath the oeea: but moisture contents 

of tuff f::-oo a test hole in Fater Co.;."lJ'On r...orth of the oesa :""'1 ::1[;ed 

froo 13.3 to :::6.3 percent b::· volume, -.:hich indicates some 

inf'iltration of >Jater. 

'i'he soil cover on the oesa suri'ace is characterized by a 

veathered zone, a 1.;ater-la.id pumice zoP.e, and a soil zone. The 

to!J few feet of the 7shirege Hember is cooposed of partly i:ea.thered 

tuff' fragments i:1. a J:Jatrix of clay. The '..;eathered zone grades up 

into a brmm clayey soil except along the northern ed..;e of the 

~esa, >mere a layer of ,,ater-laid pumice occurs bet~~en the 

1•ea.thered zone and the soil zone. 

-,/ 
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Periodic moisture readings of the soil and underlying tuff, r:JB.de 

by a neutron-scattering ~~isture probe, indicate little or no 

infiltration of vater from precipitation through the soil zone. other 

data collected during drilling, mapping, and hydrologic analysis of 

rocks of the Guaje, Otowi, and Tshirege Members of the Bandelier Tuff 

indicate that the soil forms a nearly perfect seal on the mesa 

surface and that the Bandelier Tuff has a large bulk permeability. 

Where the soil cover has been removed or disturbed, water in sui'ficient 

quantities would move almost vertically through the Bandelier Tuff 

into the Puye Conglomerate and eventually into the zone of saturation. 

If P~f..JfiA'L. .;rflilt"' CHII-A11JII.- o~ 

stream flow in~ a!"!'e1E' e& the surface of the mesa was measured 

at two moisture test holes about 700 feet apart. There was very 11 ttle 

loss of flow between the two test holes a:t'ter the channel and bank 

material had become saturated. No change in xooisture content in 

the channel material or underlying tuff vas detected below a depth 

of 3.5 feet in either of the test holes. The moisture content 

increased 16 percent by volume in the upper 3. 5 feet while the stream 

was flowing. Six days a:f'ter the flow ended, capillary return to the 

surf'ace and evaporation had decreased this moisture content by as 

much as 13 percent. 



feet below the ::1esa surface at '.:A-4;+ in !"'cl~s 01' -c.b.e t)anta Fe Gro~p 

and ~::;chicoma Por::l::n.ion. No perched ~,-at.er ,;as fou..'1d above tile 

zone of sa-curat:Lor.. ':he ,;radien-c. oa -c.;:.e ~iezouetric t.:'...l.rf'ace of 

the main a·:1ui.fer i..; eu.:;t-sou""Clleas~-..ard. -w~·d ;:.he i-:io Grande abollt. 

So 
Jriii:r fee~ per r.!ile. Data indica "ted -r.ha -c -che recharge area w t.i.1e 

main aquifer i:.:. \leG'c o.r 'l'A-4:;:~ on ~e ~lo.!?eti ot t.he CierTa de l.os 

Valles and t.he \lestcr:::l i)ar'L ot the ?ajari to Pla-r.eau. The ::;:pec::.::::·:..c 

capacity 01' ~ee vell:.> i'inisned in .:.:J.e ~in aq_uifer range fro;:. 

5. 7 to 22 ,_nml ( ,zallons per ll1i:nute) per foot of drawdo'\ffi. Punpin.::; 

tests indicate an ave~e coefficient of peroeabili ty of 18o c}Xl 

per foot per foot. The velocity of ·water in the main aquifer is 

approxi.IJatcly 4oo :feet per year. The c1uantit.y of w"B.ter passirlG 

through the upper 650 feet oi' the aq_uifer beneath the t.est areas 

at TA-49 is approximately 370 acre-feet per year. 

Tritillr.l analy::;es indic.:lte that. ~he -..ro.ter in t.he uain aquifer 

ral'iges in age from 13 to 20 years. The cause of differences in 

age could be that the i-iater deeper in the aquifer t:10ves more 

slo\tly and is actually older, or that some young water is being 

added to the aq_uifer 1.>:, local recharge i'roi:l canyon sources such 

as Water Canyon to the north or Fri,~oles Canyon to the south. 



Introduction 

The Los Alamos Area Office, u.s. Atomic Energy Commission, 

requested support from the Geological SUrvey f'or a project at 

Technical Area 49 (TA-49) inf'ormall.y in conf'erence September 29, 

1959. The request vas confirmed by a copy of' a letter ( J<>-11-62 ) f'rom 

Mr. William ~la of the Los Alamos Scientific Laboratory to Mr. Paul 

Wilson, Manager o:f' the Los Alamos Axes O:f'1'ice. 

The vork of the Geological Survey was aimed at 1) providing 

geological information to the ~ about the rocks that underlie the 

area, and 2) defining the direction and rate of movement of vater in 

the zone of aeration and the movement of ground water in the zone of 

saturation beneath the project area ea.stvard to the Rio Gratlde. 

Field.vork began in late O::tober 1959 and vas cmpleted in 

September l960;al.though the most intensive part of the fieldwork 

ws finished b:: May 10, 1960. 



Location and setting 

MJ.ch of Los Alamos County south of the city of Los Alacos is 

used for test operations by the Los Alamos Scientific Laboratory. 

Various installations and areas in the upland surface and the 

canyon bottoms are designated "technical areas." 

Technical. Area l19 occupies aoout 2 square miles on the northern 

segment of Frijoles Mesa, 5 miles {about 10 road miles) south of 

Los Alamos {fig. 1). Frijoles Mesa is a part of the Pajarito 

Figure 1. --Iniex map of part or Los Alamos and adjacent 

counties, Nev Mexico, showing the location of Technical 

Area 49 {TA-49). 

Plateau, which is a dissected ash-flow fieJ.d that laps onto the 

Sierra de los Valles (fig. 4) to the west and terminates in cliffs 

along White Rock Cal:lyon to the east. The area is in the former 

Roman Vigil Grant, which is not sectionized, but projections of land 

divisions into the Grant area indicate that TA-49 is mainly in 

sees. 3 and 4, T. 1.8 11., R. 6 E., with minor parts of the area in 

sees. 33 and .34, T. 19 N., R. 6 E. and sec. 2, T. 18 N., R. 6 E. 
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The northern segment of' Frijoles Mesa slopes gently eastvard 

fran an altitude of about 7,200 feet near the western edge of TA-l~9 

to an altitude of' about 7,000 ~eet at its dissected eastern end. It 

is bounded on the north by Water canyon, which has been cut 300 to l100 

feet below the plateau surface, and on the south by Ancho Canyon, whose 

floor is 100 to 200 feet belov the relatively nat upland. 

Frijoles Mesa and the adjacent canyons support moderate to dense 

vegetative growth. Pinon pine and juniper are the predominant trees, 

and there is a sparse growth of ponderosa pine, mainly in the canyons. 

Gram& grass predaninates as surface cover, and a fev scrub oak, mostly 

shinnery oak, grow in isolated patches. 

Water and Ancho Canyons drain eastward and are almost parallel. 

They empty into the Rio Grande in White Rock Canyon. Water Canyon 

heads on the slopes of the Sierra de los Valles. In the reach of 

Water Canyon, north of TA-1~9, a s~ intermittent flov of unknown 

origin occurs. Ancho Canyon heads near the entrance to TA-l~9 {fig. 6) 

... 'J.d. does not contain a r>erennial stream in its upper reach. 

Drainage channels on the mesa trend generally east-southeastvard 

with the gradient of the mesa surface, and many minor chamlels braid 

out on top of the mesa in flatter areas. Short tr1 butary canyons 

drain into the tvo major canyons north and south of' TA-49. The eastern 

part of' TA-49 is drained by a rather well-developed dendritic system 

of channels and canyons. M:>st r:linor drainagevays empty runoff into 

Ancho Canyon to the south. 

'I 



Previous vork 

Geology and ground-water coDdi tiona in the Los Alamos area 

have been studied by the Geological ~~ey and the Atomic Energy 

Commission under a cooperative program since 1949. An administrative 

report to the AD:: by Griggs (1955) describes the general aspects of 

tr.e geology of Los Alamos County. Sur:face geology on figure 4 is 

taken mainly i'rom Griggs • geologic rnap 1 and stratigraphic nomenclature 

proposed by Griggs is used in this report. 

The geology and ground-water condi tiona in Los Alamos County 

are described in a classified report by Baltz and others (1959) 1 

which appraised several areas as to the fee.sibili ty of' the e.'Cperii:lental 

work. The investigations in TA-49 are a result of this report. 
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Purpose and scope of :report 

The study at TA-1~9 was made to determine whether ground '\-tater, 

either perched or in the zone of saturation, might be contaminated 

by radioe.cti ve material.s that vould be buried 30 to 120 feet belov 

the sur1"ace o~ the mesa. This report describes the geolog-.f and 

hydrology of' the mea& at TA-49, vi th emphasis on the rocks "Within 

about 100 feet of the surface, particu.l£1.r"ly their hydrologic properties. 

The investigations having to do vith the possibility that 

contamt nants might be leached from the rock in vhich they vere 

emplaced consisted of geologic mapping, subsurface geologic studies, 

observing and advising on drilling operations, interpreting geophysical 

logs ot' holes, conducting pumping tests, and making water-level 

measurements in vella. Rock samples were collected and sent to 

Geological Survey laboratories for petrographic description, chemical 

and X-ray analysis, and measurement of physical properties. Rock 

sampling was very intensive as as insurance against the possibility 

of missing information that could not be obtained later. lfbe ~amples 

have been catalogued and are stored in the Geological SUrvey office 

at Loa Alamos and are available to interested parties for future 

study. 

t:::r' /I 



The tufr exposed in TA-49 ~~ previously been mapped as a single 

unit; however, it was necessary, for the purpose of this study, to 

aubdi vide the rock into seven inf'orrna.l stratigraphic units. Six or 

these units are exposed in Water Canyon and are recognizable in the 

subsur:face beneath Frijoles Mesa on the basis of cores, drill cuttings, 
!oJ8 

or geophysical logs. The seventh unit is known only in thet\surf'ace. 



is 1,000 to 1,200 feet below the I:J.esn .s:.u-fc.ce, , .. as obtained f:=on 

three deep test \Jell:::. (The r:::a.in aquifer in the Los Alamos area 

is the zone of satu.."ation in the undifferentiated unit of the 

Santa Fe Group. The top of the zone of saturation in the nain 

aquifer seems to rise west-ward into the upper uni tz of the Santa Fe 

Group and the TschicOT.lfl Formation. However, the water in the 

upper part of the Santa Fe Group and the Tschicoma Formation may 

be perched. ':he •.ater in the main aquifer in ~.der artesian 

pressure.) Hydrologic characteristics of the aquifer we=e esticated 

fro~ drill cuttings, beophysical logs, and a pucping test on each 

of the three deep wells. The data obtained, from these deep wells 

provide the basis for estimates of the average rate and direction 

of ground-water moYement in the principal aquifer. 

The results of laborator'J investigations of physical and 

chemical characteristics of the rocks and chemical analyses of 

;:;round-v;ater samples are tabulated in order to :nak.e them readil~' 

available for future :::>tudy, but a detailed interpretation of these 

data is beyond the scope of this report. 

13 



Techniques used and data collected 

~t phases of the project were carried on simultaneously. 

Cores were described at the drill.il:lg sites. Drill cuttings were 

examined vi th a binocular microscope during periods when other 

operations were not pressing. Pumping tests were run on wells DT-5A, 

IJI'-9, and DT-10 to determine vell performance and aquifer characteristics. 

T~e locations of wells, large-diameter holes, and test holes 

used in this report are listed in the following table. 

14 



(See figs. 6 and 3J.) 

Deep vells 

IYl'-5P lll + 32 south 

IYl'-5 110 + 99 

I1r-5A 111 + 47 

M-9 142 + 31 

DT-10 113 + 27 

Exp1orn. tory large-diameter holes 

Alpha 111 + 16 sout...'l 

Beta 83 + 63 

Gamma and Ga.rJX:~a "A" 13 3 + 20 

Core boles 

CR-1 

CR-2 

CH-3 

CH-4 

104 + 98 sout.."l 

105 + 70 

114 + 94 

120 + 33 

Shall.o~i holes for moisture measurements 

ll!-1, 2, 3, and 5A 105 + 00 south 

2M-l, 2\and 3 lo6 + 00 

;14-1, 2, and 3 ll5 + 00 

l.!M-1, 2, 3, and 4 120 + 00 

5M-l 111 + 32 

5M-2 111 + 05 

6M-1 102 + 15 

9M-1 116 + 67 

94 + ;6 

93 + 03 

93 + 03 

131 + 27 

129 + :)4 

97 + 54 

91 + &:) 

104 + 00 

east 

84 + 37 east 

97 + 85 

82 + 06 

95 + 63 

84 + 00 east 

98 + 00 

82 + 00 

96+00 

94 + ;6 

92 + 38 

68 + 03 

00 + 4~. 



Los .t..1anos crid .l.acat:.o:-:c - Con·:L:ucd 

3b.allovi boles for misture neasurcoento - Cont::.::-...ued 

:;;'M-2 113 + 40 98+ c c:; .... ,., 

:M-5 117 + 02 104 + 57 

~H-4 113 + ')3 100 + :10 

101-1-1 104 + 96 110 + ~, 

/~ 

l\JM-2 104 + 54 lob + 6;1 

LarGe-diameter holes used i'or e..-xper:U:le..'1.tnl purposes by the Los / .... la.-uo:: 

3cienti:r:.:.c I...aUorn~ry. Layout of l:o1es i~l. areas s.'lo1m. on ::-:.{;u=c 2. 

Area::. 105 + ,)1) south 34 + JO cnst 

Area 2 loO +00 98 + 00 

Area. 3 115 +00 82 + 00 

.:\rea 4 120 + 00 96 + rJO 

Area 10 105 + 00 109 + 00 

/II f-~0 q~-t-d_O 

/'fS + o o I o J.. 1- c( 0 



l-ot & fJ.,._ .. t w• II ,·.,._ 
'Z'hc Los Alane::; area, by sec~ior ... : tOi.m.ship, range 

(See fie;. ·~. ) 

T-11 1 ,4 sec. 20, '!'. 19 N.' R. 7 E. 

T-2 ~R sec. 14, rn 19 !l. ' R. 6 E. I ... . 
T-"'i sec. 13, T. 19 !l.' R. 6 E. 

T-4 sec. 16, rn "0 N.' R. 6 E. ..... .L_, 

H-1 ,') _ _, sec. 17, '!'. 19 11.' R. 6 E. 

L-3 sec. 14, T. 2.9 II. : R. 7 E. 

l4c 



Surface wappir~ 

Geologic mapping on aerial photographs wns begun en:rly i:n December 

1959. st:ratig:rnphic :relations we:re established in the area of oaxirnum 

exposures on the south vall of '.rater Canyon. 

The exposures ve:re examined about every :leo to 500 yards to tnake 

certain of adequate control. Contacts ve:re :referred to the nany vertical 

control points established in the field by Laboratory personnel engaged 

in mapping TA-lr9 topographically. Control points vere located on the 

aerial photographs, and geologic contacts were d.ra\m on the photographs 

(scale 1:7 ,ooo) in the field by stereoscopic methods. 



The unit contacts on the photographs did not co.-rnpletely agree with 

the topographic contours. Therefore, the geologic contacts vere 

adjusted to agree with the topographic base map. The geologic map 

is sufficiently occurate for all purposes anticipated. Segments of 

many contacts were d.ravn through areas where rock exposures are poor, 

and in these areas the contact alinement r:Jily not be exact. The areas 

of best exposure are along the road leading :fran the mesa just east 

of Area 10 into \>later Canyon, the northern vaJ..ls of canyons, and o. fev 

places in the bottoms of arroyo channels. 

/6 



T·;st. d:il.iing 

T~irt:;-seven exploratory holes were drill~d ran~ing in depth 

from [ to l,821 feet ~d in diameter from 2 inches to 2 feet. The 

five deep test ·wells are designated by "DT" and the number of :J. 

nearby area. These test wells include the pilot hole, DT-)P, Qlld 

the '.-/ells DT-5, M-)A, DT-9 1 and DT-10. Three holes, arbitraril;y 

called Alpha, Eeta, and Gamma, were drilled with a bucket auger 

on top of the me;.;a, in Hat.er canyon and in Ancho Canyon. ,~_ core 

bole was drilled in :\reas 1 thrcui:71 4 (fig. 2) • These h0les are 

desit;;nated by "CH'' and an area n~ber. Twenty-five shc.llow test 

holes were drilled with a "ae;on drilL These are desi~ted by 

the n~ber cf the nearby area, a "M"for "moisture" to indic~te 

the purpose of the holes, and the n~r of ~~e hole in the are:J.. 



; 

Deep '..rells 

Five '.;ell;;; vere drilled to obtain hydrologic and geolot;ic 

inforl!lation about the main aquifer. The -wells <Jere located to 

3i ve t..."le ".tlidest distribution of r;ubsurf'ace geologic control and 

t.'le best hydrologic control (fig. 6). Consideration •ns given to 

choosing the best sites for monitoring Grou.~ v.ater for posGible 

contai:I.ination. 

Well DT-5P, just east of Area 5, w.s an air rotar.r hole 

Jrilled to determine the presence or absence of perched \o~S.ter 

(saturated zones above and separated from t.h.e main aquifer) • It 

itas completed a.t a depth of 692 feet as a d.....-y hole. 

\tlell lJl'-5, about 50 feet vest of DT-5P, "Was unsuccessful. It 

was drilled with air rotar.r equipment. The air return ws tJOstly 

lost into cracks and crevices in the tut'i', and the hole was 

abandoned at a depth of 927 feet. Few samples of drill cuttings 

vere obtained, and these '-~ere not descr:.bed. because saoples froo 

nearby '.;ell DT-5P ha.d already been described. Three side-1.ull 

samples were taken from depths of 3'-)0, 490, ani 500 feet to 

obtain undisturbed ~les from that interval to supplement 

unsuccessful vertical coring in t\reas 1 and 2. 

18 



Well DT-5A, 50 feet south o= -·ell DT-5, ;;as drilled irlth :::-ctar:,' 

equipment, using mud a.s a. drilling fluid. Circulation was verj poor 

i:l. tne upper 520 feet of the hole. Tvel ve- inch casing was installed 
( 11l8l. (. I) 

and cemented a.t this deyth. Below 520 feet, circulation was 

!:laintained and cuttir.gs samples •tere obtained to the total depth of 

l,d21 feet. 

I 't 



Well DT-:;) (fig. 6) was begun as a 20- ir.ch hole using cable- wol 

equipment. The hole ws reduced to 16 inches at a depth of 395 feet, 

and drilled at that diameter to a depth or 1, ,JJO feet, at -which point. 

it was logged geophysically and then cased >lith 12-inch pipe. An ll­

inch hole na~ drilled fro:n l, ;oo to 1 1 )·Jl feet ~1d an ,]-inc:n :.:..!1e:· ·.;c.s 

installed ( to.blc 2) . 

Well IYl'-10 (fig. 6) ws drilled -with cable-tool equip::1ent 16 

inches in diameter to a depth of 1,125 feet belov the land surface, at. 

which point 12-inch casing 'ias installed. An 11-inch hole was drilled 

from 1,125 feet to 1, 408 feet, and an 8-inch liner was installed 

(table 5). 

20 



Descr:.-;:;tio:-. Dep1:h '::Jelov Leng1:.h A.l.t::_t;..;.de of 
land s·c1rface (Teet) top of section (Ju. r) l~C"e r-) 

Ton Botton Slotted Bla~ 

12-inch I. c. casing 

Blar2~ +O.)V 519.7 520 7,14).62 

8-inch I. D. cas in:; 
I 

Bla!lk +. 5.:/ l, l7l. 5 l,l72 7,14).:32 

Slotted l,lll.S l, l)l. 5 20 5,971.02 

Blank l, l9l. 5 l, 279. 5 88 5,:)51.82 

Slotted 1,279-5 1,289.5 10 5,36).32 

Blank 1,289.5 1,335.5 46 5,85).82 

Slct~ed 1,335-5 1,381.5 46 5,807.32 

Blank l, 381.5 1,415.5 34 5 7' 1 Q2 ' o ..... u 

Sbtted 1,415.5 1,445.5 5,72{.32 

3la::L~ 1,445.5 1,535-5 90 5,097.62 

Slotted 1,535-5 1,555-5 20 ~ '07 °2 ),C .u 

Blailk 1,555-5 1,591.5 36 5,587.82 

Slotted l, 591.5 1,615.5 24 5,551.82 

3lank 1,615.5 1,635-5 20 5,527.82 

Slotted 1,635-5 1,655-5 20 c: ~0'7 "2 .,~,) 1•0 

Blar:k l,css.s l, 702.5 53 5' 437.82 

Sbt"'ced l, 708.5 l, 728. 5 20 5, Lf)4. 32 
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~able =.... --Casi~-~ 

Dey--c~1 ~·~lc~ .. ; 
:_a:lq s~~"":J.ce · 

Bot tor;. Blank 

8-i~ch I. D. casir~ - Co~t~~ued 

Blank l 72p., --..... ~· ......, . ) l,74o.5 12 

Slotted l,74o.5 1,750.5 lO 

Blank 1,750.5 l, 768.5 18 

Slotted 1,768.5 1,788.5 20 

BlarJ.<:: 1,788.5 1,819.5 31 

Botton of hole 

Total 8-inch I. D. casing 23) l,bOO 

~Extension of casing above land surface. 

2l 

top J: :ect.i..c:--. 
__ J e e : 

5, 414.32 

5' 402.32 

5,392.82 

5,374.82 

5, 354.32 

5,323.82 



'l'o.ole 2. --Casing schedule fc:lr ·.;ell DT-9 

Descr.:.pt:..on Dept~1 o elmr Length Altitude oi.' land surface (feet) top of section (;,.e. r) (_ _, ee t J 
TOE Bottom Slotted Blank 

12-inch I. D. casing 

Blank +2.01/ 819.0 821.0 6,939. 32 
Slotted 819.0 878.8 59.8 6,118.32 
Blan.k: 878.9 903.2 24.4 6,058.52 
Slotted 903.2 934.5 31.3 6,034.12 
Blan.k: 934.5 958.5 24.0 6,002.82 
Slotted 958.5 982.6 24.1 5,978.82 
Blank 982.6 1,002.4 19.8 5,954.72 
Slotted 1,002.4 1,036. 4 34.0 5,934.92 
Bla::Jk 1,036. 4 1,057.4 21.0 5,900.92 
Slotted 1,057.4 1,093.4 )6.0 5,879.92 
Blank 1,093.4 1,142.0 48.6 5,843.92 
Slotted 1,142.0 1,208.4 66.4 5,795-32 
3lank. 1,208.4 1,266.2 57.8 5,728.92 
Slotted 1,266.2 1,310.5 44.3 5,671.12 
Blank 1,310.5 1,333.0 22.5 5,626.82 
Bottom of 12-inch I. D. casing 5,604. 32 

Total 12-inch I. D. casing 295·9 1,039.1 

~ See footnote a~ end of table 
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~able 2.--Casi::lg schedule fc:c 1>ell D'I'-9 - Co:-:ti.:::ued 

Swage 

Slotted 

Bottom of 

De')~.: . e.:..:·; 
land surface 

( ~eQ. t 

Top Bottom 

8-inch I. 

1,.513.1 1,317.2 

1, 317.2 1,500.0 

8-inch I. D. casing 

Total 8-inch I. D. casing 

Le~~;t.~: 

(feet) 

Slotted Blank 

D. casing 

4.1 

182.8 

182.8 4.1 

Al ti ""c.'J.de ·:Jf 
tou of ::ec':.io:-. 

- ({eec.; 

5,624.22 

5,620.12 

5,4.57 . .52 

Top of 8- inch casing S'l-lage to 11 inches 0. D. and run as line!' to total 

depth of 1,500 feet, Hhich telescopes 19.9 feet into the 12-inch casir1g. 

~Extension of casing above land surface. 
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Table ~. --Casi::g sc.hecl:.1le for ~;ell DT-10 

Altitude of land s:.1rface 7,019.41 

Description Depth belm·r Length Altitude of 
land surface (feet) top of section 

(:jc•r; l~ c:e r) 

ToP Bottom Slotted Blank 

12-inch I. D. casing 

Blank +1.9!/ l,078.4 l,08o.3 7 ,021. 31 

Slotted 1,078.4 1,128.0 49.6 5,/41.01 

Bottom of 12-inch I. D. casing · 5,09l.~J.. 

Total 12-inch I. D. casing 49.6 l,08o.3 

8-inch I. D. casing 

S1-re.ge 1,096 1,097 l 5,92).41 

Slotted 1,097 1,118 21 5,922.41 

Blank 1,118 1,196 78 5,901.41 

Slotted 1,196 1,206 10 5,823. 41 

Blank 1,206 1,228 22 5,81_5.41 

Slotted 1,228 1,258 .50 5, 791.41 

Blank 1,258 1,268 10 5' 761.41 

Slotted 1,268 1,278 10 5' 751.41 

Blank 1,278 l, 302 24 5, 741.41 

Slotted l, 302 1,322 20 5' 717.41 

Blank 1,322 1,332 10 5,697. 41 

Slotted 1,332 1,342 10 5,687.41 

Blarl~ 1,342 l, )68 26 5,677. 41 

Slott.ed l, )68 l, 4o8 4o 5' 671.41 

Bottom of hole 5,631.41 

':'otal 8-inch I. D. casing 141 171 

_u See footnote at er.d of table 2) 



Ta..b /e 3 . --Casing schedule for DT-lO - Conti:-.ued 

Top of 3-inch casir.g s~,;aged out toll i!:lches 0. D. a!:ld r..rn as liner to 

a total depth of l, 408 feet, ',;hich extends the ,3-inch casing 32 feet 

into the 12-inch casing. 

~Projecting above land surface. 
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E:~lo::.""U·eor; large-dia.oeter auger r.olec 

·:r:1e ::..a.rc;e-d:i.a.'Jeccr bclcs :aeta., la ·.:a.t.e:::- Caayon, and Gazmcu, 

i..:l :'tr .. cho C<:m:;on ( i'is. c·) , 11ere J.r illed ·with a. ct:cket at;.ger 1 :.;ainly 

:o dete:ninc • . .nether :)Crched "uter ·.m.s :;;recent beneath ~he ::~anyon 

·uottons. :'he l.urge-J.ia..":leter hole Alp:i.10. ' .• a::. tlrilled on t::e nesa 

Beta. bole \>US t11·illed. 2 feet i:1 diameter t..o a de:pti1 of ::..:..:0 

f'eet. ·.:::::e !'.:Ole ·.ro.s <117. GaTJma hol~ ·r~as <lrillct.i 2 feet .!.:-. J.im:leter 

out ~o~as abar.doned o.t s. depth c: 7 feet. beca.u;:;e of cl1e ha.rdr.csc. cf 

the tl<ff, ur:.<.l a. near"o;,; :.,_. i:J.ch llole called G:l.I:l:::a. A w-as J.::: illcd. to 

a deJ?th of )l:, feet • .• -i th the \.Jagon drill. roe IJ.Ole ,,-ac dr./. 

