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Geolo£t.• and hydrology o:f Tech11ical. Area 49 

Frijoles Mesa, Los Alamos County, New Mexico 

By 

JSI:l.es E. \-leir, Jr. and \Hllia.I:l D. Purtymun 

Abstract 

FriJoles l~esa is a part of the Pajarito Plateau, a dissected 

ash-:flow field that laps onto the Sierra de los Valles to the uest 

and terminates in clif'f'D along Hhite Rock Canyon to the east . 

Technical Area 49 (TA-49) occupies about 2 square miles on the 

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

about 5 miles south of Los Al.al:"oos. 

The rocks exposed at the surface at TA-49 are of' the Bandelier 

Tu.f'f of Pleistocene age. Subsurface rocks of the Santa Fe Group 

of Middle(?) Miocene to PleistocenJl~e and the Tschicoma Formation 

of Pliocene and Pleistocene('!) age 'rlere penetrated by three deep 

test holes. The rocks of the Santa Fe GrouJ?, in ascending order, 

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

basaltic rocks of Chino Mesa. Interbedded with the rocl:s of the 

Santa. Fe GrouJ? are rocks of the Tschicoma Formation . 



The undifferentiated unit consists of sediments laid dmm as 

alluvial-fan and flood-plain deposits. Above the undif'ferentiated 

unit is the Puye Conglomerate, which consists of two members. 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 w1 th the 

fanglomerate member are the basaltic rocks of Chino Mesa and latite 

f 
and quartz-latite ~ P&eke of the Tschicoma Formation. 

---------;'lif 

The Bandelier '1\lff overlies the fanglomerate member. It consists 

f 

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

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 

tuf':f; the otov1 Member, a friable ash-flow tuff; and the uppermost 

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

bed near the top. 

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

is the most important geologic unit because test operations will 

HBovT P6-t-c(./ 

place contaminants in these rocksA'Wil.this 100 feet ¢'the mesa surface. 

There these contaminants could be removed by water and carried into 

the zone of saturation. 



• The X-ra~ .. a.."'ld chenical analyses of the tui'f' fro!:l the Tshirese 

l·ie:Iber indicate tnat they are rhyolitic in composition. Hydrologic 

analysis of the tuff i!lClicated. the following ranges: porosi t:;, 19. 3 

to 54.7 percent; specific retention, 1:.3 to 27.3 percent; specific 

;;·ield, 0.6 to 42.6; per"...eability, 0.04 to 22 gpd (gallons per day) 

per square foot for consolidated samples, and 34 to 59 gpd per 

sql..l.llre foot for unconzolidated. samples. Moistu1·e content l"a.."1ged from 

0.2 to 8.7 percent by volume beneath the oesa, but moisture contents 

of tuff free a test hole in Hater Canyon north of the mesa :ra."lged 

from 13.3 to ;6. 3 percent by volume, -,,hich indicates some 

infiltration of Yater. 

7he soil cover on the mesa surface is characterized by a 

• veathered zone, a -..m.ter-laid pumice zone, and a soil zone. The 

top few feet of the 'I'shirege Hember is cooposed of partly 'reathered 

tuff fragments in a l:lB.trix of clay. The weathered zone grades up 

into a bro-..m claye:; soil except along the northern edge of the 

nesa., 'lrhere a la::er of tmter-laid pUinice occurs bet,.-een the 

Yeathered zone and the soil zone . 

• 



Periodic moisture readings of the soil and underlying tuff, made 

by a neutron-scattering moisture probe, indicate little or no 

infiltration of vater :from precipitation through the soil zone. other 

data collected during drlll.ing, mapping, and hydrologic analysis of 

rocks of the GuaJe, Otovi, 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 sufficient 

quantities would move almost vertically through the Bandelier Tuff 

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

If ,VIrT..JI(,.t, ~rfl&lfJl111 CHA-AINIL. OIV 

stream :flow in lf!ll al'!"e)'e ee the surface of the mesa was measured 

at two moisture test holes about 700 feet apart. There vas very little 

loss of flow betveen the tvo test holes after the channel and bank 

material had become saturated. No change in moisture 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 floving. Six days after the flow ended, capillary return to the 

surface and evaporation had decreased this moisture content by as 

much as 13 percent. 
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'.i.'he zone oi' satura-c.ion, or rJa~n aquifer, lies 1,000 to l, 3.JJ 

feet be~o11 the oesa surface at TA-4)1 in rocks of the Santa Fe Group 

and Tschicoma For.:n-r.ion. No perched ;.ater ,;as fou..T1d above the 

zone of Ga-c.uration. ~he sradient on t~e piezometric aurface of 

the main aquifer L.; east- sout.heas-c.ward -c.oward -::.he Rio Grande about 

so 
liRr feelj per oile. Data indicated t..1.at the recharge area to the 

main aquifer is vest oi TA-4~ on ·the slopeti ot the Sierra de los 

Valles and the western part. or the ?ajari to Plateau. The !Jpecific 

ca.paci ty oi' three uells finisned i!-.. ·;:.~e I;JB.in aquifer range from 

5. 7 to 22 g:pm (gallons per minute) per foot of dravd.O\m. Pumping 

tests indicate an average coefficient of permeability of ~80 gpd 

per foot per foot. The velocity of · ... 'B.ter in the main aquifer is 

approxiz:late~y 4oo :f.'eet per :~ear. The lluanti-c.y of -water passing 

through the upper 650 feet of the aquifer beneath the test areas 

a-c. TA-49 is approximately 370 acre-feet per year. 

Tri tiwn analyses indicate that the -..n1ter 1n me nain aquifer 

ra.•1ges in age from 13 to 20 years. The cause of d.ifferences in 

age could be that the -water deeper in the aquifer moves more 

slO\tly a.nd is actually older, or that some young water is being 

a.clded to the aquifer ll:,· local recharge from canyon sources such 

as \later Canyon to the north or Frijoles Canyon to the south • 
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Introduction 

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

requested support from the Geological Survey for a project at 

Technical. Area 49 (TA-49) in:f'orma.lly in conference September 29, 

1959· The request vas confirmed by a. copy of a letter (Jo-1t62) f'rom 

Mr. William <4lo of the Los Alamos Scientific Laboratory to Mr. Paul 

Wilson, Manager of the Los Alamos Area Ofi'ice. 

The vork of the Geological. Survey w.s aimed at 1) providing 

geological information to the AFC about the rocks that underlie the 

area, and 2) defining the direction and rate of IllO'lemer:rt of va.ter in 

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

saturation beneath the project area eastward to the Rio Grande. 

Fieldwork began in late O:::tober 1959 and vas ccmpleted in 

September l9601 although the most intensive part of the fieldwork 

wa finished b:: Muy 10, 1960. 



• 

• 

• 

Location and setting 

M.lch of Los Alamos County south of the city of Los Alamos is 

used for test operations by the Los .Alamos Scientific Laboratory. 

Various installations and areas in the upland surf'ace and the 

canyon bottoms are designated "technical. areas. " 

Technical Area l19 occupies about 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.--!Diex 1:ap of part of Los Alamos and adjacent 

counties, New Mexico 1 showing the location o:f Technical 

Area 49 {TA-49) • 

Plateau, vhich is a dissected ash-flow field that laps onto the 

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

along 'Wh1 te Rock Canyon to the east. The area is in the former 

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

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

sees. ; and 41 T. 18 11. 1 R. 6 E., vith 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 • 

7 



The northern segment of Frijoles Mesa slopes gently eastward 

fran Bll altitude of about 7,200 feet near the western edge o:f TA-1~9 

to an altitude of about 7,000 feet at its dissected eastern end. It 

is bounded on the north by Water canyon, which has been cut 300 to 1100 

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

floor is 100 to 200 feet below the relatively flat 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. 

Grama grass predaninates as surface cover, and o. few scrub oak, mostly 

shinnery oak, grow in isolated patches. 

Water and Ancho Canyons drain eastvard and are almost parallel. 

T'oey empty into the Rio Grande in White Rock Canyon. 'Water Canyon 

heads on the slopes of the Sierra de los Vall.es. In the reach of 

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

origin occurs. Ancho Canyon heads near the entrance to TA-l1-9 {fig. 6) 

and does not contain a J)erennial stream in its upper reach. 

Drainage channel.s on the mesa trend generally east-southeastvard 

with the gradient of the mesa surface, and many minor channel.s 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 minor drainagevays empty runoff into 

Jl.ncho canyon to the south. 
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Previous vork 

Geology and ground-water co:cditions in the Los Al.amos area 

have been studied by the Geological SUrvey and the Atomic Energy 

Commission under a cooperative- program since 1949. A:n. adminis--:.rative 

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

the geology of Los Alamos County. SUr:f'ace geology on figure 4 is 

taken mainly :from Griggs 1 geologic map 1 and stratigraphic nomenclature 

proposed by Griggs is used in this report. 

The geology and ground-water cond.i tions in Los Alamos County 

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

which appraised several areas as to the feasibility o:r the e:-..-peril::lenta.l. 

vork. 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 water, 

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

by radioactive materie.le that vould be burled 30 to 120 feet below' 

the surf'ace of the mesa.. Tbis report describes the geology and 

hydrology of the me&&. at TA-49, vi th emphasis on the rocks vi thin 

about 100 feet of the surface, particulArly their hydrologic properties. 

The investigations having to do vith the possibility that 

contaminants might be leached from the rock in vhich they were 

emplaced consisted of geologic mappillg, subsurface geologic studies, 

observing and advising on drilling operations, interpreting geophysical 

logs of holes, conduct iDs pumping tests, and making water-level 

measurements in veils. Rock samples vere 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 infonnation that could not be obtained later. .lfbe !amples 

have been catalogued and are stored in the Geological Survey office 

at Los Alamos and are available to interested parties for future 

study . 

··-7'- I I 
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The tuf'f e..'Cposed in TA-49 had previously been mapped as a single 

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

subdivide the rock into seven informal stratigraphic units. Six of 

these UDi ts are exposed in Water Canyon and are recognizable in the 

' 

subsur:f'ace beneath Frijoles Mesa on the basis o:f cores, drill cuttings, 
StJ8 

or geophysical logs. The seventh un1 t is known only in the 1\ surf'ace. 



• Inf'o~tion on the nain u..:1ui:'cr of the :L.os Ala.I!lOs area, ·,;hich 

is 1,000 to 1,200 feet below the meoo surface, \olaS obtained froo 

three deep test vellz. (The main aquifer in the Los Alamos area 

is the zone of ca.tu...-ation in the Wldifferentiated unit of the 

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

aquifer seems to rise west.....a.rd. into the upper un1 ts of the Santa Fe 

Group and the Tschicorna Formation. However, the water in the 

upper part of the Santa Fe Group and the Tschicoma Formation r!lB.y 

be perched. The lzater in the main aquifer i:::; ':..!I'.der artesian 

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

fro~ drill cuttings, geophysical 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 movement in the principal aquifer. 

The results o:f laboratory investigations of physical and 

chemical characteristics of the rocks and chemical analyses of 

groW'..d-·Hater samples are tabulated in order to ::nake them readily 

available for future study, but a detailed interpretation of these 

data is beyond the scope of this report • 

• 13 
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Techniques used and data collected 

Most phases of the project vere carried on simultaneously. 

Cores were described at the dril.l..i.ng sites. Drill cuttings were 

examined with a binocular microscope during periods when other 

operations vere not pressing. Pumping tests vere run on veils D'l'-5A, 

M'-9, and DT-10 to determine veil per:forma.nce and aqui:fer characteristics. 

The locations of wells, large-diameter holes, and test holes 

used in this report are listed in the folloving table. 

14 



• TA- 49 A3Jalir. Los Alamos grid locations; ~ ~ f.,~ t- lc • f, s.. 

(See i"igs. 6 and 2J • ) 

Deep vells 

IY.r-5P 111 + 32 south 94 + 36 east 

IY.r-5 110 + 99 93 + 03 

M'-5A 111 + 47 93 + 03 

IY.r-9 142 + 81 131 + 27 

DT-10 115 + 27 129 + 94 

Exploratory large-diameter holes 

Alpha 111 + 16 sout..'l 97 + 54 cast 

Beta 83 + 63 91 + 89 

Gamma and Gar.li:IB ''A'' 133 + 20 104 + 00 

• Core boles 

CB-1 104 + 98 south 84 + 57 east 

CH-2 105 + 70 97 + 85 

CB-3 114 + 94 82 + o6 

CH-4 120 + 35 95 + 68 

Shallo•.f holes for moisture measurements 

lll-1, 2, 3, and 3A 105 + 00 south 84 + 00 east 

2M-l, 2~6lld 3 1.06 + 00 98 + 00 

.!M-1, 2, and 3 115 + 00 82 + 00 

l.!M-1, 2, 3, and 4 120 + 00 96+00 

5M-1 111 + 32 94 + ;6 

5M-2 111 + 05 92 + 38 

• 6M-l 102 + 15 68 + 83 

9M-l 116 + 67 88 + 44 

14n 



Los Alamos grid locations - Conti:: . .1Ued. 

Sb.aJ.lo"il holes for moisture measureoents - Continued 

113 + 4o 98 + 15 

117 + 02 104 + 57 

113 + 93 100 + 4o 

101-1-1 104 + 96 110 + 31 

lOM-2 104 + 54 lo8 + 6;1 

Large-diameter holes used for e..-.cperilne..."'lto.l purposes by the Lo:::; Ala.'1l0~ 

3cientific Lo.borotory. Layout of holes in areas sho>m on f.=..eure 2. 

Area 1 105 + 00 GOUth 34 + 00 east 

Area 2 1o6 + 00 98+00 

Area. 3 115 + 00 82 + 00 

Area 4 l20 + 00 96 + 00 

Area 10 105 + 00 109 + 00 

/II f-J,O qJ.-t-~0 

/'fS + o o /OJ..+- cto 

) 



• 1-•,. f, • ..._ ,. t w• II ,· .... 
'l'he Los A1aoo s area, by section, tmm.shiu -' range 

(See i'i[;. ~.) 

T-11 1ft sec. 20, T. 19 n., R. 7 E. 

T-2 I ~A sec. 14, T. 19 N., R. 6 E. 

T-'lj sec. 13, T. 19 N., R. 6 E. 

T-4 sec. 16, m 19 N., R. 6 E. ..... 
H-1 ,, 

-.; sec. 'l. 7, T. 19 H., R. 6 E. 

L-3 sec • 14, T. 19 n.: R. 7 E. 

• 
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SUrfa.c e mappir..g 

Geologic mapping on aerial photogra:phs vas begun early in December 

1959. stratigraphic relations vere established in the area of maximum 

exposures on the south vall of \inter Canyon. 

The exposures vere examined about everJ :100 to 500 yards to make 

certain of adequate control. Contacts vere referred to the cany vertical 

control points established in the field by Laboratory personnel engaged 

in mapping TA-1t9 topographicall.y. Control points vere located on the 

aerial photographs ,and geologic contacts vere d.ra'wn on the photographs 

(scale 1:7 ,000) in the field by stereoscopic methods. 

IS" 
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The unit contacts on the photographs did not completely agree with 

the topographic contours. Therefore, the geologic contacts vere 

adjusted to agree w1 th the topographic base map. The geol.ogic map 

is suff'icientl.y accurate for all purposes anticipated. Segments of 

many contacts were drawn through areas where rock exposures are poor, 

and in these areas the contact alinement cay 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 va:u.s of canyons, and o. fev 

places in the bottoms of arroyo cllSmlel.s • 

lb 
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Test drilling 

Thirty-seven exploratory holes were drilled ranging in depth 

from 7 to 1,821 feet and in diameter from 2 inches to 2 feet. The 

five deep test wells are designat.ed by "DT" and the number of a 

nearby area. These test wells include the pilot hole, DT-5P1 and 

the wells DT-5 1 DT-5A 1 DT-91 and DT-10. Three holes, arbitrarily 

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

on top of the mesa, in \-iater Canyon and in Ancho Canyon. A core 

hole was drilled in Areas l through 4 (fig. 2). These holes are 

desit,-nated by "CH" and an area number. Twenty-five sho.llow test 

holes were drilled with a wa~on drill. These are designated by 

the number of the nearby area, a "M" fur ''moisture" to indicate 

the purpose of the holes, and the number of ~~e hole in the area. 

-I 
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Deep 'Wells 

Five wells vere drilled to obtain hydrologic 3Ild geologic 

information about the main aquifer. The vells "Yrere located to 

give the videst distribution or subsurface geologic control and 

the best hydrolo6ic control (fig. 6). Consideration •ns given to 

choosing the best sites ror monitoring grou_~ w.ater ror posaible 

contamination. 

Well DT-5P, just east of Area 5, w.as an ai.r rotarJ hole 

drilled to determine the presence or absence or perched Yater 

(saturated zones above and separated from t.h.e main aqui:f"er) • It 

was completed at a depth of 692 feet as a d...-y hole. 

Well 11.!'-5, about 50 :feet west of Dl'-5P, was unsuccessful. It 

was drilled 'With air rotar'J equipment. The air return w.s mstly 

lost into cracks and crevices in the tuff', and the hole w.s 

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

vere obtained, and these '-~ere not described because samples i'rotl 

nearby well Dl'-5P had already been described. Three side-wall 

6ai:Iples were taken from depths of 390' 490' am 500 feet to 

obtain undisturbed saoples from that interval to supplement 

unsuccessful vertical coring in Areas 1 and 2 . 

18 



) 

Well DT-5A, 50 feet south of -. .-ell M-5, ws drilled with rotary 

equipment, using mud as a drilling fluid. Circulation w.s very poor 

in the upper 520 feet of the hole. Tvelve-inch casing was installed 
( ~ll81. (. I) 

and cemented at this depth. Belov 520 feet, circulation ws 

maintained a.nd cuttings samples "Were obtained to the total depth of' 

1,821 feet. 

l't 
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Well DT-9 (fig. 6) w.s begun as a 20-inch hole using cable-tool 

equipment. The hole ws reduced to 16 inches at a depth of 395 i'eet, 

and drilled at that diameter to a depth of 1, ,:>0 feet, at "Which point 

it w.s logged geophysical.ly and then cased '\lith 12-inch pipe. An ll

inch hole ...as drilled fl-o:n 1, 300 to ll501 feet llnCl an J-inch li.ne!~ "'as 

installed (table 2) . 