Al:;.ilie. llole \.'8.::; drilled 2 feet in dia.r::eter ·to a depth of 1:2;. feet. 

to obtai::. ceologic :.1lformation. The hole ~-.us d....-y. 
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Core boles 

Four core holes vere drilled, one b each of Areas 1 thrcu..::;h 

4 in 'l!A.-49, wainly to obts.in 2- iD.cll d.iaoeter core samples :for 

geologic .:tudy. Air was used as a cuttings carrier in order w 

obtain cores f'ree of drilling :mld and to detect zones of perched 

water. 

The parts of the cores oot used :!.::1 the tests are stored 1.:1 

the Geological Survey office at Los Alal:los. 7h.e core holes 1-;ere 

cased with 2-inch pipe slotted in the lotrer 20 feet. Logs of 

tbe cores are in tables 10 through 13. 



Geophysical logs 

Elec"tricai, rad.ioacti vi t;,·, temperature, and sonic logs '..;ere 

~ in wells DT-5 1 DT-5A 1 DT-9, DT-10, Alpha hole, and in core holes 

in Areas l through 4. (See fi~s. 54A-62B.) 

Most of the logs *ere run by Schlumberger Well Surveying 

Corporation. Gro:mna.-ray logs in the completed core holes Here run 

~ith e~uipment of the Geological Survey because of the small hole 

'' -diameter. The Survey c.lso gamma-ray loc;ged the lo'Wer :07 feet of 

-well DT-9· 
p,.,,...,p./ W• fr: ... 6t:••• .. t 

The elec'trical logs were used primarily toAselect :.ones .e£-

-t;Feateet -¥z:meeh1l i t?L. for setting perforated casin,;. To :!. lesser 

extent these logs vere used to select strati;;raphic contacts. 

Induction logs and laterologs vere run on wells DT-5A .c.nd DT-9. 

Induction logs ....,ere r"t.:n on well DT·lO and Alpha hole. The induction 

logs vere not ;.:seable because of the very hig...'l1 resistivity of the 

rocks penetrated and the large diameter of t!':le bore holes ( especiall;;: 

Alpha. hol~) . 
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Laterologs ilere run in ·Hells DT-5A and Dl'-9 because of their 

better definition of units in roc~:::; of high resistivity. The laterolo~ 

strD:ingly indicated the position of volcanic flaYs interbedded in the 

Santa Fe Group (figs. 55D and 56D); hoYever, in the Bandelier Tutf at 

>:ell ~-5A, the laterolog apparently did not define lithologic 

boundaries that were indicated on the other geophysical logs. A 

oicrolog and caliper log ·uere run on 'rell DI'- 5A. 

The ra.d.ioacti vi ty logs, mainly gamma-ray, were the most useful a..;. 

the logs for picking geologic contacts. The gamma-ray log yielded 

useable results in holes that contained no liquid or \Tere only partly 

filled and holes vrith casing installed. Tbe only geophysical log of 

the lo"Wer 307 feet of DT-9 was the gamma-my log run with Geological 

Survey equipment. A study of this log showed changes in gamma radiat.:. 

suf'ficiently \Tell to aid in accurately choosing contacts between 

stratigraphic units penetrated by the well. 

Temperature logs "Were run on wells DT-5A, DT-9, and Dl'-10 to 

obtain the general geothermal gradient and temperature of '.re.ter. ' 

Sonic logs "Were run only in holes or parts of holes containing 

liquid; consequently 1 these logs were run in only IJI'-5A, rJr-9, aod 

DT-10. The sonic logs Yere used to a limited extent in corroboratint:; 

the upper and lower boundaries of ba.rd layers of volcanic rocks in 

the aquifer. The sonic log for DT-5A also was used to estimate value 

of' porosity. 
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Data on the i:1terval bet·..;een 300 cmd 500 feet lJelc· ... -

surface was a.llllost en"ti::ely det.e!·miued ::::om r.he ;ecph~isi~ci :o63. 

The logs ~ere also used to maAe more precise determinations of 

strati6raphic contacts. 
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Down-.:.1ole ::m.p;;;i:t; 

.\ lar;e nU:":lber of holes in Areas l ~!.1...--oug..'l 4 and :.n P..rea lJ 

,,;e:·e dug --,;:i. th a bucl<.et auger as :;art cf -::.he experiz:lents cond:~cted. 

b:. the Lo::. A.la:Jos Scientific Laboratory at T.~-4;1. These i'..olcs -.,ere 

3 to 6 feet in diru:1er.er and ;fSi to lJJ feet in depth. ~hirt:)-rli-ae 

of the holes vere inspecr.ed in the course of this investiga.tlcn u..-.;Q 

detailed geologic maps were nade in l) of tr.:.e 39. This provided an 

opportuni tJ to ex::..':l.ine the str'J.ctu.re and li tholo;;:y of freshly 

expo:::;ed tuff' and J!l'OVided info!'!"..ation on the ·_:)Ost-deposi tional 

nistor~· of ~he tuff 2.s •,;ell as a basis for interp::-etations cf 

watel' r:~overnent. 

Figures 15-lo contain the geologic naps of the boles, and 

table 26 includes reconnaissance notes on the holes that were 

inspected but not ::lapped. The sy::.ten of de:::ignating the holes 

and t~e location of the ones that were inspected are shown en 

figure 2. 7.hcz.e - holes are ::1.Umbered accordin.::; to area. and are -
Figure 2.--La,·our. of large-diatlet.er holes in Areas 1, 2, :;, 

4, and 10 showin.3 holeD ;napped and described. (Areas are 

shovn on .f'ie,~e 6.) 

alphabetized within each area (except Area 10) . Hole 1-A was 

mapped earl.. in the stud~ as a 3-foot diaoeter hole and later 

;ms eYAOined in recoP~issance as a 6-foot diameter hole. 
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The down-hole maps ,;ere plotted in the field on tubes covered 

with ruled cross-section paper o.t o. scale of 1 inch equals 2 feet. 

The maps were reduced to 1 inch equals 6 feet for inclusion in this 

report. 
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•,;ere :Ja.pped. ... ..., ... possillle :future stud..: ':':!.le samples Here ~1n.nd-



and coil. 

test.s and >aineralogic and chemical analJ ::;es of rae.~£ ·.;ere ..:.aclc ;)~. 

B'J.cha..c.an s.n:i A.ssoc::..c. tes }_abora wries. 

and cae::::ical~ 

.. ,. \ 
l5, ancl J...\); • 

Hyd:-olc::;ic anal·, ::>es •.;ere rU.!1 u.~ the G-eological ~urve., Cll. ;6 

rock samples to aid i:::1. evaluati!Jg ·,;ater ::lOVer:Jent in the zone of 

aeration (table 17). 



Tests and analyses of rock sacples 

5pencer ~· Buchanan and Associates 

About 150 samples of rock f:rom TA-49 were tested under the 

direction of Buchanan and Associates, consulting engineers, Bryan, 

Tex. Tests performed included strength tests, thermal conductivity, 

specific heat, particle-size distribution, density, specific gravity, 

moisture content, porosity, and permeability. Moisture content 

was determined for about 70 samples and porosity for about 30 

samples, mostly 5-inch corea f'rom the walls of the large-diameter 

holes. Permeability to air was determined for 10 samples of core 

from the It core holes, and particle-size distribution was determir..ed 

on 9 crushed specimens of the 10 samples analyzed for permeability. 

Chemical (spectrographic ) and mineralogical analyses were run 

on 9 of the core samples for which permeabill ty was determined. 

Also, maximum stress, moisture content, density, and specific gravity 

determinations were made on these samples. The results of the tests 

and analyses were transmitted to the University of California Laborator; 

at Los Alamos. 

Health Division - Group ~-1 

About 12 samples, including cores from the core holes, 5-inch 

diameter side-wall cores and unconsolidated samples from the large­

diameter holes, and air c'J.~tings :~ram the core holes were analyzed 

by Group H-7 for ion-exchange capacity. 
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Geological Survey 

S!iitee e-f ~ill-cuttings samples from hole M'-5P, wells M'-5A, 
IY.r-9, and I11'-10 vere studied w1 th a binocular microscope and described. 
The air cuttings from hole Dr-5P were washed and described vet. 
Rotary mud-returned cuttings from well DT-5A and cable-tool cuttings 
from vella M'-9 and -10 had been vashed when they were collected, and 
descriptions were made of the damp samples vi thout :i"urther processing. 

Bucket-alJ8er samples from Alpha and Beta holes were examined '\o71 th 
the binocular microscope and described. The bit-ground cuttings and 
chunk samples, if available, were examined. Sane friable intervals 
in these holes did not yield chunk samples. 

Mineralogic and chemical analyses vere run on 16 samples by the 
Geochemistry and Petrology Branch. Tw'o of the 16 samples analyzed 
chemically by the rapid-rock method (Shapiro and Brannock, 1956) 
also were analyzed by the classical method (Hillebrand, 1900) as a 
check on the relative accuracy of the rapid-rock analyses. Table 4 
lists the samples and types of amlyses made of each. 



Tl.ible 4. --Rocl;. samples for petrographic, chemical, spectograJJhic, and x-ray analysis by the Geological Survey. 

Laboratory Serial No. Hole No. Depth Washint,rton, D.C. Denver, Colorado 
Chemical Chemical Mineralogic 

Mineralogic Ra12id rock classical ~spectrosra12hic~ {diffractometer J 

.1 j'J'./(2 ( 282125 l!) 2-U 52 X X X X 

'/() ( l2lt _!;) !1--A 85 X X X X 

~,7lf ( l"'- lj) L)- 2-Y 78 X X X X 

'_;2') CH-l 4).5 X 

:JjO 2-H YJ X X X X 

:J3l CII-2 65 X 

)132 CH-2 130-132 X X X X 

-t 
93:5 CH-3 )h X 

0 ':))It CH-3 100 X 

SJ 35 h-Y 78 X X X X 

'))6 CH-3 46.5 X 

~~ 3'( CH-h 83 X 

l)t)O)b CH-l 38-4o X X X X 

0';7 3-Y 105 X X X X 

u)G 3-C 58 X X X X 

U))l 2-II 58 X X X X 

1: Nwnber aE>signed only for :.;pectrop;rapbic arlli.lysis. 



Determinations of permeability, porosity, specific yield, 

specific retention, and moisture content were made on most of the 

,36 samples analyzed by the Hydrologic Laboratory of the Ground Water 

Branch, Denver, Colo. Specific gravity and dry unit weight were 

detennined for most of these samples • Mechanical analyses were run 

on 7 samples. 

Approximate pH was determined on 9 samples. Moisture tension vas 

determined on 10 samples and pore-size distribution vas determined for 

5 of those samples. 

Permeabill ty determinations vere made on consolidated tuff and 

sane of the unconsolidated samples. unconsolidated samples were packed 

a-
into ~ permeameter cylinder. 

A water sample fran each deep test veil vas analyzed to obtain 

radio-chemical and chemical backgrOUIId concentrations in ground va.ter. 

Samples f'rom IY.r-5A, I11'-9, and lJr-10 vere collected near the end of 
f 

pum:pil:Jg tests. A bailed sample vas collected from IY.l'-10. 

Water samples vere collected during drilling and development from 

vella D'l'-5A, m'-9, and IY.l'-10 to determine whether there might be 

chemical differences in water fran different depth intervals in the 

aquifer. 
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Geology and hydrology 

A detailed study of the geology of Los Ala::los County was not 

made during the course of this investigation. The reader is referred 

to a report on this area by Griggs (1955). 



A detailed study of the geology and llJ'"drology of TA-49 was t:JB.de. 

The most important deposits in respect to the occ'..l.I'rence of ground 

water are volcanic and sedimentary rocks of Tertiary and Quaternary 

age. In TA-49, only rocks of Quaternary age are exposed at the 

surface; however, three deep teat wells have been completed in rocks 

of Tertiary age that are e.."'q)osed elsewhere in the Los Alamos area. 

In TA-49, rocks of Quaternary age are not less than 1 1 000 feet tl-<..ick 

and probably are not more than about 1,.300 :feet thick. The thickness 

of the rocks of Tertiary age is unknown. The distribution of' rocks 

in the Los Alamos area is shown in :figure ~~. The general sequence 

Figure 4. --Geologic map of Los Alamos area, New Mexico. 

of rock units and the general structural relations of the rocks of' 

hydrologic importance are shown on a geologic cross section ( fi~ 5 ) 

Figure 5.--Geologic cross section through Frijoles Mesa f'rom the 

Pajarito fault to the Rio Grande. Location is shown on figure 4. 

Descriptions o:f' un1 ts are shown on figures h and 6. 

based on test drilling and geologic mapping in TA-49 and on the 

geologic map. 



The rock units deacri bed in this report are (ascending): the 

Santa Fe Group of Jtlddle(?) Miocene to Pleistocene(?) age, the volcanic 

rocks of the Jemez Mountains of Pliocene and Pleistocene age, and 

the alluvium of Pleistocene and Recent age. 



Santa Fe Group 

tV" 
At TA-l~9, the Santa Fe Group of .Middle(?) Miocene to Pleistocene(?) 

age is composed of: an undifferentiated unit; the Puye Conglomerate, 

which consists of the Totavi Lentil and the fanglomerate member; and 
J 

the lower tvo units of the basaJ.tic rocks of Chino Mesa. 

The undifferentiated un1 t is a sequence of light-colored sediments 

laid down as coalescing alluvial-fan and flood-plain deposits in the 

Rio Grande depression. These sedimentary rocks seem to have been 

derived. :f:rom the higr..lands to the north but may have been derived, in 

part, from the Sangre de Cristo 1-buntains to the east. The undif:'erentiated 

un1 t crops out along the Rio Grande and in Los Alamos and Guaje 

Canyons. It is present in the subsurface under most of the Pajari to 

Plateau. 

The Puye Conglomerate consists of a thin basal river gravel 

overlaid by fan deposits of interlayered boulders, gravel, silt, 

and sand. The basal unit, called the Totavi Lentil, is arkosic and 

quartzitic debris, from sand to boulder size, derived principally 

from igneous and metamorphic rocks to the north and northeast. 

These gravels were deposited on the broad flood plain and channels 

of a large river, and they 11ed.ge out eastward and westward at the 

l1m1 ts of the old riverbeds. The fan deposits that lap onto the 

Totavi Lentil are called the fanglocerate member and are composed 

' 
of debris derived from volcanic rocks, r.lB.inly lati te, quartz lati te, 

and andesite, which crop out on the Sierra de los Valles to the west. 



...~;,, 

The Totav1 Lentil of the Puye Conglooerate ~XBConforr:ably overlies 

..6.iA the undifferentiated unit along the Rio Grande and ~oni'ormably 

overlies it in Los Alamos and Guaje Canyons. In the Los Alamos 

area, the Totavi Lentil crops out in Guaje and Los Alamos Canyons 

and southward along the Rio Grande to a point below the mouth of 

Ancho Canyon, where it vedges out between the underlying undifferentiated 

unit and the overlying basaltic rocks of Chino Mesa. It is found in 

the subsurface under oost of the Pajarito Plateau. 

The fanglomerate member of the Puye Conglotlerate confo:mably 

overlies the Totavi Lentil. A zone near the top of the Totavi Lentil 

is composed of a ndl~ure of pegmatitic rocks and volcanic debris. 

This mixed zone represents a change in source of the sediments from 

igneous and metamorphic teiTane to volcanic terrane. The fanglomerate , 

member 1nterf1Dgers "W'i th the easternmost flows of the Tsehicoma Formation 

beneath the Pajarito Plateau e.M with the lover units of the basaltic 

rocks of Chino Mesa. The sediments of the upper part of the fa.nglcmerate 

member vere derived :f'rom the Tschicama Formation, vhich formed the high 

mountain mass of the Sierra de los Valles to the vest prior to the 

ash falls and flows of the Bandelier Tuff. The fa.nglanerate member 

consists mainly of lati te, quartz lati te, and andesite. In upper 

Guaje and Los Alamos Canyons, the fanglomerate member consists of angular 

boulders and grades to silt, sand, gravel, and rounded boulders eastward. 

The fanglCXDerate member is exposed in the Los Alamos area in Guaje, , 

~ndija, Pueblo, and Los Alamos canyons and is found in the subsurface 

under most of the Pajari to Plateau. It forms gray cliffs on the west 

side of the Rio Grande north of its junction with ws Alamos Canyon. 
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The basaltic rock of Chino Mesa consists of five mappable units, 

which originated from volcanic vents near Chino Mesa to the southeast 

of the Los Alamos area.!/ 

The lower t-wo un1 ta of the basaltic rock of Chino ~sa crop out 

along the Rio Grande south of Otowi Bridge. Unit 1 rests unconfo:rtJaL...y 

on the Uildi:f'i'erentiated un1 t south of Ancho Crulyon and to the north 

interfingers vi th the Totavi Lentil along the Rio Grande, with the 

upper now of the unit conformable to the Totavi. To the west beneath 

the Pajari to Plateau the un1 t l interfingers with the fanglomerate 

member and the Tschicoma Formation. 

Unit 2 of the basaltic rocks of Chino Mesa conformably overlies 

unit l and interfingers with the fanglomerate member and Tschicoma 

Formation vest of the Rio Grande. East of the Rio Grande unit 2 

interfingers with the upper unit of the undifferentiated unit and 

vedges out beneath flows of unit 4. 

Un1 t 3 of the basaltic rock of Chino Mesa crops out in lower 

Los Alamos, Sandia 1 and Mortandad Canyons vest of the Rio Grande and 

on Chino Mesa east of the river. It consists of basalt flows on a 

dissected surface. U'n1 t 3 rests disconf'ormably on un1 t 2 and unconformably 

on the Puye Conglomerate. It is equivalent in part to the old alluvium. 

!f In Griggs' original manuscript report (1955) the basalt units vere 

numbered 1-5 fran youngest to oldest. In this report the units 

are numbered from oldest to youngest, in conformance with accepted 

stratigraphic practice. 



Unit I~ of' the basaltic rock of Chino Mesa consists of' basalt 

flows capping the mesas south of Los Alamos canyon west of the Rio 

Grande and on the eastern aide of the Rio Grande south of otowi Bridge. 

Unit 4 rests unconl"ormably on the Puye Conglomerate and the undif'ferenti-

ated unit and butts against unit 3 in lower Loa Alamos Canyon. 

Unit 5 of the pasaltic rock of Chino Mesa consists of cinder 

cones and local. basalt flovs. It overlies with unconformity all older 

rock in which it is in contact. Where the Bandelier Tuf'f overlies the 

basaltic rock of' Chino Mesa the contact is an uncon:formi ty. 

Clll.y the tvo lower units, 1 and 2, o-r the basaltic rock of Chino 

Mesa have been penetrated at TA-49. These were found in vell IJr-10. 
u.~e. ,.. 

Basaltic roc~ __ of Chino Mesa~ not present in other wells that 

penetrated the same stratigraphic sequence. 

The old alluvium consists of clays and gravels and is present on 

the mesa northeast of Guaje Canyon, vest of Totavi in Los Alamos 

Canyon, lower Mortandad Canyon, and at the north end of Chino Mesa. 

It was deposited uncon:formably upon the Puye Conglomerate. The old 

alluvium is overlaid unconf'ormably by the Bandelier '1\lff. A now, 

unit 3 of the basaltic rock of Chino Mesa, tongues out into the old 

a.lluvium vest of Totavi. At the north end of Chino Mesa it is overlaid 

uncon:formably by the flows of unit 4. As the old alluvium~ not 

/Urflrer 
present at TA-491 it is not discussea; 



Phy~:>ice.l characteristics 

The Wldifferentiated ~nit of the Santa Fe Grcu.p is ~c.mpcsed of 

friable to moderately ~ell-cemented beds of light-pinkish-bray to 

light-brown siltston~s and sandstones ~ith some con~lamerate and clay 

lenses. Bedding is generally pGorly developed except for hori~onta. beddin6 

foc;nd loca.~oly in ~he fine-e~ined material. The sand-size detri t-..;s is !:lade 

up dominantly of \.l:.:.e.rtz. and feldspar and minor amo~ts cf chalcedony, 

biotite, m~scovite, and magnetite. RocL fra~ents consist of rhyolite, 

~atite, gneiss, schist, limestone, and ~uartzite. The frac~nts of 

t,i.Uartz, feldspar, gneiss, schist, ~~;a.rtzite, and limestone <lere deriv::d 

from the east side of the Rio Grande valley and areas to the nort~. 

The frasments of volcanic origin, consisting of latite, rhyolite, 

tuff, and pumice; "Were derived from the ..;est and occur ma.inlJ· in the 

upper part of the unit. 

r.----------------------
Cuttinos from the undifferentiated 

DT-9, and DT·lO (tables :5, 6, and 7) are a mixture of easterly and 

'Weste•·ly derived sedi~nts containing q,;urtz., feldspar, "ic~artzite, latite, 

rhyolite, and pumice. 



At 'f.b,-··9 three ·,.;;;lls, DT-jA, DT-9, n.nd DT-lC, ::..re oot.comed :..n 

the ;..;nit. ·.:ell DT-)A panetruted 294 feet, DT-9 penetrated l'-t-4 feet, 

and DT-10 penecr:J.ted 7 feet. In \/eli DT-10 the lower 7 feet of the 

boring ...-as assie)led to the unit by interpretation of electrica.l and 

bamma-ray-neu~rcn logs. The total thickness of the unit in the region 

<.:!Xceeds 2,400 feet, bas<:!d on ·..-ell information and exposures in lo'Wer 

Los Alamos Can::: on (fit:;. 4) • 

The undifferentiated ;.;nit prcba.bly thins t.o the east snd -wr::st 

cm.,-a.i.·d the rua..::eins uf Rio Grande -r.;roue,h in the region. T'.:J.e west 

botmd.ar'J uf t.he troue;h is net well h.no·wn but may pass tbrv..:[;h t.:1e 

:lpproxima.te longitude of Valle Grande. The upper surface of the 

i..lldifferent.iated unit a.ppererii.J;j.- slopes abot..t. 1 dee;ree soutb:a.rd in 

the TA-49 area. 



Puye Conglor:1e=a"te 

Totavi Lentil 

Physical characteristics 

The Totavi Lentil is a gray, pearly consolidated conglomerate 

made up of fragments of quartzite, schist)i, gneiss, and granite. ~t 

consists mainly of sub rounded to 11ell-rounded quartzite and quartz. 

Sorting generally is poor but well- so r-eed lenses of silt and sand are 

present sporadically. At TA-4;) samples from r:tr-5A, IJr-9, and r:tr-10 

indicate that the Totavi Lentil consists of massive quartz, quartzite, 

and granitic debris. Sand-size particles consist of quartz, white 

feldspar, pink microcline, biotite, magnetite, tourmaline, and 

chalcedony, partly subrounded to well rounded. 

At TA-49 the thickness of the lentil in wells r:tr-5A, r:tr-9, and 

DT-10 are 52, 38, and 46 feet respectively, iinicating a southeastward 

thinning. Regionally the thickness of the unit ranges from 0 to 89 

feet. It wedges out east "Ward in the vicinity of Canada Ancha and also 

wedges out in the subsurface westward.{~g. ,). It is thickest 

(89 feet) at well T-2 in upper Pueblo Canyon and thinnest (10 feet) 

at hole H-19. At wells T-1 and T-3 there is 37 and 62 feet, 
s 

respectively, of Totavi. Well T-4 was too ~low to penetrate the 
.r••t4.e. 

unit. The(lentil beneath TA-49 dips southward about 1 degree, a dip 

that possibly ls typical of the slope of the wide channel in which 

the unit ws deposited. 



Water-ccarir~ ~anr~c~er~stics 

The Totavi Lentil is saturated at TA-49. It has a ooderately 

high porosity and permee.bili ty, and readily transmits i·Jater. A 

pumping test of well DT-10 indicates a relatively high transmissibility 

-(i<J€, 

for the Totavi andAoverlying fanglomerate :::1ember and included basalt. 

The basalt probablj' has a disproportionate effect on the trancmissibili ty 

of the cowposite ::ection of rocks. Trnnsmiaoibilities for the Totavi 

Lentil alone •..;ere obtained elsewhere in the Los A.la.mos area from ·~<'ells 

T-1, •r-2, and T-3. (See fig. 4.) P..unping tests of these wello 

indicate coefficients of transmissibility as follows: 

~~ells 

T-1 

T-2 

T-3 

Tran~1issibili ty 

(gpd per foot) 

160 

7,000 

7,&:>0 

?ne differences may be due, in part, to a smaller thickness of the 

unit at T-1, but they also reflect differences in lithologic character. 

It is inferred that ·teloci t~,- of wter oovecent in the Toto. vi is 

greater than in the undifferentiated u.lit--an inferrence that is 

corroborated by interpretation of tritium analyses discussed in a. 

later section of this report. 
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The heteroger.eit:', c::-c cs- oed:iicc__;_, ;..1.:1d, i..:rterlayer::.ng of :;il t ancl 

sand 1-li th conglooerate should result i:J. a highly di::;persi ve flm; 

pattern in the Totavi. 



Pb.ysical characteristics 

r.~.c 7<nclon:er~~e oerrJ::ler is a gray conglcmerate, cOI::posed oi' 

w E.tie. 
The:3e rocks OOP&- deri·:ed 

l~:1ses of fairly "Jell-

The degree of' .!c;~e:lt.::ticn ;aricz :f:::-c=. :':::-i:l"ble to '.-rell ce.:;ented. '7::e 

,tS.:-{;lcr:.ero:te c.:e.:::ber contains la..-ge angular 'boulders in upper Guaje 

and Puec::..0 Cc.~·o.::a ;:;rc.li!:.,::: i::t.J :iner and rounded material to t::e 

east. 

t!:.e Tschicc:::J. ?o::.,-~tion c.:-e interbedded 1-ri tl: ·.:;::e .hnslor:erute :::!er::ter 

r-(),( 1111 e. o 
3.pparentl~· vel·! .: :~.:. t e~ ::.. ~. 
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At TA-1,.9 'rle.!.l :!;;- >J\. i_)ene-cr<3:ted. j)j .:.eet o.;. ... .:.e ~lc.."'Jerate 
3 

oernber. ':·!ells DT-? and DT-lC penetrated 2):1 :::eet and 183 :;.'eet o:..' ti1e 

~er, respecti·:ely. Known thlckness ranges :..rom 209 feet exposed 

in lover Guaje Canyon to 637 feet penetrated in well T-2 in P~eblo 

can:;on. 



',later-bearir~ c~:a.ructeristics 

At T.A-4o the lowe:!" beds o.::~ :::c l3r-c_:lcrr.era:~e Oe!':ber are saturated 

where they are interbedded with the Tschicctl!'. Fon:ation e.."'ld 'Jasultic 

rocks of Chino Mesa. Elsewhere in tile Los Al<:U:lOs area, vella T-lA 

and T-2.A in Pueblo Canyon penetrated perched water in zones of 

relati·-rely lov permeability in the fanglomerate r:ember. At '!A.-49 

th.e unit probably has a moderate to low pe:rmeabili ty; hovever, some 

~eds ~y have r~h permeabilities and nay readily transmit water. 

In general, permeability and transmissibility in the ~lomerate 

I:lel!lber are less than in the underlying Totavi Lentil. 



~~ical characteristics 

Units l anc.l 2 of t~e ~asaltic rocks of G:::.no Heca "Were ~·o·.ool at 

TA-49 in well UT-lC. Unit l consists nainly o:.: a rcddish-0rmm to 

tlo.ck, dense basalt containins oli'linc. I:::1 well :T-l'J it is 173 .::eet 

thic}~ and overlies tl;.e lower layer of -;;r:.e lm-.clooerate :.;e::ttcr o_' ::"e 

?.1ye Conglomerate. Unit 2 is most::.:· a ,J.ark-red ;esic·.tl£12'" b::ls::,l-'.:.. At 

..rell DT-10 it o...-erlies LUlit 1 ::..nd is -:;,; :~eet t:1id:. It is o·:er.:!..aicl '::y 

a lati te flow of tl1c Tschicor;,a Fo~tion. 

en the basis of the sonic log (fig. S 7D), several inter·:c.ls in 

the basalt units penetrated by well DT-10 are ooderately to strongl:,· 

jointed. These intervals are: about 1,125 to 1,130 feet, vhich :::.ay 

be an interflow zone; 1,175 to 1,210 feet; and 1,25:+ to 1,28!i 1,eet, 

which ~y be the most strongly jointed but r:..a::r be partly a '.Jrecciated 

interval. at the base of un1 t 1. These zones drilled ::>aoevhat ::aster 

than other intervals in the basalt. A 22-foot interflow or orecciateC. 

zone at the base of ~t 2 is shown by the gamroa-ray log also. 
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Water-oeari~~ charac~eristics 

At TA-2+9 unit l and the loW'"er 22 feet of unit 2 of basaltic 
1n rock of the Chino Mesa penetrated by 1-rell DT-10 1 are,\ the zone _:)r-

saturation and seeningly transmit considerable quantities of water 

through joints and interflolol zones. About 3 miles dololngradient 

these basalts are above the zone of saturation and the water ~::ey 

transmit passes into the underlying units of the Santa Fe §roup. 

The upper parts of units l and 2 of the basaltic rocks of Chino 

Mesa MP~lii~ are vesicular and thus nay have a high porosity 

but largely a low interstitial perneability. Cracks and joints 

formed as a result of shrinkage commonly transmit i.;a ter very 

readily. The noveoent of "Water through a labyrinth of intercon..."lected 

joints 1rould be aloost as free and unimpeded as flow through small 

chanr.els. Dispersion night be limited locally within the basaltic 
~ 

rocks by dense relatively impervious parts of basalt flows. Thus 
/1 

contaninants entering a strongly jointed zone might tend to stay 

in this zor..e for sooe distance downgradient. Else1-rhere b. ~l:e 

Los Alaoos area, the basalt units appear to be above the main zone 

of saturation and contain perched water locally, as along \ihite Rock 

Canyon where several small springs and seeps occur that apparently 

issue from partly saturated interflow zones. 
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Volcanic :-oci.;.s of the Je::nez Hou."1tai.ns 

Volcanic rocks of the Jemez Mountair1s along the eastern r'2.anks 

of the Sierra de los Vo.lles a.."ld on the Pajari to Plateau are composed 

of the Tschicoma Formation of Pliocene and Pleistocene(?) age and 

the :_,ounger Bandelier T'..1ff of Pleistocene age. The ·I'schico::::Ja 

Formation consists oi undifferentiated latite and ~~rtz latite 

that are flo-w PGQks and p:,·roclastic roc..U;.s associated ;;i th t.he 

'lolcan.ic rocks of the Jei:J.ez r.1ountains. They are highly fractured 

and jointed and sooe intervals contain weathered zones and 

interflow breccias. The latite and ~uartz latite rocks are ~~dely 

exposed on the Sierra de los Valles (fig. 4) and are present .:.n the 

subsurface beneath t..'1e Pajarito Plateau (fig. 5). These rocks ;;ere 

penetrated b;y wells DT-5A, DT-9, and DT-10 at TA-49 (figs. 5 and 6) 

and b;:y test -well T-4 in the city of Los Alamos and bole H-19 in 

upper Los Alamos Can,yon. 
s,, ... c ... e. 

The lower part of this seFie& is 

interbedded with the fanglomerate me:nber of the Puye Conglomerate 

and also with the basaltic rocks of Chino !rlesa. 

The Bandelier Tuff forms the Pajarito Plateau. The Bandelier 

Tuff laps on to the ~ifferentiated latite a.~ quartz latite 

along the western edge of the plateau and terminates to the east 

in cliffs, steep slopes, and as filling in buried canyons cut in 

basalt along the Rio Grande. The tuff is composed of ash-fall 

pumice, ash flm;s, and water-laid volcanic ash and punice. 



At T!-~.-h~· lrell DT-j/ ... penetrated two lo.:,-ers cr lutite and q:.1.urtz 

lati te o:: t:::c T3cl"'..icor:.a. Forr::;.aticn. The '-'?PCr l~:..·er is 126 ... ~eet t:J.ick 

end co=.tai.r.s tYo ir:ter:lov zones ,, and. 5 ~'eet t::Uck t: u• 'e 5-t composed 

o.::' clc.:rJ latit .. eJ t:.l.i'::::~, ar.;.d rhyolitic fragments. The lover layer is 

26 feet t.hicl:. ~iell Tfr-) penetrated ~38 :'eet o:' u.nli.::'ferentio.ted 

latite 3.!ld quartz luti:.e inter'::edded. ~Ti~l: the ,?anglo:::erate :::er::be:::-. 

Well :Jr-10 penetrated :<~J feet of the :.mdifferentiaterl let:. te and 

q.:c.rtz lati te :.mit ol' tr-.e Tsc!".icoma E'or::.ation. .3ererc.l inter:t'low 

zones composed. of dark-red. silt end cla.:r "Were penetrated. Lt well 

~-10 tr~ ~iiifferentiated latite and q~z latite of t~e Tsc~cacu 

:?ci"t'lC:otion lie on :.::11 t :~ o:' t..~e b:lSa.l tic rocks or· Cb.i:lo Mesa 2.Ild n.z-e 

overlain 1y the ..:.pper part of' the /e!l6lo:::era:te :.::.er:ber oZ t~:e ?.J.:,·e 

Conglo:=erute. 



:La ,,.a flows, 

shrir:kage and :'lou defor:Jation. 

or ~o~e ~oi::..t cr ~ro.cturc 3j""St~":ls :.~:c.-: i::-:ersec:.. 



At 'J.'A- 49 the :..::ppernost :::-a=-t c. f :.he T::;c!:liccna Fol."me. ticn i.s i:1. 

the zone c:: ~turation in the ·ricinity of ~Jell::: DT-5A and DT-9-

The ~oil:ts W".d fract:J..res in these :::-ocl:s :;>ro-:i.C.e space tor '.Jater 

ztora.ge ar:.d u·;e~e~ of great perr:!eo.bili t:· c.r.d. the ::.nteri'lm• :::ones 

comoonly co~~in GOQe b=eccia that is peroeoble. 

Else1:ncre i:J. the Los Alana~ ru:ea ,,·ate= ~:as fou..'"l£1 .i.:J. t...'1e 

Tschicona in 1rell T-4 and hole H-19 (fig. 4). Several spri.:'o;3G 

i.ssue from· i~terf'lcv and con.tact zo:J.cs betr:een layers 1:'. the 

undifferent:!.uted lati te and qu.a.rtz lati te unit. Some of t!:ese 

sprir..gs are :2.ccated in Guaje, Los Alamos, Pajarito; and Fater 

Can.:,;cns, c.nd Car..on de Valle. 
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Bandelier ·-::.:..ff 

The Bandel:i.er '::-.J.f''f con.:;ists chiefl:;· or ush-fa.ll ar.d. ash-flo'.; 

t·.!.ff. Some thin ;.uter-laid sediments are incl:.J.ded in the Bandelier. 

The unit i::; divided into three members: Guaje, OtO'\d, and T:::hi:::-ege: 

froo oldest to ~·o'-LIJ.Ses-c. The Guaje !·ienber res'ts unconfon:Jably on 

older rocks and consists of pj:roclactic debris, partly \JS.ter-laid. 

It is d.mped over the older topogroph:,. ::'he Otowi Member is 

conformable to the underlying Guaje Mecber and consists of puoiceous 

tui'f of ash- flov origin and locall~,- near the top contains a. few 

generally thin layers of \.'ater-laid sed:i.mmts. The Tshirege ~1cmber 

unconformably overlies the Otowi and forms ~le cap of the Paja.rito 

Platea'-L. In this report it is subdivided into seven units, 

composed mainl;;· of ash-fio1-1 tuff at least one of which is 'nater­

laid. The uni ta of the Tshirege are numbered lA, lB, a.'1d. 2 

through 6 from bottom to top. 



C'...Laje :::e!::be~ 
~ 

':2he Gu2.~e ::.er!lber consists of as~:.-:Z'all :ptZ::ice 2.nd '.:a--ce:::-:aiG. 

a,_;;1. m "'4- CV> 

:pu:::iceous ~".J.ff. :lear t~e base ,;ray lu:·::p-pu.r:Jice fragments ~:ep~ te 

2 i::1ches i:1 leneth occar. Fragments of c;lass shards, a::.d quartz 

and sanidi:1e crystals are fm.L.'l.d in a. cellular structure of the 

partly devitrified :p~ice. Sane rounded, peoble-size fra~ents 

of ligl:t- red r~:.yoli te are four~d near the -cop of the unit. 

Y-2_Y0t:' • 

At ~A-49 t~e Guaje ::.~ber is ~ in the subsurface i::1 all 

tr...ree deep test 1-rells. It is h8 feet tl:id: :i::1. DT-9, 35 feet thick 

in D':'-lJ and 91 feet t~ick i::1. DT-:::,A. 

At 'I'A-49 the Guo.je ;?enber is above the na.in zone of saturatio:1. 

and the unit contains no perched water. Elsewhere in the Los Alamos 

area the Gua.je contai::1s perched water locally, as at hole H-19 in 

upper Los Ala:::1os Cru1:,·on. The interstices and inte:::-cellular spaces 

in t~1e :?umice o.re sr.mll. :':!:le porosi t:,· of "vhe Gaaje average::; about 

4c percent but per:J.e8.':.Jilit:.- ;e:-;.e:::ally is lo'". Fractures and jci::.:~s 

are :lO"t. pronou.'l.ced in t~-:e G-u.o.je :;e::,ber, a:1Cl barel:;- percepti':Jle 
= 

joL;.ts appo.rentl:,' c.re closed or filled b::.r alteration r::a::eric.l. 



t;..ff that is r'riable and ·.~eathers '~O n. e,;~ntle niop~ ;::.nd c..dd ::;-:ep..;-:.: -L.t~E. 

shapes. ..,_uartz. cr:,;stals, e;;lass shJ..:·cis, and ::llnor 3lr.G:...nts e:f ::u!.:':: 

The Otowi is o.n ash flo·.J n.nd contains ;:;evcra.l ~oate:--l::J.id beds o:· ::.::;~ 

and pc.mice near the top. ···•'here tbe :..nit is exposed, ;;o~ 

u.J.If) 

joints are hair-lin~ craci.\.d th::l. t. e.::: :'i2..l~d!\ bro ... n c.La;,· cc__n:.c..l::i:~c:. 

roots, a.nd some cu.:-vilines.r joints a:::-e cpen and ~nlar;;eci bJ .. :.::c.t~.c:::-in::). 

At TA->..9 the Oto\Ji i::: present only in t~e .s~ .. bsu.rft-..ce o;..; :; .:. _; 

crops out in \iater and Ancho C-:nycns o.bc-....t 0.5 mile e3.st cf T!\--;). 

(oAIT~c."T (J~-ruHN fHE. 

The;\Oto·.ri and overlying Tshiree;e Member is c:::-osional. 

At TA-49 the top of the Otowi is from 6~1 to o7v feet belc·.; ~he 

surface in the deep test \Jells. The -..:nit is 15( f~et thic •. in DT-L:...., 

l2b feet in DT-9, and 19d feet in DT-;.JA. \·Jell DT-)P penet.:::.:::.te:l .:;.:.. :: ..;e: 

of the Otowi Member ( table 8) . 

The Otowi Member may .l'ield ·.mter to sprin6s in c.:pp.er Gc;u.J::: Cn...v· -n 

but it does net contain perched water at TA-49. PorositJ· c...'f :.he 

Otowi Member ran~es from 4j tc )0 percent. Interstices in the 

Otovi are small and pertlldnbility probably is lc·.~. 



D:::E2..ed. b) 

Tctal depth o92 .::·~et 

Completed N vembe: 21, 1959 

Altitude of ~and surface i,l+~ feet 

Thic~:.'l.ess Depth 

(fed,) (feet) 

B3ndelier fuff: 

Tsbi::::e;e Hember: 

Unit 0: 

Tuff, li~ht-gra;y, pwniceous; contains 

dipyromida.l "].uartz crystal~, some vf ·,;bich 

are clear 'Wit:. '.-lhi te incl'....sions; sanidine 

cr., stals and frae;;ments; white and yellO'..i 

pumice fraoments; latit.e ana ~uartz latite 

roc,;. frae;ments --------------------------- ~5 

Unit )! 

Not ::eco€ni~ed in cutt.i~s ------------------ 2 

Unit 4: 

Tuff, l.ie;l:J.t-purplish-t;raj'; c~nsists mainly 

o:f 'i~artz and sanidine crystals and 

fr~ntsi lit:Pt-red rhyolite frae:;ments ll.9 

Unit .5: 

Tuff, lie;ht-purplish-bl"a./, pwni.ceo-l:s; includes 

ls. ci :e and rhyolite ::.·oc:.:. frc.t...Ec:mts; 

~uart~ is very conrse sanQ size, clear, 

iip~:amidal c::ystals; 3anid.ine fra~nts 

-----------·-···--- v3 10<2 



(feet.) ( f~c c.) 

Bandelier Tuff - Contin~ed 

Tsbirege Member - Contin~ed 

Unit 2: 

very fine sand to sil :.-size 8-Sh '"it:::. 

abund.D.nt sanidine ph~nccr:/sts e.nd some 

q,uarr.z. ----------------------------------- .:..':0 

Unit. lB: 

Tuff, licht-tan, pwniceous; y_uartz o.nd 

sanidine crJStals and frn.e;ments; licht-

tan pumi :e f1"o.e;ment.3; Dray and lit;ht.-red 

rhJ·olite and era:,· latite rock fra.un.ents; 

along cellular structc<re from 379 tc, ,;.12 

feet; lie;bt-tan pumice; very fine-siz.e 

\iUartz and sanid.ine c!·:,·stals and frablllents; 

95 percent of sample ·..;es lost "''hen >Jashed 

from ~48 to +85 -------------------------- 20j ~) 

Unit lA: 

Tttff, lie);:c.-pinkish-iray, pw.Uceous; li.Jl,t-

'i~artz and sanidine 1'raJI!.ent.s :md crystals; 

;;u t~ -·~ ~~et --------------------------



Table 3.--Log of DT-5? - Continued 

Bandelier Tuff' - Continued 

Oto.,.;i Hember: 

Thickness 

(feet) 

P~ice, light-tan, 5one ~elded tuff fragments; 

light-gray and light-reddish rhyolite: So 

to )2 ~ercent of sampleG lost ~;hen ~~shed --- 51 

Dep~h 

(feet) 

Note: Hole was d~illcd ~ith a ~2-inch l~ck bi~ using air to cool the 

bi ~ and clean the hole. Perched ;,rater '-'aS not present. Color 

dete.r::lination r~as w.d.e f1·om dr"J samples. Samples '\lere ;.rashed 

and described .,..h1le ioiet. Correlations are based on drill 

cutting=> from bole 5P and on 0~-ra.y log of hole DT-5 

~hich i~ about 50 feet ::.0 '.:.he northeast of )P. 



Tshirege Het1ber 

The Tshircge l~ber forcs the finger-like mesas of the 

I 

Pajarito Plateau. It is composed of a series o~h flows of 

rhyolite tuff :and contains at least one thin water-laid bed near the 

top. The rhyolite tuff is composed of quartz and sanidine cr-;stals 

and fragments, some mafic minerals, and zenoliths of gray rhyolite 

ani latite in a fine ash matrix. The tuff varies from friable to 

welded. The thin '~ter-laid bed is cor:1posed of r:JB.terial derived. 

from the underlyi~ ash flow. 

The ~shirege Member is entirely above the :nain zone of 

saturation at TA-49, and it contains no perched water. A~acent 

to and beneath the canyons it probably contains perched water. 

The Tshirege Member is the oost important geologic unit 

in Area 49 insofar as test operationz a::-e concerned and this unit 

is treated in detail in a opecial ~ection following the discussion 

of the alluvium. 



A-r 
Allc:.vL..::l in ·d·atcr Canyon~ the nort:1ern ed~e of T.t,-·"9 c::..~:is'v.::. 

S~~t~J> 
:from ,::!:J.tne!·ed :~d'!j .~.:ld l~- ~-~· pa:t.iclcs .icrived. f~·cm :.~e =· -~i:.;.::s 

The 2-l.L.vi .:.-::. :..::.. .i3.te:· CU!1.)'-.:n 

IJ.JCI!f -/ 

'""= ... ·-~ ,: ... ~...- ..... _ ........ 

:;-:·av:::-'-5 o:· .. ::nvel.s ·,,J.i:.n minor ~aunts of cl2.;.. and sil'-.:3 ·.ril.:. 

:::.·eed.il .. / cr3.n!:imi t .;a r,e!"' . 

.:_:Jercb.ed in the nlL:vi...m en c 8:? .:.1' the lo'olest exposed '.4.'li t vf the 

Tshir-:;:;e Member ~;1e Bandell~.:.· Tuf!' inu.1cstirl6 the permeebili tj' 

of ~he .e.lluvi -~ is ~.::eater than "C. h.:;. t of t:::e ~mder 1:, in;;:; t ~:f.:· . 

Mesn .;hi:::: is ~.nJ.•..:.·l:..".i:1 by t.he BEI..nclelie:- Tt .. fi'. All:...viwn lS ve:-:; 

Fer "his :.::::ason i-; 'n'!!.S not mapp~d en 



Geology and ·,;ater-ceari:J.g propert.::.es of ::ce -=:-.::r ... ::.rege ~Ien1cer 

of the 3undelier ~uff 

The Tshirege Hemoer ranges in thickness from aoout 1,000 feet in 

upper Frijoles Canyon to less than 100 feet along the Rio Jrande. 

At TA- L.9 the l'shirege f.lemoer i1as ueen divided in to seven u.ai t s 

(fig. 6). Unit lA is t.he oldest and known only in the subsurface. 

Figure c. --.}eologic map and cross section shoving locati.on of 

explora 1:.ory drill holes .• TA- 49, =-.os Alamos County, i:J. r·!ex. 

De:!!leFl.pt:i.o'1 ef ott13si::U'fa.ee ..... n;i,..._& <H'\i <r:flewn e!'l figttre 'L 

The other six units, units lB, and 2 through 6, crop out in ~~ater 

Canyon and are described in a measured section (table 9). 

Correlation of the units in the subsurface · . .;ere made by ga.L1.':1B.­

ray-neutron and lithologic logs of the :'our core holes (tables l'J-13) 

and '1-lells Dr:::'-5?, DT-5, DT-5A, DT-9, and DT-10. 



fj e• ( 
9. --1'::pf s-.::~-c::..cn .;i' ·,~nits 

·~ ·' . ' IL ];' .. .: ....... 

(fee;:;) 

B!lildeli ~r T"..::ff: 

Tshire.:;e Me1:1ber: 

Unit !J: 

scnttered c;:_:n.rtz. and ~a."'lit!ine cr~:sta.ls i 

?..pprc::i::-.at~ ::Ocr:!.::ont:.l :::heetinc that ~~Y 

fcrcset .:.nd ::.opset teddine; is ·;ell 

..:.f m::sa; 

;.;..'1derl~int:; .....ug!.;. 3.1'0 i.'illed ·.;ith sa~ld ------ 3.6 



ht•( 
T:~ble 9.--7:, p~ .J<::c~::...:.n ~f ~ni -;;s in :.~e Ts::C.iret;;e l'<iembcr - Contim:eci. 

T'.:1ic~~ness 

(feet) 

Bandelier Tuff - Continued 

Tshirege Member - Contim;ed 

Unit 4: 

10 per·c8nt q_;.1ar-:z c:::-.: stals; small lie;ht-

pumi2e fra~nts up to ~ inch in lenGth; no 

bedding present but lenses of disk-shaped 

ptmdce up to 6 inches in length and 2 inches 

thi~k in dense pinkish-gray matrix; weather-

inc e,-rc..des i..ip into sand of ·...:.nits; forms 

cliff; luwer contact is Gr~ticnal ---------- 41 

Unit 5: 

Tufr, light-e;ray, very pumiceous, friable; 

20 tc 50 percent e;ranule si~e \.iL<artz and 

sanidine crystals; pL::mice fragments up 

to i inch in len~th; this description 

applies to lower 5 feet. Remainder of unit, 

except for i..lpper 2 feet, 1:. covered and 

forms slope. Small valley cut into this 

unit. Lover contact i3 covered -------------- 40 



ti~af 
Table 9.--T:IJ?Ii section of c.nits in -che T~hirese Member - Cun:.:.:Led 

(feet) 

Bandeliar Tuff - Continued 

Tshirege Mecber - Continued 

Unit 2: 

Tuff, li~t-pinkish-g~·, veathering li¢ht-

brownish-gray; dense, .;elded; 20 to 30 

percent coarse-~ra.ined ~..;,'.:o.rtz. and 

feldspar crystals and fragcents; 10 

percent pebble-size pumice fraGments; 

gray rh.)'olite rock fragments; matrix 

crystals of fine-e-rained glassy ma.teri:il; 

forms cliffs consisting of two beds 

separated by a slight notch; lower 

conta.cc with ~nit lB is concealed b~t 

on north \;all of canyon is irreg~lar --------- l.OO 



()G•I 
Ta.bl~ 9. --T-w·p~ sect.icn of '....nits in t.be T;:;bL·dc;e Member - Conti:r~~d 

Bandelier Tuff - Con~inued 

TshireGe Member - Continued 

Unit l.B: 

Tuff, c;ra,.~,- to pinKish-c:;.::·uy, weathers 

pinx. to li;:;ht-o.J:ange; cobble-si:.e .:;ray 

rhyolite; '-iuartz and feldspar cr;,·ste.ls 

and f~a~nts; pumice frauments in ash 

matrix; w~athering around quart.~ 

e) 
crystal and fra.~nts are _yellow stai~ 

pumice weat.hers to brovn clay; internal 

strati~ication lac~nG but rock fra~ments 

and p~ce are in lenses; maybe two or ClOre 

ash fal~s vith irregular contacts; weathers 

to st~ep slope pitted by weathering out 

of pumice fragments in places. Probab_y 

Thi c lr.ne s s 

(feet) 

is an explosive breccia ---------------------- 134+ 



T~ble ~J.--Lo~ cf .., ...... ., ... c l--. ..-..; ,..:». 1 ...,.._.._ .._ ..... ._~ __ ...... 

Cc~r.;d ~Y rc :.e..~J ·.::. t.:-'1 c..:!.r fer ce..rrier 

Tct2.l de-p-ch 5)1 .::··=et 

Completed Decembe:::- 6, 2.959 

AltitL:de of land s::rface :',170 

Thiclmess Depth 

(feet) (feet) 

!'shirece ~ember 

Unit 6: 

zcncli tb.s of .;70.~ , 1·ed o.nd dark-t;ray rock 

fra.t}:lents; medium-size c._luo.rtz and 

sanidine crystals o.nd fro.bJilents; dark-

e,-ro.y devi trified p'..unice t~p to k inch in 

lerlb~:.h; sand-size b:::-mmish-~·ellow mafic 

minerals. Tuff is dense from 58 to 71 

feet; ~2 .0 feet of core :::-eccvered --------- {1 {l 

Unit 5: 

No recovery 1 inte:::pretation from Ciamma-ray 

lob --------------------------------------- 2 13 

Unit 4: 

Tuff, lit::h-c-t,-ra.i to lig.'lt-ta.n; medium- -co 

e:;rerr.:le-size l~L..artz and sanidine crystals 

nnd fraaments; devitrified pumice L:p to 

.:.. inci in len~th; ~.:ra~:is~-ulc:e ln"Cite 



Table ::.--Log or CQre hole 2 - Continued 

Thickness 

Bandelier Tuff - Cor.:t:!.r.ucd 

Tshirege Hc:::l:c!1 
- Con't.i::._.ed. 

Unit 4: 

Tuff, light-gray 'W'i th slight lavender 

cast; verJ coarse to granule quartz 

and feldspar crJstal fragments; 

devitrified pumice fragments up to 

l inch in length; zenolith~ of light 

grayish-green dense rock; 4o feet of 

core recovered ---------------------

Unit 3; 

No recovery --------------------------

Unit 2: 

~u£f, light-purplish-gray, dense, 

velded.; quartz and sanidine crystals 

up to granule size; devitrif1ed 

pumices up to ,2- inch in length; 

zenoliths of dark-gray rock fragmenta 

up to .i inch in length; 67.9 feet of 

core recovered ---------------------

(feet) 

55 

101 

Dept.'l 

(feet) 

136 

1)1 

292 



Table ll.--Log of core hole 2 - Continued 

ThickLes:o 

Bandelier Tui'f - Con:tinued 

Tshirege Meiber - Continued 

Unit l.B: 

" 
Tuf~, light-vinkish-gray, pumiceous; 

qua.-tz and sanid.ine crystals up to 

gmnule size; devitrified ~uz:ice 3/4 

inch in length and 3/ a inch wide; 

).8 feet o! core recovered ---------

Unit L\: 

No recoverJ --------------------------

(feet) 

195 

14 

Correlation based ou recovered core and gm:m:10.-ray logs. 

/00 

Depth 

(feet) 

487 

501 



Table ::.:...--Log of core hole 2 - Continued 

Thic.ltness 

Bandelier Tuff - Continued. 