Well I:Y.r-10 (fig. 6) w.s drilled vitb cable-tool equipnent 16 

inches: in diameter to a depth of 1,125 feet belov the land su...-f'a.ce, at 

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

from 1,125 feet to 1, 4o8 feet, and an 8-inch liner w.s installed 

(table 5) • 

20 



) Table 1. --Casing schedule for ''ell DT- 5A 

Altitude of land surface 7,143.32 feet 

Description Depth belovr Length Altitude of 
land surface (feet) top of section (Ju r-) l~~c ~) 

Ton Botto!!l Slotted Blank 

12-inch I. C. casing 

Elan."- +O.)V 519.7 520 7,143.62 

8-inch I. D. casing 

Blank +. 5i./ 1,171. 5 1,172 7,143.82 

Slotted 1, 171.5 1, 191.5 20. 5,971.82 

Blank l, 191.5 1,279-5 88 5,951.82 

Slotted 1,279-5 1,289.5 10 5,86).82 
,) Blank 1,289-5 1,335-5 46 5,853.82 

Slotted 1,335-5 l, 381.5 H6 5,807.32 

Blank l, 381.5 1,415-5 34 5, 761.82 

Slotted 1,415-5 1,445.5 5,727.82 

Blank 1,445.5 1,535-5 90 5,697.82 

Slotted 1,535-5 1,555-5 20 5,607.82 

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

Slotted 1, 591.5 1,615.5 24 5,551.82 

Blanl\. 1,615-5 1,635-5 20 5,527.82 

Slotted 1,635-5 1,655-5 20 5' 507.82 

Blank 1,655-5 l, 708.5 53 5,487.82 

Slotted l, 708.5 1,728.5 20 5,1~34.82 

) 
/ See footnote at end of table 

2.1 
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Table l..--Casing schedule for Hell DT-5A - Continued 

Descrip'tio:J. 

To:J 

Depth belo•·i 
land surface· 

,-_;.e~+-' ~I I 

Bottom 

Length 
I ~ ) :.. ree't 

Slot"Ced Blank 

8-inch I. D. casing - Continued 

Blank 

Slotted 

Blank 

Slotted 

Blanl~ 

Bottom of hole 

1,728.5 

l,74o.5 

1,750.5 

1,768.5 

1,788.5 

l,74o.5 

1,750.5 

1,768.5 

1,788.5 

1,819.5 

Total 8-inch I. D. casing 

10 

20 

220 

.j..J Extension of casing above land surface . 

22. 

12 

31 

1,6oo 

Altitude of 
tou of section 

- :1eet) 

5,414.82 

5,4o2.82 

5,392.82 

5,374.82 

5,354.82 

5,323.82 



Table 2.--Casing schedule for well DT-9 

Altitude of land surfe.ce,6,937.32 

Description Depth below Length Altitude of 
land surface (feet) top of Gection (:7e•t J (_ ·{n: e I") 

TOE Bottom Slotted Blank 

12-inch I. D. casing 

Blank +2.0.!/ 819.0 821.0 6,939-32 

Slotted 819.0 878.8 59.8 6,118.32 

Blank 878.9 903.2 24.4 6,058.52 

Slotted 903.2 934.5 31.3 6,034.12 

Blank 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 1,03().4 34.0 5,934.92 

Blank 1,036. 4 1,057.4 21.0 5,9()0.92 

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 

Blank 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 5,6o4. 32 

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

~ See footnote at end of table 
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Table 2.--Cazing schedule for well DT-9 - Continued 

De:::cr::.ptior-. 

Swage 

Slotted 

Top 

Dep-ci1 -;:;.elc ..,., 
land surface 

( ~e4.t' 

Bottom 

8-inch I. 

1,313.1 1,317.2 

1,317.2 1,500.0 

Bottom of 8-inch I. D. casing 

Total 8-inch I. D. casing 

Le:-J.gtn 
(feet) 

Slotted Blank 

D. casing 

4.1 

182.8 

182.8 4.1 

Altitude of 
top of sect:.:::m 

({ee{) 

5,624.22 

5,620.12 

5,457.32 

Top of 8-inch casing Si~e to 11 inches 0. D. and run as liner to total 

depth of 1, 500 feet, 1-rhich telescopes 19.9 feet into the 12-inch casing. 

~Extension of casing above land surface • 



Table 3. --Casing schedule for "\Jell DT-10 

Altitude of land surface 7,019.41 

Description Depth belo•r Length Altitude of 
land surface (feet) top of section 

(:jt:.•i J l~ ce r J 

ToP Bottom Slotted Blank 

12-inch I. D. casing 

Blank +1.9!./ 1,078. 4 l,08o.3 7,02l. 31 

Slotted 1,078. 4 1,128.0 49.6 5,;;:41.01 

Bottom of 12-inch I. D. casing · 5,891.41 

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

8-inch I. D. casing 

S"\re.ge 1,096 1,097 1 5,923.41 

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 5,813.41 

Slotted 1,228 1,258 :f) 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, :1)2 24 5, 741.41 

Slotted l, 302 1,322 20 5, 717.41 

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

Slotted 1,332 1,342 10 5,687.41 

Blanl~ 1,342 1, 368 26 5,677.41 

) 
Slotted 1,368 l,4o8 4o 5,671.41 

Bottom of hole 5 ,631. 41 

Total 8-inch I. D. casing 141 171 

J.) See footnote at end of tabl€ 2~ 
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Ta-ble 3 . --Casing schedule for DT-10 - Continued 

Top of 8-inch casing s1raged out to 11 inches 0. D. and run as liner to 

a total depth of 1,408 feet, which extends the 8-inch casing 32 feet 

into the 12-inch casing. 

!.J Projecting above land surface . 
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Explol~torJ large-diameter auger holes 

The la.rse-dia."'lle ter holes Beta, in Uat.er Canyon, and Gamna, 

in .Ancho Canyon (fig. 6) , ilere drilled with a. bucket auger, ::lainly 

to determine ;.fuether :!,:>erched ;..uter ·.m.s present beneath the canyon 

·bottoos. ':'he large-dia.":leter hole Alpha. •.•as:; drilled on tl--.e r. .. esa. 

surface prinai'ilY fo:i.· geologic in1'ortl8tio~•· 

Beta. hole \.US dl·illed 2 feet in diameter t..o a depti1 of 1J.J 

feet. 'l.'b.e :b.ole ·..ro.s dry. Ga.r.1ma hole ·was drilled 2 feet i:-~ dia::!leter 

out 'Was abandoned o.t s. depth cf 7 l'ect because of -che hardncs::; of 

the tuff, and. a nearb;:.· :;-inch hole called G:J.mr"..a. A -w-as d::::-illed to 

a depth of )4 feet ,,;i th the wgon drill. The hole 'ro.s dry. 

Alpha bole ;:a:; drilled 2 feet in di~eter t.o a depth of 18~ feet 

to obtair. Geologic information. The hole ·r;as d...-y. 

27 3.lld 28 
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Core boles 

Four core holes were drilled, one in each of Areas 1 through 

4 in TA-49, mainly to obtain 2-inch diameter core sar;xples for 

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

obtain cores f'ree of drilling !l1lld and to detect zones of perched 

w"S.ter. 

The parts of the cores DDt used in the tests are stored in 

the Geological Survey office at Los Ala.J:oos. The core holes v.-ere 

cased 'With 2-inch pipe slotted in the loYer 20 feet. Logs o:f 

the cores are in tables 10 through 15 . 
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Shall0\-1 holes for moisture measurements 

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

(fi6· 20) and two in Hater Canyon {fig. 6) for the purpose of measuring 

moisture content and the changes in moisture content vith time and 

depth. Areas 1 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 work in these areas. These 

holes were drilled with a wagon drill and are 2.5 inches in diame~er. 

They ,.;ere cased vi th 2-inch plastic pipe. 

A rough vist,;,nl log was ma.de at the time the holes · .. ;ere d.::.-illed 

by observing color changes of the air-returned cuttings and the 

general drilling conditions. These logs are plotted beside the 

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

Holes \</CM-1 and i>/CM-2, in · •. :ater Canyon, were drilled with a 

vagon drill using air as a cuttings carrier. These borings penetrated 

water in the thin alluvium at the level of water in the nearby stream, 

and air drilling could not be continued. The holes were drilled 

about 2.5 inches in diameter and cased with 2-inch plastic pipe; 

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

length; WCM-2 vas cased to 9.4 feet with perforations in its lower 

6 feet. 
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Geophysical logs 

Electrical, radioactivity, temperature, and sonic logs were 

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

in Areas 1 through 4. (See figs. 54A-62B.) 

Most of the logs were run by SchluCberger Well Surveying 

Corporation. Grumna.-re.y logs in the completed core holes uere run 

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

., 'diameter. The Survey r:.lso gamma-ray logged the lover 307 feet of 

well DT-9· 
P~>n•••p 6 / w• fe.--6~ .... , 1 

The elec~rical logs were used primarily toAselect ~ones~ 

t;Feateet ...pe~eb1 1 j t:' for setting perforated casing. To a lesser 

extent these logs \Jere used to select stratigraphic contacts • 

Induction logs and le.terologs were run on wells DT-5A end DT-9. 

Induction logs ~ere ~n on well DT-10 and Alpha hole. The induction 

logs were not -..;seable because of the very hig.l-1 resistivity of the 

rocks penetrated and the large diameter of the bore holes (especially 

Alpha hole) • 

-, 
)-



Laterologs ,.,ere run in vrells DI'-5A and 11r-9 because of their 

better definition of units in ro~s of high resistivity. The laterolo~; 

strildngly indicated the position of volcanic flows interbedded 1n the 

Santa Fe Group (figs. 55D and s6D); however, in the Bandelier Tuff at 

>rell DT-5A, the laterolog apparently did not define lithologic 

boundaries that were indicated on the other geophysical logs. A 

micro log and caliper log vTere run on well :rt.r- 5A. 

The radioactivity logs, mainly gamma-ray, were the most useful of 

the logs for picking geologic contacts. The garlr).a-ray log yielded 

useable results in holes that contained no liquid or were only partl-y 

filled and holes •n th casing installed. The only geophysical log of 

the lower 307 feet of DT-9 "Was the gamma-ray log run 'Wi tb Geological 

Survey equipment. A study of this log showed changes in gamma ra.diat!..: -_ 

sufficiently vrell to aid in accurately choosing contacts between 

stratigraphic units penetrated by the well. 

Temperature logs were run on wells 11r-5A, DT-9, and Dl'-10 to 

obtain the general geothermal gradient and temperature of 'mter. 

Sonic logs were run only in holes or parts of holes containing 

liquid; consequently, these logs were run in only IY.r-5A, IY.r-9, and 

D'I'-10. The sonic logs were used to a limited extent in corroboi'f'lra!A'tt:-t'hng"!t'r----

the upper and lower boundllries of hard layers of volcanic rocks in 

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

of porosity. 

52 



• 

• 

• 

Data on the interval bet~een 300 and 500 feet belc~ the cesu 

surface was almost entirely de~ez~ned from the geophysical logs. 

The logs vere also used to make more precise determinations of 

stratigraphic contacts • 

33 



Down-hole ~pping 

A large nwnber of holes in Areas 1 th.""''ugh 4 and in Area 10 

were dug with a bud{et auger as part of the experiments conducted 

b:.' the Los Alamos Scientific Laboratory a.t TA-4y. These holes ',.;ere 

3 to 6 feet in diar:leter and lf9 to 108 feet in depth. ~hirty-nine 

of the holes were inspected in the course of this investigation ~Jd 

detailed geologic maps were made in 19 of the 39. This provided an 

opportuni t~ to exa":line the structure and li tholoey of freshly 

exposed tuff and provided information on the post-depositional 

histor:,· of the tuff az ·.,.ell as a basis for interpretations of 

water novement. 

Figures 15-lo contain the geologic oaps of the holes, and 

table 26 include~ reconnaissance notes on the holes that were 

inSpected but not oapped. The sy::;ter:J of dezigntlting the hole£ 

and the location of the ones that were inspected are shown en 

figure 2. ~ese holes are numbered accordil16 to area and are -
Figure 2.--La_.·cut of large-diaoeter holes in Areas l, 2, "'' 

4, and 10 showirl6 hole::; mapped and described. (Areas are 

shmm on fip'"'Ure 6 .) 

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

mapped earl:.· in the stud~ as a )-foot diameter hole and later 

was eY~ined in reconnaissance as a 6-foot diameter hole. 
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The down-hole maps were plotted in the field on tubes covered 

with ruled cross-section paper at a scale of 1 inch equals 2 feet. 

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

report • 

3S 
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E:a.r:ple~ ·...-ere collected at ~-f00t i:J.terv-als in the holes that 

were napped for possi1Jle future stud:; . The samples were hand

specimen siz.e and -..;ere collected at ra.ndo:n from the hole 're.lls. 

C~ttin;;s :::aza:pl~s of each 5-foo't. interval also rrere ootai.n.ed i'rm:l 

the~.>·e hole::; • 



• 
il'Jl!lerous a.r-..alyses '"ere r..m on t.he sar~ples that '-<ere cc.Jllected 

at TA-lf9 ·to obtain data on the -ph:; deal c.ha.:roc.teristics of t~1e t.'-lff 

and coil. Sa."nplii' .. g \;as most intensive ::.a the :i.~ter-:m.l bet.·..;ee;~ _:;v 

nr.d. 120 feet beneat::l t!le surrace o:l.' the ::1esa. Physical-:?ro:nertics 

test.s and mineralogic and chemical analjse.s of rocks Here ;:ua.dc b:. 

Bucha.r..an e.nd. Associc.tes laboratories. Son};)les of rocl~ ·-rere 

analyzed ::i:l.eralocicall:-,- and c..:.1ecical2..: b:-,· lacoru:torie~ o~ t:.he 

Geologics.l 3Ltr're:,• ( ~bl$ 14, 15, anU. 16). 

Hyd:::-olczic anal:-, .ses \;ere ru11 u.J the Geologlca.l 3urvej on ;6 

rock samples to aid i:::1 evaluati!lg Hater moveiJent in t.he zone of 

• 
aeration (table 17) • 

• 
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Tests and analyses of rock samples 

5pencer ~· Buchanan and Associates 

About 1.50 sampl.es of rock from 'l'A-49 were tested under the 

direction of Buchanan and Associates 1 consulting engineers, Bryan, 

Tex. Tests perfonned 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 fo;r about 30 

samples, mostly 5-inch cores from the valls of the large-diameter 

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

from the 1+ core holes, and particle-size distribution vas determined 

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

Chemical (spectrographic ) and mineralogical analyses vere run 

on 9 of the core samples for which per-meability vas determined. 

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

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

and analyses vere transmitted to the University of California. Laboratory 

at Los Alamos. 

Health Division - Group ~-1 

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

diameter side-vall cores end unconsolidated samples from the large

diameter holes, and air cuttings from the core holes vere analyzed 

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

~!tee er'f ~ill-cuttings sampl.es from hole tll'-5P1 wells Ul'-5A, 
rtr-9, and I1.1'-10 vere studied vi th a binocular microscope and described. 
The air cuttings from hole DT-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 vhen they were collected, and 
descriptions vere made of the damp sampl.ea 'Without :f"urther processing. 

Bucket-auger samples from Alpha and Beta hol.es were examined w1 th 
the binocul.ar microscope and described. The bit-ground cuttings and 
chunk samples, if available, were examined. SeiDe friabl.e intervals 
in these bol.es did not yiel.d chunk aempl.es • 

Mineralogic and chemical anal.yaea vere run on 16 samples by the 
Geochemistry and Petrology Branch. Two of the 16 samples a.nal.yzed 
chemically by the rapid-rock method (Shapiro and Brannock, 1956) 
also were analyzed by the classical. method (H111ebrand, 1900) as a 
check on the relative accuracy of the rapid-rock analyses. Tabl.e 4 
lists the samples and types of analyses made of each • 



\..-; ·.J .J 

Table 4.--Rocl~ srnnples for petrographic, chemical, spectographic, and x-ray analysis by the Geological Survey. 

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

MineralOfiiC Ra_Eid rock classical ~s~ctrosra,Ehic~ (diffractometerl 

1~~/.i72 ( 28212 3 }::.1 ) 2-U 52 X X· X X 

)'(j ( 124 ..!/). lt-A 85 X X X X 

57lf ( 125 ..!/) 2-Y 78 X X X X 

~29 CH-1 45-5 X 

9)0 2-H 30 X X X X 

931 Cll-2 65 X 

932 CH-2 130-132 X X X X 

933 CH-3 54 X 
-t 
0 

934 CH-3 100 X 

935 lt-Y 78 X X X X 

936 CH-3 46.5 X 

937 CH-4 83 X 

l5b056 CH-1 38-4o X X X X 

057 3-Y 105 X X X X 

058 3-C 58 X X X X 

059 2-H 58 X X X X 

, I u ..• ~l--~~ n~n~ .......... ;t ,..,,...," .p,...,.. r.n.,. ... +.,..na-rAnhif' l'lnAlvRiR. 
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Determinations of permeability, porosity, specific yield, 

specit'ic retention, and moisture content were made on most of the 

36 samples analyzed by the Hydrologic Laboratory of the Ground Water 

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

determined for most of these samples. Mech.anical analyses were run 

on 7 samples. 

Approximate pH was determined on 9 samples. MOisture tension vas 

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

5 of those samples. 

Permeability determinations vere made on consolidated tuff and 

sane of the unconsolidated samples. Unconsolidated samples were packed 

(1... 

into ~ permeameter cylinder. 

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

radio-chemical and chemical background concentrations in ground water. 

Samples from I11'-5A, JJ!'-9, and DT-10 were collected near the end of 

• 
pumpil::lg tests. A bailed sample vas collected from DT-10. 

Water samples were collected during drilling and development from 

wells I11'-5A, 111'-9, and m'-10 to determine whether there might be 

chemical differences in water fran different depth intervals in the 

aquifer • 

£.!\ 



Tritiun concentration yas dete1::uned in twro samples from 

well :JT-9 and one :::a.!:lple from 1.-vell DT- 5A. One sample fro:n D':'- _..; 

'-~as ccllcct.ed fran the bailer •.men the ·.•ell ·.:ns 1, ;.25 feet d.ccp and 

the other ::.a::rplc • .. ;as collected after :.he •Jell was cc::1plctcd. •:ud ~ear 

collected :1ear the e:-~d of t.he pu.:r:r:;>i::t; test. 
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Geology and hydrology 

A detailed study of the geology of Los Alamos County w.s not 

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

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

4:; 
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A detailed study of the geology and hydrology of TA-49 vas made. 

The most important deposits in respect to the occurrence of ground 

vater are volcanic and sedimentary rocks of Tertiary and Quaternary 

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

sur:f'ace; however, three deep teat vella have been completed ill rocks 

of Tertiary age that are e.."'C'posed elsewhere in the Los Alamos area. 

In TA-49, rocks of Quaternary age are not less than 1 1 000 feet thick 

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, Nev Mexico. 

of rock un1 ts and the general structural relations of the rocks or 

hydrologic importance are shown on a geologic cross section (f'i~ 5) 

Figure 5.--Geologic cross section through Frijoles Mesa ~ the 

Pajarito f"ault to the Rio Grande. Location is shown on figure 4. 
Descriptions of' units are shown on figures ll and 6. 