Tshirege Hc:.::'bc1· - Con"ti..-:.;.;.ed. 

Unit 4: 

Tuf'f, light-gray with slight lavender 

cast; verJ coarse to granule quartz 

and feldspar crJstal fragments; 

devitrified pumice fragments up to 

1 inch in length; zeno1i th::; of light 

grayish-green dense rock; 4o feet of 

core recovered ---------------------

Unit 3; 

No recovery --------------------------

Unit 2: 

~~f, light-purplish-gray, dense, 

Yelded; quartz and sanidine crystals 

up to granule size; devitrified 

pumices up to ~ inch in length; 

zenoliths of dark-gray rock fragmento 

up to 2 inch in length; 67.9 feet of 

core recovered ---------------------

(feet) 

55 

101 

Dept...1. 

(feet) 

1:)1 



Table 11.--Log of core hole 2 - Con~inued 

Thickr.ess 

Bandelier Tuff' - Con:tinued. 

Tshirege M~ibe~ - Continued 

Unit l.B: 

Tuf~, light-~inkish-gray, ~umiceous; 

qua...-tz and sanidine crystals up to 

granule size; de vitrified ?UI:li ce 3/ 4 

inch in length and 3/0 inch 'n'ide; 

3.8 feet of core recovered ---------

Unit lA: 

No recovex7 --------------------------

(feet) 

195 

14 

Correlation based ou recove1·ed. core and gttmma.-ray logs. 

100 

Depth 

(feet) 

487 

501 



1\ti'f was 2.!la.lyzed petrogr::..;~.b..ic all~- t~- C. 3. Ross c:.: t.r.e Gcclogica.l 

.SU...-vey (wti. tten communication, Jul-;; ( 1 lS/UC). Ros:J ::::-eculc'J.leted 

t~e proportions of ph~ocrysts to represer:t proportion ".:;~- vei.;~:-':.. 

The followil16 ia tr..e result of the a."'!al: -sis. 
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Unit 5 iu friable water-laid nediuc to coarse sand conpose~ 

of worn quartz and sanidine crystals and fragments of reworked 

tu.ff as lar::;e as boulder size. 

Topoet and fore:::;et bedding is ••ell developed. Some l:.!..:Jcr.i te 

3tains and a few stringers of brmm clay are oriented vi th t...'lc 

crozs-beddilJg in the u.nit (fL3. ll). Unit 5 weathers to ~·om a 

Figure 11.--Ha-cer-::i..aid ::;and of :.:nit j;tr: of the Tshirc:;c 
J 

Member of the Bandelier Tuff underlain by '\leathered iron-

stained unit ~bt 4, coutheast wall of ·.rest hole in Area l·), 

TA-49 1 Los Al.3.r:los County, rl. Hex. 

notch on cliffs bet,,-een the underlyine and overlying units . 

... 7,1"") 

.!..)~ 



Joi .,....._,., ~n '"'t"'rcp'"' C.., "'""~t )· CO"'+"; n i'cnt·~o-nr1 1··ro~m~ nr c1.-.·· ..... vw •• v....t. '-' u - \..U.,. f' ••""'""'--• 1 ...., •·-- .....,-...... ...... '\ -o.J .. - -O...f,..,.~,~· • 

Joints in the unit !.n l::::.."";;e d.iUI"'..cter l:ole:J \·aried :":'om closed to 

open. In the upper part of the ~.'!:l!.t, ,;sints u.re :!.':!.lled \lith sa.nd 

f'rom un1 t 5, indicatine t:r.at these joir:ts and .::'ractures ";ere cpen 

durinc the deposi tic:r.. c:: t!.!li t 5. In sooe c:f' tr:e 2..ar;;e-dia.t:eter 

holes (figs. 15, 1'7, and 18) the t'..lff cf unit :. is .:riable ar..d 

weathered below the contact 1::!. th 'l~i t 5. 

If water vere tre.nsz::.itted 'by perc clutier. to un1 t 5, 1 t 1:ould 

further percolate dowmrard. throtl6h t!'le :permeable send-filled. joints 

to the open joints. 
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Uater-beari::J.,S cl~racteri::.tic;:; 

Unit 4 '\-laS drJ at TA-49. natural T::oi:::;t:..::e content ,.;as '."cry 

low, ra.ngin,s from 0.4 to 2.2 percent by ·roll.lDe. ':'he porosity of 

four samples of ur1.i't. 4 ranged from .52. 7 to 54.3 percent by vol~e, 

and spcciflc retention ranged ll. 6 to 21.3 percent by volll!:le. 

The poroz i ty decreased ;ri th depth due to the denser iJeldin,:; ~;i thin 

the flow. The :::opecii':.c retention increaced •.:i th a decrease in 

porosity due to a decrease in pore size i>hich "w''uld tend to hold 

~ter under tenoion. Vertical permeabilities ranged frc~ 13 3Pd 

per square i'oot for the :more porouc t~ff' to 0. 3 Sf'd per SciU::l.rC 

foot for the less ?Qrous tuff four~ lower in the section. 

Horizontal pe~eabilities ranged froo 0.4 to 13 gpd per SQuare 

foot and decreased with depth. The horizontal permeability in 

one cample from hole 3-A ...,us 8, and vertical permeabili t:y \Jan 5 

gpd per :Jquare foot (table 17) . This difference of per:'!leabili t:,r 

may be related to possible near horizontal orientation of 

intersticet> in the ash-flow~."" 

12 .' -t :;_y) 