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

geologic map. 
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The rock units described in this report are (ascending): the 

Santa Fe Group of )!idclle(?) Miocene to PJ.eistocene( 'l) age, the volcanic 

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

the alluvium of Pleistocene and Recent age • 

45" 
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Santa Fe Group 

""' 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 Tota.vi Lentil and the fanglomerate member; and 

the lower tva units of the basaltic rocks of Chino Mesa. 

The undifferentiated unit 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 highl.ands to the north but may have been derived, in 

part, from the Sangre de Cristo 1-t>untains to the east. The undifferentiated 

unit crops out aloiJg the Rio Grande and in Los Alamos and Guaje 

Canyons. It is present in the subsurface under most of the Pajarito 

Plateau. 

The Puye Conglomerate consists of a thin basal r1 ver gravel 

overlaid by fan deposits of intcrlayered 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 o 

These gravels were deposited on the broad flood plain and channels 

of a large river, and they 'tledge out east'W'S.l"d and westvard at the 

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

Totavi Lentil are called the :f'angl0r.1erate member and are composed 

' 
of debris derived from volcanic rocks, mainly lati te, quartz lati te, 

and andesite, which crop out on the Sierra de los Valles to the west. 
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The Totavi Lentil of' the Puye Conglomerate ~onfor.cably overlies 

~ the Wldif:f'erentiated unit along the Rio Grande and ~onf'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 southwrd along the Rio Grande to a point below the mouth of' 

Ancho Canyon, where it wedges out between the underlying undifferentiated 

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

the subsurface under most of the Pajarito Plateau. 

The fanglomerate member of the Puye Conglomerate conf'or.cably 

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

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

This mixed zone represents a change 1n source of the sediments from 

igneous and metamorphic terrane to volcanic terrane. The fanglomerate , 

member interfingers 'With the easterDmOst flovs of the Tsehicoma Formation 

beneath the Pajarito Plateau ani with the lover units of' the basaltic 

rocks of Chino Mesa. The sediments of the upper part o:f' the fa.ngl.Cillerate 

member were derived from the Tschicoma Formation, v"hich formed the high 

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

ash :falls and flows of the BaDdeller Tuff. The fanglanerate 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 fanglomerate member is exposed in the Los Alamos area 1n Guaje, 
1 

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

under most of the Pajarito Plateau. It f'orms gray cliff's on the west 

aide of the Rio Grande north of its junction w1 th Los 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 lmrer two units of the basaltic rock of Chino Mesa crop out 

along the Rio Grande south of Otowi Bridge. Unit 1 rests uncon:f'ormably 

on the undifferentiated un1 t south of Ancho Cenyon and to the north 

in-terfingers with the Totavi Lentil along the Rio Grande, with the 

upper flow of the un1 t conformable to the Totavi. To the vest beneath 

the Pajarito Plateau the unit 1 interfingers with the fanglomerate 

member and the Tschicoma Fbr.mation. 

Unit 2 of the basaltic rocks of Chino Mesa con:f'ormably overlies 

unit l and interfingers with the fanglomerate member and Tschicoma 

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

interfingers with the upper un1 t of the undifferentiated unit and 

wedges out beneath flows of unit 4. 

Unit 3 of the basaltic rock of Chino Mesa crops out in lower 

Los Alamos, Sandia, and Mortandad Canyons west of the Rio Gr8Dde and 

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

dissected surface. U'rli t 3 rests disconf'ormably on unit 2 and uncon:formably 

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

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

numbered l-5 :fran youngest to oldest. In this report the unite 

are numbered from oldest to youngest, in conformance with accepted 

stratigraphic practice. 
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Unit 1~ of' the basaltic rock of' Chino Mesa consists of' basalt 

flOilB capping the mesas south of Los Alamos Canyon vest of the Rio 

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

Unit 4 rests unconformably on the Puye CoDglomerate and the undif'ferenti-

ated unit and butts against unit ; in lower Los Alamos Canyon. 

Unit 5 of the :?asaltic rock of' Chino Mesa consists of cinder 

cones and local base.l.t flovs. It overlies Yith unconi'ormity all older 

rock in vhich it is in contact. Where the Bandelier Tuff overlies the 

basaltic rock of' Chino Mesa the contact is an unconformity. 

Only the tva lower units, 1 and 2, of the basaltic rock of Chino 

Mesa have been penetrated at TA-49. These were found in well IY.t'-10. 

OA.Je..-• 
Basaltic roc~ __ of' Chino Mesa ~ not present in other wells that 

penetrated the same stratigraphic sequence. 

The old alluvium consists o! clays and gravels and is present on 

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

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

It vas deposited unconformably upon the Puye Conglomerate. The old 

alluvium is overlaid unconformably by the Bandelier 'lUff. A flaw, 

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

all.uvium vest of Totavi. At the north end of' Chino Mesa it is overlaid 

unconformably by the flows of unit 4. As the ol.d all.uvium ~ not 

.IU.r fir e. ,. 
present at TA-49, it is not discussea; 
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Physical characteristics 

The Yndifferentiated ~nit of the Santa Fe Group is composed of 

friable to moderately well-cemented beds of light-pinkish-gray to 

light-brown siltstones and sandstones with some conglomerate and clay 

lenses. Bedding is generally poorly developed except for horizontal beddine 

found locally in the fine-e-ra.ined material. The sand-size detrit-us is l:lB.de 

up dominantly of ~~rt~ and feldspar and minor amo~ts of chalcedony, 

biotite, muscovite, and magnetite. RocK fragments consist of rhyolite, 

~atite 1 gneiss, schist, limestone, and ~uartzite. The fra~Eents of 

quartz, feldspar, 6Ileiss, schist, ~uart:z.ite 1 and limestone were derived 

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

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

tuff 1 and pumice; were derived from the west and occur mainJ.:y· in the 

upper part of ~he unit. 

~---------------------Cuttinos from the undifferentiated 

DT-9 1 and DT-10 (tables 51 6, and 7) are a. mixture of easterly and 

weste•·ly derived sediments containing 'lL•artz., feldspar, '-i,l!artzi te 1 la ti te 1 

rhyolite, and pumice. 
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At '.C.ll.-~9 three ·..;ells, TY:r-')A, Ilr-9, and DT-10, are bottomed in 

the unit. Hell IY:r-5-r\ penetrated 294 feet, DT-9 penetrated 144 feet, 

and DT-10 penetrated 7 feet. In well DT-10 the lower r feet of the 

boring ~as aaeiened to the unit by interpretation of electrical and 

gamma-ray-neutrcn logs. The total thickness of the unit in the region 

exceeds 2,400 feet, based on well information and exposures in lower 

Los Alamos Can..von (fig. 4). 

The undifferentiated :mit prcbably thins t.o the east E-nd west 

to;.;a..cd the lllB.l.'.gins uf Rio Grande trou6}l in the region. Tb.e west 

botmd.ary of the t=o~e;h is net Yell known b1..<t may pass th=u~Gh t:ae 

approximate longitude of' Valle Grande. The upper surface of the 

undifferentiated unit a.pp reo LJ > slopes abo~t 1 debi"ee south\;a.rd in 

the TA-49 e.rea • 



Table 5.--Sample log of well DT-5A 

Drilled by rotary vith mud for carrier 

'lbtal depth 1,821 feet 

Ccmipleted pilot hole January 25, 1960 

Altitude of laDd surface 7,143.78 feet 

Thickness Depth 

Bandelier Tuff 

Tshirege Member: 

Sidewall cores :fran hole I7.r-5: 

Unit 1B 

Tuf'.f, lie;ht g;pay te light-pinkish

gray, highly friable; greenish 

glass shards; rh:yoll te rock 

fragments ----------------------

Unit lA 

'.fuff, light gray to light tan, 

pumiceous ----------------------

'1\lf.f, light gray to pinkish gray, 

pumiceous, apparently friable --

S/ 

{feet) {feet) 

370 

500 



• Table 5. --Log of vell D'l'-5A - Continued 
.....-~ 

Thickness Depth 

(:feet) (feet) 

No samples recovered due to lack of circulation --- 520 520 

Unit 1A 

TUff', light-gray to light-pinkish-gray; 

quartz and sanidine crystals and 

:fragments; mafic minerals in fine-graine:C. 

ash matrix; light-yellov1sh-gray pumice 

vi th cellular structure; light-red 

rhyolite rock :fragments occur fran 

• 560 to 641 feet; light-gray rhyolite 

rock i'ragments occur f'rom 58o to 641 

feet; fragl:lents of light-gray siltstone 

occur from 610 to 615 feet --------------- 121.± 641 

• 
5Z 
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Tabl.e 5. --Log of' well I1.r-5A -pontinued 

Bandelier Tuff' - Continued 

Otowi Member: 

'1\ltt, light-gray, pumiceous; quartz and 

sanid1ne crystal.s and fragments vith 

minor amounts of mai'ic mi.neral.s in a 

fine-grained ash matrix. Light--~ 

dark-gray and light-red rhyolite; 

light-red and gray latite; white to 

light-gray pumice :fragments throughout 

Thickness 

(feet) 

Depth 

(feet) 

member ------------------------------··-- 198 839 

Guaje Member ; 

Pumice, light-gray 1 contains same rhyolite 

and latite rock fragments --------------- 91 

Santa Fe Group 

PUye CODglamerate 

Fanglomerate member: 
\ 

Conglcmerate composed of rhyolite, 

lati tee , a.ndesi te ( ? ) , and light-

col.ored igneous debris. other rock 

fragments incl~e light-red sandstone, 

pumice, and light-tan clays. SaDe 

~rels appear vell rounded -------- 237 

53 

930 

1,167 



• 

• 

• 

Tab~e 5. --Log of vell I11'--5A - Continued 

'nlickness 

Tschicoma Formation 

Ulldiff'erentiated lati te aDd quartz ~ti te: 

Lat1te now rock, light-gray to dark

grayj inter:f'lows of greeni.sh-gray 

siltstone, rhyolite, and tu:f'f f'raglllents 

and clays occur :fran 1,22~ to 1,225 

(feet) 

f'eet and fran 1,259 to 1,261~ feet ----- 126 

Santa Fe Group 

Puye Conglanerate 

Fanglanerate ~er: 

Conglanerate caJipOsed of rhyolite, 

~tites, andesites(?) and light

colored igneous debris. Other 

rock fragments iDClude light-

gray and white siltstone; light

gray and greenish-gray sc..ndstone. 

Sane fragments appear well rounded. 

Light-gray ash containi.Dg sane of 

the above rock fragments occurs 

tram 1,1~~5 to 1,431 feet --------- 138 

Depth 

(feet) 

1,293 

1,431 



_) 

Table ;.--Log o£ well DT-SA- Continued 

Tschicoma Formation 

Urldif:ferelltiated lat1 te and quartz lati te: 

Latite now rock, dark-gray, sane of' 

appears glassy -----------------------

Saiita Fe Group 

Puye CoDgJ.omerate 

FangJ amerate member: 
~ 

Thickness 

(feet) 

Conglomerate consisting of rhyolite, 

lati te, and other igneous debris; 

light-gray sandstone and brown 

clay ----------------------------

Totavi Lellt11: 

Conglomerate composed of bull 

quartz, quartzite, and tlllch 

grani. tic debris. Also abundant 

volcanic rock debris; gray and 

brown sandstone fragments ------- 52 

Depth 

(:feet) 

1,457 

1,475 

1,527 



• Table 5.--Log of vell I11'-5A - Continued 

Thickness Depth 

(feet) (feet) 

Undifferentiated un1 t: 

Siltstone and sandstone, light- pinkish-

gray, yellow and brown w1 th lenses o:f 

conglomerate; arkosic is some zones but 

containing much volcanic debris. Light-

gray and brown siltstones occur :from 1,555 

to 1,58o feet; pumiceous zones from 1,585 

to 1,595 feet and 1,760 to 1,780 feet. 

• Cuttings are finer :rran 1, 775 to 

1,820 feet -------------------------------- 294 1,821 

• 
5fo 
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Table 6.--Samole log of vell I1l'-9 

Drilled by cable tool 

Tbtal depth 1,501 feet 

Completed February 19, 1960 

Altitude o~ land suri'ace 6,937.3 feet 

Thickness 

(feet) 

Bandel.ier Tu.f'i' 

Tshirege Member 

Unit 4: 

Tuff 1 light-brcn.mish -tan, welded; 

cocposed of quartz and sanidine 

st.al.s and fragments; light-gray 

sy and gray rhyol.ite in an ash 

mineral.s; 

-yellowish-gray pumice fragments 

dark mafic minerals parallel to 

cellular structure of' the pumice; 

or amounts of clay veathered :from 

ce fragments occur 1'rom 1,8 to 58 

S7 

58 

Depth 

(feet) 
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Table 6.--Log of well DT-9 - Continued 

Bandelier Tuff' - Continued 

Tshirege Member - Continued 

Unit ,. 

Tuff, light gray, containing quartz 

and sanidine crystals and fragments; 

f'ro.gments of' light-tan and white 

pumice und dark-gray rhyolite in 

an ash oatrix. Sanidine cl'".{Stals 

increase in quantity fran 711 to 

ll6 feet ---------------------------

Unit 2: 

T'..lf'i', light-purplish -gray, welded, 

dense; composed of sanidine crJBtnJ.s 

and f'ragments up to granule size; 

Thickness 

(feet) 

a few quartz crystals a~ :rrae;menta; 

light-gray to gray rhyolite fragments; 

matrix is gray glassy ash; green 

mafic minerals coated with un iron 

stain ------------------------------

58' 

Depth 

(feet) 

ll6 

214 



r 
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Table 6.--Log of vell DT-9 - Continued 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Unit lB; 

Tuff, light-gray to reddish-orange, 

pumiceous, containing some rhyolHe 

rock fragments. Light-gray tuff 

frau 280 to 3o8 feet contains 

sanidine; iron-stained quartz 

crystals and fragments; gray glassy 

rhyolite fragments; light-gray 

pumice fragments. Light reddish

orange tuff occurs fran ;o8 to 390 

feet and is composed of sanidine 

and quartz crystals, vi th some dark-

colored inclusions in the quartz 

Thickness 

(feet) 

crystals; light-gray and light-orange 

pumice with streaks of dark-gray 

glass along the cell structure; 

and a few fragments of dark-gray 

rhyolite. Light-gray pumice fragments 

occur 'from 390 to l162 feet ----------- 248 

Depth 

(feet) 

462 
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Table 6.--Log of vell DT-9 - Continued 

Thiclmess 

(feet) 

Bandelier TUff - Continued 

Tshirege Member - Continued 

Unit lA; 

Tuff, gray, friable, pumiceous; 

sanidine and quartz crystals in 

equal amounts; light-gray and 

gray glassy rhyolite fragments; 

some yellowish-orange pumice 

fragments included. Large light

gray pumice fragments occur from 

609 to 618 feet --------------------

Otovi Member: 

Tu.ff, light-gray, friable; containing 

light-gray and llght-p1Dk pumice 

fragments; quartz and sanidine crysta:Ls 

and fragments in a glassy ash matrix; 

light-red, gray, and glassy gray 

rhyolite; green mafic minerals. Light

red volcanic rock fragments vi th black 

and gre.y glassy bands occur from 756 

to 766 feet -------------------------- 126 

Depth 

(feet) 

676 



Table 6. --Log of well rt.r-9 - Continued 

Thickness 

Bandelier Tu:f'f' - Continued 

Guaje Member: 

Pumice, light-gray ---------------------

Santa Fe Group 

Pu~~ Conglomerate 

Fanglomerate ::!ember: 
~ 

Conglomerate, gray; composed of 

rhyolite, lati te 1 and light-colored 

igneous debris; same particles are 

fine to very coarse and appear to 

be sub rounded. Brown clay up to 

60 percent occurs :from 918 to 921! 

~eet -----------------------------

Tschicoma Formation 

undifferentiated latite and quartz latite: 

Latite and quartz latite :f±ew roek&-, 

dark9gray. Inter- flow zones from 1 1 058 

to 1,078 feet and from 1,114 to 1,1113 

feet contain latite and quartz-latite 

rock fragments; brown clay; yellow and 

(:feet) 

74 

milky quartz fragments. 1-later encountered 

at approximately l,OC5 feet ----------

&,/ 

Depth 

(feet) 

850 

1,162 
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Ta.b l ca b . --Log of well DT-9 - Continued 

Thickness 

Santa Fe group: 
;; 

Puye £Onglomerate: .. 
Fanglomerate member: 

Conglomerate, gray; composed of rhyolite 

latite, and quartz-latite fragi:tt:nts 

1-li th some of the fine to coarse 

fragments shwoing vell-rounded grains. 

Also fragments of light-gray siltstone 

(feet) 

and light-yellovish-brown clay ---------- 157 

Totavi lentil: 

Conglomerate, gray; rhyolite, latite, 

and quartzite rock fragments; minerals 

noted 1-Tere quartz, l·lhite orthocl~se, 
........... 

pink microlcline, biotite, magnetite, 

tourmaline, and chalcedony; sand-size 

particles appear subrounded to vell 

-zQ 
rounded --------------------------------- JU 

Undifferentiated unit: 

Siltstone, silty sandstone, and sandstone 

with occasional conglomerate1 light-brown; 

composed of rhyolite, latite, quartzite, and 

some puoice.----------------------------------- 144 

Depth 

(feet) 

1, 319 

l, 357 

1,501 
""' 



) 

Table ?.--Sample log of well DT-10 

Drilled by cable tool 

Total depth, 1,1~09 :~eet 

Completed ~h 13, l>-60 

.Altitude of land surface 7}019.!; i'eet 

Thickness 

(feet) 

Bandelier Tai'f 

Tshirege Member 

Unit G; 

Tuff, light-gray; rr.edium to very coarse; 

prominent sanidine phenocrysts with 

larger phenocrysts containing vhi te 

e;lobular inclusions; black maf'ic 

minerals; large assortment of 

volcanic rocl: ~nts ------------

Unit 5 ~ 

Not noted in samples. 

Unit lf; 

'I"..J.ff, light-gray to light-!'ed, '.relded; 

composed of sanidine, quartz, and 

:ca1~ic minerals with some rock 

fra.g!:lents of ·.rhi te and gray glassy 

rhyolite and brown latite ----------

29 

52 

Depth 

(feet) 

29 

81 
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Table 7. --Log o:f well DT-lC - Cor.:t.in"J..ed 

Bandelier Tuff - Continued 

Tahirege Member - Continued 

Unit 3: 

Tuff, light-reddish-brawn; containing 

sanidine .• quartz, and black and 

T'nickness 

(feet) 

13reen oafic :winerals with some rock 

fragments of gray glassy and reddish 

rhyolite 8!ld lati te. L:ight.-yello""· 

de·ritrlfied pu."TTice occ'..U"S frox:-, 128 to 

138 feet ---------------------------

Unit 2; 

Tu:ff, reddish-brcvr. to light-gray; 

contains sanidine, qt1art::, pinl: 

orthoclase, and a fev fragr.lents of 

chalcedony and sand-size rock f'rug

ments of' e;ra:y glassy rhyolite and 

latite -----------------------------

Depth 

(feet) 

138 

228 



Thickness 

(feet) 

Bandelier ~~f - Continued 

Tshirege Hember - Continued 

Unit lB: 

T'.!ff, light-gray to very li;l::t-or:;r..,;e; 

p"I..U:.iceous, contains sani.:!.ine, quariz, 

C.::-.rk ma!'ic cineral.s, .:md. feldspar 

wi t:O. r::ro::ninent alteration r!.ngs; rock 

fr~er.ts o!' r!zyolite and latite. 

La.rge pumice fre.gments occ~r !Tor.: 

3\8 to 37C :'eet. 'r:hi te to lig:Ct-

gra:i :rmmi~e vith reddish-orange 

rh:tcli te occ• . .J.r from ~~ C8 to 1t 76 feet -

Tuf.f, white to lig~t-gray, -pUl!'.iceo'..ls; 

orown stains on nanidine fragments; 

orange purr.ice fragments vit~ streaks 

of dark-bro'\m glass along cell:J.lar 

struct~; dark-green rJlfi~ minerals; 

an abundance of latite and rhyolite 

rock :r~ents ---------------------- 196 

Depth 

(feet) 

672 
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fo..ble. 7· --Log of well DT-10 - Continued 

Bandelier ~uff - Continued 

Otm;i member: 

Tuff, light-reddish-tan; '\mite, very light-

gray, and bright-orange pumice fragments; 

dark-green nafic minerals; latite, arA 

light-gray rhyolite ~ fra~ents. 

Various volcanic rocl~s vith layered 

structure occur from 754 to 765 feet 

Guaje .!Pember: 

Pumice, light-gray -------------------------

Santa Fe group: 

Puye conglomerate: 
• 

Fanglomerate member: 

Conglomerate; samples from 864 to 972 

feet contain medium-gray, gray, and 

brown latite and rhyolite fragments 

Thickness 

(feet) 

157 

35 

and pebbles; subangular to subrounded; 

large vesicular fragments of black 

basalt. Sand-size fraction contains 

sanidine and white pumice fragments - 108 

Depth 

(feet) 

829 

864 

972 



Table 7. --Log of vell DT-10 - Continued 

Tschicoma Formation 

Undi~erentiated latite and quartz latite: 

Lati te flow,~' dark-gray, vesicular, 

·1ery fine crystalline; I:Iafic minerals 

appear to be altered; unweathered 

basalt fragments are included in 

latite -------------------------------

Santa Fe Group 

Basal tic rocks of Chino Mesa 

Unit 2; 

Basalt, ~ dark-red, vesicular ----

Unit 1: 

Basalt, reddish-brown to black, dense, 

contaimng olivine, and drusy green 

minerals on same basalt fragments --

Puye Conglocerate 

Fanglcmerate member: 
~ oT 

Conglomerate, consistingAdark-gray 

lati te, red glassy rhyolite; and brown 

cla:~ and silts ----------------------

Thickness 

(:feet) 

173 

75 

Depth 

(:feet) 

1,01.2 

l,lo8 

1,281 

1,356 
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To..ol e. 7 ·--Log of 1-rell DT-10 - Continued 

Thickness 

Santa Fe §roup - Continued .. 
Puye conglomerate - Continued 

s 
Totavi lentil: 

Conglomerate, consisting of feldspathic 

quartzsite, gray and brown latite, 

and red and light-gray rhyolite ------

Undifferentiated unit: 

Siltstone, sandstone and occasional 

conglomerate; no samples recovered, 

interpretation fro~ ga~a log ---------

(feet) 

46 

7 

Depth 

(feet) 

l, 402 

l, 4o9 
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1.iater-bee.r1ne; characteristics 

At TA-49 the t<ndifferentie.ted unit is saturated, but iuasnu.:.ch 

as it is overlain by much more permeable saturated rocks, little 

could be learned about the ';Jater-bearint; cha.:-acteristics of the 

~differentiated unit from the pumpin; tests on ~ells DT-jA, DT-91 

and or-10. Several inferences can be made, however, about its 

water-bearinc prop:rtieD on the basis of its lithologic characteristics, 

and by extrapol~ticn cf conditions in the Los Alamos Canyon well fi~ld. 

Pumping tests en city supply vell L3 indL:at.ed a transmissibility of 

about 2,500 SPd (ballons per day) per foot for approximately the 
~I 

upper 1,000 feet fo.:- the unit (Theis and Conover, 19~. T'.nerefore, 

a znoderate to lO\i p.::.::meabili ty for the undifferentiated L:Ui t i3 

indicated. Variations in li tholcgic cha.::-s.cter beth latei.·all:,.· and 

vertically in the undifferentiated unit probably result. in <liffe.:-ences 

in perm.eabili ty and differences in velocity ·.11 thin the ay_,~ifer. 

Movement ~hro"...!g..'-1 beds having relatively hibher permeabili t:; \lCc:.ld 

be more rapid than throu~h less pe!~able beds. 
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Puye Conglomerate 

Totavi Lentil 

Physical characteristics 

The Totavi Lentil is a gray 1 poorly consolidated conglomerate 

made up of fragments of quartzite, schist;(, gneiss, and granite. It 

consists mainly of subrounded to vell--rounded qUE:I.rtzi te and quartz. 

Sorting generally is poor but well-sorted lenses of silt and sand are 

present sporadically. At TA-49 samples from DT-5A, DT-9, and DT-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 DT-5A, DT-9, and 

DT-10 are 52, 38, and 46 feet respectively, indicating a southeast>Jard 

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

feet. It wedges out eastvard in the vicinity of Canada Ancha and also 

wedges out in the subsurface westward~~tg. ,). 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 w.as too 2hallow to penetrate the 
(.K' .. 11. c. 

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

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

the unit w.s deposited. 



,..; 

Water-ccaring caaracteristics 

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

high porosity and permeability, and readily transmits ,.TB.ter. A 

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

-(Hf.. 
for the Totavi and,.overlying /'anglomerate :nember and included basal.t. 

The basalt probably ha.s a disproportionate effect on the transmissibility 

of the co~posite cection of rocks. Transmissibilities for the Totavi 

Lentil alone .... ere obtained elsevherc in the Los tlamos area from wells 

T-1, •r-2, and T-3. (See fig. 4.) P..unpiiJ8 tests of these wells 

indicate coef~icients of transmissibility as follows: 

'.fells Tran$11ssib111ty 

(gpd per foot) 

T-1 160 

T-2 7,000 

T-5 7,000 

?he 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 velocity of water movement in the Toto.vi is 

greater than in the undifferentiated lUJit--an inferrence that is 

corroborated by interpretation of tritium analyses discussed in a 

later section of this report. 

71 
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The heterogeneity, c~ss-beddi~S 1 and interlayering of Gilt and 

sand "'dth conglOI:lerate should result in a highly dispersive flOi-1 

pattern in the Totavi . 



) 

.) 

Physical characteristics 

Tl:c 7~lcn:ere:.te :merr.iber is a gray conglomerate, composed of 

pebbles; ~o"c.tlen, :J.nd bo:.;.lders of ~·:h:-·olite, latite, quartz latite, 

WE./1~ and pumice ::: a ns.tri;• 0~ 3ilt a:.~::l sand. These rocks ~derived 

from flows associa·t.ed vi"~:.: t:.e v0lcc.nic :::-c•:!ki: cf the Jemez !iounta.ins. 

Sorting is pe-er ~·_r'c -~.:-.e:-~ are to:1gues .::..d l~:lse.:; of' fairly well-

sorted pUI:licec.:: silt;;to::e E.!lc ·.,·.:lte:--10-i,-l pt:::U.ce in the :r.~l~erate. 
l 

The degree of ."!en:e!lt~ticn varies fro= f::-ia"ble to well ce::::!ented. T..'1e 

~.:-.glor:erute r~.e~ber contains large angular boulders in upper Guaje 

and Pueclo Cc..~·o::s .:;r~di:!:e into finer and rounded material to t~1e 

east. 

In t:.e ·t:~st·~r!! !J~l::' of L.e :?o.jari tc Platea:.:., the flo-SS~ o:!:' 

the Tscl::iccz:::J. Fo::..,-~tion c:e interbedded wi tl: ",:;;1e ,hnslOI:lerute ::lel:lber 

It :i.S 

... • ,l .L ,___ 
'.r .J.. \,.. __ tl1e Tscr.i.coma Formation in t~1e subsurface • 

well :':1:-lC: ::t iz ir~te::·:::::~"!ded also with units l ":'.d 2 of the basaltic 

rocks o:::~ c;:.::.:-.o ~:es~. The P::;·e, T.:;chie:c:::::: ,;._nd tf1.e basaltic rocks 
roiC.~ e 0 

apparentl~· ve!"2 .::~ te&. ~,... c. s~allcr,; tro··.::~l ".:.Tending soutl:Nard 
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At TA-49 well I:a-)A penetra-ceci 593 I'eet oi the ~lomerate 
3 

member. 'Hells m'-9 and DT-10 penetrated 2;u feet and 183 feet of the 

member, respectiV'ely. Known thickness ranges i'rom 209 feet exposed 

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

Canyon • 



. ..) 
'Hater-bearing chartl.cteristics 

At TA-49 the lower bed.s of "t!:e Jan_zlcmera~e member are saturated 

where they are interbedded with the Tschicome. Forcation and ~asaltic 

rocks of Chino Mesa. Elsewhere in tlle Los AJ.amos area, wells T-l.A 

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

relatively low permeability in the fanglomerate ~ember. At TA-49 

the unit probably has a moderate to lov permeability; however, some 

beds cay have high perm.eabilities and may readily transmit water. 

In general, permeability and transmissibility in the J'Snglomerate 

nember are less than in the underlying Totavi Lentil. 
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Basaltic reeks o:f' C2:ino Hescl. 

Physical characteristics 

Units 1 and 2 of the basaltic rocks oi' ·~'1ino l~esu were !'o:md at 

TA-49 in well DT-lC'. Unit 1 consists nainly o:: u recldish-bro·.m to 

black, dense basalt containing olivine. In well :tr-10 it is 173 reet 

thick and overlies the lower layer of the lar...zlomerst.e member o::' ·::.:1e 

Pttye Conglomerate. unit 2 is rr.ost:!.y a :lark-red -.-esic'..tla!' basalt. At 

vell DT-10 it overlies UDit 1 and is ::;.; ::~eet t:1.icJ:.:. It is o·.-er.l.aid by 

a lati te flov of t::1e Tschicor.ia Fo!"r..ation. 

Cll the basis of the sonic log (fig. 57D), several inte!"'vals in 

the basalt units penetrated by well DT-10 are moderately to strongly 

jointed. These intervals are: about 1,125 to 1,130 feet, vhich r:!l!ly 

be an inter:flow zone; 1,175 to 1,210 feet; and 1,254 to 1,281; :feet, 

which may be the most strongly jointed but may be partly a brecciated 

interv·al at the base of unit 1. These zones drilled somewhat faster 

than other interva.l.s in the basalt. A 22-foot interflow or brecciated 

zone at the base of unit 2 is shown by the gamma-ray log also • 

7/.o 



Water-bearing characteristics 

At TA-49 unit 1 and the lower 22 feet of unit 2 of basaltic 

'" r rock of the Chino Mesa penetrated by 1.rell DT-10 /are,\ the zone ..?f" 

saturation and see~ingly transmit considerable quantities of water 

through joints and interflow zones. About 3 miles downgradient 

these basalts are above the zone of saturation and the water they 

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 ~ps ifiiloiW,y are vesicular and thus may have a high porosity 

but largely a low interstitial permeability. Cracks and joints 

formed as a result of shrinkage commonly transmit 1vater very 

readily. The movement of water through a lab~Tinth of interconnected 

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

channels. Dispersion might be limited locally within the basaltic 
~ rocks by dense relatively impervious parts of basalt flows. Thus 

/1 

contaminants entering a strongly jointed zone might tend to stay 

in this zone for some distance downgradient. Elsewhere in the 

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

of saturation and contain perched water locally, as along White Rock 

Canyon where several small springs and seeps occur that apparently 

issue from partly saturated interflow zones. 

77 
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Volcanic rocks of the Jemez 1-iountain.s 

Volcanic rocks of the Jemez Mountains along the eastern flanks 

of the Sierra de los Valles and on the Pajarito Plateau are composed 

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

the ;younger Bandelier Tuff of Pleistocene age. The Tschico::na 

Formation consists of undifferentiated latite and q'..lartz latite 

that are flo"W 1?-GQks and pyroclastic roc.~s associated vi th the 

volcanic rocks of the JCI!lez !-fountains. They are highly fractured 

and jointed and so:oe intervals contai.'1. Yeathered zones and 

interflow breccias. The latite and quartz latite rocks are "~oo"'idely 

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

subsurface beneath t.."'le Pajarito Plateau (fig. 5). These rocks ;;ere 

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

and by test -well T-4 in the city of Los Alamos and bole H-19 i.."'l 

upper Los AlBI:lOs Canj·on. 
s•,~c ... , 

The lower part of this seFi&&. is 

interbedded "With the fanglomerate member of the Puye Conglomerate 

and also with the basal tic rocks of Chino Mesa. 

The Bandelier Tuff fo~s the Pajsrito Plateau. The Bandelier 

Tuff laps on to the ~"'ldifferentiated latite and 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 flovs, and 'Water-laid volcanic ash and pumice . 

78 and 7) 



Physical ·::haracteri.stics 

T::!e und.iffe!"entiated lati te and quartz la.ti te of the T:3cl:ica..-na 

::?or.:!Z.tion cc:rtai!ls 2..;;:.rge phenocr;.-ots of plagioclase o.:n.d m::.aller 

phenoc:::·:.rsts of qua..'"'tz, biotite, :-::.o:'Ilclent!e, o.nd a:.:gi tc in ~ i'iz:e-

gre.ined ~t::.·Lx of plagiocl3.Se, orthoclase, augite, z::agneti te, .s;.nd 

-ro.~ "i~ U.'!:Ot:.::ts of glass. ~te!"flO\l zones ccnto.i.:n t;reenis~1-gray 

sil tsto:1e, cla;,', 2..nU rock :;:~ro...gments o.f tut'.f, ~~yell te, end l~ti te. 

At TJ..-l~s~ ,.;ell DT-5.t. penetrated tvo la:,-ers cf luti te and quurtz 

latite of t~e Tscr~cOEa Fo~ticn. The ~~per layer is 126 reet thick 

und co::."tain.s tvo inter::·lov zones :, and 5 .feet t:Uck 4-~n· ; e 5-t composed 

oi' cla:.r, latite, t:.ti'::~i a.r.:.d. rhyolitic .fragments. The lover layer is 

26 feet thid:. '.-iell JJr-9 penetz-ated 0::38 :~eet of u.nlii'ferentia.ted 

latite a!ld quartz la.ti te inter';)edded iTi tl: the ]angloo:era.te :ceober. 

Well JT-10 penetrated :!0 feet oi' the ~ifferentiated lct~te and 

q..:.artz lati te :.mit of the Tscr.icoma .Fol"!!ll!tion. Severa.l interflov 

zones composed of dark-red silt and cla.:r were penetrated. Lt well 

~-10 tr~ ur~ifferentiatcd latite end q~z latite of t~e TSc~caca 

?c~tion lie on ~it ~ o~ the basaltic rocks oi' ~ Mesa and arc 

overlain "Gy the ;.:.pper 1_)art of' the /e.nt;lo:r::erate :r::C!::ber o.f the Puye 

Conglo:lerute. 



• 

• 

• 

The lati te and quartz lati te ro~ks t.;ere e.-r:1:placed as viscous 

'je-r~tn!/1 lava flows, and .::!!8 ,, J are highly joint.ed aad fractured owing to 

shrin.'l{age and flmr defor:wation. Nornally, these rocks have t'm 

or more joint or ~racture systems that intersect . 



Hate:--bearing cha~cte:-~.st:.::~ 

At ~--49 the uppermost part of the Tschicona Formation is ~n 

the zone o'! ~turation in t.b.e vicinity of "<Jells DT-5A and DT-9-

The joints and fract:.u-es in these !'OCks provide space tor -.m.ter 

storage e.r.d o.·:e!.'llle::: of great pernea.bili t~..- ar.d the interf"'.~..o...,. ~ones 

comoonly contD.in Ga;le b:-eccie. that is peroeable. 

Else11nere in the Los Alanos area water -;:as fou..'1d in t...~e 

Tschicoma in 1rel:l T-4 and hole H-19 (fig. 4). S~veral spri::--5s 

i:;;sue from· i:J.terf'lm.T and contact zo:1es betveen layers 1:l the 

undifferent:!..ated latite and quartz latite unit. Some of t~1ese 

springs are lccuted in Guaje, Los Alamos, Pnja.rito, and l·;ater 

Can:..-ens, :uld Canon de Valle. 
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Bandelier T-.1ff 

The Bandelier Tuff consists chiefly of ash-fall and ash-flov 

tu.ff. Some ·thin water-laid sediments are incladed in the Bandelier. 

The unit is divided into three mem:t>er2: Guaje, Otowi, and Tshirege: 

froc oldest to younges-c. The Guaje Hember rests unconformably on 

older rocks and consists of pyroclastic debris, partly w.ater-laid. 

It is draped over the older topography. The Otowi Member is 

conformable to the underlying Guaje Mecher and consists of puciceous 

tuff of ash- flov origin and locally near the top contains a few 

generally thin layers of water-laid sedil:lents. The Tshirege Member 

unconformably overlies the Otowi and forms the cap of the Pajari to 

Plateau. In this report it is subdivided into seven units, 

composed mainly of ash-now tuff at least one of which is water

laid. The units of the Tshirege are numbered L\, lB, and 2 

through 6 from bottom to top • 

.._.,.. 
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Guaje !:.eober ... 

The Guaje ~e~ber consists of ash-fall pumice and 1mter-laid 

pu..'":liceous tuff. 
a.4- m vci,.. o-.-, 

Near the base gray lu..'":lp-p~ice fragments ~ ~e 

2 inches in length occur. Fragments of glass shards, and quartz 

and sanidine crystals are found in a cellular structure of the 

partly devitrified punice. Some rounded, pebble-size fragments 

of light-red rhyolite are found near the top of the unit. 
--r

Y-2"~ H-:' I 
At TA-49 the Guaje member is~ in the subsurface in all 

truee deep test ••ells. It is 48 feet thick in DT-9, 55 feet thick 

in ~-10 and 91 feet thick in DT-5A. 