0 1-- ~fo~t~ ¢ore l"'•ole 2, JeD"th 130 to 2..32 ::'eet 
~~~~~I , -

Pore space about )J perce~t 

Phenocr;sts about 34 perce!"'_t by ·Height 

Sanidine 30 percer.t 

Quartz 12 percent 

Magnetite l+ percent 

Pyroxene 0. 5 percent 

The groundmass is a typical devitr:!.fied uelded t:..J.ff, the 

d.evitrification :product bei:1.g cristotalite ?.nd feldspar. Gas-

phase reaction has resulted ia secondary growths on the sanidi::-1e 

and development of tridymite and feldspar in vesicules. Plate-

like cr;stals of tridjnite are unusually large as are the gas~ 

phase and devitrification minerals. 



So.'f'llpl e ~,., £ore ~:ole __,, dept.:l 100 feet 

Pore space about 30 percent 

Phenocrysts about ;13 percent by ·,.;eight 

Sanidine 24 percent 

Quartz 12 percent 

Pyroxene (largely clino) l percent. 

Magnetite l percent 

No zircon observed 

Ground.r:lass contains abundant trid~"IDi te and gas-phase, seco::1dar; 

gro-wth on sanidine. Devi trification products are u::lusuallj· coarsef 

grained. Sample contains inclusions of andesite. 



Role 4-A, depth o5 ~eet 

P8re space about 30 percent 

Phenocrysts about 32 percent by ifeight 

Sanidine 22 percent 

Quartz ll percent 

PJToxene 0.7 percent (ortho, dominant; clino, present) 

Magnetite 1.0 percent 

Groun~~ss is devitrified shards containing unusual feld3par­

cristobalite aggregates. Vesicular cavities contain gas-phase 

tridymi te and feldspar. The sanidine phenocrysts contain secondar:r 

addition of feldspar (gas-phase) material. The sample contains 

an unusually large proportion of pumice grains. 



So.mpl" '1-W'' no1e 4-Y, depth 78 feet 

Pore space about 30 percent 

Phenocrysts about 27 percent by ,.-eight 

Sanidine 15 percent 

Quartz 10 percent 

Magnetite 1~ percent 

~Jroxene 0.5~ percent 

Groundnass is typical devi trified, ·..relded tuff shmnng usual 

submicroscopic intergroirth of cristobalite and feldspar. Gas-phase 

reaction resulted in additions to sa~~dine phenocrysts, and 

tridymite and feldspar in cavities. Dark porous areas up to l~ 

in diameter represent pumice fragments. A few small areas of 

andesitic rock are present. 



Unit 4 

Physical characteristics 

Unit 4 is a light-gray to light-pinkish-gray rhyolite tutt 

tbat contains pbenoc::rysts and fragments of cedium sand- to granule­

size quartz and sanidine crystalB in a moderately welded ash matrix. 
Also present are fragments of pink to light-gray rbyoli te and. dark­

gray -pumice. Some of the pumice fragments are devitri.f1ed. Unit 4 
is not bedded at tbe measured section in Water Canyon; however, lenseo 
ot disk-shaped dark-gray pumice fragments e.a much as 6 inches long and 

2 inches thick are present in a dense :pinkish-gray tuft. 

In the outcrop the moderately velded tuff contains clay tilled 

joints and fractures. In the large-diameter boles, joints are open 
a.s much as ·~ to 2 inches. Air blo'W'i.ng from open joints in response 
to declining barometric pressure 1m1catee that the joints are 

interconnected 1n bole 4-U. Parts of this unit tom cli:f'rs in the 

ce.IlYOn 'W&l.ls. 

Four samples .from un1 t 4 or the Tshirege Member of the Be.ndelier 

Tuft w-ere analyzed petrographically by C. S. Ross ot the Geological 

Survey ( wr1 tten oonm m1 cation, July 7, 1g6o) • Rosa recalculated tlle 

proportions of phenocrysts to represent proportion by wight. The 

following are reaul ta or these analyses. 
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Table 1).--S~ple log of Alpha hole - Continued 

Thicl::ness 

Bandelier Tuff - Continued 

Tshirege Hember - Continued 

Unit 4: 

Tuff, light-gray; oediur.1 to coarse quartz 

and sa.r1idine crystals and fra.gr::ents: 

gray devitrified punice; light-~ray 

rhyolite~ fragments; subrounded; 

friable zone 78 to 85 feet; n~derstely 

''elded. 85 to 128 feet --------------------

Unit 3: 

Tuff, light-gray) friable; nedi~-size 

quartz and sanidine crJstals and 

fragments; gray and white devitrified 

pumice fragments up to ~ inch in length; 

gray rhyolite ~ fragcents, pebble 

sizej coating of yellow weathering 

stain around quartz fragments; large 

amount of very light-gray punice; 

samples frcz.a 166 to 139 are !,1inki::>h-

(feet) 

gray and moderately velded ---------------- 61 

Depth 

(feet) 

128 



Table l9.--3ample log of Alpha hole 

Drilled by rota!""J bucket 

Total depth ldj feet; diameter 2 feet 

Completed FebruarJ 6, 1960 

Altitude of land surface 7,125 feet 

Thiclmess 

(feet) 

Bandelier Tuff 

Tshirege Membel­

Unit 6: 

Tuff, ligbt-gray, moderately welded; 

contains fine- to medium-size quartz 

and sanidine crystals and fragments; 

yellowish-tan to gray pumice and gray 

devitrified pucice fragments; light­

red latite and gray rhyolite ~ 

fragments in a fine-grained light-gray 

ash IJatrix. Hard layer wus encountered at 

54 feet ----------------------------------- 76 

Unit 5: 

Sand, light-gray, friable; fine- to 

coerce-size quartz ar~ sanidine fragcents 

subround.ed; quartz bas coating of yello-w 

veatherL~ stain; fragments of t~ff and 

pucice ------------------------------------ 2 

Depth 

(feet) 

76 

78 



ur..iL 3 

Physical characteristic~ 

Un:!. t j ic a friable a.nd. "Pumiceous l~t-13ray rhyoli tc tuff 
that contains .:-JediUJ!l to very coarse srurl-size pneooCrJ:::;ts of 

devitrifieJ. :>ur.lice fr~ents up to l--:.~ch in ler..;th, an abunii.ance 
roc. k of lleht-gray ~ice~ and gray rhyolite and latiteAfraeoentc in 

a fine-gra.L!ed sla.ssy ash ~'latl·ix. 30J.ae ~:uartz tragoents are 
coa;;.ed <lith .:;. yellow ·.reatheri.ng stain and other~ are clear. 
Sanidine fm,;:1entG appear to be pi tt.OO. 3clrl'ace eX',tXJsures of emit 3 al·e very r:oor. The -mit ...,ea tilers eo a :..;lope on which sc:i.l has 
developed. T'.ue i:lest J.escription of LUli t 3 lti ·oased on cutt.lngs 
from Alpha holi:! ( t.'lble 19) . Core recovery from the unit · .. ;as 
poor. 

At T.A- ;,.;; the t.lllckuess of Ll!l.i t. 3 ranges l~rom 4o feet a -c the 
r:~easured section in Hater Canyon t.o 7G feet in core hole l. 
Thicknesnes of tl1e Lmi t penetrated in otaer borings are a£J 
follovfi: In-':), jB feet; and DT-10, 57 fee-c.. 
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and fractures in it -..uuld t::-ansoit '.m.ter rapidly. CoLlrum::-

jointing is ~resent locally in the outcrop. A core taken at 261 

feet in core hole 1 contained a nearl:/ ':ertical joint plated i;ith 

clay which indicates that ~~ter had per~~lated through joints and 

fractures in the rod:.s to fairly great depth. \·ieathering of the 

tuff adjacent to the joint probably occurred during the deposition 

of unit 5 J ilhich is a fluvial ::;and. The low r:10isture content 

indicates that ;;ater ::_)resently is r.o-c noving throUGh unit 2. 



~.;ater-beuring c:b..aractcri:::>ticG 

Unit 2 is dr'J at TA-49. 'l'he r:w.t;L-r-al :::oistu.re content of 

the rock in unit 2 is about 0.2 percent by voll.ltle, based on five 

samples from core holes 2, 3, and 4. The porosity of the five 

samples from unit 2 that were tested runge from 19 to 37 percent 

by volume and =>pecii'ic retention ranged from ll to 21 percent by 

voll.ltle (table 17). Permeability ws 0.04 to 2 g:pd per square 

foot. 

The fill used in building the leveled area where Gamma ::md 

Gamma ''A" holes are located is cooposed of broken tuf'f and soil. 

GamrJa hole penetrated about 6 feet of fill, and Gamma ·'A" hole 

penetrated about 10 feet of fill overlying unit 2. Spring 

snowmelt percolated into the fill, and perched above welded tuff 

of unit 2. T'.nis perched "tl'ater ran into Gamma and Gm:lllla "A" 

holes. Gacca bole is 2 feet in diameter ~~ 7.15 feet deep. 

vas dry Ulhen drilled on Febru.ar"J 26, 1960, but on Hay 2, 1;60 

the w.ter level w.s 5.85 feet. Gamoa. ''A" hole is 4 inches in 

diar:1eter and 54 feet deep. It ws dry ·,;hen drilled on 

February 26, 1960, and on March 5J the i>lllter level w-as 43.6 feet. 

The hole was dry on May 2, ls;6o. Gamma ,.A" hole is cased vi th 10 

feet of 4-i.n.ch steel casing uhich extends 1. 90 feet above land 

::surface. The water c.;;ained entry into the '.Jell through l.)O feet 

of unca::;ed fill above u.'1i t 2. 



UniT. 2 

Plzysical characteristics 

Unit 2 i::; a li,zht-}?.iLkish-..;ray co purplish-~ray r!..J.yol..:...:.e 

tuff. It is ha-~, ·.;elded, and contains coarse sar.d- to Grnnule-

size phenoc::::/sts of :;_'..lB.rtz and ::;anidi::'..e ~:.;:-J::.; l:.al~ arul i'ra;;wents, 

light-gray to gray r!1yoli te and la 1.:.i t.e roc...\ ... ·~·osments, and 

r.L'he out.crop of unit 2 stands as cli::..'fs, -.mich Heather to a. L.;;ht 

bro~nish gray, and consists of "!:.i.'O beds or' about eC).I.Ull th~d~ne~s 

separat-ed b:,.· a. slight notch. Unit. 2 e:iliibi ts coluu.'lar jointil1G 

in the form of he~onal pinnacles star.ding 10 to 20 feet in 

height and from 5 to 8 .feet iu dia.l:lel.:.er, '.~est of Beta hole in 

'i/a ter Canyon. 

Unit 2 ranges in thickness from 82 feet in core f...ole 3 to 

111 feet in core hole 4 at TA-4~. :'hickl-:ense:.: oi' :.:...J..it 2 

penetrated in other core lloles anU. 'Well;; lll"e a.s z~ollows: cm:e 

hole 1, )4 l'eet.; cc1·e bole 2, l.Jl feet; Hell r:tr-5, 1)0 feet.; 

well IYl'-9, ::;3 feet; e.nd well DT-lJ, :/) feet.. In t.he :.::eas'-l~:cd 

section in \:ater Call.)·on unit 2 is lvJ feet. c.i.!.ici:. St.:"Uct.t.u:c 

contouro on the top of un.i t 2 indica~..;e a gent.le 1- w 2-ue;:;:L:ee dii! 

southeacterly <~i tll au undula:cing ::;urface : .l,' .... . 
\ ........... _,. 

~>\ 
I I • 

Figure 7. --Structure contours on unit ...,ot
2 

Tshirege Hecbel· 

of the Bandelier Tuff, TA-49, Los l\la.mos County, H. ~·1ex. 
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Water-bearir~ charac:eri~tic~ 

Free 'ro.ter ·..us not :;:'ound in unit U3 at TA-49, but cutt:.ll.£S 

fron 'Jlli t 113 ~roil Beta bole contained considernbly I!!Ore moistcre 

tha..11 samples froi!l 11 thologically sii:::.ilar ;mi ts higher in the 

section. 

Interctices in the matrix of ~~t lB probably are small and 

:.ts permeability is lov, although locally the porosity may be 

relatively high. Clay nodules in cu.tti:lgB fror:l Beta hole in 

~later Canyon contained 45 to 6o percent :10inture by ·volume, but 

other samples, composed mostly of ash, contained 13 to 36 ~rcent 
moisture (table 17). Moisture content o:f a core free unit 113, 

core hole 2, is less than 1 percent. 

Tbe section of unit lB penetrated by the Beta hole is 

ueathered a.nd highly altered due to -water infiltrating from the 

canyon floor. 
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the ·,:ea.theri.n.r; out oi' large pumice i'ragr::!ent.s. On the north '-<O.ll 

of Watar C~~oa ~1it ~ i~ 

.i..t T} .. --.9 u..'1i7. lB ranges in thickness from 195 feet in core , 

Core holes l, ), and 

!.;. are '.Jottooed ia -the :.mit and _t)(!ilCtl-a~cd 2l7 feet, 25 :feet, o.nd 

15 feet, ::.·c::;pecti·.-cl:;. 

2J5 feet of :.L.>i t D. 
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~able 18.--S~ple loG of Beta hole - Con~inued 

Bandelier Tuff - Contir~ed 

Tshirege Hember - Continued 

Drilling stopped at 18o feet in a 

rhyolite and latite tuff breccia, 

edges of fragments subrounded; 

ground r.lB.SS a light-brm.mish-tan, 

pumiceous, friable tuff ---------

us 

T'niclmecs 

(feet) 

172 

Depth 

(feet) 



Cor:1pleted Febru::u:; 25, iS·GO 

Altitude of land curfacc G~J:n :::'cet 

Recer.:'::. allu::::.Ul:l ----------------------------------

Bandelier Tuff 

Tshirege Member 

Ur~it llL 

Tuff, llght-pi:iliish-<:.an :.o :!..ic;ht-srs.y, 

pumiceous, friable; q_uartz and 

sanidine fragments and crystals up 

to granule size; mafic uineral stains 

and ::o:::J.e l:'.ai':!.c nineru:!..:;; :le·;i tri:'ied 

pumice fragments up to i inch :!.n 

length; light-yellowish pumice; gray 

glassy pumice; Jark-gra;,.· pumice 

:."ra.s;.:!ent:::; some rhyoli.te ~ 

fragments; samples from 61 to 81 

feet are light red. Samples from 

105 to 120 feet contain brown 

nodules of clay up to 6 ir.c..'1es in 

length; these appear to be large 

pumice fragments that altered to 

clay; '.:.he clay appea1·s platy in 

placeB and near edge ;rcdes i~tc 

highly altered cellular puoice; so~e 

gray rhyolite and light-red latite 

l"e1e:!t fragoents are fow~ l.L"l th.i..s 

interval ---------------------------

II 7 
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Unit lB 

Phynical cbaracterictic~ 

Unit lB is a light-gray to very light-orange rhyolite tu:t'f that 

contains quartz and feldspar crystals and fragments, large to mn.all 

pumice fragments, and gray subrounded rhyolite and latite ~ 

fragments as much as cobble size. Unit lB is an explosion breccia. 

Cuttings, samples, and outcrops show yellow weathering stains arolllld 

quartz crystals and fragments. The pumice weathers to a brown clay. 

Stratification is lacking, but rock :f'ragi;lents and pumice commonly 

occur in lenses. The contact with the overlying unit 2 is irregular. 

Beta hole, in Water Carzyon, penetrated 172 feet of unit lB 

(table 18). Drill cuttings from the bottom 75 feet of the boring 

contain nodules of brown clay as much as 6 inches long, which probably 

are the weathered product of large pumice fragcents. The clay 

nodules are platy and fibrou.s near the center and grade to highly 

altered cellular pumice at the edges. 

II"-



l,:ater-beari:-.g charucteristic::: 

Unit L.\ is dry e.t T:..-l+9. Ll ttle is kr._:)·.m of its potential 

-water-bearing properties; ho-wever, ;:rud circulation il'as x:-.aintained 

through thiz unit in vell M-5A, and its fracture permeability 

must be relatively lo-w. 

Joints and fractures are probably present in unit L\, b~t 

because it is a friable unit they probably are closed or only 

slightly open. 'dater percolating t.b.roueh open .joints and fract;.u-es 

in the unit probably ·would cause the alteration of the tuff to 

clay and \-.'Ould eventually seal thee. 
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Uni-:. U. 

Physical characteristics 

Unit 1A consists of light-gray to light-pinkish-gra:,.·, pumiceous, 

friable rhyolite tui':f' that contains quartz and sanidine crystals 

and fragments, and rhyolite and latite fragments, and minor amounts 

of' dark-green marie minerals. Some of the sanidine fragments are 

stained dark-brown. 

Unit lA overlie::> the Otowi Member and does not crop out at 

TA-49. Unit lA is 214 feet thick in \Tell DT-9, 1'96 feet thick in 

DT-10, and 156 feet thick in M'-5P. It is an ash flow, the eastern 

end of which is deposited in a depression in older rocks beneath 

TA-49. It thickens southeastwrd :from TA-49 tnen thins eastwurd 

and wedges out between unit lB o:f' the Tshirege Member and Otoui 

Member of' the Bandelier Tuff (fig. 5) . 



The folloYing ranges in permeability 'Jere obto.ined by n.nalysi3 of 

samples {table 17) from units lB, 2, 3, +, 5, and 6 of the Tsr~rege 

Member: o.o4-22 gpd per square foot for consolidated samples, 31~-59 

gpd per square foot for unconsolidated samples t~t were repacked i~ 

permeameter cylinders; specific yield O.o-42.6 percent; poroGity 

19.3·54.7 percent; specific retention 11.3-27.3 percent; dry ~nit 

weight 1.17-2.05 grams per cubic centimeter; specific gravity (gro.in 

density) 2.;2-2.58 grams per cubic centimeter; moisture content 0.2-

36.3 percent by volume, 0.1-43.2 percent of dry \Ieight; and 

approximate pH 7.5-7 .9. Mechanical a.na.l.yses made on seven 

unconsolidated samples from units lB, 3, and 5 (table 24) indicated 

rather large ranges in particle siz.es frc:m clay through medium 

gravel. Sam.ples from un1 ts lB and 3 probably have little value 

as these are mostly bit-cut samples. Samples from 1..<.ni t 5 are 

unconsolidated ~es obtained while mapping large-diameter holes. 

Pore-size distribution of 10 samples from unita4, 5, and o are 

shown on table 25. 

The porosity and permeability of the Tshireee Member depends 

upon the degree of welding and amount of weathering of individual 

ash flows. Joints and fractures are numerous, especially in the 

wlded units. The joints and fractures that are open probably 

woul.d transmit water rapidly. 
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:".ae X-ray n~:,·scs or samples f::::o:w units 4, 5, and 6 of the 

1-' Tshirege Me::lber ir..dicate' that these rocl~s are 25 to 5<1 percent 

feldspar that is largely sanidine, 0 to 25 percent quartz, 0 to 25 

percent tridymite, and 10 to 75 percent cristobalite. Some of the 

samples contain as much as 10 percent clay, probably IX>ntmorilloni te 

(table 14). Chemical analyses of sanples froo theae unite show the 

folloidng ronges in percentage of constituents analyzed: silica (Si0
2

) 

72.0-78.2, alumina (Al2o3
) 11.2-13.8, ferric oxide (Fe

2
o

3
) 1.1-2.1, 

ferrous oxide (FeO) 0.21-0.75, magnesium oxide (MgO) 0.02-0.33, 

calcium oxide (Ca.O) 0.26-1.17, sodium oxide(Na2o) 3.5-4.5, potassium 
o.;t' 

oxide (K
2
o) Lt.2-4. 7, water (H

2
0) ~2.8, titanium oxide (Ti0

2
) 

0.10-0.32, phosphorus oxide (P2o
5

) 0.01-0.07, manganese oxide (MnJ) 

0.00-0.08, and. carbon dioxide (C02) less than 0.05 (table 15). 

Spectrographic analyses (table 16) of sanples from these un1 ts shoved 

rather uniform content of major and minor elemental consti tucnts 

analyzed. 
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'l'uL,l,; llr.--Mineral constituents of the Tchlre[;e ~ember of the Bandelier _tuff at 'rA-49, Los Alamos County, N. Hcx.l/ 

- = 

Re0ults are coded according to the follow-ing system: l ~ 75-100 percent, 2 ~ 50-75 percent, 3 ~ 25-50 perceut, l1 == 

lll-25 percent, 5 ~ 0-10 pt.~cnt, 2-3 ~ 35-65 percent, 4-5 ~ 5-15 percent. 

-------------------------------- - --- -----------l -----

Swnple location Stru.tigraphic Mineral constituent~ 

Hole 

C1l-l 

2-H 

2-II 

Depth 

(feet) 

38-1!0 

30 

)8 

Unit Feldspar 

2 

2-3 

2 

Quartz Tridymit.e Cristobalite Clay 

5 4 4 

5 4 4 

lr 5 lr 5 

Rem1rks 

o :'-U -~ 
(:J) 
;JL. 

QbtG 

Qbt6 

Qbt6 

Qbt6 3 
,-
;J 5 3 5 Feldspar ( sanidine'? ) . Clay 

(montmorillonitLc). 

..J\ ) 

2-Y 78 

CH-2 130-132 

~-C ~8 

5-Y 105 

11-f\ 85 

11-y 78 

Qbt5 

Qbtlr 

Qbt6 

Qbt4 

Qbtlt 

Qutll 

3 

2 

2 

2 

3 

2 

4-5 

If 

5 

5 

5 

lr 

5 

5 

4 

4 

5 

5 

3 

lr 

4 

lr 

2 

l1 

5 

~ 

5 

5 

5 

Feldspar ( sanidind ) . 

Feldspar ( sanidine':') . Clay 

(montmorillonitic). 

J:; Analyut: 'rheodore Botinelly of the Geochemistry and Petrology Branch of the U.S. Geological Survey 

:'; Quuntitie.s u.re e.stimated on the basis of peale heights of diffractometer patterns. A prcc.:isc identification ui' 

- the clays 1m.s not made; on the basis of built patterns and patterns of oriented samples tlte clays probal~ly o.n: 

Ltuntmorilloni t.e. 'l'he; fcldolJars yrobably are sanidinc based on some minor shifts of peak positions i u t.ilc :;a::tpl, . 



co::c 

( :'cct.) 

Cont.in.acd 

lr. 7 feet 

:..--cco .. ,.-e::-ed ---------------------------- 15 

Note: Co~lation based on recovered core and gamma-ray logs. 
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Table 1.3. --Log of core hole i.;. - Continued 

Thicknesr.; 

(feet) 

Bandelier ~uf'f - Continued 

Tshirege Member - Continued 

Unit 4: 

Tuff, light-purplish-gray; very fine­

grained sroundma.as 'nth about 50 

~~rcent ~uartz and sanidine phenocrysts; 

some purplish-bro"'ool1 devitrified pumice; 

oediun-3ra.y latite and quartz latite 

rock frae;nento; tuff appears dense and 

size of rock fragments increase from 

lOlt to 109 feet; 28.6 feet of core 

recovered ----------------------------

Unit )t 

No recovery ----------------------------

Unit 2: 

Tuff 1 light-purplish-gray, dense, velded; 

quartz and sanidine crystals and 

frag:nents up to granule size; medium­

gray to dark-gray rhyolite rock frag­

ments; a fev light-gray devitri.fied 

pumice fragments as much a.s ~ inch in 

length; 79.0 feet of core recovered --

I Ov-

61 

52 

111 

Dept...1. 

(feet) 

125 

177 



Table 13.--Log of core hole 4 

Cored by rotar-J ·;.;i th air for carrier 

Total depth 303 feet 

Completed February 5, 1960 

Altitude of land surface 7,116 feet 

Thickness 

(feet) 
Bandelier Tuff 

Tshirege Hember 

t1nit 6: 

Tuff, light-gray to light-pinkish-gray; 

very fine-grained groundmaos with very 

coarse-grained phenocrysts of quartz 

and sanidine; light-purplish-gray 

devi trified pumice up to 3/4 inCh in 

lengthj granule-size medium-gray 

latite rock fragments; 44.1 feet of 

core recovered ----------------------- 62 
Unit 5: 

No recovery, interpretation !'rOI:l ga.n:ca-

ray log ------------------------------ 2 

Depth 

(feet) 

64 



Table 12.--Log of core hole 7 
.,I - Continued 

T'nickness Dept.h 

(feet) (feet) 

Bandelier Tuff - Con~inued 

Tshirege Member - Continued 

Unit lB 

Tuff, li~lt-purplish-pink to gray, dense, 

welded; granule-size quartz and 

sanidine crystals and fragments; 

purplish-pink devitrified pumice 

fragments; gray rhyolite rock fragments; 

gray rhyolite fragments increase from 

295 t.o ;DO feet; 23.2 feet of core 

recovered ---------------------------- 25 

Note: Correlation based on recovered core and samma-ray logo. 
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Table ~2.--Lc~ of core hole ) - Continued 

Thickness 

(feet) 

Bandelier Tuff - Co~~L~ed 

Tshirege Member - Con~~ued 

Unit 4: 

Tuff, light-purplish-pink; fine-grained 

groundl:J.e.ss with 50 percent sanidine 

and abur~t very coarse-grained 

oediuc-gray rock fragments; elongated 

devitrified pumice fragments up to 1 

inch in length; decrease in rock 

fragments and pumice from 105 to 111 

feet; 15.5 feet of core recovered----

Unit 3: 

Tuff, purplish-pink to gray, verJ 

pumiceous; no core recover;; sample 

taken 'iith basket -------------------­

Unit 2: 

Tuff, light-gray to purplish-gray, welded, 

dense; quartz and ~dine crystals 

and fragments up to granule size; light­

gray phenocrysts of rhyolite rock 

fragments; devitrified pucice fragments 

up to .;;· inch in length and oaf1 c 

nineral stains occur f:--o:J 1S'4 to 200 

feet; 77.5 feet of core ::-ecovered. ----

/OZ 

44 

72 

Dep'th 

(feet) 

121 

193 

275 



Table 12.--Log of core hole 3 

Cored by rota!""J with air for carrier 

Total depth 300 feet 

Completed February 3, 1960 

Altitude of land surface 7, 170 

Thickness 

(feet) 

Bandelier Tuff 

Tshirege Member 

Unit 6: 

Tuff, light-gray to light-pinkish-

gray; fine-grained groundr:Jass with 

medium- to very coarse-grained quartz 

and sanidine crystals and fragments; 

granule-size purplish-brown 

devitrified pumice; granule to pebble­

size medium-brown la.tite; strongly 

Jointed zone from 23 to 28 feet and 

34 to 37 feet; 44.3 feet of core 

recovered ----------------------------
Unit 5: 

No recovery, interpretation from gamma-

ray log ------------------------------

I 01 

75 

2 

Depth 

(feet) 

75 

77 



Sanple is about one-third. ~)henocr:,·3-;:;;:; 

Sanidine 22 percent 

~uartz ll percent 

Magnetite l~ percent 

~JToxene 0.5! percent 

~#f )(ine fraction is devitrified glass cooposed doni~~ntly cr 

sub-microscopic interzro~rths o~ cristobalite and feldspar. 

There are irregular zones around sanidine phenocr:,·sts · ... r.ic~: 

may represent an addition of naterial 'Jy gas-phase reaction. I'' 

pore spaces, tridymite, sanidine,and slender needles of hornc:ende 

have been formed. 

-··--- --------------------



At T.A-1,::; -~e t;h.i.d:.'l.ess o.i.' t.tr1it ;. ~cs 1ror:1 ·J in lo.rt;c-
diameter hole 4-Y ( i'ig. 18) to c.bc~:t 4 feet in a chan.."lel .:;.!ltcrcepted 
by large-di!lr:l.eter holt::!:J in Area lO. 2tructure contour£ on top oi' 
unit 5 indicate a dip of about 1 de(iree to the southeast (fi;. 13). 

Fie;urc 13. --Str-..:.cturc contour::; on :Ohe -to:; of 1.L'l.i t 

Los Al.?..rnc·s County 1 :1. !·tex. 

1)5 
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water-bearing characteristics 

Unit 5 vas dry at TA-1~9, <.:md there is little e'.ridence to i:::dicate 

that the unit has transmitted 1mter in recent tii:Jes. 

Unit 5 is a permeable sand coi:IpOsed tlainly of ;-;ell-sorted quartz 

and sanid.ine crystals and crystal fragn:ents. Joints and fractures 

in the overlying '..mit 6 are closed and terminate at or near the 

contact. Only a few :fractures transect t:"le sand and continue into 

unit ~. vhere most of them are sand filled (fig. 18). 

Tuff adjacent to joints and fractures belov the sand-filled zone 

is weathered as much as -k to 1 inch on each side. Water tr.a.t caused 

these weathered joint and fracture surfaces probably rtOved through 

the joints and fractures during the deposition of unit '5. 

tJni t 5 has a permeabill ty of 3!1 to :9 gpd per squo.re :c~oot 

(table 17) and should transmit water readily. The abundance of sand­

filled and open fractures in the upper part of unit :: would tend to 

transmit the vater downward rapidly. 
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U'rL..:. 6 

Phycical churac~er~~tics 

a raoderately ·.1eldcd ush-fioy tuff containinG phenocr:,•sts of quart:: 

and so.nidir.e that rar.ge in size from nedium to coar::;e cand, c,-r-ay 

devitrified 9umice ~ragments as much us 31 4-inch in diameter;~~ 

c;ray to liGht-brown rhyolite and latite rock fragments. Sol:lC of 

the c;.uartz Cr'JCUU£> are clear a...."ld nave \lell de-,·eloped crystal 

faces and 30!Je are dipyra;:lidal in cry::;tul forw and contaia 1mi te 

globlllar inclusions. ~Uneralo3ic analyses indicate a soall 

percent OJ:' ~neti te and pyroxene anJ. Cotle Cl.aJ' "Wi:liclJ. is prouo.blJ 

montmorillonite (table 14). ·:rhe sand-size mai'ic mineral;.; a.re 

bro ...... nish yellmr o.s ~he result of • .. reatheril\3. Sooe ho:-izont.al 

sheet-ing occ:..:.r.s at the outcro]s. Curvi:.:.neur ~o.:.nts 't~erc p:::esent 

:.n the lar;.::c-diruacter holes a..ld ::.n ':;be outcrops ( fi;_:;. 1.4). r::':.-:c 

Fizu.re ll•.--Outcrop of curved .~oi:r~ fuce in ur...it ql;·::,,.. o.;.: 
u 

the 'fshi~e Me:JiJer of the :Oandelicl' T-..lff. North ::;ide 

of New He.:dco HiGh-way 4) about l. 5 nilec '1-Test of the 

ent...""'rulce to TA-49, :.Os Alamoc Col.L."lty, iJ. !-iex. 

unit i.l!lCOnfOl'I:lably overlies c:..:.lit 5 and for:ns cliffs. It caps ~~.e 

::1esa at TA-4:). 
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The joints in ·~~it 6 generally are of tva types: ::laster - .....,., _..,_­
'..J,_;-_.,..,_;._j,l 

£. 
'(llh-1" havia@' northerly -srends and :.early vertical attitudes, and :::ino:::-

"(1/A- r ~ 
joints (figs. 15, 16, 17, ar~ 18)Abav~ ·~ing trends and ~ips 

Figure 15.--Naps of "WS.lls or' selected large-diaz:1eter holes ir1 

Area l, TA-49, Los Alamos County, n. Mex. 

16.--Haps of walls of selected large-diameter l1oles in 

Area 2, TA-4:), Los Alrunos County, n. ~·lex. 

l 7. --1-ta.ps of ··•alls cf selected large-diameter hcles i:l 

Area 3, TA-49, Los Alaoos C.:, \.!..'1. -cy' •T 
l. ~ • ~.fex. 

lJ. --Haps of walls of selected. large-diameter l;.oles , ~ -·· 
Area 4, TA-l~:i, Los Alamos County 1 !L i·iex. 

varying from nearly vertical to horizontal. 

The master joints are tectonic in origin, and probably are ::eJ...a::.ed 

to major faults of the region, such as the l's.jaritc fault 1:est of 

TA-49. Almost eve!"'J large-diameter hole intercected at least one 

master joint that is continuous through ~'1.it ~and some that cut 

through unit 5 into unit 4. Many minor joints temi:1ate at the :laster 

joints. Near the surface the master joints are filled liith clay, nest 

of 'Which was formed in place by weathering of the tuff, but sane of 

the clay may have wshed in from the soil zone above. At depth 

these joints coi:mlOnly are open and IJai1.Y have a thin clay plate on both 

faces of the open joint. Most of these clay plates are altered tuff 

adjacent to joint faces, caused by ~~ter ~~t formerly percolated 

through the open joints. 
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volcanic ash flow, nl.tb.ouch sane of then pro!Jabl:,.· nre rclc.tcd -:c 

faulting and gentle folding. A nearly horizontal brecciated zone 

is present in unit 6 about 15 to 20 feet below the surface. The rocks 

in this zone are broken by numerous irregular donor joints, oost of 

which are open. 

Joints could not be projected from a :-:ole to another 25 feet 