At TA-49 the Guaje ~ember is above the nain zone of saturation 

and the unit contains no perched "ater. Elsewhere in the Los Alamos 

area the Guaje contains perched ~ter locally, as at hole H-19 in 

upper Los Ala.nos Canyon. The interstices and intercellular spaces 

in t:1e pumice are small. ':'he porosity of ".:.he Guaje averages about 

4o percent but perneabili t:.- ge:1erally is lo•.:. Fractures and joints 

are not prono~~ced in the Guaje ~e~ber, and barely perceptible 

joints apparently are closed or filled b;:r alteration material. 
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Ot.o·wi Member 

The Otowi Member consists of a li~ht-iray pumiceo~s rhyolite 

tuff that is 1~iable end weathers t.o a 0entle slope and odd teepee-Ltk£ 

shapes. ~uart~ cr~·stals, e;lass shn.;·cis, and minor amu .. ;.nts u!' ~fie 

minerals and varinc; amounts of rb.yoli 1;.e, la ti te, and pumice .:~n.:.0u;;:nts 

are included in a fine-~rained ash. The roc~ fraQnent.s are ro~nde~. 

The Otowi is un ash flov und contains several ·~;ater-laid beds of ~sh 

and pwnice near the top. ',fuere the t..ni t is expoeed, soc.:;; Gf t:..he 

u.J 'th 

joints a.re hair-line cracks tha. t a.!"e filled~ brm.n clay ccnt~i!lin(; 

roots, and some curvilinear joints are open and enlart;ed. by ·.:ee.t~:erin;. 

At TA-49 the Otowi is present only in the S~i.bsurft.~ce buc; i ·.:. 

crops out in :,later and Ancho C::-.nyons about 0.5 mile east. c,f TA-:...9. 

(Oio/T~C.'T (J~t'Uti.!V f Hf 

TheAOtovi and overlying Tshirege Member is erosional. 

At TA-49 the top of the Otowi is from 641 to 67o feet below the 

surfn.ce in the deep test wells. The unit is 157 feet thic;~ in DT-lO, 

126 feet in DT-9 1 and 198 feet in DT-)A. Hell DT-5P penetr~ted 51 feet 

of the Oto..,.i Member ( table 8) . 

The Otowi Member may yield \oater to sprint:;s in t:pper Gt~aj~ Co.nyc.:.n 

but it does not contain perched ·water at. TA-49. Porosity of the 

Otowi Member ranges from 45 to 50 percent. Interstices in the 

Otowi are small o.nd perrnoeability probably is low . 

8S 



Table o. --Sample lo:::; of' \:ell DT-::;? 

Drilled by rot.~r;y vi th air for carrier 

Total depth 692 feet 

Completed N .. vember 21 1 1959 

Al~itude of land surface 71 144 feet 

Thict:ness 

(:fe~t) 

Bandelier Tuff: 

Tshi::-ege t.lember: 

Unit 6: 

Tuff, li6ht-gray, p~ceous; contains 

dipyra.midal quartz crystals, some vf ··•hich 

are clear wit~ white incl~sions; sanidine 

cr~,·stals and frab'IOOnts; white and yellow 

pumice fra~nts; latite and ~uartz latite 

roci~ fro.e:;ments --------------------------- ·13 

Unit :5: 

Not ::-eco€Tiized in cuttin5s ------------------

Unit 4: 

Tuff, light-purplish-gray; c-..nsists mainly 

o:f' ~uartz and sanidine crystals and 

fre.ements; light.-red rhyolite frac;ments 

Unit 3: 

Tuff, lit;ht-purplish-gray, pumicem:s; includes 

latite and rhyolite roci::. frac;ments; 

~uart.~ is very coarse sand size, clear, 

dipJramidal c::-ystals; sanidine fra~nts 

QO ') : -.:; : ~~. - ·_; .. ------------~--·---

01 

2 

44 

Depth 

(feet) 

{) 

{j 

119 

ld2 
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T:.blc 3.--Lot; c-f DT-5P - Con~ir~·~ed 

Bandelier Tuff - Continued 

Tshirege Member - Contin~ed 

Unit 2: 

Tuff, li;ht-pinkisb-e;ray; ::;round.ma.ss is 

very fine sand to silt-size c.s!:. ·,.it!'l 

abundn.nt sanidine phenocr:,fsts end some 

Thici:ness 

(feet) 

Depth 

(feet) 

quar~z ----------------------------------- 100 2o2 

Unit l.B: 

Tuff, liGht-tan, p~ceous; ~uartz and 

sanidine crystals and fragments; lic;ht-

tan pumi:;e frae;ments; ::;r~y ancl lieht-red 

rhyolite and e;ray latite rock fragments; 

pumice fra.~nts have dark-t;ro.y stree.t.s 

along cellular structure from 379 to ;+12 

feet; libht-tan pumice; very fine-size 

\iUartz and sa.nidine crystals and fragments; 

95 percent of s~ple was lost when ~ashed 

from ~48 to 485 -------------------------- 20j 485 

Unit lA: 

~~ff 1 li~ht-pinkish-iray 1 p~ceous; light

~ro.y and yellowish-o.::o.llbe pumice fragmen~::;; 

l.iuartz and sanidine fro.oments and c~JStalsj 

:-uc.~ frae;ments; roc~: f:::·agnents inc:-eo.se f:-om 

)ju to u~l feet -------------------------- l;~ ~41 



) 
Table 8.--Log of DT-5P - Continued 

Bandelier Tuff - Continued 

Otowi Hember: 

Thickness 

(:feet) 

Pumice, light-tan, some welded tuff fragments; 

light-gray and light-reddish rhyolite: 5o 

to 92 percent of samples lost •,;hen ·.,;ashed --- 5l 

Depth 

(feet) 

Note: Hole was d~illcd ~ith a 42-inch l~ck bit using air to cool the 

bit ~nd. clean the bole.. Perched ;.;ater v.-as not present. Color 

- dete:r::ll.nation ~s Ll3de from dr,i samples. Samples \Tere \TB.shed 

and descl·ibcd ·,.rhile wet. Correlo.tionsare based on drill 

cutting::; from hole 5P and on c:;~-ray log of hole DT-5 

which is about 50 feet to "~he northeast of 5P. 
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Tshirege ~-iCI:lber 

The Tshirege Member forms the finger-like mesas of the 

Pajarito Plateau. It is composed of a series orf.sh 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 crJstals 

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

and latite in a fine ash matrix. The tuff •~ries from friable to 

welded. The thin 'm.ter-laid bed is composed of material derived 

from the underlying ash flow. 

The ~shirege Member is entirely above the main zone of 

saturation at TA-49, and it contains no perched water. Adjacent 

to and beneath the cacyons it probably contains perched. water . 

The Tshirege Member is the !!lOst important geologic W1i t 

in Area 49 insofar as test operations are concerned and this Wli t 

is treated in detail in a special ~ection following the diGcussion 

of the alluvium . 



-~lluvil~m 

A"/ 
Alluvium in ~iater Canyon prt the northern edge of TA-49 ccmsists 

of m::n.eri::.l de:·ived from -c;[le Tschicoma Formnt1cn that f.:.::r~ the 

:}i-:!..:·:.:-::: di! 2.cs Vall·~s and from the Bandeli.:r Tuff of Frijcl~s Mesa 

s {:liJ J> 
from ·~:,~athered t,~f1;::md 1~-:.;.e!.· particles derived from ':.he l•):~i';:.:::s 

The ::.lll.:vi·.:...-r.; 5..:.. ~iate::.· Ca.'ly\.:n :;.·!;_::-.. ;_;e:;;: in ~hiclilless :'rc:n 0 i;O abo'..;t 

Wc.JA. -1 
.2.:;. ::-:!e::... Tes~ l::lo:...~l; · .. -tti-.i: e.nu - penetrc.-::ed ::-.o~xt l~;. fe-::·c ,~:._· cla.~,, 

i:.~e ::.11-..vi\.:rn ccr;.sists of 

Cle.J·.J ::..--:J silts .:.u-e almost impermeable \:hen sat.ure:ted ·o-:.:-c 

~-:-uvels o.::- .:.:.:-avels · • .:i ::.h minor amounts of cl2.~; end silts ·,riE. 

:r:eadil.- c.ran::;mi t .;ater. In test holes \·iCM-1 and 2 water >iaS ( temporarilj·) 

:;>e.::-cbed in the nlluvL;m en t. C.? of the lo'olest exposed unit of the 

t~e Bandelier T'1.1ff indicatine; t.he permeability 

of -::he <.>.lluvL;m is .;:;.:."eater than t~t of the underl;;-ine:; tuft'. 

A~cho C~·cn, ~n ~be southern 8d0e of TA-49 1 heads in Frijol~s 

Mesc. ·..,·ni:::::. i:J un;l·~::l::.i:1 bJ· the Bandelier T'ufi'. Alluvium is very thin 

or abs-::nt in Anc:1o Canyon. For t..~is reason it 'nlas not mapp~d on 
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Geology and water-bearing properties of the :L'.:;hirege Member 

of the Bandelier Tuff 

The Tshirege Member ranges in thickness from about 1,000 feet in 

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

At TA-49 the Tshirege Nember has been divided into seven units 

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

Figure 6.--Geologic map and cross section showing location of 

exploratory drill holes, TA-49, Los Alamos County, N. Hex. 

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

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

Correlation of the units in the subsurface were made by gamma

ray-neutron and lithologic logs of the four core holes (tables 10-13) 

and '\.;ells D':'-5P, DT-5, DT-5A, DT-9, and DT-10 . 



tj ea I 
T:::ole 9. --T'J~ section of '..:.:11 ts in the Tshiret;e Member of the Bandelier Tuff 

South ·.;all of Wo.ter Ca.nJ·on - :NJ.-TtNEt sec. 3 (projected) T. 18 N., R. o E. 

Meas ... ~eC. by E. H. Baltz and i.'. D. P~t~;mun 

Thic~mess 

(feet.) 

Bandelier T'..!ff: 

Tshire ,:;e Member: 

Unit S: 

pink, :h;,.·oli tic, modc::.·e:tel,., •:elded; fine-

sce.ttered q_~artz. and sa."'lic!ine cr~:stals; 

r:..pprc:-:i::r...atc ::or:5..:.ont:::.l sheeting that may 

be be~ding; con~hci~l joints; forms cliffs, 

ccps ::.csa. Lc,·.:er cc::::tc.ct ir; ir:egular ------ 56+ 

stnins, .... ate.:.·-ls.id; :acstly medi'..u:a-t;rained b-..~t 

c0nt~in~ fraomentr; ~P tc peb~le si~~i composed 

o.nd sanid.i:J.e cr:,· stal.s n.nd t-..;.f:f frat,:ments; 

d.evelc_p~d; fOl"''llS notch ne;.r top cf mesa; 

" 1 -;t,.a 
tJlderl~·in; ·.mit ~ a.rc: iilled ·.;it 1 sa(ld ------ --' 
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T!lbl.e 9, --TJ'P~ se:c t.icn uf -units in the Tshire[:;e Member - Continued 

T'nicl-;ness 

(feet) 

Bandelier Tuff - Continued 

Tshirege Member - Continuea 

Unit 4: 

Tuff, lig.~t-pinkish-gre.y; fine-s-rained; 

10 pel·cent q_uartz cr ... stals; small light-

pi~ to dark-6ray rhyolite fraGments; small 

pumi:e fra~nts up to ~ inch in length; no 

bedding present but lenses of disk-shaped 

• ptmdce up to 6 inches in l~ngth and 2 inches 

thick in dense pinkish-gray matrL~; veather-

inc b7Cdes up into sand of ~nits; forms 

cliff; luwer contact is Grcdational ---------- 41 

Unit 3: 

Tu.fr, light-gray, very pumiceous, friable; 

20 tc :;::; percent granule si:ze (iL<s.rtz and 

sanid.ine crystals; pL:mice fragments up 

to .I.. inch in length; this description 

applies to lover 3 feet. Remainder of unit, 

except for '-ipper 2 feet, is covered and 

forms slope. Small valley cut into this 

unit. Lover contact is covered -------------- 40 

• 
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Table 9.--Typ~ section of units in the Tshirese Member - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

TshireGe Member - Continued 

Unit 2: 

Tuff, lie.;ht-pinkish-gra.y, Yeathering light-

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

percent coarse-grained ~~ortz and 

feldspar crystals and fragments; 10 

percent pebble-size pumice fragments; 

gray rhyolite rock fragments; matrix 

crystals of fine-b-rained glassy material; 

fo~s cliffs consisting of two beds 

separated by a. slight notch; lower 

contact with m1it lB is concealed but 

on north \;all of canyon is irregular --------- 100 
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Table 9. --T'Jp~ sect.ion of ;.;nits in t.he Tshi:o:ec:;e Member - Contin-...:ed 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Unit J.B: 

Tuff, ~ray to pinKish-;;;.::·e.y, veathers 

pin.<: to light-o.::ange; cobble-size 0ray 

rhyolite; y_uartz. and feldspo.r cr;::.·stals 

end f=asments; pumic~ fracments in ash 

matrix; weathering around quart~ 

e) 
crystal and fra~nts are ,:yellow stain,p 

pumice weathers to brovn clay; internal 

and pumice are in lenses; maybe two or I:l.Ore 

ash falls with irregular contacts; weathers 

to st~ep slope pitted by ...,eat!:J.ering out 

of pumice fragments in places. Probab,;..y 

Thickness 

(feet) 

is un explosive breccia ---------------------- 1)4+ 



T~ble ~0.--Log of core hole l 

Cored by rot.e.ry i:ith air for ce.rrier 

Total depth 501 feet 

Completed December 6, 1959 

A1ti ti.!d.e of land si.!rface 1 ,1·70 

Thiclmess 

(feet) 

:i3D..t1delier 1\:.ff 

T~hirece Member 

Unit 6: 

Tuff, ~i.:::;ht-srs.y to pt.!rp1ish-~~J' pumiceous; 

z.encli ths of sray, red and dark-t;.."'""S.Y rock 

frat~nts; medium-size quartz and 

sa.11idine crystals a.nd fragments; dark-

e;ro.y devi trified pumice up to -!r inch in 

lent;th; sand-size bro"wnish-yellow mafic 

minerals. Tuff is dense from 58 to 71 

feet; 42.0 feet of core recovered --------- 71 

Unit 5: 

No recovery, interpretation from ~amma-ra.y 
' 

lOb --------------------------------------- 2 

Unit 4: 

Tuff, li;:.:ht-t:,Tai to lig.~t-to.n; medium- to 

gra.m:le-size quartz a."ld r;a.nidine crystals 

nnd fra.gmento; devitrified pumice i.!p to 

::.. inc!::l. in len0th; ~.rayish-blue lntite 

Depth 

(feet) 

71 

T5 

roc:: f:-a.~ents; 5.4 feet of core recovered- i+l U4 
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Table ::..0.--Lo;:: co:·c -'- - Continued 

Thicl::.ness 

(feet) 

Bandelier Tt.:ff - Continued 

TsbireGe Member - Contin~ed 

Unit 3: 

Tuff, light-red, arkosic; ab1.mdant 

sanidine and ~~ertz phenocrysts; some 

~~noli~hic material of latite(?) ~p to 

pebble size recovered in the interval 

from l3!.. t.o 13o feet; 0.-..; foot of core 

recovered ------------------------------- (6 

Unit 2: 

Tuff, pi.:rplis:O-t;ra.,/ 1 welded., denze; 

siz.e 'i_Uartz. and sanidina crJ st.als a..."l.d 

fru~ents. Near vertical f~acture brovn 

clay plated 2ol to 2u2 fee~; 43. { feet 

of core recovered -----------------------

Unit ll3: 

T'...:.ff, lic;ht-pinkish-gru;y; z.enolit.hs of 

medium-gray latite(?); vertical fracture 

brow. cle.J.· plo.ted abc1.,;.t 315 feet; 6.6 feet 

of core recovered ----------------------- 217 

Correlations based ~"l recovered core and gamma-ray lOGS· 

rq 

Depth 

{feet) 

501 



Table 11.--Log of core hole 2 

Cored by rotary ,.,i tb air for carrier 

Total depth of hole 501 feet 

Completed November ;o, 1959 

Altitude of land surface 7,137 

Bandelier Tuff 

Tshirege Member 

Unit 6: 

Thickness 

(feet) 

Tuff, very light-gray to light

pinkish-gray, pumiceous; very fine

grained ashy I:l8.tr1X; quartz crystals 

are clear with well developed faces 

and range from very fine-grained to 

large-granule size; zenoliths of 

light-red dense igneous rock; 

pumice fragments up to 3/4 inch 

in length; limonite stains on 

fractures; 4· i. 8 feet of core 

recovered --------------------------

Unit 5: 

No recovery, interpretation from 

gamma-ray log ---------------------- 2 

Depth 

(feet) 
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Table 11.--Log of core hole 2 - Continued 

Thic.ltness 

(feet) 

Bandelier Tuff' - Continued 

Tshirege :Mc:ribcl1 
- Conti:llled 

Unit 4: 

Tuff, light-gray with slight lavender 

cast; very coarse to granule quartz 

and feldspar crystal fragments; 

devitrif'ied pumice fragments up to 

1 inch in length; zenoliths 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; devitrif'ied 

pumices up to i inch in length; 

zenoli ths of' dark-gray rock f'ragmento 

up to 1 inch in length; 67.9 feet of' 

core recovered ---------------------

55 

101 

Depth 

(feet) 

1;6 

191 

-
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Table 11.--Log of core hole 2 - Continued 

Thicltness 

(feet) 

Bandelier Tutf - Continued 

Tshirege lvlaaber - Continued 

Unit lB; 

Tuff, light-pinkish-gray, pumiceous; 

qua...-tz and sanid.ine crystals up to 

granule size; devitrified pUI:lice 3;4 

inch in length and 3/8 inch '\."ide; 

3.8 feet o! core recovered ---------

Unit lA: 

No recove17 --------------------------

Correlation based ou recovered core and gw::m~D.-ray logs. 

/00 

195 

14 

Depth 

(feet) 

487 

501 



Table 12.--Log of core hole 3 

Cored by rotary with air for carrier 

Total depth ;oo feet 

Completed February 3, 1960 
Altitude of land surface 7,170 

Thickness 

(feet) 

Bandelier Tuft' 

Tshirege Member. 

Unit 6: 

Tuff', light-gray to light-pinkish-

gray; fine-grained groundi!lasa "With 

medium- to very coarse-grained quartz 

and sanidine crystals and fragments; 

granule-size purpliah-brovn 

devitrified pumice; granule to pebble

size medium-brown latite; strongly 

Jointed zone from 23 to 28 feet and 

;4 to 37 feet; 44.3 feet of core 

recovered ----------------------------

Unit 5: 

No recovery, interpretation from gamma-

ray log ------------------------------

75 

2 

Depth 

(feet) 

75 

T7 
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Table :2.--Log of core hole 3 - Continued 

Thickness 

(feet) 

Bandelier Tuff - Coutinued 

Tshirege Member - Ccn~inUed 

Unit 4: 

Tuff, light-purpliSh-pink; fine-grained 

groundmass with 50 percent sanidine 

and abur~t very coarse-grained 

oedium-gray rock fragments; elongated 

devitrified pumice fragments up to l 

inch in length; decrease in rock 

fra.gments and pumice from 105 to lll 

feet; 15.5 feet of core recovered ----

Unit ;: 

Tuff, purplish-pink to gray, very 

pumiceous; no core recovery; sample 

taken '-rith basket --------------------

Unit 2: 

Tuff, light-gray to purplish-gray, velded, 

dense; quartz and sanidine crystals 

and fragments up to granule size; light

gray phenocrysts of rhyolite rock 

fragments; devitrified pumice fragments 

up to ~- inch in length and Daf1c 

nineral stains occur fro:n. 194 to 200 

feet; 77.5 feet of core recovered ----

I oz. 