away because of the change in strike and dip and numerous intersectio:r.s 

of one joint with ot.."lers. In some cases it ·.vas ir.:possible to match 

joints on opposite walls of a hole due to t!le change in stril~e and 

intersections. However, interconnection of joints between holes 

was evident during Yarious experiments in the area conducted by the 

university of California. 

Seven saz:Iples frC!ll tmi t 6 of the Tshirege Member of the Bandelier 

Tuff were analyzed petrographically by C. S. Ross (written cc:cnunication, 

July 7, 1960). Ross recalculated the proportions of phenocr:,-stn to 

represent proportions by weight. The following is a discussion of 

each of these anal:;,'Ses. 
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Sa":lple from core hole l.) ~ep-:~:.. ~eet 

Pore space about 30 percent 

Phenocrysts about 20 percent b~- ",ieig!lt 

Sanidine 12 percent 

Quartz 6 percent 

Magnetite l! percent 

P:;troxene 0. 5! percent 

products are '.-er:,r fine L;r::.ined, '.J'.lt- sho" . .r t~:e -c~-:pical cri:.:::-obal.::. te-

feldspar struc".::..;re. Cavities contai.c1. radial croups of felds-:_:Jar a::d 

trid;:rui te. 7he r·ock co:ctai;:J.s a fe1.r areas of altered ar.d.~si te. 



Sanp::..e core ::ole 2, 

T:;rpical ·"·elded t:J.f:f diff2ring fron others i::J. no essen.tial 

PhenocrJsts about 24 perce!l.t by ' . .reight 

Sanidine 14 percent 

Quartz 7 perce!l.t 

F}Toxe!l.e (cli!l.o and ortho) l percent 

Magnetite l percent 

Pi.ill:, ~.-el:::..-rounded zircon 

Feldspar ar:.d trid:JTii. te in cavities 

I 'fl 
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Pore space abou~ 30 percent 

Phenocrysts about 27 percen"'C o~.· ve::.G.:-: 

Sanidine 20 percent 

Quartz 5 percent 

Magnetite l percent 

Pyroxene ( clino, dominant; ottho~ pu~t'nT) 

The grou..'1.dmass is r.1ade up of shards u~ich r_ave bee::'. par"Wly 

devitrified. ~here is some indication of gas-phase =ineralization. 

Minute minerals, probably tridYI:lite and feldspar, have developed 
/(IM S 

in cavities and feldspar bas been deposited on ~ of sanidi:1e 

grains. The rock contains ve~J small amounts of altered andesite 

grains. 



Sar:1ple fron ~1ole 2-Il_. d.e-c-::~: )':) fee-s 

Pore space about 35 percent 

Phenocrysts about 20 percer.t b~r l.'eigh"t 

Sanidine 12 percent 

Quartz 4 percent 

Magnetite 1 percent 

Pyroxene 0.5! percent 

Ground:nass is in part de'litrificd shards ( feldspo.r ancl 

cristobalite). 3rmm birefract2.:1g c1ay-liLc !:la.terial is proo3.bl:· 

::ontnorilloni te, 15! percen-':. of the groundnass. Tl:is is t~:e o::ly 

sample in th~roup vhich shmvs any alteration. All other chanees 

are deuteric ones comprising devi trification and sas-phase reac~-=.im:. 

li3 
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Pore space abou~ 30 percer.t 

Phenocrysts about 13 percent by '.veight 

Sanidine 8 percent 

Quartz 3 percent 

Magnetite 1~ percer.t 

Pyroxe:1e 0.5~ percent 
( ortho, sparse; c li"'o, a'o,,·,a..,t) 

Trace of zircon 

Much of the nagneti te is intergrmro '.v""i th pyroxene. Some altered 

i:1clusions of an older andesitic rocl: are present. Groun~ass is 

devi trified 3lass shards. Feldspar and tridyni te occur iP .. -,-esicular 

pore space. A little clay ~aterial has developed. 



Sa~pia ~n~eore hole ), depth J~ fee~ 

Similar to Area 2 core hole at a depth of 65 feet. 



So..mpltl r-rom Hole 3-C, depth :::~ fee-c 

Pore space about 30 perce:--.t 

Phenocrysts about 23 percent by \Jeiglc.-:. 

Sanidine 15 percent 

Quartz 8 percent 

A little secondary growth (gas phase) on the feldspar, but 

other gas-phase materials are too fine grained to be conspicuous. 

Groundmass material is devitrified glass. ~he devitrification 

products are cristobalite and feldspar. Tridynite and feldspar 

have developed as gas-phase products in cavities. The groundr:J.ass 

is in part nade up of pumice fragments up co 10 mm in dianeter 

which occur as darker colored porous areas. 



The thicl:.."less or' : .. :.nit 6 s. t ':!'.- ~·;) ::..'"'n.::13cd .:'::.·c:-1 zero ::.eo.::: -:ell 

DT-5-, vhere it has been stripped U'.Ja:f bj' crosio:1, to Sv :'cet :-:.car 

core hole 2. An isopo.ch ~p ( fi;:;. l)) L"::ii~tes t....'mt u..1i t 6 .;,.s 

Fig..u-e 19.--Isopach nap of unit ... btr.: of the Tshirege Hember 0 

of the Bandelier Tuff, TA-49, Los Alnnos CoWlty, N. :-1ex. 

thickest along the crest of the mesa at TA-49 ,.,here it has been 

eroded the least. 

The base of the ani t dips about l degree in a ceneral 

southeasterly direction. The eroded upper su..."'"face of the uili t 

along the crmm of Frijoles !~sa slopes gencra::...ly eastwrd. at 

about 150 feet per nile. 



~later-bearing cr.:arocteri:::tics 

Unit G ilaS drJ at TA-49. J:la.tural ooistu..~ content of sampl.e:> 

ranged fror:1 0. 8 to 3. 7 percent by volUI:le (table 17), and porosity 

ranged fro.':l ;8 to 54 percent oy volune and specific retention fro:::1 

15 to 27 percent 'by volUI:le. The higher poro::.ities were found ir .. 

samples taken ncar tb.e suri'ace. Vertical pen:::eability of sm:Iplcs 

ranged froo 0.1 to 6 .spd per square foot. The horizontal 

pemeability ranged f::."':c 0.2 to 5 mxJ. per square foot. 

JoL"'ltG in unit 6 ncar the surface are f:!.lled with clay. 

depth oany of thc~e ~oints are open. The ope."l Joint face :4ay appear 

unJTea.thered. as if jointing has just taken place, or the open joint 

face may contain a thin layer of clay, which is the product of 

weathering of the tuff. Tu.ff adjacent to these clay-plated joint 

faces o.re weathered to a light br01m in zones fro:c } to 5 incb.es 

wide parallel to the joint. The weathered zones also occur above 

horizontal and lov angle joints indicating that wter !:lOVed f:::-o!:l 

the open joint into the tuff by capillarity. (See map of hole 2A, 

fig. 16.) ',later probably percolated through these joints prior to 

and during the development of the soil. 

Percolation of wter could occur throtlf"..)l open joints <lbere the 

soil ::J.antle bas been stripped off leaving the tuff exposed. 

Movement vould be ro.pid in the large interconnected joints f:..llL"1S 

the smaller joi::1ts were it i·~uld be absorbed by the tuff. Large 

joints that transect the unit vould carry -water ro.pid.J.y i:::'.to the 

underlying unit. !·fova:1ent of ' . .;ater through the :.J..."'ljointed 

;.;auld be slow us iruicated by :.he !'W._se of ::~cr.neabili ties of ') .l to 



Soil cover o.nd related r:aterial 

'roe cru1:de rock at TA-49 is characterized by a weathered 

zone, a wter-la.id ?UI:lice, and a soil zone. The rop few feet 

of t.uli t 6 is cooposed of broken, part::.J "Jee:thered tuf'f fra.g!.'lent:; 

i.-'1 a r.llli:.rL-c of clay. The weathe..""ed. tu.ff gradeD up'.:ard into a 

clayey soil, except i.n Areas 2 and 10, irhere a layer of wter­

laid pur.1ice occt!rs betueen the weathered zone and soil zone. 

The weathered zone and soil zone are couposed of mterials 

'<;eathered i.:1. ~lace from the underlyinc tuff. The soil zone nay 

contain some mteri-n.l that ·Has wshed into the area. The ·water-

laid pumice 'las i1ashed in during the early stages of developoent 

of the soil, a.nd t!1e overlying soil developed from it. The pumice 

layer occurs only locally and '1JaS deposited in a low area on 

Frijoles Mesa. 'l~ brovn clay found throughout the soil mantle 

and asoociated r:la.terials probably is largely t:JOntmorillonite 

(table 14). 

::..4;.t 



that are sll.<;.'ltly veathered :!.n a ::JD.trix of bro·..-n clay, ·,rhic2:l 

contains a. fev ~oots. Thick~ess ~cs fl~m a few inches to 4 

feet. 'The bane of the · .. ;eathered zone .::;re.des in.t.o and is :..rregularl:/ 

disconfor::~able \-lith the top of the welded tu..ff of unit 6. Joint::; 

and crocks in the U?per ::;-e.rt of :.:.rUt 6 are clay filled. ;-:;ome clay 

filling is found in joints ao deep il.G 65 feet below l:;l:e l3..nd 

surface and some root~ occur as dee9 as +J fee~ (fi0s. l)J 16) 17) 

and 18). 

The :;::early i:.:rperYiouo clay oi' the veathcred zone Yl.rt:.w.ll:,,. 

elbi:nates percolation through the zo::1e. ~.;eatherod angular tLlff 

fragments usually a.re isolated in the cley matrix of the zone and 

contribute little to bull;: per.nee.bili ty o-:: the zor:c. 

'ifuere root::; in the zoce are decayeC) some ·.reter :!!fVlt 'JOve 

thro~ "';he "Weathered zone via openings left by the roots. 

However, these openings soould tend to cloce as "Jater is 

introduced o'Wing to the S'Welling properties of the clay. 
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'rlatcr-laid ::;~ce 

A layer of fairly 'Well sorted, '.ro.ter-oorn puoice f:::agr:le:r:.s 

occurs in Areas 2 and 10 a:t TA- 49. 1'he layer i::; 2 to 4 fee-c. thick 

and overlies the veathered turf zone. The pUilice is brownish c;~· 

to brown, nas a cellular structure of :fro"Chy Glass, and co:r.tnins 

phenocrysts of quartz and sanidine. .r\ fev layers of clay, sooe 

intcroixed brown clay, and roots are present in the :;?umice l~!Cr. 

The layer of :punicc probably is highly peroeable because it 

is loosely consolidated and the fragnents are well rorved and ·.·rell 

rounded. 

ioihere the ptl.I:lice layer has been exposed by construction, as 

in the ditch adjacent to t.he road north of Area 2, '1:18.ter could 

infiltrate rapidly during wet weather. Probably this wter vould 

be perched temporarily on the underlyirJ0 weathered zone. The 

pui:liCc could also transmit some \later lat.erally along the top of 

the weathered zone. A very small 81:10unt of vater may percolate 

through the ,;ea.thered zone into the t"-lff of w"li t 6; however, wost 

or the w.ter infiltrating the pumice layer probably is returned 

to the atmosphere by transpiration ar.d evaporation. 



:oil ~~over 

A bro· .. n clay soil caps r.1ost of t!le mesa at TA--+9. ?ercent~es 

of various particle sizes in the soil ~re estimated as follows: 

20 percent sand, 30 percent silt, and 50 percent clay. Sand-size parti~les 

are crJstals and fragments of quo.rtz. 

The soil thic:t-:ness seems to depend on the amount of · ... uter 

available for ·..-eatbering the underlyinG tui"f. The thL::kest soil 

zones are found along shallov, slow-draini~ ditches, screacneus, 

and :::-elativel~: flat areas "H·here ·.;a~er collects and sta:lC.-3. Soil 

thickness ranges from 0.5 to 9 feet in the shallow tes~ holes 

drilled for 30il-moistc:.re studies. Tb.e ;;rea test known th1cJ:c ..... '1.ess 

of soil (9 feet) at TA-49 occu:::-s on a relatively flat area ne;rth 

of Area 6 (fig. 20). 

Figure 20.--Thickness cf soil and location of moist-..:.rc­

measurement test holes in TA-49, Los Alamos County, N• Mex. 

The \leathered zone could not be distine,--c.ished f'rom t!le soil 

in logging the cuttings during drilling :;;o the soil :.!.nd .o"\.!athel·ed 

zone are logged as a single unit (figs. 21-~3). The pumice layer 

is sho'Wil in test holes.,Vhere it -was penetrated in Areas 2 o.ud lC. 

The thickness of soil is closely related to topographic slope; the 

soil thins rapidly n:way from the cro\IIl of the mesa, c.s indicated. 

by the contours on figure 20. 

T'...1bes fc::.-med by the decay of roots may transmit w·ater throut;h the 

soil z.one. However 1 these openine;s ..-oulu tend. to close as ~he~· \lere 

wetted because of the svelling prope:::-ties of t!"..e clay. 
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Percol2.::.io:1 of ·..;a.ter ~hroc:gh the soil ::one is small ·.:here 

the soil is r~lo.ti ·;ely ;.;.niis\:.~,rbed sad '.;o·.:.ld -cake pl.~ce 0:1l;y 



Ti·rentj•-tllree test ~:ales vere C.rilled fer u~e L"l stui~:L:.:; ·-:::::e 

soil thick:-.ess and distribution of :-Jois-;:'J.re - ~ the soil :::.nd. l'~~C.:.c::::'-

lying tuff of ~~it 6 of the Tshire;e ~ecber 
::: 

The -cest holes uere located arou:-cd -:es-c a:;:-eac, roadside dra·:_~-..a::;e 

ditches, and strea~ cha~~els (fi~. ).~) 
:.-v • i..fea.sCJ.renent s '..;ere ::..aC.e c =.-

t:"1e :-:1oisture conter.t of t:1e soil and ·:·.1ff a0 -.-:::.:::'i"JLlS deJ.Jt:::s C:~.- c. 

neutron-scattering moisture p:;:-obe. ~·lois'.::'J.:::'e ccm"Ce:-;t C.:.eter.::i~-:ed. 

~ 
by the probe ~at L.O -M l to 2 percent r.ic;ner t:1an those :.:.adc 

in the laboratory. 

Measurements \-Tere oade at leac-c t\-rice du:--ir-~ the period ::. ... tJ::l 

March to J~~e 1960 and are depicted on graphs ::>f ::J.oi:::t'-lre cc:1te:-:~ 

and li tholot;ic logs ( ::':igs. 

Fi,;'J.res 21-...;.). --v:c'aphs o:: ~oisture cor.ce::0 
~o<.l.." r ::l 

test >.ales, TA-1..:.9, I.os .-".lar::.os_, :r. :·1e:c 

..., .! ,: ... ..-.,1 ['1- .. -
-..o.. ................. ....,,_).., 



Moist;_rre content ::Jf tt.e soil ::angeci :::,::-on 48 :percer.t ty ·;ol'...::::e 

near the surface in Harch to 8 percent a':: dep"th. 'I'he woisture 

J A/HE.IU I 1"1(/,cJ t 

c onter.t of the r.ear- surface tuff;\ covered by a thin soi~ ranged f::-c:::1 

37 percent blj volume to less than 4 percent at depth in test ilOles 

in vell-d.rained areas. Hoisture content 1ras highest in the upper 

fe'.f feet of soil and tuff in March and April as a result of the 

late ' . .rinter sno',;; it decreased in June due to the higher evapo-

transpiration rates of early sumner. Moisture content of the tuff 

at depth r~~ained constant i:1 the period Marc~ to June except 

test hole l.M- )A 'Yihere an increase of l to 3. 5 percent by volU::::le was 

noted between 4 and :3 feet. 

JSS 
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Holes L.\i-2; 2l4-l c.nd -c:; ..:l-i-1, -2, und -3; '+M-1, -2, -3, .::.nd 

-4; 5M-2; 9M-4; and lOM-1 and -2 ~re located in ~ell-drni~ed ~eas 

and penetrated an average soil or soil and backfill thici~ess of 

3.5 feet (table 20). At the averaGe depth of 4.7 feet in these 

holcs,moisture content decreased from abo~t 30 percent to lJ 

percent by volume. At the average depth of 8.8 feet,the rnoist~e 

content decreased further co 5 percent. 

The clay soil !md retained most of the moist~e that fell ~s 

snow or rain ~d the moisture content in the upper part of this 

soil varied due to evaporation, transpiration, and prevailinG 

weather conditions prior to and during moisture readings. Near 

the base of the soil zone, no apparent change in moist re content 

vas noted during the period of March to June (figs. 21-34). 

The tuff just belov the soil zone contained as much as 37 

percent moisture by volume. Mvisture content in the t~:fi' cr.' ~it 6 

decreased to less than 10 percent o. fe'J feet. below the soil. No 

significant changes in moisture content were noted in ~he tuff 

during tbe period March to June. 

The moisture content did not change in the pumice layer during 

the period March to June. Measurements made in test hole 2M-2 (fi~. 23) 

indicated a moisture content of 25 percent in tbe pumice layer at 

8 feet on Z.1a.y 3, 1960. This anomalo-..sly high 1·eading p.robab1;y· is in 

a thin clay layer in the pumice ~one. 

- J 



Test hole 

l.M-2 

2M-l 

2M-2 

3M-l 

3M-2 

3N-3 

4M-l 

4M-2 

4M-3 

4M-4 

5M-2 

9M-4 

~OM-l 

lOM-2 

Average 

Soil "'ch:..clmess 
(feet) 

l.o!/ 

.c:}./ 

5.~ 

·9 

2.6 

1.J:; 

1.9 

1.2 

s.o!l 

2.9 

3.3 

12.~/ 

2.~1 

4. eft./ 

3.5 

Depth at ·.~ich 
~ois~~;~~Fec~e~ses 

to 10~ b:.t volu;;,e 
1\( feet) 

5·5 

6.5 

6.0 

).0 

).0 

4.0 

4.0 

4.0 

/ -
0.) 

3.0 

6.5 

Backfill composed of soil and tuff. 

~I Soil overlies pumice. 
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!::loist'J.re~d.ecreases 
pe r:jf~' 

to 5.~ ·oy vol;.oe 
~(feet) 

7.J 

7.0 

9+ 

l4.J 

13.0 

7.0 

~0.0 

12.0 

5.0 

10.0 

8.3 



'fi-IJ.f ..e 
Test holes i:l. areas Arecei·::.~ r:..::-:.cff 

fror:1 ·.vell-drained o.reas 

Test holes lM-1 and -3A; 2M-3; 5M-l; 6M-l; and 9M-l, -2, and 

-3 are located on or near arroyos, drair~ge ditches, and flat areas 
11144" D(MtAI $Lo1J J. 'i. 

Gf alow ~Fsiaa~ Graphs of r:1oisture readings in these holes are 

shmm on figures 35 ~ouga 43. 

The average soil thickness of this group of test holes is 

5.3 feet (table 21). At an average depth of 9.5 feet, the ~oisture 

content decreased to 10 percent by volume, but the moisture 

content was above 5 percent to depths of more than 19 feet in all 

but one of the holes. In test hole lM-1 (fig. 35) the r:1oisture 

content decreased to 5 percent by volume at 10 feet. 

Moisture content determined in the soil penetrated by these 

test holes varied ifl. th evaporation, transpiration, and prevaili:--.g 

weather conditions. No significant change in moisture content of 

the soil was noted during the period of March to June. 



Tesc: :10le 

l..:.\1-l 

l."'f- 3A 

2M-3 

;1~-l 

6M-l 

9M-l 

9M-2 

9M-3 

Average 

Soil ':.hi ck:1e s s 
(feet) 

L~. 6 

3.2 

5.0 

2.2 

9.0 

6.9 

6.9 

4.2 

5.3 

Depth a-c ~rhL::h 

:noisttf.Ef decreases 
c.,6YJ.~ by vcL.u::1e 

(feet) 

14.0 

19+ 

4.0 

9·5 

Depc:h at ·,;hich 
~oisture decreases £«-JC.&"'t 

:.o ::;.';\1 by ·;o.:...u:::te 
' ( fee"t) 

10 

19+ 

39+ 

19+ 

19+ 

19+ 



except ia hole Llvi- 3A (fig. 
/Hf: 

20), 1:here A::oistc.:.re c::mter.""C- i::.;.crcasecl 

l to 3. 5 percer;.t b:;" volUJ.ue bet·.reen 4 and 13 fee "'C. in t:1e tc.:.ff :':::-om 

r-ia:;' 3 to June 30, 1960. Test hole lM-3A is located on the bar .. !.::. of 

an arroyo, and the bank is about 5 feet above the bottom of the 

chan..'1el. Construction near test hole lH- 3A caused '.m.ter to pond 

2 to 4.- inches deep i::.1 the arroyo during ·.1et periods. The c.hin soil 

and sal:.d in the cr..a.nnel of t:'le arroyo r:1ay nave allm-red the ponded 

·.m t.er -r;o L:.fil tra te do~>;rn.rard and laterally into the 'C'.lff as shmm 

oy the increase of moist"J.re fram l percent to ).5 perce.nt at a 

depth of 4 to 13 feet. Behreen 13 and 20 feet a small increase 

in moisture content is suggested, but betueen 20 and 49 feet the 

moisture content remained about 6 to 8 percent. 
/J 

The specific retention of samples of unit 6 ranges from l~ 

to 27 percent by volume (table 17). On June 30, 1960, in test 

hole lM-3A the moisture content of the tuff ranged from 27.5 

percent at 4 feet to 29 percent at 5 feet, suggesting that t!1erc 

nay have been some free 1-rater in that L!1terval. The i!1crease of 

l to 3.5 percent in moisture content a; various depths durir10 the 

period from May to June may indicate a slmr downward moveme!1t of 

moisture in the vicinity of test hole ·.M- 3A. This indicated 

moveme!'.t of moisture i:.1to the t'.lff is · >rought about by the pondir.g 

of w~teD in an area where it was forme:::-ly allowed to drain. 



Water discharged from well ~ T- 5A d·J.ring t.he pumpir.g test '<las 

measJ.red frequent.l:I in the natural stream channel r.ear test holes 

)M- 2 ar.d 9M-3 (fig. 20). The results of these measurements and 

meas'-l.rements of discharge from the 'well are shown graphically on 

figure 44. 

Figure '+4. --Graph of measurement-s of flow downstream frcn '·"ell 

DT-5A as compared to discharge at well during pumping t.est 

April 30-May l. 1960 at TA-49. 

Moisture content of soil and rock penetrated in three test holes 

adjacent to the stream channel ,,,as measured on April 30, May l, 2, 3) 

and 6, lj60 thus monitoring infiltration from the stream during and 

after the pumpir~ test. Results of moisture measurements in these 

three holes, 5M-l, 9M-2, and ~M-3, are shmm in figures 39, 42, and 

43. From the discharge pipe at the well to near test hole 5M-l the 

water flowed in a nat.ural channel partially filled and dammed by drill 

cut.tings from well DT-5A (fig. 20). Downstream from the partial dam to 

test hole 9M-3 the natural channel is cut. into the soil. The bott.om 

of the channel consists mostly of silt, sand, and gravel, but some 

tuff is exposed. 
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J D. 

Pumping s1:.arted at 10:45 a.:T .. on Apr:._l )/.. From lJ: 45 a.m. :.o 

:;<: 15 p.m. r::..o•..r r:.easu.::emeJ.l:..3 in t.1.e channel at test holes 9M-2 and 

9M-3 showed varying flow losses owing to infil traL.ion of •..rater i:1to 

the drill cuttings, pending of ·..rater near test h:.le 5M-l, evaporation, 

and infiltration of ·.•ater into the tuff and silty clay adjacent to 

and beneath the stream channel. Flow losses during this first reriod 

of the test became progressively less with continued saturation of 

more of the drill cuttings, stream-bed a..YJ.d stream- bank materials. 

Flow ::!leasurements at test holes :jM-2 a.cJ.d )'H- 3 d.urir..g t'::le period !':::sm 

9:15p.m. April 30 to 1:10 a.m. on May i, 1960, indicated that the 

flow and losses were at equilibrium. During this time flow loss 

between ·,.;ell DT- 5A and test hole 9M-2 1-ras l. 5 gpm per 100 feet of 

channel. The flow loss ·,.;as 0. 7 gpm per 100 feet of channel beL.·.,·ee!'l 

test holes 9M-2 and 9M-3. The stream banks between test holes 9?·1-2 

and 9M-3 were saturated sometime between about 2 a.m. and 7 a.m. on 

May l, 1960, when flow in the channel measured at the test holes 

became about equal. Flow loss frol:l tte ·.;ei..l W-5A to 1:.es1:. hole ~:M-2 

increased to 1.9 gpm per 100 feet of channel from 5:45a.m. to 

8:10a.m. May l, 1960. 

The greater flo~: lo::s in the upper reach of the c!:1..am'1el, both 

during the period of equilibrium and the period of no apparer.t. ::..oss 

in the lm•er reach, probably can oe attributed to contin-..:tei b·.:.t 

slie;htly changing percoht::.on .:.a to '.he <lrii.:L cuttinJ._,;s. Add::. tions.l 

ver-:ical infil tra-:;icn from the poncl at t:1e head of the channel ::1a:; 

have occur:::ed d.urin.g thi.3 period as al:c- ':.Jubbles rose to t.he surface sf 

the pond at different :.::.:::es d·.~r:.:i£ a:o.d ::..ftc:r tl::.e pumpir..g test. 



The r1oist·..:.re conte:::'."t :neasured :..::-. tee: hole 5M-l d3.d no: c::a.c~e 

"the pond 22 feet f:::om th2 test :10le ( f:_6. 39) al thc:.1g!1 ver-tical 

infiltration from t:t""e por:.d r:robably occurred. 

In te.s0 "1ole 9M-2 s.t a depth of l. 5 :'eet in the soil, the 

moisture content :..ncreased 16 perce~t frc:n April 30 to May l (fi~. L2). 

From May l to May 6, 1960, ca.pillar~' ret:..1r:1 to t::e surface and 

evaporation dec::: eased this mcistu:::-e corrte!:1t bj' 13 percent. At a 

depth of 2. 5 feet the mo~st:...:.l·e contect ir:.creased 3 percer:.t froP.l 

April 30 to May 2. ::.960. Belc',; 2.5 feet there ·,;as no signif:..car.t 

change in moisture content of the tuf::. 

In test hole 9M-3 the moisture content increased 6 percent at 

l. 5 feet from April 30 to May 3, 1}60 (fig. h)) . At a depth of 2. 5 

feet the moisture content increased 8 percent during the same pe:::-iod. 

At a depth of ). 5 fee-:; and be::..o•.v there •.;as no significar:.t change ::..::-. 

::1oisture content. 

In the lower reach~~ the cha~~el i~ is appa:::-ent that there ~as 

·;ery ll ttle ::_oo;s of f::.ow af'cer -sl1e c~1a:1:1el and bank material · . .ras 

sat-urated. No change i:1 r:1oisture co:1tent ·vas det-ected below 3. 5 fee-c 

in depth in either of test holes 9M-2 or 9M-3. Any lateral fiHraLo:1 

of water from the :pond r.ear ~es::. :1~Jh: 51'1-l was tlO ~ detected 

indicating ttat any i.clfil-cra-cion -..;ould have been do'.mward probabl:/ 

along ver-cical and =-~e:J.r ·1ert:i.cal jo2..,.'C3 into t!le underlying tuff. 



Datu cb~ineC. d.:.:.rin;.:. the iavestigation indicc..te that Frijoles 

Mesa i . 
-"' recicn. 



T..'le ::.~.J..- c.·:ne: en t.b.e i::esn at. 'l':'.-·.-9 prevents uost. of t:-:e 

precipit.J.:::.on f':<ow in!'iltrar.ing into tne underlying roc~~s. The 

clr.:..y-li;te s8il .:.'or!;lS tJ.n nlmost per:'act S.3a.l over tbe mesa surface 

e.nd the near-s"Zf.:lce joints. This :.n evider..ced by open joints in 

units 4- a..'1d o w!11:::~1 blmr a.ir (fie;s. l), 17, and lb) in response 

t.o d.eclinin; oaronet.ric presst.:re. ,\ ve.:..-y low moisture content. 

( t.uble 1 [) ·.:2.s fct;.;:.d in the upper ::::00 f:;et o:t' tbe Tshiret:;e Hember. 

The moi.st.u:e-r.J..::ter s'.:J:":eys indicate li~tle c.,r no increase in 

moist..;re c.om:.ent belc• ... · t:3e ~disturbed soil zone. \·/here the soil 

:::ove!" l1S.s be~n dist-.:..rbe<i, removed, or vater s'-lowed to pond, 

infiltratic:;, into the c;nderl.;:ine; t~,.;ff takes place slowly (fig. 37). 



Decreasing flow dovnstream in perennial streai:l.S in 'i·ia.ter Can:ron 

to t:-:.e north and Frijoles Can:t-on to ti:e so'..lt!: indicates t:;at sOl:le 

recr.arge cay occur beneath the deeper canyons of the Pa.jurito Platea.'..l. 

Available data do not show how much of t~1e decrease in flow in the 

canyons is caused by evapotranspiration and ::ov c.uch is rec:mrt;e 

to the bedrock. 

The general shape and slope of the piezometric surface (fig. 4 5 ) 

Fisure 4 5 • --Generalized con tours on the piezometric sar:fac e of 

the main aquifer, Los Ala.I:lOs area., New Mexico. 

indicate the main source of recharge to the aquifer is west of Frijoles 

Mesa. The Pajarito fault zone and the slopes of the countains, w:ucj 

receive relatively high precipitation, probably are part of the main 

source of recharge. 

Some recharge from Frijoles Canyon can be inferred because of 

the configuration of tl:e contours on the piezometric surface (fig. 45) 

in that area. 



Cifferent uells :i.s due to topo(rt.ph.ic posit:cn; b.ovever, t:~e a.1..:::1tude 

of the pie~om~<:.ric S'l::::face of the ·..:a~:.er is almost 1.-0 feet :::.i[):er in 

<;ell DT-:5\ 
mtla. 

... :ell3 !:T-9 c..nd JT-lO, 

0.8!\ sout;l:::eas~~ and 0. ," mL; eu:::t :.;1' DT-j,~,. 

Tne ;;~:i~r...~ cr: ~he pi .. ~z.omet:-ic .3L~r.!.,c.ce is ee.st-soutileastwru~d 

So 
!· <:; ) r,. • 



Water-level changes 

Water-level measurements in veil DT-5A (:fig. 46) indicate that 

Figure 1~6. --Hydrograph of vater level.s measured and fran 

recorder charts at well DT-5A, TA-119, Los Alazoos County, N. ~. 

the water level vas near 1,173 :feet belov the land surface after the 

vell was developed. cne level measured AprU 30, 1960, is anomalously 

low awing to residual drsvdown after the aquifer test run on the well. 

The water level in veil IJl.'-9 (fig. 47) declined about 3 feet 

Figure 47 .--Hydrogra.ph of water levels measured and from recorder 

charts at veil DT-9, TA-49, Los Alamos County, II. Mex. 

during the period of drilling of the vell. This decline probably 

represents difference of head in successively deeper water-bearing 

strata. The vater level in 1960 vas about 1,003 feet belov land surface. 

During April a recorder vas operated at DT-9 and a microba.rograph 

vas operated at TA-49. Changes in water level in the vell correlate 

qualitatively vith changes in baranetric pressure, but the amplitude ~ 
of the water-level fluctuations indicates an additional ef'f'ect that 

probably is caused by something other than baralletric pressure. 



- :·\·:_;..~.... 

char-::s at ·,.;ell D':'-10. T~ , ~ 
....... - '-+/: Los Alamos Countyz N. Mex. 

of slightly ::1ore than l foo-:: dur::.ng ~.,.....:"1l..::Y10" 
~ __ ...__ ...... 0. The cha!:'l.ge apparentl;:; 

represents 9. slightly lower head in the l:)Wer beds of the Puye 

conglomerate aquifer. A recorder '.-:as operated for l week on well • 
DT-10, and dail~· fl'J.ctuations. thou~ barel:: perceptible_. ccrrel.ate 

with barometric press:..re ctan;;;es. :'he •..;a-cer level in this '.vell '..ras 

about 1. 085 feet belc·..r land :ourface d.urir..g 1960. 



Pumpil16 tests o.pproxii!'.ately 16 to 14- ho;.:rs il~ l:::n~-r.:C · .. ·8rc 1:"'~n 

on wells l1r-5A, DT-9, and fJT-10. The pump -.:sed for the r-ests 1.:as 

a 4o-horsepower submersible turbine. Dischare;e 1;as me3.sured b;,· 

:neans of parshall flw:nes set near the well. Measc.rel!lents of -:.;s. te.:­

"" 
levels ·.•ere made with an electrical water-level indicc.tor in::lid.e 

a l-inch plastic c;.;be banded to the pump. Drm.;dowu and ::·eccver:: 

·were read di:l.·ectly on 3. steel tape .::'astenel.l ':o she ~l=c: .r::. :::c.l 

lead for the ::;n·obe. Recovery o:: iio.-cer level c.fter ytJ::.pin.; in uoth 

wells \;as anal~;z.cd by the I:lethoc .'.t~vL:;ed by Theis (1;;;.;) s.n·.i later 

described by Henzel (19-+2). 



Test.s at '..;ell DT- 5A 

Well DT- 5A i-ias pumped 3.t a rate of 81 gpr:1 for sEghtly r.:ore tha:--. 

25 hours April 30 and May l, 1960. The pump i:r';ake ·.vas set at ::., 287 

feet belov the land surface for the test. Maximum drai-Tdown during 

pumping "\vas 14.1 feet ic'.dicating a specif:.c capacity for tr.e •,;ell of 

5. 7 gpm per foot of dravdown. Discharged •.mter had a small amount o:' 

sand in it durir~ the first 10 minutes of punping, after which it 

cleared and remained clear. Temperature of the water pumped i>'as 7JoF. 

Analysis of vater-level recove!"J after pumping (fig. 51) indicat.es 

Figure 51.--Semilogarithmic graph of recovery of 1mter level in 

well DT-5A May l and 2, 1960, after pumping 25 hours at an 
,...,foc. 

averageAof 81 gpm. 

a transmissibility, T, of ll,OOO gpd per foot for the aquifer here. 

Approximately 350 feet of the saturated beds penetrated should readily 

yield water to the i-lell, as indicated by the electrical log. '=hus 

field permeability should be 1~5goo or 30 gpd per foot per foot. A 

comparison of this field permeability with that of well DT-9 suggests 

that only 20 percent of the potential water-bearing beds is yielding 

water. As the well was drilled by the :::-otary method it is inferred 

that about 8o percent of the sa-curated interval is plugged ~Vith 

drilling mud. If the well is to be used for 1mter supply the specific 

capacity probably could be improved further by surging and by use of 

mud-cutting chemicals. 
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Tests at well DT-9 

(.lit/ 
A pumping test vas run on well IJr-9 May 6·#.7, 1960. The pump 

was set at l,ll7 feet below the land surface, and the well vas pumped 

at 88 gpm--maximum discharge for the pump--for 24 hours. 

Maximum d.ravdown during pumping was 3. 95 feet, giving a specific 

capacity for the vell of 22 gpm per foot of drawdown. The discharge 

vas free of sand and sediment throughout the pumping test, and tl">.e 

vater temperature was 70° F. 

Recovery of water level vas analyzed to determine transmissibility 

of the aquifer in the vicinity of the well (fig. 52). As determined, 

Figure 52.--Semilogarithmic graph of recovery of vater level in 

well DT-9 May 7 and 8, 1960, after pumping 24 hours at an 

,. a~erage rate of 88 gpm· 

the transmissibility, T, is 61,000 gpd per foot. 
o10~A 
Pral:r geophysical logs 

tiJOtcA T € 
and examination of drill cuttings,....4:-t is esth11!t1Msd that about 300 !'eet 

of a total of 500 feet of saturated aquifer penetrated vill readily 

61 000 yield water. Thus, field permeability should be 36Q , or approximately 

200 gpd per foot per foot. 
Joo 

The coefficient of permeability as detemined at vell DT-9 

is more representative of the aquifer in the Santa Fe Group than the 

transmissibility determined at vell DT-5A. 
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Tests at well DT-10 

.An attempt vas made (May 1960) to install a pump in well DT-10. 

An obstruction 'W8S found in the vell at 1,100 feet, where the casing 

is reduced with a liner from 12 to 8 inches in diameter. (See table 16. ) 

The obst...-uction vas later swaged out and the pump installed in September 

1960. 

A 16-hour pumping test vas :made on well .OT-10 September 21 and 

22, 1960. The pump "WUS set at 1,185 feet be1mr the land surface, and 

the average rate o:f pu.:crping during the test was 78 gpm vi th a dravdown 

o:f 4.8 feet. The specific capacity of the well is 16 gpm per foot of 

drawdown. The discl'l..arge vas free o:f sediment and clear in appearance 

except during the first minute of pumping, when a foamy, detergent-like 

substance ca.me out 'With the water. Some rusty pipe scale was included 

in the vater during the first few minutes o:f pumping, but this cleared 

up in a very short time. The temperature of the water during pumping 

was 67°F, which was 3 degrees cooler than water from the wells DT- 5A 

and IY.r-9· Well DT-10 is finished in the upper part of the main 

aquifer, and the lover temperature of water from DT-10 tends to corroborate 

the stratigraphic analysis that indicates there may be a hydraulic 

separation between the Puye Conglanerate and the underlying undifferentiated 

unit of the Santa Fe Group. The cooler water suggests that there may 

be recharge into the aquifer nearby, possibly along Water canyon. 
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Transmiseibili ty of the Puye Conglomerate, as determined from 

analysis of water-level recovery (fig. 53), is 36,100 gpd per foot. 

Figure 53.--Semilogra.ithmic graph of recovery of vater level 

in well DT-10, September 22 and 23, 1960, after 16 hours of 

pumping at an average rate of 78 gpm. 
DA--rn 

It is esis~ed from geophysical logs and examination of the drill 
- ;,.;q,c/J1"P-

cuttings/\ that about 200 feet of the saturated section penetrated by 

IY!'-10 readily yields vater to the well. Therefore, field permeability 

is about 18o gpd per foot per .foot, a figure that compares favorably 

vi th the field permeabill ty of 200 determined at well DT- 9. 



Velocity of ground-water movement 

Velocity of flow in an aquifer can be computed by the following 

equation: 

V (in feet per day) PI =-p 

wherein: P = field permeability, gpd per foot per 

foot (gallons converted to cubic feet) 

I = gradient, feet per i'oot 

p = porosity of the aquifer, percent 

The average permeability of the aquifer, as determined by 
180 

pumping tests at wells DT-9 and ~10, is approximately *9Q gpd per 

value obtained at DT- 5A. The gradi t on the piezome 
ftlllf 

betveen wells I11'-5A and Vl'-10 is a out.-8'6 feet per mile. sity is 

estimated to be 25 percent, an average 

determinations for many materials of the same character as those common 

in the Santa Fe Group. If these values are substituted in the 

b ti th 1 it i lBO • 60 = 1.~ feet a ove equa on, e ve oc Y s (i' .48) o.25 (5 ,280 ) V7V 

per day, or roughly 1~00 feet per year. 
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Quantity of water Il".oving through the aquifer 

The quantity of ground water passing through a given cross-

sectional area of the aquifer can be estimated from the equation 

"' Q in gpd = PIAp 

where A is the cross-sectional area of the aquifer. The average 

estimated thicknesses of beds readily yielding water to the deeper 

wells DT-5A and DT-9 are 350 and 300 feet, respectively, or, averaged 

together, 325 feet. The width of the affected area beneath TA-49 

at right angles to the east-southeast direction of movement of the 

ground water is about 2, 000 feet. Then: 
60 ti' ·,_ ,- . 

Q = (lSo) • 5,tao · (325) c2,ooo) o.25 
= 33l,lJ.4o gpd 

or approxi.I:lately 370 acre-feet per year passing through the cross­

section of the aquifer beneath the test areas at TA-49. 
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Quail ty of water 

Water samples were collected while wells DT-9 and -10 were 

being drilled to determine whether there was a change in chemical 

constituents at depth (table 22). A single :field conductance vas 

~de on a sample :from well DT-5A at the end of the development period. 

Analysis of water from various dept~in wells DT-9 and -10 

indicates a decrease in specific conductance in both wells and a 

decrease in carbonate concentration '\lith depth in well DT-10. 

The pH of water in both wells also decreases vith depth. This may 

indicate contamination by drilling Im.ld of the water sampled. The 

analyses, though possibly contaminated, indicate that there is 

a small difference between chemical composition of the water within 

the Tschicoma Formation and members of the Santa Fe Group. 

Water samples were collected at the end of the pumping tests 

on wells DT-5A, -9, and -10, and a single bailer sample vas collected 

from well DT-10 upon completion. Water from the three wells is 

soft and is low in dissolved solids (table 23). The specific conduc­

tance is low, and the pH is near 7. Calcium, magnesium, and sodium 

are the principal cations, while more than 90 percent of the anions 

are bicarbonate. The silica content is high. The high silica 

concentrations are typical of water that is recharged or moves through 

extrusive felsic rocks, such as those which occur in the Los Alamos 

area. 
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S/; IC < 
[-;ut "the: scale prod1Jced ·,,-hen "the 

/-

wate::- i.e b.cated may oe ob,jectiona'cle :'c::: '~er-:ain industrial uses. 

Radiochemical anc.l::ses frorr: ,·ell:: It::'- SA, 9 .• ac-.d lO are 
i..) 

table ~ The analyses indi.ce::;:,e c;::-.at ':;he c:o:::-.cer:':ration of r8.di.c:~:.tc::..iies 

is ~o;ell belo-w· t.he toler3r.ce l:_c::i. ~s aced. •:::e :lat:-, are included for f:.:tt.:rc 

178 



J-l-

Table 21. --Btii b~l chemical analyce:; of wacer samplee from deep wells - Continued 
= 
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DT-9 1,220 2- 6-6o Santa Fe Group 64 110 0 38 299 8.2 

1,286 2- 9-60 Continued iJ-9 65 112 l 41 326 8.3 

1,327 2-16-60 68 ::;6 88 0 28 191 7-7 
1,501 2-20-60 68 60 78 0 33 155 185 7-'J 
1,501 5- 7-60 71 llf5 
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Table 21·.--~ chemical analyses of water semple~ from deep wells at 

~ 

TA-lr9, Los Al~llllOs County, Nli!'W Mex_~ 
c ,41\&/'f''J by l.l.,_r. •• ft>J, ... I s ..... .,.'(J t1la.•1·1., -"' w.rr .. ~ ........ s..J A/J,UfiC, ... ,,.r/AI . .41c..t, 

'(Constituents in parts per million except as otherwise indicated in colwnn head.) 

Dute o1' 't' .!'ji·'l'- h.i~.J.l'- I ~ cJ'- \L •.. · ill• .. •· ~~l..r>:_:(': ~-! ~ 

S}.ecj ric 
< • 1; ~d :l • L-

1 if l.C1., 

-----r--n;pth T----- -~~- -----l--r-- ----- -T- -----1 \·l·lll ,.r I __ ,iL!'nl.it~r·,ll.i..: I i.-.!i 1 -
1 '.">·')1 ,.,_-:J,,~- 1 -
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' DT-5A 1,821 

DT-10 1,120 

DT-9 

1,221 

1,248 

1,256 

1, 338 

1,424 

1,4)0 

1,4)0 

1,01!8 

1,060 

3-25-60 Santa Fe Group 

3- 8-60 Puye ~onglcm-

3- 8-6o 

3- 8-60 

3- 9-60 

3-11-6o 

3-ll-60 

3-13-60 

3-13-60 

erate 

2- 2-60 Santa Fe Group 

2- 3-60 
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1)1 

154 

160 

98 
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Age of ground water in the principal aquifer 

Tritium c antent in ground water sometimes can be used to 

determine the age of the water (Yon Buttlar and Libby, 1955, and 

von Buttlar and Wendt, 1958) and, with sufficient sampling, sometimes 

can be used as a tracer to obtain direction and rate of movement of 

ground water. The rate of movement of ground water may be determined 

by referring anomalously high tritium concentrations in ground water 

to recharge occurring soon after the hydrogen-bomb experiments . At 

the ti~ of the explosion, large quantities of tritium were released 

into the atmosphere and returned to the earth's surface in precipita­

tion. The first hydrogen-bomb experiment, in November 1952, released 

some tritium to the atmosphere, but the first experiment to release 

large quantities was in March 1954. Several series of tests were 

made between March 1951~ and O::tober 1958 (Telegadaa, 1959). 
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Samples of rainfall a.t Los Alamos taken in June 1954, after 

the second hydrogen-bomb explosion, ha.d 1,160 to 1,550 T.U. A tritium 

unit (T.U.) is defined a.s one atom of tritium in 1018 atoms of 

eydrogen. A sample collected Feb. 7, 1951~, from Rita de los Frijoles, 

a stream that drains an a.rea typical of recharge area to the north, 

at Bandelier National Monument, had 27.2 ±0.4 T. U. (von Buttlar and 

Libby, 1955) and is thought to be representative of rain and snov 

that fell on the recharge area between hydrogen-bomb explosions 

1 and 2, in November 1952 and March 1954, respectively. Water 

f'rom this era of recharge may appear in wells in TA-49 in about 

1975 as water having an approximate tritium concentration of about 

7 T.U. Average pre-banb tritium content in precipitation is thought 

to have been about 8 T.U., based on analyses of Chicago precipitation 

by Kaufilan and Libby (1954) and von Buttlar and Libby (1955 ). The , 

only pre-hydrogen-bomb tritium analyses available are those made at 

Chicago. Assuming that water in the aquifer at TA-49 has not been 

enriched with tritium by local recharge, the age of water in the 

aquifer can be detennined fran samples collected from deep test 

wells 1 provided the samples contain detectable quanti ties of tritium. 
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Three samples of water from two of the deep test wells contained 

detectable quantities of tritium. As the half life of tritium is 

12.26 years, the ages of samples could be computed. The following 

table includes the results of tritium analyses and computed ages of 

samples: 

Well Date Date Depth of Tritium Computed ages of 
well vhen units samples 

No. collected anal;Ized collected ~T.U.L ~;tears l 
111'-5A 5- 1-60 11--6o 1,821 2.6 19.9 or 20 

111'-9 2-16-60 11--60 11325 3.8 13.1 or 13 

111'-9 5- 7-60 11-60 1,501 3·5 14.6 or 15 

The significance of apparent differences in age cannot be fully 

assessed; however, it seems reasonable that vater deeper in the 

aquifer moves more slowly and is actually older. Probably both 

samples that indicate relatively younger water are mixtures of water 

near the top of the zone of saturation Vli th deeper water. More hydrologic 

data vould be needed to determine vbich zones contribute most of the 

water in order to evaluate differing concentrations vith depth in the 

aquifer. 

Moreover 1 some young water may be added to the aquifer by local 

recharge from canyon sources such as 'Water Canyon. Thus 1 samples 

may be mixtures of a very small amount of local recharge water 'W1 th 

older water coming from major areas of recharge on the mountain slopes 

to the vest. 
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Tne Pajarito ~ault zone presumably is tr.e most likely principal 
recharge area, as recharge should readily percolate downward here 

through fractured rock. The fault zone is about 3. 7 miles, or 

20,000 !'eet, up the ground-water gradient from TA-4,9. Assuming that 
the fault zone and vicinity are the main area of recharge and that 
the three samples analyzed are undiluted and unenriched water from 

the recharge area, then 

20,000 feet {distance to recharge area) ~ 1,260 feet per year, 15. 9 years (average age of samples analyzed) 

or about 1,300 feet per year is the approximate velocity of ground-
water movement. This computed velocity is considerably greater than 

the velocity (400 feet per year) computed from pumping-test data and 

gradient of the piezometric surface. This line of reasoning does 

not allow any appreciable period of time for the movement of water 

from the surface in the recharge area down to the aquifer, which 

probably is a valid concept if open fractures are the route of downward 
movement. 

The approximate location of the recharge area can be determined 
by using these age-of-water data in another way: 

400 feet per year x 15.9 years • 6,300 feet 

Thus, a part of the area of recharge may be nearer to TA-49 than the 
Pajari to fault zone, probably al.oog Water Canyon and other nearby 
canyons east of the Pajari to fault zone. Relegating any appreciable 
time to vertical movement in the zone of aeration would have the 

effect of making the recharge area closer to the point of sampling 
or increasing velocity of movement in the zone of saturation. 



Conclusions and s~estions 

:L:ata o'uto.ined :..'rom -c:113 J.ar..;e-d.iame-rer holes indicates -cl1at little, 

i.f any, reci1arge to tlle GrOund wa1:.er presently occurs tit Frijoles 

Mesa. Clayey soil ::wc.l <.;lay filling -'~.Lle near-surface parts of joints 

ure a "uarrie:· to inf'iltration of water into joints. The effectiveness 

of this impervious seal is 1niicated by blowing of air from open 

joints at depth in respor..se to declining barometric pressure. At 

e~ time in the past, ~oints in the Bandelier T~ff have carried 

percolating water, as indicaved by alteration of ~oint faces in the 

rock. This percola"t.ion presumably occU-~ed 8efore the soil mantle 

was developed. 

The moisture readings in the test noles indicate that water 

rarely infiltrates the t:leSa surface to depths greater than tr..e 

thickness Ol~ the soil and that a soil cover as ouch as 2 feet thick 

see:ningl:,r prevents nutm-ul ini'iltration -.;o the underlying bedrock. 

I..oca.l.ly, ;;here the soil cover is thin or :~.bsent und in some places 

on the mesa that receive I".mo:ff :f'rom well-drai~ed areas, some sz:.all 

amount of infiltration into the tuff does occur. 



Moisture determinations made in test holes adjacent to a ~atural 

channel that carried water discharged from veil DT-5A during a pUil!ping 

test indicate that infiltration took place laterally into the soil 

and related veathered materials. M:>isture measurements in the holes 

made after flow stopped in the channel indicate that water '\D.at had 

moved laterally from the stream was returned to tr..e surface by capillari t~; 

and evaporated. Some vater vas lost conti m1al..ly from a disturbed 

part of the channel in the upper reach througr..out the period o:f flov. 

A part of this loss could have gone downward into the tuff. 

The large loss of drilling mud and water into the 930 feet of 

Bandelier Tuf'f penetrated by veils 111'-5 and :ar-5A probably was into 

open joints. Data are not available to determine whether the water 

lost in drilling the two veils moved dowmmrd through the Bandelier 

Tuff and into the Puye Conglomerate. It is likely that this liquid is 

entrapped in the labyrinth of interconnected joints and is slovly 

being absorbed by the tuff adjacent to the joints. 

No perched water vas observed in the interval betveen the mesa 

surface at TA-49 and the main zone of saturation at a depth of 

somewhat more than 1, 000 feet. The absence of perched vater and the 

large bulk permeability of' the Bandelier Tuff indicate that it 

vould transmit vater rapidly. Water that has access to the tuff and 

joint systems, if in sufficient quantities, will move with ease 

almost vertically downward into the Puye Conglomerate and eventually 

into the zone of saturation. 
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Soil materials for sealing abandoned test areas are availac~e 

on the ~esa. Soil for sealing purposes should be obtained in places 

as far a'vay from testing areas as possible beca;~se wherever natural 

soil is scalped, chances are increased for infiltration of water into 

the tuff. Adequate drainage on the ~esa should be maintained to 

prevent infiltration from ponded water. 

Recharge to the ground water f:rom Frijoles Mesa is very small 

or nonexistent; thus, no contnminants in solution are likely to be 

carried to the ground vater beneath TA-11-9. However, if contaminants 

should reach the main ground-water body, several condi tiona, mainly 

; hydrologic, exist that tend to decrease hazards resulting from such 

conUu:lination: 

1. Presently no ground vater is used downgradient in the 
Los Alamos area fran TA-l1-9. The Rio Grande, into 
which the ground vater is naturally discharged, is 
the nearest point of' hazardous contamination of vater 
supplies. 

2. Sa:!e dilution of the contaminated water vould occur 
in the aquifer and further dilution vould occur in 
the Rio Grande as the cont.ami nants vere slowly discharged 
into it. 

3. At the slaw migration rate of ground va.ter in the Los 
Alamos area, it vould take about 8o years for conta.minan.ts 
to move from a point in the aquifer beneath TA-1~9 
to the Rio Grande. 

4. Ion exchange or adsorption of dissolved contaminants 
onto materials through vhich the contaminated w.ter 
passes vill reduce the concentration of radioactive 
contaminants. 'nUs vas investigated by the Health 
Division of the Los Alamos Scientific Laboratory for 
the upper part of the Bandelier Tuff at TA-l~9. The 
aquifer materials also presl.li!lably vill absorb some of 
the contaminants. 
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SUggested continuing study 

Water samples for radiometric analysis should be collected 

annuall.y fran vells lJI'-5A, 9, and 10 to detert!line whether contamination 

is taking place. If vell lJl'-5A could be pumped steadily and the water 

used at TA-1~9, it ''ould be advantageous to noni toring because a slightly 

greater part of tr..e aquifer could be m:unpled in this vay. Samples from 

the other vells could be obtained vith a bailer. The vell that is 

pumped should be provided vi th an air line to record 1 ts vater level 

and a measuriDg tube (about 1 inch 1n diameter) should be provided 

also so that air-line recordings can be checked periodically by 

direct mee.surement. A continuous water-level recorder should be 
,,,,.,.. • .;,, s.,.;..;y 

install.ed in the veil lJI'-9. The veils that are not used.o-should be 

pumped once everJ 5 to 10 years for a period of 1 to 3 months and 

sampled for radiochemical a.nalya;es. 

Moisture readings should be made in the test holes four times 

each year to determine vhether there is infiltration of vater. The 

frequency of moisture readings can be decreased 1n sooae of the 

holes vhen datn indicate that the results are not significant. 



Compacted soil should be used to seal the abandoned test areas, 
and the casings of' the core holes in these areas should be extended 
through the soil cover. The core holes could then be used for 
measuring the moisture content of the compacted soil cover and 
underlying tuff and for gamma-ray logging. 

It vould be informative to sink an angular drift to a point 
a few feet beneath a large-diameter hole and inject water into the 
large-diameter hole to sSI:Iple the vater filtering into the angular 
drift by means of porous cups or drip-catching jugs. Injection 
water could be spiked with a radioactive tracer. Radiometric 
analyses of vater samples should indicate whether contaminants 
'Will pass through tuff or joints in the tuff'. 

I 8'1 
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Appe:;.d.::.x 

Data contained l:.ereie1 was col::..ected. i'.lri:::lg the course of 

imrestigation of TA-:..9, Los Alamos County, N. Mex. It is not 

specifically considered in this report and is appended for possible 
use by future investigators. 



']._'f-
·rable ~--Particle-size distribution in percent by weight for samples from 'I'A-49 1 Los Alamos County, N. Mex. 

Lab. Source Depth Stratigraphic Diameter of particles in millimeters 

unit Sand Gravel 
of in <.0.004 0.004- 0.0625- 0.125-

No. sample (feet) Tshirege Mbr. clay 0.0625 0.125 0.25 .2)-.) . )-1 1-2 2-4 4-8 8-16 

silt v. fine fine medium coarse v. coarse v. fine fine medium 

6uNM10 4-U 61 5 2.7 10.2 7.0 20.;j 27.0 2).2 6.4 0.5 0.1 

):JNM1)) 4-A 66 5 ).) 11.0 7-3 9.6 17.') 24.3 20.1 4.;) .8 0.2 

60l'IM2lt Beta 10 lB )0.0 11.4 3.2 6.8 24.2 14.6 ;;.8 

GuNM2:; Beta 6:_; lB 8.0 )j.O 11.:) 14.) 12.) 14.6 2.8 .7 .2 

60NM26 Beta 13) lB 42.7 20.2 ';).7 1).1 6.) 4.4 .6 .4 L) 1.3 

GuNH27 Beta 18o lB l).CJ 28.8 8.7 10.4 12.) 16.;) 6.0 ).1 .6 

\ 6uNlv128 Al!Jha 17) 3 ).') 24.) 10.4 11. lt 14.6 16.4 l).U 

"'"'-... 
~ 

~ 
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Table ~---Pore-size distribution and soil-moisture tensLon of samples from 

•rA-49, Los Alamos County, N. Mex. 

Lab. Source Depth StratigraphJc Pore-size distribution Moisture content 
sample of (em of water) at l/3 atmosphere 
No. sample (feet) Wlit tension 

l 15 30 6o 150 (percent) 

6oNM6 2-0 30 Qbt6 - 4o.05 

6uNMr( 1-A 30 Qbt6 - 4u.86 

6uNMl 4-U 4u Qbt6 45.00 43.81 41.54 41.88 4o.46 38.74 

6uM4:.,• 2-F )6 Qbt6 - 2').60 

6u~rM8 1-A j8 Qbt6 - 40.55 

l 6uN142 4-U 6u Qbt6 48.45 46.18 44.06 44.72 43.41 42.62 

-, 6uNMlO 4-U 61 QbL, - 4. 4·) 
.) 

"" 6uNM3 4-U G7 .)8.22 4o. 0;) 3~-18 -t: Qbt4 3CJ-~1 22.30 20.68 

GuNM5 l+-U 82 Qbt4 3G. 'J5 )4.7L 33-ll 33-17 2C).t)L 24.s4 

'· . mr-11; 4-u 104 Qbtl+ 33. '/7 32.23 )CJ. )8 30. _:tJ )1.22 2:.,..11+ 



L'-' 
Table 2;,..- -Recce' ... ri.a.::.s .:;ance :1c :es :::'or ::..arse-riia.r:e -~er holes 

areas l, 2. ), '+. and lJ, J:'A-4;.'. Los h.la'11os County, N. >lex. 

Hole 1-A 

Depth 
(feet.) 

Area l 

Di~e~er - 6 feet. 

0-2 Soil 

2-l__, Vert~cal joint i~ ~est ~all is 2 inches clay filled. I~ 

southwest ~all ¥er~ical ~c=.nt is d inch clay f_lled. 

Northeast wall has vertical Jo_nt 1;'8 inch clay filL;d. 

South •..;all has vertical Joi.nt ~ inch clay Llled. N)rc.ll 

Hall has two ~oints that. a:::e ! inch clo.y f::.lled. 

l) Northeast ·..:all has horizontal join:. open t inch. 

35 Vertical joints are open ~ ~o i inch. Large fracture zone 

on northeast wall has ~uint openings 4 to l inch. 

)0 Fracture zone on east ·.;all .:ont.ains Joint openir;,g::; ,.- ·;.) 

inch. 

:)5 Joints on north and \oiest. ·.-.ralL:; join at apex and are q::·;;n 

l 
4 inch. 



;..v 
Table 6;;.--Reconn.aissance nc-:-,es £'::- large-d.'..a.meter holes -

Hole l-J 

Depth 
(feet) 

Continued 

Area l - Continued 

0-3 Soil 

3 Near vertical joint on southeast and southwest walls meet ln 

apex down hole at 28 feet. 

Horizontal joint is open l/8 inch. 

1:5 Low dipping joint system around hole has openings up to 

~ inch. 

Apex of near vertical joint on northeast wall. Joint is 

open 1/8 inch. 

52 Flat-lying joints are open 1/8 to t inch. 



)...J 

Table ~. --Recox.aissance no-ses for lar;e-d::'..9..r:1e-ser holes - Ccr.-s::'..:::..:.ed 

Hole l-P 

r.: ep-ch 
(feet) 

Area l - Con~::'..nued 

0-2 Soil, 2 fee-c thick on north •<all, thins to 6 inches on the 

south ·Hall. 

2 Two vertical joints on r.or-ch · . ..-all are 1 foot apart ar.i ccr.c.ain 

l 4 inch of clay f::.lling. East 1.;all shows vertical joint 

which is l inch clay f::.lled. Vertical join-c on sou0h wall 

is 1/16 inch clay filled. Vertical joint on west \vall is 

compleoent of joint on north wall. 

4 On northeast ·~•all apex of joint dips steeply to the SO'J.theast.. 

16 Fract,ure zone. 

2) Apex with limbs upward of t·..;o joints which are o;:en 1/ e ic-.c!: 

in places on the north and ·..;est ·.valls. '..lell-de·.·eloped, 

flat-lying joint is open l/8 to ~ inch. 

30-35 Flat-lying joints which are open l/8 to ~ inch. 

40 Vertical joints on north and northeast walls spli~ and die 

out. 

50 Well-developed joint syste~ on north wall is 
1 

open :; to " 

::.nch. 



~ 
Table 2)1.. --Fecor.naisss.nce notes :·or larc;e-iiamet.e-c ':lc:les - Cor.c:_:_:-.c:ei 

Hole l-T 

De nth 
(f~et) 

Area l - Continued 

0-3 Soil) flat-lying joints 1_mder soil zone are clay Llled. 
3 Vertical joint on northwest 1.;all is ~ inch clay fllled. 

Northeas-c wall shows a 'rertical ~oir~t ·,.;nich is l i:-.c::. 

1 clay filled wi t!'J. ,,·hi te al :.ered tL:.ff 4 inch en each ~ ,r- -i .,..., -
•.)'--' ---~o.l. u 

face. Vertical joint cr. south wall is l inch clay filled. 
17 Joint system exposed en east wall contains joints that are 

open 1/8 to ~ inch. 

21 Flat-lying joints extending around hole are cpen ~ inch 

locally. 

30 Vertical joint on south 'N"all is open ~ inch. 

40 Apex of joint on northeast wall dips steeply to sou.-theast 

and is open ~ inch. 

)8 North-northeast wall contains joint which is open l inc:r.. 

Trace of joint across hole on west wall is open 2 :.o J.. 

inch. This is the same ~oint that has an apex at 40 

feet. 



'l.i, 

·rable ~- --Reccr.r..ais;:;ance r.o-;:,cs for .i.arc;e-G..:.a..::.et.cr .::.c.i.es - Ccr;s:i.:-._;.ed 

Hole l-W 

Denth 
( f~et) 

0-3 

3 

10 

Soil 

Nor-c.h·.;es-:. ·.;all has ve:::-t::.cal ~oint :.; ..::..r.ch clay f2.lled.. 

Vert::.cal jc::..r.:. en nc:::-:.lJ.eas-;:, ·.;c.L .. .i_s t .i.r.ch clay ::_'i_llecL 

Vertical joint on eas-e. wall ::.3 4 ::_nc.::. clay tilled. 

South·,.;est ·,.;all nas ve:::t::.cal join-c 1; 8 ir.ch clay ar:.d 

root filled. 

. .~ ~ 

Southeast wall shm.;s ·;er-c.ical ~c::.nt with l to 3 J.nch,cr 

•,.;hi t.e al terat:::.on r:;aterial .;..n jcir.t. Joint cor.-::inued 

dm-n:1 hole to a depth of 2; feet. 

Int.ersectior. of curved jo::.nt on · .• est ·,;all and ~G.:_:~t en 

northwest wall. Intersect.:.on of joint i3 open ~ ~o 

2 .;..nch. Joint continues ·iown hole on northwest ·..rall. 

Flat-lying joint ::.s open 1,3 ::.nch. 

Joint on southeast ·..rall .1..3 open l/ 3 lnch pass::.ng t~::::-oc;,;;::;. 

as intensely fractured zone. Joint on east vall is 

open l/8 .:.nch passing <:;hro~h .:.!-.tensely fract~red zone. 

Note: Below 4o feet most joints are open slightly. 

/11 



~.. .... 
Table 2x· --Reco::l!"'.aissance notes for ::.arge-dia:::.e"Ger holes - Ccnc,.'...c::.:.ed 