44 

72 

Depth 

(feet) 

121 

195 

275 



Table l2.--Log of core hole 3 - Continued 

T'nickness 

(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 devitri!ied 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 gamma-ray logs. 

(03 

Depth 

(feet) 
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Table 13.--Log of core hole 4 

Cored by rotaz-.r w1 th air for carrier 

Total depth 303 feet 

Completed February 5, 1960 

Altitude of land surface 7,116 feet 

Thickness 

(feet) 

Bandelier Tuff 

Tshirege Member 

Unit 6: 

Tuff, light-gray to light-pinkish-gray; 

very fine-grained groundmaas with very 

coarse-grained phenocrysts of quartz 

and sanidine; light-purplish-gray 

devi trified pumice up to 3/ 4 inch in 

length; granule-size medium-gray 

latite rock fragments; 44.1 feet of 

core recovered ----------------------- 62 

Unit 5: 

No recovery 1 interpretation frOI:l ga.tm:~.a-

ray log ------------------------------ 2 

Depth 

(feet) 

64 
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Table 13.--Log of core hole 4 - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

Tsh1rege Member - Continued 

Unit 4: 

Tuff, light-purplish-gray; vel7 fine

grained groundmass w1 th about 50 

:;:-.-ercent quartz and sanidine phenocrysts; 

some purplish-brown devitrified pumice; 

oediuo-gray latite and quartz latite 

rock i'ra.e;mento; tuf:f appears dense and 

size of rock fragments increase from 

104 to 109 feet; 28.6 feet of core 

recovered ----------------------------

Unit )t 

No recovery ----------------------------

Unit 2: 

Tuff, light-purplish-gray, dense, ''elded; 

quartz and sanidine crystals and 

frag::nents up to granule size; medium

gray to dark-gray rhyolite rock frag

ments; a fev light-gray devitrified 

pucice fragments as much as -~ inch in 

length; 79.0 feet of core recovered --

I 00-

61 

52 

111 

Depth 

(feet) 

125 

171 



• 
(:feet) (feet) 

:aar...iclier T"..4ff - Continued 

'l'shirc.:;c Yoembc::- - Contir..ued 

Unit lB: 

pu.-pli~h-gray; Gl~ulc oize qua:~z and 

::::ll:;olit:! ::ocl:. f'::-o.gmcr ... tc,; ~Otlc ::.:m.fic 

.sta.ini~1.;; :Jebble-si.ze dc·.·i trificd 

• r;w""licc frn..:;:;:ea~s; l;. 7 i'ect oi' core 

:.""cco .. "'·ercd ---------------------------- 15 

Note: Correlation based on recovered core and gamma-ray logs. 

• 
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'I'able llf.--Mineral constituents of the TshireGe ~ember of the Bandelier _tuff at TA-49, Los Alamos County, N. Mcx.l./ 

- = 

Results are coded according to the following system: l = 75-100 percent, 2 = 50-75 percent, 3 = 25-50 percent, 4 = 

10-25 percent, 5 = 0-10 p~ent, 2-3 = 35-65 percent, 4-5 = 5-15 percent. 

Sample location- ~~~;a-t~~ra;hic Mineral consti t~entJ/ 

Hole 

Cll-1 

2-H 

2-H 

()!:t. 2-U 
-.~"11 

2-Y 

CH-2 

j-C 

3-Y 

1~-A 

h-Y 

Depth 

(feet) 

)8-l!O 

50 

58 

52 

78 

130-132 

58 

105 

85 

78 

Unit 

Qbt6 

Qbt6 

Qbt6 

Qbt6 

Qbt5 

Qbt4 

Qbt6 

Qbt4 

Qbt4 

Qbtlf 

Feldspar Quartz Tridymite Cristobalite Clay 

2 

2-3 

2 

3 

3 

2 

2 

2 

3 

2 

5 

5 

4 

5 

4-5 

4 

5 

5 

5 

4 

4 

4 

5 

5 

5 

5 

4 

4 

5 

5 

4 

4 

4 

3 

3 

)f 

4 

4 

2 

4 

5 

5 

5 

5 

5 

5 

5 

Remarks 

Feldspar (sanidine?). Clay 

(montmorillonitic). 

Feldspar (sanidine7). 

Feldspar (sanidine?). Clay 

(montmorillonitic). 

]) Analyst: Theodore Botinelly of the Geochemistry and Petrology Branch of the U.S. Geological SUrvey 

2/ Quantities are estimated on the basis of peak hei~1ts of diffractometer patterns. A precise identification of 

- the clays was not made; on the basis of bulk patterns and patterns of oriented samples the clays probably are 

montmorillonite. The feldspars probably are sanidine based on some minor shifts of peak positions in the sample. 
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The X-ray analy::;es of samples :f'rOI:l units 4, 5, and 6 o:f' the 

1~ 
Tshirege Member indicate? that these rocks are 25 to ~percent 

feldspar that is largely sanidine, 0 to 25 percent quartz, 0 to 25 

percent tridymite, and 10 to 75 percent cristobalite. Same o:f' the 

samples contain as much as 10 percent clay, probably montmorillonite 

(table 14) . Chemical analyses of SW!lples from theae un1 ts shov the 

:f'ollouing ranges in percentage of constituents analyzed: silica (Si02
) 

72.0-76.2, alumina (Al
2
o

3
) 11.2-13.8, ferric oxide (Fe2o3

) 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(Nc.2o) 3.5-4.5, potassium 
O,f[ 

oxide (K
2

0) lr.2-4. 7, water (H
2
0) ~2.8, titanium oxide (Ti02) 

0.10-0.32, phosphorus oxide (P2o
5
) 0.01-0.07, manganese oxide (Mri>) 

0. 00-0. o8' and carbon dioxide (co 2) less than 0. 05 (table 15) . 

Spectrographic analyses (table 16) of samples from these units shoved 

rather uniform content of major and minor elemental consti tucnts 

analyzed . 

/0'3 ... f/2. 



The fo11oving ranges in permeability 'iere obtained by o.nalysis of 

sampl.es (table 17) from units lB, 2, 3, 4, 51 and 6 of the Tshirese 

Member: o.o4-22 gpd per square foot for consolidated ~les, 34-59 

gpd per square foot for unconsolidated samples that vere repacked in 

permeameter cylinders; specific yield 0.6-42.6 percent; porosity 

19.3-54.7 percent; specific retention 11.3-27.3 percent; dry unit 

weight 1.17-2.05 grams per cubic centimeter; specific gravity (grain 

density) 2.:;2-2.58 grams per cubic centimeter; mojsture content 0.2-

)6.; percent by volume, O.l-4;.2 percent of dry veight; o.nd 

approximate pB 7 ·5-7 ·9· Mechanical analyses made on seven 

unconsolidated samples :f'rom units lB, ;, and 5 {table 24) indicated 

rather large ranges in particle si:z.es from clay through medium 

sravel. Samples from un1 ts lB and 3 probably have little value 

as these are mostly bit-cut samples. Samples from un1 t 5 are 

unconsolidated samples obtained while mapping large-diameter holes. 

Pore-size distribution of 10 samples from unita4, 5, and 6 are 

show. on table 25 • 

The porosity and permeability of the Tshirege Member depends 

upon the degree of welding and amount of weathering of individual 

ash flows. Joints and :f'ro.ctures are numerous, especially in the 

welded units. The joints and fractures that are open probably 

would transm1 t 'WB.ter rapidly. 
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Unit l.A 

Physical characteristics 

Unit lA consists of light-gray to light-pinkish-8I'fi;y, pumiceous, 

friable r~·oli te tuf':f that contains quartz and sanidine crystals 

and fragments, and rhyolite and latite fragments, and minor amounts 

of' dark-green mafic minerals. Some of the sanidine f'ragments are 

stained dark-bro"Wn. 

Unit lA overlie:; the Otovi Member and does not crop out at 

TA-49. Unit lA is 214 feet thick in '\fell DT-9, 196 feet thick in 

DT-10, and 156 feet thick in DT-5P. It is an ash flow, the eastern 

end of' which is deposited in a depression in older rocks beneath 

TA-49. It thickens southeast\lal"d from TA-49 then thins east'W.I'd 

and wedges out between u.ni t lB of the Tahirege loiember and Otmri 

Member of' the Bandelier Tuff (fig. 5) . 

lllt 



\-later-bearing characteristic:; 

Unit L~ is dry e.t TA-49. Little is kr.:::>wn of its potential 

wter-bearing properties; however, mud circulation \-ISS maintained 

through this unit in vell M-5A, and its fracture permeability 

must be relatively lov . 

.Joints and fractures are probably present in unit lA, bat 

because it is a friable unit they probably are closed or only 

slightly open. Water percolating through open joints and fractures 

in the unit probably would cause the alteration of the tuff to 

clay and wuld eventually seal them. 
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Unit lB 

Physical characteristics 

Unit lB is a light-gray to very light-orange rhyolite tuff that 

contains quartz and feldspar crystals and fragments, large to small 

pumice fragments, and gray subrounded rhyolite and latite ~ 

fragments as much as cobble size. Unit lB is an explosion breccia. 

Cuttings, samples, and outcrops abo~ yello~ weathering stains around 

quartz crystals and fragments. The pumice weathers to a brown clay. 

Stratification is lacking, but rock fragments and pumice commonly 

occur in lenses. The contact with the overlying unit 2 is irregular. 

Beta hole, in Water Canyon, 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 fragments. The clay 

nodules are platy and fibrous near the center and grade to highly 

altered cellular pumice at the edges . 

II{:, 



To.ble 18. --s~;·l.e leg cf Eeto. !:ole 

Drilled. by rota.:::'"J bucket 

Completed February 25, 1960 

Thiclmcns 

Recent alluv::.um ----------------------------------
Bandelier Tuff 

Tshirege Member 

Unit lB ~ 

Tuff, light-pinkish-tan to liGht-gray} 

pumiceous, friable; q_uartz and 

sanidine fragments and crystals up 

to granule size; mafic mine1·al stains 

and E;O::J.e I:l2.fi c ninerals; de·,'i trified 

pumice fragments up to j inch in 

length; light-yellowish pumice; gray 

glassy pumice; dark-gray pumice 

~ra~ent~; some rhyol~te ~ 

fragments; samples from 61 to 81 

feet are light red. Samples from 

105 to 120 feet contain bro·wn 

nodules of clay up to 6 inches in 

length; these appear to be large 

pumice fragments that altered to 

clay; the clay appears platy in 

placez and near edge 5redes into 

highly altered cellular pumice; some 

gray rhyolite and light-red latite 

~ fragcents are fow~ in this 

interval ---------------------------

I I 7 

(feet) 

Depth 

(feet) 
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Table 18.--Sa.ople log of Beta hole - Continued 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Drilling stopped at 18o feet in a 

rhyolite and latite tuff breccia, 

edges of fragments subrounded; 

ground r.JB.Ss a light-bro'Wilish-tan, 

pumiceous, friable tuff ---------

118 

Thickneos 

(feet) 

172 

Depth 

(feet) 



) 
Unit lB ·Heather::: to a l::.ght p::.nk or Ortl.Il(3e and is pitted by 

the •.;eathering out oi' l.£l.rge pumice fragments. On the north •ro.ll 

of Water C:l.r..yon U."1it .:.B i~ cbaruc:.c:-i.zed ~:,· a stee".t? .:lope t.but is 

1n'Oken b;y a bench uoout 20 feet belo•: the contact ;d th t:.."'lit 2. 

At TA-49 U."1i"t lD ranges in thickness from 195 feet in core 

hole 2 to 243 :"eat .::.n ·.;ells rlr-') c.md DT-10. Core holes 1, 5, and 

4 are oottor:1ed. in t.he unit and penetrated 2l. 7 feet, 25 fec't, and 

15 feet, re::.pecti -.-ely. :.zell::. Dr- 5, :JT- 5P, ar-..d DT- 5A penetrated 

20.5 feet of u..'li t D. 

119 
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Water-bearing characteristics 

Free '\vater ws not found in unit 1.B at TA-49, but cuttiv..gs 

from unit 1.B from Beta hole contained considerably more moisture 

tha..'1 samples from 11 thologically sil:lla.r units higher in t..'l-].e 

section. 

Interstices in the matrix of unit lB probably are small and 

its permeability is lo-w, although locally the porosity may be 

relatively high. Clay nodules in cutting£ from Beta hole in 

i-later Canyon contained 45 to 6o percent :::10isture by ·volume, but 

other samples, composed mostly of ash, contained 13 to 36 percent 

moisture (table 17) . Moisture content of a core frot:1 unit lB, 

core hole· 2, is less than 1 percent . 

The section of unit lB penetrateQ. by the Beta hole is 

ueathered and highly altered due to -water infiltrating from the 

can;}'Oll floor . 
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Unit 2 

Physical characteristics 

Unit 2 i:J a light-pirJ.tish-t;ray to purplish-gray rhyoL.:t:.e 

tuff. It 1::; ha..""d., ~relded, and contains coar::;e sand- to granule

size phenocrysts of q_uartz and ::.a.nidine t:r.rstal~ aru.l f~ent::;, 

light-gray to gray rhyolite and latite rock .i.'raGmentc, and [;l"S.J" 

pumice fragtlen'ts up to 2·-inch long in a I'i::le-g:!:"O.ineU., glassy ash. 

The outcrop of unit 2 stands as cliffs, ·.,rnich \>reather to a lic;ht 

bro'\t"nish gray, and consists of' t-..u beds of about eqool thickness 

separated by a slight notch. Unit 2 exhibi t.n colUIJ."'"lar join tin[; 

in the form of he.-m.goml pinnaclec standing 10 to 20 feet in 

height and from 5 to 3 feet in diameter, '"est o1' Beta hole in 

\Ia ter Canyon. 

Unit 2 ranges in thickness from 82 feet in core hole 3 to 

lll feet in core hole 4 at TA-4~. ~ickl~oset: oi' U.."lit 2 

penetrated in other core holes and vell~ are as follovs: co~e 

hole 1, 94 l'eet; co1·e bole 2, 101 feet; ·Hell Ilr-5, 100 fee·t.; 

well IYl'-9, ~ feet; and "Well DT-10, )'0 feet. In me t'1Cas:.u:cd 

section in \:ater Catwon unit 2 is lO:J i'eet t:Uici:. Structm·c 

contour::; on the top of unit 2 indic:ate a gen-r.le 1- to 2-d.eGI·ee U.ip 

southeaElterly with au undulating surface (f.is,;. 7). 

Figure 7. --Structure contour::; on unit .,bt
2 

Tshirege !.fember 

of the Bandelier Tuff, TA-49, Los Alamos County, IL 1-iex. 
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Hater-bearing characteristics 

Unit 2 is dry at TA-49. The nata..T-al moisture content oi' 

the rock in unit 2 is about 0.2 percent by volUI:Ie, based on five 

samples from core holes 2, 3, and 4. The porosity of the five 

samples from unit 2 that were tested rnnse from 19 to 37 percent 

by volume and :::;peci.i'ic retention ranged ~rom 11 to 21 percent by 

vol'U.I:le (table 17) . Permeability w.s 0. 04 to 2 gpd per square 

foot. 

The fill used in building the leveled area where Gamma and 

Gamma "A" holes are located is COIJposed of broken tuff' and soil. 

Gamma hole penetrated about 6 feet of fill, and Gamma "A" hole 
-

penetrated about 10 feet of fill overlyi:ng unit 2. Spring 

snowmelt percolated into the fill, and perched above welded tuff 

of unit 2. · T'.ais perched vlater ran into Gamma and Gm:wa "A'' 

holes. Gamca hole is 2 feet in diameter a..'ld 7.15 feet deep. It 

w.s dry when drilled on February 26, 1960, bllt on Hay 2, 1960 

the water level ws 5.85 feet. Gamca ''A" hole is 4 inches in 

diameter and 54 feet deep. It vas dry •rhen drilled on 

February 26, 1960, and on March 5J the Yater level was 4;.6 feet. 

The hole was dry on May 2, 1960. Gamma "A" hole i.e cased "With 10 

feet of 4-inch steel casing •rhich extends 1.90 feet above land 

:;;urface. The wter gained entry into the ".rell through 1.90 feet 

of' uncased fill above U."li t 2 . 
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Although the perneabili~y of ~~it 2 is low, the open joint~ 

and fractures in it w'Ould ~ransmit wter rapidly. ColUI:lilll.r 

jointing is present locally in the outcrop. A core taken at 261 

feet in core hole 1 contained a nearly vertical joint plated ,;ith 

clay which indicates that w-ater had perc-.ol.ated through joints and 

fractures in the rocks to fairly great depth. 'Yleathering of the 

tuff adjacent to the joint probably occurred during the deposition 

of unit 5, '1hich is a fluvial ca.nd. The lo-w moisture conte."'l.t 

indicates tr..at •.;ater presently is not moving through unit 2. 

··~ 
l25 
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Unit 3 

Physical characteristics 

Unit 5 ic a friable e.nd. pumiceous light-era;y rhyolite tuff 
that contains r.Jeditu!l to very coarse sani-size phenocryots o:f 
r;anidine and quartz cry~tal.s and frae;::::.entG, gray and whi. te 
devitrif'ied ;.um.ice fra&:lents up to ~--inch in length, an abundance 

roc. k of light-gray purtice, and gray rhyol!.te and latite ,...f'rae;cents in 
a fine-grained glassy ash matrix. 30llle quartz fragcents are 
coat.ed with s. yellow ~ieathering stain and others are clear. 
Sanidine fragment~ appear to be pitted. Suri'ace exposures of unit 
3 ru.1 e very poor. The Wlit weathers to a :..;lope on 'l.'hich soil has 
developed. T'.ue best description of wlit 5 iB based on cuttings 
from Alpha hole ( t.:J.ble 19) . Core recovery from the uni. t ".vas 
poor. 