Hole 2-D 

Depth 
(feet) 

Area 2 

Diameter - 6 feet; depth - )7 feet 

0-l Soil 

l-) Pumice, water-laid. 

)-6 Weathered zone, tuff fragments in matrix of brmm clay. 

lJ Joints on northeast and west wall are clay filled l to 

12 inches. 

20 Horizontal joints around hole are clay filled t to 2 inch. 

23 Joints mentioned at 15 feet come to apex on southwest wall, 

strike southeast and dip steeply southwest, and are l 

inch alteration filled. 

27 Joint on north side of hole is open and clay f:.lled lccall.:_,· 

up to t inch. 

32 Joint on south wall terminates against a joint s:;rstem '..rhich 

dips to the northwest at about 30 feet. 

42-43 Apex of joints mentioned at 27 and 32 feet strike east and 

dip steeply southward. Hole is strongly jointed. 

Northeast and southeast walls have large plucked zones. 

Joints on northeast wall are flat to steeply dippir~ 

northward and are open l/8 to t inch with some alteration 

lining. 

43-57 Northern half of hole has many joints striking north·..rest 

and dipping s~eeply to the northeast. 



1.., 
~able ~.- -itecoli.J.J.aj_ s 38.l:.ce r:ote s :"'c:- la.: ... ;s-d~ar:let..e: .. ~:c l.e~ - Cc:-:.-t ::.~·::'"'~E:;d 

Hole 2-F 

Depth 
(feet) 

0-l. 4 

Area 2 - Cont~~ued 

Diameter - o feet; dep·ch - :;,6 feet 

Soil, containing roots. 

Pumice, '.vater-laid, some clay, roots up to 3/4 inch thick. 

Bottom of pumice zone d~ps sL.ght::..y to the norc.h. 

5-7 Weac.hered zone, tuff fraguents in ma<.rix of brmvT• cla,;-. 

16 Northeast wall has several joints that are vertical. str:.ke 

north, and are clay filled ~ incl1. 

Numerous flat-lying joints are clay f::..lled up to l/8 inch. 

20 Northeast wall has north-northeast striki11g joints ~i1a-::. d.ip 

steeply to the northeast and are clay filled l/8 
1 

to 4 

inch. Large medium gray de· .. :it:rif~ed pumice f:!:agr:1er::-s ~u 

to 3 inches in length are found to a depth of 22 feet. 

Irregular joints strike east-·,.res ~ and dip about ; 0 
·+_; ',;o ':-he 

north. These joints circle the hole and are open local:y 

up to * inch. 

25 Joints on southeast wall are clay filled. 1.{esc. wall contains 

irregular joints that are open l/8 to 3/8 inch. 

28 Hole diameter now 6.4 feet. 

29 Flat-lying joints are open l/8 to ± inch. 

34 Irregular joints on north ·,.;all are open 1/8 to ~ .!.::ch. 



;1, 
Table 2-§., --Reconnaissance notes fo:- large-diameter holes - Conc,_:_~1'.:.::;<i 

Area 2 - Continued 

Hole 2-F - Continued 

Depth 
(feet) 

35-38 

40-)8 

System of low angle joints around the hole. Joints strike 

east-west and are open locally up to l/8 inch. 

On the north side of hole is sys0em of joints str~~ing 

northwest, dipping steeply east that are open ~ to ~ 

inch. There is a large plucked zone on the r..orth s.:.de 

of the hole from 49 to 58 feet. Hole is belled to 7 

feet in diame~er from )2 to ~8 feet. 



1..v 
J:'able ~. --Reconnaissanc:e Lo"tes for ial',;e-dial'le"te;: holes - Cc,:-:t::.:::..:cG. 

Hole 2-H Diameter - 6 feet; depth - 58 fee"t 

lJeD"th 
(f~e-c) 

0-l Fill, broken tuff. 

l-2 Soil, clayey, brown. 

2-5 Ptmr.: .. :;e, ·..;ater-la..i..d, auout 3 feet "thick on north and. ',;est 

wall, thins to l i'oot u:1 sout.heast wall. 

5-7 Weathered zone, tuff fragmel1ts in a b1'own clay ma";;rix. 

7 North-northeast striking joint dlps to the wes::. 3oo w 8__, o 

and is clay filled l inch. 

13 West-northi.;est striking joints on north·..;est side sf hole 

dip with a slight angle and are clay filled. 

18-22 East-west striking joints are clay and root f.:..lled u~ ""CO 

l inch. Apex on north side of hole. I; 

22-26 East-west strikir.g joints d:.:p to the northwest at ' ~ 0 to ..>...) 

300 and are open 1/8 to 2 inch, clay lined. 

30-34 Several west-northwes-c striking joints dip 4) 0 to the 

north and are clay filled l/8 inch. 

3S-42 Intersecting near flat-lying joint systems circle the 

hole. Above the joints tuff is light pinkish crOI·l!: 

and is evide-::J.tly altered by water. Below the j:>ints 

the tuff is light gray. 



1,.\.. 
Table 2~. --?.ecc.:1:'..3.issar.:e :1etes .t'c:::- la.::''::\'2-diar::e-ce:::- ~cles - Con-ci:::'.'..<.ed 

Area. 2 - Cor.t::..::1·J.ed. 

Hole 2-H - Cor.ti:J.·..:ed. 

De nth 
( f~et) 

h8 East-west strikir~ joint dips Boo to 85° north a~d ~~ 

open l/8 to ~ inch. 

North·..rest striking joint is tan:;e,,t to hole on nortr.eas-c 

i-rall c:::1.usin~ bad pl'J..ck ::.'rorr, 50 to :;8 feet. 



}...././ 

Table 25". --?.econ.YJ.aissance ;:-.otes fol:" la:::-ge-diame-ce:::- holes - Ccc.-:;::..rl'J.ed 

Hole 2-J 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; dep~h - 58 feet 

0-2 Fill, broken tuff with about 6 inches of brmm c::_a~:ey 

soil near bottom. 

2-) PurJ.ice, 'dater-laid. 

5 Northwest striking joint 0:1 '.vest wall of hole caused -;:L:.ck 
out. 

ll Broken zone on south wall of hole. 

11-19 Light gray tuff contains dark gray dev:trified pQ~ice 
fragments up to l~ inches in length. 

22-29 North1.;est striking joint on ·,rest ·wall of hole is clay 

and root filled. 

33-36 East-west strikir~ joint dips north a~ 20° to 30o s.~d ~5 

open up to ± inch. North·.;est st.ri.ki!1-(S jo:nt. no·..r 
striking north and drifts to center of hole at totto~, 
dipping about Boo east. Light pink alteration in 

joints that are open locally. 

41 Northwest striking joint system dips 15° to )0° north and 
is open up to 1/8 inch. 

Small pluck out on north wall between 4) and 58 fee~. 
Bottom of hole is in relatively unjointed rock. 



7,..., 
Table ~. --Reco:J...'1.8.issance :'.otes for 2.arge-diar:1eter holes - Conc:::.:.--.:.;.ed 

Hole 2-L 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-2 Soil 

2-10 On north wall a northeas-c striking vertical join-c is c::..a~.' 

filled ~ inch to a depth of 10 feet. BelO'Iv 10 fee-c 

this joint is open. North-northwest wall shows vertical 
joint that is & inch clay filled. Southwest ·,.;all shm.;s 

vertical joint striking northeast that is 2 inches) 

clay filled. At 10 feet there is a system of flat-

lying joints. 

20 System of flat-lying joints are open locally '-lP to l/16 

inch. 

34 O:c1 north vall a joint is open ± inch with pink ,,...eathered. 

tuff on each side forming clay lining of joint surface. 

'I'riangular pluck hole on south i.ra.ll. 

36 Triangle-shaped pluck hole on east wall. 

44 Joints are clay and root f:lled. 

54 Most joints are closed. Some are open locally up to 

l/16 inch. 
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Table 25. --.?.econrLS.:.ssance no-ces for lar~e-diarne-:er r...oles - Cor-.t.~:::-.:.eci 

Hole 2-0 

Depth 
(feet) 

Area 2 - Ccn-:inued 

Dianeter - 6 feet; dep"Ch - >3 feet-

0-l Soil, brownish, clayey. 

l-5 Pumice, water-laid, pieces up to l inch in lengtl:. 

sub rounded wi "th some clay i:lterlayered. Base of pu.--:;::.ce 

dips slightly to the northeast. 

)-7 Weathered zone composed of large, angular pieces of t:1:::'f 

in a matrix of brown clay. 

7-15 Master joint on northeast and south walls striking north-

northeast, dipping steeply, is clay filled -~ inch •.-ii-':.h 

a few roots. Joint on northwest \vall strikes north-

northwest and is 1 inch clay filled but is open 

locally. Joir.t on west- southwest wall strL~es "-or::h 

and is t inch clay filled. On south wall is a systen 

of vertical joints striking east-west. 

15-21 A flat-lying joint dips at a low angle to the r:.or·tn-

northwest and is open up -co l/8 inch. Several :ilinor 

joints termir~"Ce against this flat-lying joint. At 

17 feet tuff appears more dense than above. 

23-26 Badly broken zone dippir~ slightly north-northeast.. 



:....v 
'I'o.ole ~i.l. --F.eco:mG.i.sso.nce no"C.es for· ::_n::.';-;c-cL 2.:~c"Ger :wles - C'·:):l·c.-~:meli 

Area 2 - Continued 

Hole 2-C - Continued 

Depch 
( feec,) 

,:'1 Haster joint on northeast. wall i_s clay fi::..led and locally 

open ~ inch. On west wall a system of vertical ~oints 

ori2;inates in a broken zone at 26 feet. Joints in syste:.J. 

stri.ke north-northeas"C and are clay fill.ed and oren 

locally up to ~ inch. 

37 Pluck out of master joint on nor-t~heast i.Jall where joint 

is open 3/4 inch; opening extends 1.5 feet intc the face 

of the hole. Tuff contains de·ri. trified pumice f:-agnents 

up to 1 inch across. 

4o Joint on northeast vall, dipping moderately to the north_. 

41-:50 Large triangular pluck from intersecting joints Ci. 

southwest ·.-1all. l<1aster joi:1t on northeas-c wall is :'.ov 

hair Ene. West-northves-: striking joir.t _. conplement. of 

plucked 0 1J.t joint o.t ll() -:o 41 feet. This joint has roots 

and brown clay at 45 feet. 

54 Apex of no:-th-nort!1west striking joint on west wall. 

Rock has cor.siderable amounts of r;ranule to pebble-size 

devitrified pumice :'rat;ments. 

55 Joint on northwest wall dips moderately to southeast. Apex 

is at 55 feet. 



-r 
Table ~~.--Reconnaissance notes for lar~e-dianeter holes - Continued 

Hole 2-S 

Depth 
(feet) 

Area 2.. - .:. " . ., -:""",'" "' c L 

Diameter - 6 feet; Depth - 58 feet 

0-3 Soil, clayey, brawn. 

3-5 Pumice, water-laid. 

5 Vertical joint north-northeast wall cla:r filled l/3:: inc~~ .. 

Vertical joint on southwest vall is t inc:'. clay !-'illed. 

Vertical joint on west '.vall is 1 inch clay and root filled. 
1- Joint system, clay filled trianGular pluck 8 inches across. 

22 East wall shows joint striking northeast. 

24 Vertical joint on west wall becomes irregular with ·rarious 

32-35 

branches that are clay filled. 

Vertical joint on west wall splits and dies out at 35 :feet. 

Joints are clay and root filled 1/8 inch. Horizontal 

joints at 35 feet a.M open '..lP to t inch. 

40 Joint system about 1 foot east of north line is open 4 
inch. Small irregular closed fractures are found at 

various places around hole. 

Joints and pluck on east wall. Southwest wall has vertical 

joint. Joint trending east dips 45° west. Joints are 

clay filled and open locally up to 1 inch. 



Table ~.--Reconnaissance notes for lar~e-dianeter holes - Continued 

Hole 2-V 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

C-4 Soil, brown with pumice pockets on southwest wall. 

4-5 Weathered zone, tuff fragments in a matrix of br~ clay. 

10 Master joint on northeast wall strikes south-southwest 

and is 1 inch clay filled. 

:·-15 Vertical joint tangent to north-northeast wall strikes 

east-southeast and intersects master joint. Joint on 

southwest wall strikes northwest and causes pluck at 15 

feet, where joint is tangent to hole. 

18 Flat-lying brecciated zone around hole. Devitrified 

pumice fragments in tuff are as much as 1 inch in len~h. 

Joint on southwest wall strikes northeast and is open t inc:~. 
28 Southwest striking joint intersects tangential joint on 

northeast wall. Southwest wall has badly broken zone 

from 18 to 28 feet. Joints in this zone are open. 

Joint originating in broken zone at 26 feet strikes northeast 

and apparently is the same as the joint that intersects 

tangent joint on northwest wall at this depth. 

.. 



;_t,.. 
Table ~. --Rec _ nnaisse.nce notes for le.rt;e-dia.':'..eter holes - Continued 

; 

Area 2 - Continued 

Hole 2-V - Continued 

Depth 
(feet) 

38 Tangential joint now single trace near north wall striking 

southeast. Joint that originates in broken zone at 

26 feet dips steeply southeast, and trace on wall of 

hole is drifting eastward. 

50 Roots in joints on west wall. 

57 Northeast striking joint has roots at 57 feet. Bottom 

of hole strongly jointed. Hole belled to 6 feet 8 inc~es 

from 50 to 58 feet. 

General note: Hole is in moderately jointed rock. 

Tuff penetrated is fairly dense and not strongly jointed 

except 50 to 58 feet. 



__, 
Table 2~.--Reco~~aissance ~otes for large-di~eter holes - Continued 

Hole 2-W 

Depth 
(feet) 

0-3.6 

4 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

Soil, brown. 

Master Joint on west side of ~ole is 1 inch clay filled. 

l2 Master joint dips to north and is clay and root :llled 

up to 1 inch. ~Jff is light gray and dense. Small 

joints are clay filled. 

l;• Master joint is 2. C) feet ~..rest of north and is clay filled 

1/8 inch. Two joints dip 45° north at 18 feet. Joint 

on southwest wall, 2.5 feet from ~~ster joint, is clay 

filled t inch. 

26 Northeast striking joint is tangent to hole on south 

wall. It causes pl'J.ck out :'rom 26 feet to "Cottom. 

3C Two joints dip 45° into master ~oint 2.7 feet west of 

north. 

37 Roots in plucked zone in south edge of hole. 

44 Master joint 2.2 feet west of nortr. is open locally up 

to t inch. 

51-58 Roots in pluck zone on south wall. Joints appear to stril~e 

northeast. 



;_-, 
Table 25.--Reco~~aissance ~otes ~~r lar~e-d~~e~9r ~oles - Cc~ti~ued 

Hole 2-X 

Depth 
(feet) 

C-2.5 

2.5-4 

~-5.5 

Area 2 - Continued 

Dia.neter ,­
- c feet; depth - 56 :~eet 

Soil ~c~e, brown clay, slightly pumiceous with large roots 

tb.roughout. Soil tl'.ickens sligl:tly on west wall and grades 

into pumice zone on east wall. 

Pumice with brown clay and roots. 

Weathered zone with tuff ~~d some pumice i~ a matrix of 

brown clay. One system of vertical joints occurs '::::elow 

the weathered zone on the northeast wall. A few flat-lying 

joints found on southwest wall are about 1/8 inch clay 

filled. 

I 0 Major 'lertical joint strikes north-northeast ~~d is 1/8 

inch clay ~illed. One joint dips steeply east. 

20 Major joint on northeast wall dips to the northwest at 

a low angle. A few irregular minor joints, which dip 

to the east and south, are found on the north wall. 

Irregular minor joints found on the south wall are 

flat-lying. 

30-41 Hole is badly ~roken ~etween major joints on west wall, 

southward around ~-ole to major .~oint on northeast wall. 



,_.., 
Table 2~.--Reconr.aissa~ce notes large-riiB.r.lete:!:' ":.:ales - Conti::::r..1~d 

Area 2 - Continued 

Hole 2-X - Continued 

De nth 
(f~et) 

45 Major joints on north-nortteast and southwest walls 

strike soutl:west and apparently are same systen. Intersection 

on southwest wall open up to 3/4 inch locally, but 

intersections on northeast wall are open l/8 inch. Sout~ 
Qr~ 

and east walb hi~ tadly c roken between these najor ~oints. 

Vertical joints are found on the north wall from 42 feet to 

the bottom of hole. 



1...-.f 
Table ~i.--Recori.a~ssance notes for ~arge-diane:er holes - Con~in~ed 

Hole 3-C 

Depth 
(feet) 

Area 3 

Diameter - 6 feet; depth - 87 feet 

0-3 Soil and fill. 

3 Joint striking south-south•.vest dips north and is t inct. cJ..a:/ 

f:i.lled. 

7 System of flat-lying joints. 

15 System of joints striking north-northeast dip about. 20 o • • .;esc:.. 

Joint mentioned at 3 feet now vertical and open 11 16 inch. 

21 Joint mentioned at 3 feet now dipping about Boo south. 

28-30 Brecciated zone, ~ystem of joints striking east-northeast. 

dipping from 10° to 20° north. 

33 Joint mentioned at 3 feet nm.; vertical, strike to north at 

28 feet. South wall shows joint that strikes northeast. 

Pluck along joint which is open up to ~ inch. 

33-45 Joint in southeast wall that is clay filled ~ inch. At 4~ 

feet joint mentioned at 3 feet. is here closed. 

53 Southeast wall is badly broken. Northwest wall contains 

vertical joint striking '"est-northwest and is 1/8 inch 

clay f:i.lled. 

)8 Joint mentioned at 53 feet terminates against apex of 

northeast striking joint ·.vhich is tangent to hole 0::1. 

northwest wall. Clay filling up to t inch thick. Several 

plucks along each fracture. 



....... 
l:'able 2;~. --Reconnaissance notes for large-diame-cer holes - Contin'J.ed 

Area :5 - Contin·~ed 

Hole 3-C - Continued 

De nth 
( f~et) 

63 South·.vest limb of joint that showed apex at 58 feet is here 
a hair line. Northeast joint plucked out, ~as clay 
filli!'l.g. Joint on southeast wall strikes east, dips 8:~ a 

south, and is open 2 inch. West wall contains north 
strL~ing ver-cical joint that is clay lined and is open 
l/8 inch. North wall contains vertical/ north striking 
joint. 

72 Joint on southeast wall terminates. 

78 Water-laid sand on north wall is 2. 5 feet thick. T'.vO joints 
bela~., sand are 2 and 6 inches wide and extend to bottom ::::, 
hole at 87 feet. Sand is 0.35 feet thick on ·..;est ;.;all. 
0.5 feet thick on east wall, and 0.4 feet thick on south 
wall. 

78-87 Joints beneath sand strike northeast and are closed. Joints 
on north vall are filled ,.;i th sand and range from 2 inches 
to over l foo-c wide. Some pieces of tuff are found in the 
sand filling. Tunnel drift to the north is about 2 feet. 
in diameter. It intersects two northeast-strikir~ sand-
filled joints about 2 inches wide, 2 feet apart, 

approxir.:.ately B feet fran the ·.-all of the large-diar:let.er 

hole. 



Table 2~. --Reconrl.B.issan.ce r .. o"Les for ~a~~c-di~cL.cr ~'loles - Cvr ... -:.:..:--... ·~ei 

Area 3 - Cor-;-c,::.rr.:.cd 

Hole 3-C - Continued 

Note: Hole 3-C '.;as re-examined after shot ::.n hole 3-A. As 

the working caisson vas set, only ~he bot.tom 8 feet. of 

"'f:• 
hole -,.ias. exa.mir.ed. The sand -filled join-:s 0:1 the :1orth 

wall '..rere open as much as l foot from the hole face '.;he,:e 

the sand ·,.;as shaken o:.;.s by the cor.cussion of the shot.. 

Partial collapse of "':.he 24-inch dr:i..ft occur:::-ed abo'J.t 3 

feet from the hole between the two northeast-striking 

joints. The drift was partly filled with rubble at this 

point. 



:.v 
Table ~.--Reconnaissance notes for large-dia~eter holes - Continued 

Hole 4-K 

Depth 
(feet) 

8 

15 

18 

26 

33 

Area 4 

Diameter - 6 feet; Depth - 58 feet 

Soil and weathered zone are covered with casing. 

Southwest wall shove apex of joint, which is clay and 

root filled up to 1 inch, and strikes west-northwest, 

dips 70° northeast. East wall has joint which strikes 

north-northeast with apex upward at 10 feet. Joint is 

2 inches clay filled. Northwest wall shows vertical joint 

striking northwest, clay filled up to 6 inches near 

top and 2 inches at o feet. 

Joint on southwest wall is clay and root filled. Joint 

on northwest wall is here clay and root filled about 

1 inch. Tuff has devi trified pumice fragments up to 

1 inch in length. 

Pluck out at joint on southwest wall. Joint on northwest 

wall splits. Northernmost joint strikes northwest, is 

clay filled i inch, and terminates at 40 feet. Westernmost 

joint dies out at 22 feet. 

Dip of the joint on southwest wall at 8 feet is now 80°, 

northeast several marked plucks from this joint, which 

is clay and root filled 1 inch. 

Joint described at 26 feet is here trending ·.rertical reverses 

in dip farther down. It is now striking west-northwest 

and dippin; 8co south-aoutheast. 



.... ., 
Ta':Jle 2';i. --Reconnaissance notes :c~.;r l3.r··e-di3.r:le"'Cer :1oles - Conti::1u.ed 

Area 4 - Continued 

'dole 4-K - Continued 

7'7 
.-'; 

42 

Tuff is less strongly jointed below this depth. 

On the northeast wall is a system of vertical north-northwest 

striking joints that are clay filled. 

58 Joint mentioned on southwest wall at 8, 26, and 33 feet 

is now vertical and strikes northeast. 



l-1.-
':'atle ~. --Rec':)nnais3nnce notes Cor lnr--e-diar_eter toles - Continued 

Role 4-H 

De-pth 
(feet) 

Area 4 - Continued 

Diameter - 6 feet 

0-5 8oil entirely stripped off. East wall shows lar~e vertical 

joint that strikes northwest and is 1 inch clay filled. 

North wall has 3/4-inch clay-filled joint that strikes 

northwest. Southwest wall has 2 vertical joints that 

are one foot apart and are 1 inch clay filled. South wall 

has vertical fracture striking north which is 1-i inch 

clay filled. 

lC Brecciated zone on northeast wall. 

15 Joint system on north-northeast wall contains joints that are 

open up to ~ inch. 

20 Flat-lying joints all around hole. Joint on north wall now 

! inch clay filled. 

25 Vertical joints mentioned from C to 5 feet still persist. 

Flat-lying joints at 24 and 28 feet. 

3C Joint on south wall is now open k inch. 

35 Pluck out along joints. on southwest wall. 

4r Joint splits at 33 feet on south vall, dips eastward 

at 45•, and both branches are open ~P to 1/16 inch. 

5C Vertical joints still persist and are -i to 1 inch clay filled. 



'.L~ 

Table ~~.--rteccnnaissance r.otes for larse-diar.e~er ~cles - Continued 

Role 4-C 

Depth 
(feet) 

Are~ 4 - Continue~ 

Diameter - 7 feet; Depth - 58 feet 

C-2 Soil and weathered zone. 

2-26 Northwest and southeast wall of hole has vertical joints 

that are 1 inch clay filled and strike northwest. On 
southeast wall a joint strikes north, is near ··ertical, and 
contains clay filling up to 3 inches. Role walls appear 

to ~e tight except for the above-mentioned joints. 
26-32 Northeast wall of hole contains apex of joint. West lim~ 

dips at 45° to 3C feet and intersects vertical northwest 
striking joint on northwest wall. East limb of joint is 
vertical and 1 to 3 inches clay filled. 

32 Northeast wall is brecciated. 

35 Hole reduced in diameter about 4 to 6 inches. 
41 Northwest striking joint is 1 to 3 inches clay filled and 

contains a few roots. 

48 Southwest wall has northwest striking joint that shows 
apex with lim~s downward. Limbs are clay filled 

up to 1 inch. Joints noted at 41 feet here are dippi~~ 
(45° or less) and are clay filled. On southeast wall 

joint strikes northwest, persists to :ottom of hole, and 

is 1 inch clay filled. 

'---



. ._!.. 

'l'aole 2).. --Reconnais:sance nuct:s i·or iar,:::e-Q.j_a;::-.e-cer r~oles - Continued 

:tiole L.- Y 

Depth 
(feet) 

Area 4 - Cc·ntinue<i 

Diameter - o feet; Depth - ;~ j feet 

C-2 Soil zone is ttdn on weathered tuff zone. 

Southeast wall has joint that is clay filled and strikes 

northwest, dips 8C 0 northeast. 

22 South wall has north-northwest striking joint which dips 

west at 85°. 

28 Pluck out from abore joint, which appears to ce i inch 

clay filled. Joint mentioned at 7 feet is here open 

1/16 inch. 

29 Northwest wall shows apex upward of joint. This joint strikes 

east-northeast and dips 8C 0 to the northwest. Also 

on the northwest wall is a vertical joint that strikes 

south-southeast. 

32-45 Southeast wall of hole is badly broken along upward apex 

at joint. 

46 Hole badly broken on southwest wall. Master joint is vertical 

and strikes east-southeast. It is open t inch. 

51 Very few joints except master joint mentioned at 46 feet. 

57 Southeast wall contains a system of high angle joints. 

E2 Water-laid sand, 1t feet thick en north wall and very 

thin or stripped away on the other walls of the hole. 



:.J,... 
Table 2§.--Reconnaissance notes for larce-diameter holes - Continued 

Area 4 - Continued 

Hole 4-Y - Continued 

Depth 
(feet) 

62-6' Wall of hole contains ·ery friable tuff below sand. West 

wall contains joint striking north-northeast, dipping 85° 

north. West wall ::.as joint which is '-'ertical and strikes 

north-northeast. These two joints apparently are not the same. 



)._, 

Table ~~.--Reco~aissa~ce ~~tes for lar~e-diaceter holes - Continued 

Area lC 

Area lC contains two 6-foot diameter holes 25 feet apart and drilled 
to a depth of about cC feet. The two holes are connected at the bottom 
by a horizontal drift. Only the westernmost hole and the drift were 
examined. 

West hole 

Depth 
(feet) 

Diameter - 6 feet (except for bottGm 12 feet, whieh is 13 feet) 

0-1 Back-fill, broken tuff. Most of soil is stripped off. 
1-3-5 Pumice, layered, light gray with brownish clay lenses included. 
3·5-5 Weathered zone containing partially weathered tuff fragments 

in a matrix of brown clay. 

5 Joint on south wall is t inch clay filled and strikes 
north-northeast. Tuff has pebble-size, purplish devitri:fied 
pumice fragments. 

10 Broken zone. 

17 Joint mentioned at 5 feet persists through ~roken zone, 
·Dut is only 1/8 inch clay filled. Joint on east-northeast 
wall originates in broken zone, strikes northeast, and is 
t inch clay filled. 

18-23 Badly broken zone. Joints are irresular; roots noted in 
north striking joint on northeast wall. 



·-;..v 
Table ~§.--Reconnaissance notes for lar~e-diameter holes - Continued 

.Area 10 - Continued 

West hole - Continued 

Depth 
(feet) 

33 Joints strike northwest and north and are open 1/8 to 1~ inches. 
48 Top of 13-foot diameter hole. Joint striking south-southwest. 

Joints on north-northeast wall are t ineh clay filled. 
5C Top of weathered zone in tuff above sand dips to the northeast. 
54 Top of sand dips to the northwest at a low angle. Sand is 

stripped away on southwest wall and thickens to about 2 feet 

on east wall near drift. Joints found about 2 feet below 

sand are sand filled and open from t to 2 inches. Tuff below 
sand is weathered, highly pumiceous, and friable. Joint in 

bottom of west hole is open several feet below bottom of hole. 

Area 10 

The drift extends east-west between the two large diameter ·rertical 
holes. On entering the drift from the east hole, weathered pumiceous 
tuff extends upward on the north wall and then cuts across the top of 
the drift to the sauth wall a few feet east of the portal to west hole. 
The tuff is about 9 feet thick on the north side of the drift and contains 
an abundance of quartz and irregular brownish iron-stained streaks. 



Figure 21.--Graph of moisture content and lithology in test hole lM-2, TA-49, Los Alamos CoQnty, N. Mex. 
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Figure 22.--U.ra~h ;:;:: :::oist.1re :::o:'.ten-:. a:1d .:.Ltnolog:; i:-. t"C:!st ~1cle 
~~-2-., ·1A-~~:__', Lcs .A.J...a~'Jo._ ~c·~1:.:,:. ~J. ~"tex. 
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Figure 2).--Crs.p:t:.. o:..' ;:-.o:i.b~..;.re :;.Jr .. t.e::J.-. ana. .Lit.b.O.i.v;;...; ..c•• ~~.J~ .... ~ .... -

2M-2, TA-49, Leo Al3ma~ Cc~>tj, ~- Mex. 
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Figure 2:+. --:::;:::-3-ph of :!!Oi.St\.lre content and 11 t.hology in test 
hole 5H-l, TA-49, Los Alamos County, :r. '.lex. 
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Figure 25.--Graph of moisture content and lithology in test hole 

3M-2, TA-49, Los Alamos County, N. Mex. 
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Figure 26.--Graph of moisture content ~~d lithology in test hole 
3M-3, TA-49, Los Alamos CoWlty, N. Mex . 
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Figure 21. --Graph of moisture content and lithology in test hole 
4M-l: TA-49: Los Alamos County~ N. Mex. 
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Figure 28. --Graph of moisture content and litho logy in test hole 
4M-2, TA-49, Los Alamos County, N. Mex. 
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:?ig'.lre 29. --Graph nf roois1~.1..l·e ':!O:l·~ent 8.l.d :;..;_thole&~ in t.est nole 
LM-), ':::'.'\- 49: Los ,~_2._:-.,_'Cl:JS r:,:.; :.r" ':..:,·, :I. ~L:n:.. 
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Figure >J. ·-Grap.n o..~.· mots'tllre contP.n"t and li "tholo'jy in test hole 
~·1-:,., ·;;..-:..'7, Luc; A.l.B.iuos CoW1"ty, N. Mex. 
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Figure jl.--Graph of moisture content and lithology in test hole 
51·!-2: ~:~-~~], Lo~ A:~c;.; :c'-l.lf~y, ~i. ~i~x. 
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Figure 32.--Graph of moisture content and lithology in test hole 
9M-~: TA-49, Los A.lawu::. Cowd .. y, i~. Mex. 
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Fieure 33.--Graph of moisture content and lithology in test hole 

lOM-l. TA-41), Los Ala.m~s r.o,mt;y, N. Mex. 
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F i~ure )4. --Graph of mo::..3tJ.:"e content a11.d lll:.hol.og;y :.n tc~t hole 
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Figure ...~:>.--Graph 'Jf rnoist·..ITe content o.r..d lithology in test hole 
ll1-l. !'A-49, Los Alamos Cc1 m~y. N. Mex. 
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Figure }6.--Graph of moisture content and lithology in test hole 
l.M-3, TA-49, Los Alamos County, N. Mex. 



Fip:ure 37.--Grapb of moisture content and lithology in test hole 
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F:.~.=-~ '1-3.--Graph cf moist .... re ccnt.ent 3.nd l.it~oloe;y in tesc. !'lc..le 
9M-3, TA-->9, Lcs A.Camos Co...nty, N. Mex. 
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