At TA-;...9 the thlckness of u.n.it. 3 ranges i'rom 4o feet at the 
oeasured section in Hater Canyon t.o 7G feet in core hole l. 
Thicknesnes of the Lmi t penetrated in other borings are av 
follows: Dr-9, 58 i'eet; and IY.r-10, 57 feet . 
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Table 19.--Sample log of Alpha hole 

Drilled by rotary bucl;.et 

Total depth 189 feet; diameter 2 feet 

Completed February 6, 1960 

Altitude of land surface 7,125 feet 

Thickness 

(feet) 

Bandelier Tuff 

Tshirege Me:nbel-

Unit 6: 

Tuff, light-gray, moderately welded; 

contains fine- to medium- size quartz 

and sanidine crystals and fragments; 

yellowish-tan to gray pumice and gray 

devitrified pumice fragments; light-

red latite and gray rhyolite ~ 

fragments in a fine-grained light-gray 

ash matrix. Hard layer w-as encountered at 

54 feet ----------------------------------- 76 

Unit 5: 

Sand, light-gray, friable,; fine- to 

coarne-size quartz and sanidine fragcents 

subrounded; quartz has coating of yellow 

-.Jeathering 1:>tain; fragments of tuff and 

pumice ------------------------------------ 2 

Depth 

(feet) 

76 
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Table 19.--Sample log of Alpha hole - Continued 

Thickness 

Bandelier Tuff - Continued 

Tshirege 14ember - Continued 

Unit 4: 

Tuff, light-gray; medium to coarse quartz 

and sa.."1idine crystals and fragments_: 

gray devitrified pumice; light-zray 

rhyolite ~ fragments; subrounded; 

friable zone 78 to 85 feet; nnderately 

,;elded 85 to 128 feet --------------------

Unit 3: 

Tuff, light-gray, friable; medi~-size 

quartz and sanidine crystals and 

fragments; gray and white devitrified 

pumice fragments up to ~ inch in lengthj 

gray rhyolite ~ fragments, pebble 

size; coating of yellow weathering 

stain around quartz :fragments; large 

amount of very light-gray pumicej 

samples from 166 to 1<39 are IJinkish-

(feet) 

gray and moderately •re1ded ---------------- 61 

I " I 

Depth 

(feet) 

128 



~:a ter-·Deer ir-e; cl'!!!=:lCterir: tics 

Unit 3 is <iz:,: ut T.t.-4?. lTutur:~.l ::!Ois".:.:.tre conte!lt r::J..~ed 

:f'rcm 0. 2 to 2. ~ perce:1t by vol".l!lle (table 17) . Oae cllu.nl: oarnple 

had a. poroGi t:: c'"' L..S -;:;ercent by voL.une a:1.d n pcrneabili ty c:f 22 

gpd per zq_:.tare foot. 

The fe'1 joi::.ts that can be see!1 on the outcrop are i'Uled 

de~~th pres:.:: .. '"J.O.bl:· are O!'e;'l because drillin3 fluid '1-Ja.s lost i.n ~;hi::; 

unit. ':2lo :::o.int.e!'l.~r.cc of circi.lla tion or either air or r:::.~.:.i 

1-:o.s :::-ecovcred fro::. :::::.it 3; the re:::t vere :-'robably C::!rried i~:tc 

open .~ointE. 

:27 
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Unit 4 

Physical characteristics 

Unit 4 is a light-gray to light-pinkish-gray rhyolite tuff 

that contains phenocrysts and fragments of I:ledium sand- to granule

size quartz and sanidine crystals in a moderately velded aeh matrix. 

Also present are i"ragmente of piDk to light-gray rbycli te and dark

gray pumice. Some of the pumice fragments are ::levitrified. Unit 4 

is not bedded at the measured section in Water ~n; hmlever, lenseo 

of disk-shaped dark-gray pumice fragments e.s much as 6 inches long &lld 

2 inches thick are present in a dense pinkish-gray tuff. 

In -the outcrop the moderately velded tuft' contains clay filled 

Joints and fi"actures. In t.he large-diameter holes 1 Joints are open 

o.s much as -k- to 2 inches. Air blowing from open joints 1n response 

to declining barometric pressure indicates that the joints are 

interconnected in bole 4-U. Parts of this un1 t form cliffs in the 

ce.eyon vall. a. 

Four samples f'rom un1 t 4 ot the Tshirege Member of the Bandelier 

Tuff vere analyzed petrographically by C. S. Ross of the Geological 

Survey ( vri tten Qamrmm1 cation, July 7, 1960) • Ross recalcnU.ated the 

proportion.a of phenocrysts to represent proportion by weight. The 

following are results ot these analyses. 
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s~mplq rfDrrl Role 4-Y, depth 78 feet 

Pore space about 30 percent 

PhenocrJsts about 27 percent by weight 

Sanidine 15 percent 

Quartz 10 percent 

Magnetite 1~ percent 

Pyroxene 0.5! percent 

Groundmass is tJ~ical devitrified, welded tuff sho1nng usual 

submicroscopic intergro\~h 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 1~ 

in diameter represent pumice fragments. A few small areas of 

andesitic rock are present. 
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S<1mpla 'T<"OW\ 
aole 4-A, depth 85 feet 

Pore space about 30 percent 

Phenocrysts about 32 percent by ••eight 

Sanidine 22 percent 

Quartz ll percent 

Pyroxene 0.7 percent (ortho, dominant; clino, present) 

Magnetite 1.0 percent 

Groundmass is devitrified shards containing unusual feldspar

cristobalite aggregates. Vesicular cavities contain gas-phase 

tridymite and feldspar. The sanidine phenocrysts contain secondary 

additionof feldspar (gas-phase) material. The sample contains 

an unusually large proportion of pumice grains • 



Sa:,>~ pie ~""' eore hole 3, depth 100 feet 

Pore space about 30 percent 

Phenocrysts about 38 percent by weight 

Sanidine 24 percent 

Quartz 12 percent 

Pyroxene (largely clino) l percent 

Magnetite l percent 

No zircon observed 

Groundmass contains abundant tridJnite and gas-phase, secondary 

growth on sanidine. Devitrification products are unusually coarsef 

grained. Sample contains inclusions of andesite. 
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Sc-.mpl~ ~tow. ¢ore hole 2J depth 130 to 132 feet 

Pore space about 30 percent 

Phenocrysts about :;4 percent by vTeight 

Sanidine 30 percent 

Quartz 12 percent 

Magnetite l+ percent 

Pyroxene 0.5 percent 

The groundmass is a typical devitrified uelded tuff) the 

devitrification product being cristobalite and feldspar. Gas

phase reaction has resulted in secondary growths on the sanidine 

and development of tridymite and feldspar in vesicules. Plate

like crystals of tridymite are unusually large as are the gas

phase and devitrification minerals . 



) 
Hater-bearing c..>w.rncteri:::;tic.s 

Unit 4 ims dry at TA-49. Itatural r-oizt:.u-e content w.s very 

lo-w, ranging from 0.4 to 2.2 percent by volume. The porosity of 

four samples of unit 4 ranged from 32.7 to 54.3 percent by voltll:le, 

and specific retention ranged 11.6 to 21. 8 percent by volune. 

Tb.e porosity decreased '\lith depth due to the denser ••eldir..g 1iithin 

the ±'l.ow. The specific retention increased "'.lith a decrease in 

porosity due to a decrease in pore size 1.;hich ",;,''u].d tend to hol.d 

water under tenoion. Vertical permeabili ties ranged fro:o 13 gpd 

per square foot for the more porouc tuff to 0. 3 s.t?d per square 

foot for the lees porous tuff found lower in the section. 

Horizontal. permeabilities ranged fro~ 0.4 to 13 gpd per square 

foot and decreased with depth. The horizontal permeability in 

one :::.ample from hole 5-A • .. ;as 8, and vertical permeability ;;as 5 

gpd. per square foot (table 1. 7) . This difference of permeabili t:r 

may be related to possible near horizontal orientation of 

interstices in the ash-flow~.-

I:. 1 Y l.j) 



• Joints in outcrops cf unit l~ contain \Teathe::-ed brmmish clay. 

Joints 1n the unit in large di~-eter holes va-~ed from closed to 

open. In the upper part of the 1.mit, .~cints are filled with sand 

:fran unit 51 indicati.."lg that these joints and ::::ractures were open 

durinc the dcposi tier.. of un1 t 5. In sooe c:!' the large-dia::.eter 

holes (figs. 15, 17, and 18) the tuff of unit 4 is friable and 

veathered belov the contact 1.;i th unit 5. 

If water vere tre.."J.Smi tted by percolation t.o un1 t 5, 1 t vould 

:further percolate downvard throUGh the permeable sand-filled joints 

to the open joints • 
\ 

• 
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Unit 5 

Unit 5 ic friable \.JO.ter-l.a.id ccdiUJ:l to coarse sand conposed 

of worn quartz and sanidine crystals and fragments of reworked 

tuff as large as boulder size. 

Topuet and fore~et bedding is 11ell developed. Some lir.1or.i te 

stain.G and u few st1·ingers of broml clay are oriented ".Ti th t..'le 

cross-bed.dil'lg i:-1 the unit (.fig. 11). Unit 5 weathers to l'o:ru a 

Figure 11.--Ha-r.er-laid :Jand of :mit ~.bt5 of the Tshirege 

Member of t.~e Bandelier 'r'-lf'f' '.lilderlo.in by \leathered iron-

stained unit ~bt4 , wutheast llall of' west hole in Area 10, 

TA-49, Los Al.ams County, rt. Hex. 

notch on cliffs bet,~en the underlyinG and overlying units. 

1 7,') 
-.)~ 
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A sample from ~~~ ) of the Tshirege Member of the ~~del1er 

T1.1.f'f wa.s analyzed petrogre..pr.icall~- 1::y c. 5. .Ross oi' the Geclog:ical 

Su...-vey ( v.ri tten coiilmll!lication, July 7, 1960). Rose recalculated 

t~e proportions o:f' pl:>..enocrysts to represent proportion "bJ- veiGl~t. 

The follow:ln; is the result of the e...~al.;ysis • 
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Hole 2-Y, depth 78 feet 

Sample is about one-third phenocrJsts 

Sanidine 22 percent 

Quartz 11 percent 

Magnetite 1~ percent 

Pyroxene 0.5~ percent 

~#f ;fine fraction is devitrified glass composed do~inantly of 

sub-microscopic intergrowths of cristobalite and feldspar. 

There are irregular zones around sanidine phenocrysts which 

may represent an addition of material by gas-phase reaction. In 

pore spaces, tridymite, sanidine,and slender needles of hornblende 

have been formed. 
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At TA-49 the thickness of unit 5 ra.nges from 0 in large-

diameter hole 4-Y (fig. 18) to about 4 feet in a channel intercepted 

by large-diameter holeD in Area 10. Structure contours on top of: 

unit 5 indicate a dip of about 1 degree to the southeast (fig. 1.3) . 

Figu.rc 13. --Ctr..:.cture contours on -::;he to!? of un.i t ... bt_ of 
;_:) 

the Tshiresc HtEber of tha Dn:'.delier T-..1ff, ~-!~9, 

Los Al...?.mos County 1 N. ~-1ex • 

1.35 



Water-bearing cr~acteristics 

Unit 5 vas dry at TA-1~9, and there is little evidence to indicate 

that the unit has transmitted vater in recent times. 

unit 5 is a permeable sand composed mainly o~ well-sorted quartz 

and sanidine crystals and crJstal fragments. Joints and fractures 

in the overl.yl.ng unit 6 are closed and terminate at or near the 

contact. Only a fev fractures transect the sand and continue into 

unit 4 vhere most of them are sand ~illed (fig. 18). 

Tu~~ adjacent to joints and fractures below the stllld-filled zone 

is weathered as much as -k to 1 inch on each side. Water that caused 

these weathered joint and fracture surfaces probably moved through 

the joints and fractures during the deposition of unit 5. 

Unit 5 has a permeability of ;t1 to 59 gpd per square foot 

{table 17) and should transmit water readily. The abundance of sand

filled and open fractures in the upper part o:f unit :: vould tend to 

transmit the vater dovnward rapidly. 

1"2. (~ 
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Unit 6 

Physical cbaracteri~tics 

Unit 6 i~ c. lig.'lt-gray to pin..~i::;h-gra.y rhyolite tuf'.f. It in 

a moderately ·w-elded ash-flo-w tuff conminine phenocrysts o:f quartz 

and oo.nidine that ror.ge in size from nediun: to coarse cand, gray 

devitrified pumice fragments as much o.s 3/ 4-inch in diameter; a."ld 

gray to li[;ht-broli!l rhyolite and latite rock fre.gments. Sooe of 

the q_uartz. cryr;talz o.re clear and have uell developed crystal 

faces and sooe are dipyra.--:lldal in ccy::;tal foro and contain 'mite 

globt.:.lar inclusion!>. runeralogic analyses indicate a Sl:lall 

perce.."'lt of n£16neti te and pyroxene and some clay -which is probo.bly 

montmorillonite (table 14). The sand-size maf'ic mineral:J a.re 

bro'WIJ.ish yellovi a.s ·;;he result of .,.,en theri11.0. Soce horizontal 

shee1:,ing occt!.I'.s at the outcrops. Curvili.."1ear jo.:.nts '.'~ere pre::;ent 

in the lar::;e-diamcter holes a.."ld in the outcrops ( fi2;. 1.4). T:1c 

FiLUre ll+.--OutCl"'OP of C' • .lrved ~oint face in ur...it -tllt6 ol' 

the Tclli~e Member of the Bandelier Tuff. North side 

of New He.:dco Highwa.y 4J about L 5 nilec ·Hest of the 

entrnnce to TA-49, Los Alamos Cou..."1.ty, ll. Hex. 

unit ilnCOni'Ol'I:lably overlies w'li t 5 a.nd forms cliffs. It caps the 

mesa at TA-4:;.< . 
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The joints in unit 6 generally are of t-wo types: master jointo, 

fl.. 
(IIR-'1' ha~ northerly trends and nearly vertical attitudes, and t1inor 

-(II• f .Jl 
joints (figs. 15, 16, l 7, and 18) A ba ~ varying trends and dips 

Figure 15. --Maps of walls of selected large-diatleter holes in 

Area 1, TA-49, Los Alamos County, N. Mex. 

16.--.Haps of walls of selected large-diameter holes in 

Area. 2, TA-49, Los Alamos County, N. Mex. 

l7.--~2ps of walls of selected large-diameter holes in 

Area 3, TA-49 1 Los Alamos Cou.."lty, N. !-lex. 

18.--Haps of -walls of selected large-diameter holes in 

Area 4, TA-1~9, Los Alamos County, N. Mex. 

varying from nearly vertical to horizontal. 

The master joints are tectonic in origin, and probably are related 

to major faults of the region, such as the Pajari to fault ,.rest of 

TA-49. Almost eve~J large-diameter hole intercected at least one 

master joint that is continuous through ~"lit ~and some that cut 

through unit 5 into wut 4. Man;y minor joints terminate at the ::naster 

joints. Near the surface the master joints are filled with clay, oost 

of which was formed in place by weathering of the tuff, but some of 

the clay may have washed in from the soil zone above. At depth 

these joints commonly are open and ~ 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 water that formerly percolated 

through the open joints. 

13~ 
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The miner joints pro-oebl:r were caused na.:inl::l b:/ cooli::JG of the 

volcanic ash flov, although sane o~ them probably are related to 

faulting end 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 minor joints, most of 

which are open. 

Joints could not be projected from a ::ole to another 25 feet 

avay because of the change in st...~e and dip and numerous intersectioP.s 

of one joint with ot.."~Jers. In some cases it was i.'llpossible to match 

joints on opposite walls of a hole due to the change in strike and 

intersections. However, interconnection of' joints between holes 

was evi~ent during various experiments in the area conducted by the 

University of Cellf'ornia. 

Seven sm:Iples :from 1..1.."rli t 6 of the Tshirege Member of the Ba,Ddeller 

Tuf~ were analyzed petrographicelly by C. S. Ross (written cCDIIlUilication, 

July 7, 1960). Ross recalculated the proportions of phenocrysts to 

represent proportions by weight. The following is a discussion of 

each of these analyses. 
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Sample from core hole 1, deptn 45-5 feet 

Pore space about 30 percent 

Phenocrysts about 20 percent by 1-1eight 

Sanidine 12 percent 

Quartz 6 percent 

Magnetite 1! percent 

Pyroxene 0.5! percent 
; 

Ground.."!lass is typical devitrified -,.;elded tuff. ~he cievi tri:'ic8.tion 

products are verJ fine crained, but shm.; t::;.e typical cri::;tobali te-

feldspar structure. Cavities contain radial croups of feldspar and 

tridymi te. The rock co~tains a fe\V areas of altered ar.desi te. 
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Sample from core hole 2, depth 65 feet 

Typical welded tuff differing from others in no essential 

way. 

Phenocrysts about 24 percent by veight 

Sanidine 14 percent 

Quartz 7 percent 

F)Toxene (cline and ortho) l percent 

Magnetite l percent 

Pink, '\Tell-rounded zircon 

Feldspar and tridyrnite in cavities 

I 'fl 
~ 



Sample from hole 2-U, depth 52 feet 

Pore space about 30 percent 

Phenocrysts about 27 percent by '"eight 

Sanidine 20 percent 

Quartz 5 percent 

Magnetite 1 percent 

Pyroxene ( clino, dominant; ott ~o,J p~~~t'nT) 

The groundmass is ~de up of shards which have bee~ partly 

devitrified. There is some indication of gas-phase oineralization. 

Minute minerals, probably tridymite and feldspar, have developed 
~IMS 

in cavities and feldspar has been deposited on ~ of sanidine 

grains. The rock contains ve~J small amounts of altered andesite 

grains. 



• Sample from hole 2-H, depth 30 feet 

Pore space about 35 percent 

Phenocrysts about 20 percent by weight 

Sanidine 12 percent 

Quartz 4 percent 

Magnetite l percent 

Pyroxene 0.5~ percent 

GrouruL~ss is in part devitrified shards (feldspar and 

cristobalite). Brolin birefracting clay-lL~c material is probably 

:nontnorillonite, 15~ percent of the ground.r.la.ss. This is the o:1ly 

sample in th~roup I·Thich shm•s any alteration. All other changef:i 

• are deuteric ones comprising devitrification and gas-phase reaction . 

• 



) So."'P'' ~'fOWl 
Kale 2-H, depth 58 feet 

A 

Pore space about 30 percent 

Phenocrysts about 13 percent by >-"eight 

Sanidine 8 percent 

Quartz 3 percent 

Magnetite 1~ percent 

Pyroxene 0.5~ percent 
(ortho, 

Trace of zircon 

Much of the magnetite is intergrmm with pyroxene. Some altered 

inclusions of an older andesitic ro~~ are present. Groundmass is 

devitrified glass shards. Feldspar and tridy.mite occur in vesicular 

pore space. A little clay material has developed. 



• Sa .... pla ~f"o..,~ore hole 3, depth 54 feet 

Similar to Area 2 core hole at a depth of 65 feet • 

• 
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sl)..,.,p It r TO WI'! Hole 3-C' depth 58 feet 

Pore space about 30 percent 

Phenocrysts about 23 percent by "\-reight 

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. The devltrification 

products are cristobalite and feldspar. Tridymite and feldspar 

have developed as gas-phase products in cavities. The groundr.lass 

is in part made up of pumice fragments up co 10 mm in diar.1eter 

which occur as darker colored porous areas. 
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The thi&-'1.ess of unit 6 at TA.-~9 rongcd. fran zero near well 

DT-S, where it has been stripped a-way by erosion, to 8.) feet near 

core bole 2. An isopach map (fig. 19) L"'ldicates that unit 6 is 

Figure 19. --Isopach map of unit ,,bt6 of the Tshirege l.fember 

of the Bandelier Tuff, TA-49, Los Alamos County, N. Z-!ex. 

thickest along the crest of the mesa at TA-49 '-1here it has been 

eroded the least. 

The base of the unit dips about 1 degree in a eeneral 

southeasterly direction. The eroded upper sur1'ace of t.l}e unit 

along the crovn of' Frijoles l~sa slopes generally eastwrd a·t 

about 150 feet per mile . 
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Water-bearing characterintics 

Unit 6 1-1as dry at TA-49. Natural coisture content of samples 

ranged from 0.8 to 8. 7 percent by volume ( t.able 17), and porosity 

ranged fro."n ;8 to 54 percent by 'v'Olume and specific retention fi'O!:l 

15 to 27 percent by volUI:le. The higher porosities were found in 

samples taken near ~~e surface. Vertical per.ceability of samples 

ranged from 0.1 to 6 gpd per square foot. The horizontal 

pemea.bility ranged f::."'t'l 0.2 to 5 epd per ::;quare root. 

Joints in unit 6 near the surface are filled with clay. At 

deptJ.l oany of thece ~oints are opeu. The open joint face nay o.ppear 

un;reathered as if joi."1ting has Just taken place, or the open joint 

face may contain a thin layer of clay, -.rhich is the product of 

vea.thering of the tuff. Tu:f'f adjacent to these clay-plated joint 

faces are weathered to a light bi'O'\m in zones frm=~ -& to 5 inc.~es 

wide parallel to the joint. The weathered zones also occur above 

horizontal and low angle joints indicating that ~ter moved freD 

the open joint into the tuff by capillarity. (See mo.p of hole 2A, 

fig. 16.) \Jo.ter probably percolated through these jointe prior to 

and during the dcvelopcent of the soil. 

Percolation of water could occur throtl!".):l open joints where the 

soil ::::1antle has been stripped off leaving the tuf'f eXlXJsed. 

1-!ovement vould be ropid in the large interconnected joints fillL"1{; 

the smaller joints 'Where it \·lOuld be absorbed by the tuff. Large 

joints that transect the unit vould carry water rapidly into the 

underlying unit. Hove::1ent of \-later through the u.."'ljointed tuff 

\YOuld be slow as indicated by the ra.nc;e of r>ermea.bilities of 0.1 to 

6 gpd per square foo:.. 



• Soil co".-er and related r:~aterial 

'.rhe alntle rock at TA-49 is cl1arecterized by a weathered 

zone, a "Water-laid pumice, and a soil zone. The top f'~ feet 
, . 

of Wlit o is COIJposed of broken, part::.y vee:t.hered tuff fragL'lents 

in a matrL~ of clay. The veathe-""ed tuff' grades UF.ard into a 

clayey soil, except in Areas 2 and 10, \rhere a layer of w.ter-

laid pumice occurs betueen the vee.thered. zone and ooll zone. 

The veathered. zone and soil zone are composeci of I:IB.terials 

v;ee.thered in place from the underlying tuff. The soil zone r:JJJ.y 

contain some z:m.terial that -was w.shed. into the area. The water-

laid pumice 'm.s 'ashed in during the early stages of developoent 

• of the soil, and the overlying soil developed from it. The pumice 

layer occurs only locally and vas deposited in a low area on 

Frijoles Mesa. The brovn. clay found throughout the soil mantle 

and associated materials probably is largely I!lOntmorilloni te 

(table 14) • 
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l~eat!1ered tu~f' 

The \·:eathered tuff is composed of an,_,oular "t:..1ff :'ra.grr.en:.s 

·that are sl4;.1.tly vea.thered in a matrix of brown clay 1 whic!J. 

contains a ~ev roots. Thicl!:.n.ess :-anges from a few inche:::. to 4 

feet. The base or the ;,;eathered zone grades i!lto and i:: irregularly 

disconfor:~able with the top of the welded tu:f.f of unit 6. Joint::> 

and crocks in the U?per :ffU"t or unit G are clay filled. Some clay 

filling is found in joints a~ deep as 65 feet belm·t the land. 

sur~ace and some rootn occur as deep as 40 fee~ (fi3s. 15) 16, 17, 

and 18). 

The r-.early i!.."']?erviouo clay of the veathered zone ·rlrtually 

eli!:linates percolation through the zone. :-leathered angular tuff 

fra,ements usually are isolated in the clay matrix of the zone and 

contribute little to bull~ per.neabili ty oi' the zone. 

lfuere root::; in the zone are decayeC., some ;,re.ter ::!!ieht nove 

through "the -weathered zone via openings left by the roots. 

However, these openings should tend to cloce as wter is 

introduced o"Wi.ng to the swelling properties of the clay. 
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Watcr-lllld pUI:lice 

A layer of fairly vell sorted, 'Wter-'-'Orn ptmlice :fragments 

occurs in Areas 2 and 10 at TA-49. The l...aver is 2 to 4 feet thick 

and overlies the veathered tu.:t'f zone. The ptm1ice is bro'\IIlish gray 

to brown, bas a. cellu.lsr structure of fro 'toby glass, and contains 

phenocrysts of' quartz and sanidi.ne. A fev layers of clay, some 

intcmixed bro-wn clay, and roots are present in the pumice layer. 

The layer of puoice probably is highly permeable because it 

is loosely consolidated and the fragcents are well sorted and \.Jell 

rounded. 

\ihere the pumice layer baa been exposed by const1-uction, as 

in the ditch adjacent to the road north of Area 2, wter could 

infiltrate rapidly during -wet weather. Probably this vater 'WOuld 

be perched tem]?orarily on the underlying \:I'OO.thered zone. The 

pumice could aloo tranmnit some "WStcr laterally along the top of 

the weathered zone. A very small BJ:IOunt of 'WRter may percolate 

through the \ieathered zone into the tuff oJ: U."'li t 6; bo"Wever, IJOst 

of the wter ini'iltrating the pumice layer probably is returned 

to the atmosphere by transpiration a.nd evaporation • 
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2oil cover 

A broim clay soil caps most of the mesa at TA-'+9. Percentates 

of various particle sizes in the soil are estimated as follows: 

20 percent sand, 30 percent silt, and 50 percent clay. Sand-size particles 

are crystals and fragments of' quartz. 

The soil thic~~ess seems to depend on the amoun~ of 'rlater 

available for ~eatbering the underlyinG tuff. The thickest soil 

zones are found along shallow, slow-draining ditches, s~reambeds, 

and relativel~: flat areas where ·.wn"ter collects and stands. Soil 

thickness ranges from 0.5 to 9 feet in the shallow tes~ holes 

drilled for soil-mois~t-xe studies. The e;reatest knO'wn thickness 

of soil (9 feet) et TA-49 occurs on a rela~ively flat area north 

of Area 6 (fig. 20). 

Figure 20.--ThicY~ess of soil and location of moisture

measurement test holes in TA-49 1 Los Alamos County, N. Mex. 

The \leathered zone could not be disting..;.ished from the soil 

in logging the cuttings during drilling so the soil ::t.."'ld -.,ea.thered 

zone are logged as a. single unit (figs. 21-43). The pumice layer 

is shO'wn in test holes(;.,here 1 t W'aS penetrated in Areas 2 ond lC. 

The thickness of soil is closely related to topographic slope; the 

soil thins r~pidly away from the crovn of the.mesa, as indicated 

by the contours on figure 20. 

Tubes fc!"Illed by the decay of roots may transmit water throut;h the 

soil z..one. However 1 these openings Youlu tend. to close as they \iere 

wetted because of the svelling properties of the clay. 
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Percola~ion of riater through the soil zone is small vhere 

the soil is relatively undisturbed s."ld i.;ot:ld take pl3ce only 

durin(; exceptionally long "Wet periods 1 w!!ich e.l"e r3.re in the 

recior. • 
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Moisture distribution i:::1 tJ:-"e upland soil 

end underlying t'J.ff 

TI·Tenty-three test holes 1.;ere drilled for use in stud:;rir.g t~'e 

soil thickness and distribution of r:1oist.ure ir. the soil and. u:1de:c-

lying tuff of unit 6 of the Tshirege nember of the ~ndelier tuff. 
::: 

The test holes 1rere located around test areas, roadside draL1a.c;;e 

ditches, and strea..."!l channels (fig. 20). Measurements were r-£d.e of 

the ::uoistu.re content of the soil and "caff at various depths b:r o. 

neutron-scattering moisture probe. Moisture cont.ent dete~i~ed 

QA-t 
by the probe ~ar bo ~ l to 2 percent hi~her than those nade 

in the laboratory. 

Measurements 1-rere made at least tuice during the period f::.·on 

March to June 1960 and are depicted on graphs of moisture conter.t. 

and lithologic logs (figs. 21 ~ft;O~B 43). 

Figures 21-43.--Graphs of moistu:ce cor.T,e.:-.t. and litholoc;J· · ·-. 
Cot..~...,t~ 

test holes, TA-49, Los AlamosA, N. Mex. 
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Moisture content of the soil ranged from 48 percent by vol~e 

near the surface in March to 8 percent at depth. The moisture 

JAIHE.IU t-r'IVII~ 

content of the near- surface tuff A covered by a thin soi~ ranged from 

37 percent by volume to less than 4 percent at depth in test holes 

in ,.;ell-drained areas. Moisture content was highest in the upper 

few feet of soil and tuff in March and April as a result of the 

late winter sno'\-7j it decreased in June due to the higher evapo-

transpiration rates of early summer. Moisture content of the tuff 

at depth remained constant in the period March to June except in 

test hole lM-3A where an increase of l to 3.5 percent by volume was 

noted between 4 and 13 feet • 

JS5 
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Test holes ia ' . .rell-d.rn.ined s.reas 

Holes lM-2; 2M-l and -2; )M-1, -2, and -3; 4M-l, -2, -3, ~d 

-4; 5M-2; 9M-4; and lOM-1 end -2 are located in "Well-dro.ined ~eas 

and penetrated an average soil or soil and backfill thic~~ess of 

3. 5 feet (table 20) • At the averaGe depth of 4. ·7 feet in these 

holes,moisture content decreased from abo~t 30 percent to 10 

percent by volume. At the average depth of 8.8 feet,the moisture 

content decreased further t;o 5 percent. 

The clay soil had retained most of the moist;.;re that fell as 

sno'" or ra.in and the moisture content in the upper part of this 

soil varied due to evaporation, transpiration, and prevailing 

veather 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. 21-54). 

The tuff just belov the soil zone contained as much as 37 

percent coisture by volume. M(jisture content in the '.:.uf'f' cf unit 6 

decreased to less t~~ 10 percent a fe~ feet below the soil. No 

significant chanGes in moisture content were noted in the tuff 

during the period March to June. 

The moisture content did not change in the pumice layer during 

the period March to June. Measurements made in tes~ hole 2M-2 (fig. 23} 

indicated a moistu:e content of 25 percent in the puaice layer at 

8 feet on t-1ay 5, 1960. This anomalously high 1·eading probably is in 

a thin clay layer in the pumice ~one. 
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Table 20.--s~~arJ of results of moisture measurements in· 

test holes locat~td in well-drained areas 

Depth at l·lhi ch 
Test hole Soil thickness mois~~~n~ecreases 

(feet) to lOr; by voluoe 
"(feet) 

l.M-2 l.r}::./ 2.5 

2M-l .r}/ 5.5 

2M-2 5~~ 6.5 

3M-l ·9 2.5 

3M-2 2.6 6.0 

)H-3 7.r}::./ ).0 

4M-l 1.9 ).0 

4M-2 1.2 4.0 

4M-3 ),r}::.l 4.0 

4M-4 2.9 4.0 

5M-2 3.3 6.5 

9M-4 12.~/ 9.0 

lOM-1 2.~1 3.0 

lOM-2 4.rft./ 6.5 

Average 3.5 4.7 

Backfill composed of soil and tuff. 

~I Soil overlies pumice . 

IS7 
~ 

Depth at 11hich 
moisture+ decreases ... 53{" to 5 by volume 

~(feet) 

7.0 

7.0 

9+ 

4.5 

9.0 

14.0 

7.0 

13.0 

7.0 

10.0 

9.0 

12.0 

5.0 

10.0 

8.8 

\ .•• ,,¥/' 

........ 



'fi-la-r .12 
Test holes in areas Arecei vi~ runoff 

from ,.,ell-drained areas 

Test holes lM-1 and -3A; 2M-3; 5M-l; 6M-l; and 9M-l, -2, and 

-3 are located on or near arroyos, drainage ditches, and flat areas 
TffiVi 1>/Mt.v SJ..o41J.V. 

Gf alow aFaina~ Graphs of moisture readings in these holes are 

shmm on figures 35 ;;}uo~l:l:gfi 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 moisture 

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 moisture 

content decreased to 5 percent by volume at 10 feet. 

Moisture content determined in the soil penetrated by these 

test holes varied ,.;i th evaporation, transpiration, and prevailing 

weather conditions. No significant change in moisture content of 

the soil was noted during the period of March to June. 
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Table 21.--Sucrmary of results of moisture measurements in 

test holes in areas that receive runoff from >-rell-drained areas 

Test hole 

l.M-1 

l.M-3A 

CM-3 

5M-l 

6M-l 

9M-l 

9M-2 

9M-3 

Average 

Soil thi ck:ne s s 
(feet) 

4.6 

3-2 

5.0 

2.2 

9·0 

6.9 

6.9 

4.2 

5-3 

Depth at T,.;hich 
moisture decreases 

per~'f 
to 1q~ by voluoe 

(feet) 

6.5 

14.0 

4.0 

9·5 

Depth at which 
moisture decreases 

f«-JC.&W\'t 
~o )7'1 by volume 

• (feet) 

10 

49+ 

19+ 

39+ 

19+ 

19+ 

19+ 



No significant change in moisture content in the tuff \-78.S noted, 

1"Hf: 
except in hole lM-3A (fig. 20), 1rhereAmoisture content increased 

l to 3.5 percent by volume betueen 4 and 13 feet in the tuff from 

May 3 to June 30, 1960. Test hole lM-)A is located on the bank of 

an arroyo, and the ba1~ is about 5 feet above the bottom of the 

channel. Construction near test hole lM-)A caused water to pond 

2 to 4iinches deep in the arroyo during ·Het periods. The thin soil 

and sand in the channel of the arroyo may have allowed the ponded 

imter ~o infiltrate do;.m;.7a.rd and laterally into the tuff as sho.m 

by the increase of moisture from l percent to 3.5 percent at a 

depth of 4 to 13 feet. Betvreen 13 and 20 feet a small increase 

in moisture content is suggested, but bet1veen 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 there 

may have been some free 1mter in that Lnterval. The increase of 

l to 3. 5 percent in moisture content a·~ various depths during the 

period from May to June may indicate a slmr downward movement of 

moisture in the vicinity of test hole =M-)A. This indicated 

movement of moisture into the tuff is -.Jrought about by the pending 

of vrate~ in an area where it was formeYly allowed to drain. 
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Infiltration from stream flow 

Water discharged from well fT-5A during the pumping test was 

meas"J.red frequently in the natural stream channel near test holes 

9M-2 and 9M-3 (fig. 20). The results of these measurements and 

measurements of discharge from the well are shown graphically on 

figure 44. 

Figure 44.--Graph of measurements of flow downstream from well 

DT-5A as compared to discharge at well during pumping test 

April 30-May l, 1960 at TA-49. 

Moisture content of soil and rock penetrated in three test holes 

adjacent to the stream channel was measured on April 30, May l, 2, 3, 

and 6, 1960 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 shown in figures 39, 42, and 

43. From the discharge pipe at the well to near test hole 5M-l the 

water flowed in a natural channel partially f~lled and dammed by drill 

cuttir~s 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 bottom 

of the channel consists mostly of silt, sand, and gravel, but some 

tuff is exposed . 

1 rei 



Jo. 
Pumping started at 10:45 a.m. on Apr:l ~ From 10:45 a.m. to 

9:15p.m. flow measurements in the channel at test holes 9M-2 and 

9M-3 showed varying flow losses owing to infiltration of water into 

the drill cuttings, ponding of water near test h-=-.1e 5M-l, evaporation, 

and infiltration of water into the tuff and silty clay adjacent to 

and beneath the stream channel. Flow losses during this first period 

of the test became progressively less with continued saturation of 

more of the drill cuttings, stream-bed ~~d stream-bank materials. 

Flow measurements at test holes 9M-2 and 9M-5 during the period from 

9:15p.m. April 30 to 1:10 a.m. on May l, 1960, indicated that the 

flow and losses were at equilibrium. During this time flow loss 

between well DT-5A and test hole 9M-2 was 1.5 gpm per 100 feet of 

channel. The flow loss was 0.7 gpm per 100 feet of channel between 

test holes 9M-2 and 9M-). The stream banks between test holes 9M-2 

and 9M-3 were saturated sometime between about 2 a.m. and 7 a.m. on 

May 1, 1y6o, when flow in the channel measured at the test holes 

became about equal. Flow loss from the well DT-5A to tesc, hole 9M-2 

increased to 1.9 gpm per 100 feet of channel from 5:45a.m. to 

8:10 a.m. May 1, 1960. 

The greater flov less in the upper reach of the channel, both 

during the period of equilibrium and the period of no apparent loss 

in the lmver reach, probably can be attributed to continaed but 

slie;htly changing percolation into the drill cuttings. Additional 

ver-:ical infiltration from the panel at the head of the channel ma:1 

have occurred during this period as alr bubbles rose to the surface of 

the pond at differe:1t tir::es d'-.:.rin.g ~'1d after the pumping test. 
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The moisture content measured in test hole 5M-l did not change 

during the test. This indicates no lateral movement of water from 

the pond 22 feet from the test hole (fig. 39) although vertical 

infiltration from the pond probably occurred. 

In test i.1ole 9M-2 at a depth of 1. 5 feet in the soil, the 

moisture content increased 16 perce~t from April 30 to May 1 (fig. 42). 

From May l to May 6, 1960, capillary return to the surface and 

evaporation decreased this moisture content by 13 percent. At a 

depth of 2.5 feet the moisture content increased 3 percent from 

April 30 to May 2 ~ 1960. Below 2. 5 feet there >vas no significant 

change in moisture content of the tuff. 

I~ test hole 9M-3 the moisture content increased 6 percent at 

1.5 feet from April 30 to May 3, 1960 (fig. 43). At a depth of 2.5 

feet the moisture content increased 8 percent during the same period. 

At a depth of 3. 5 feet and belo>.J there i·;as no significant change in 

moisture content. 

In the lower reach cf the channel it is apparent that there was 

very little loss of flow after the chan_~el and bank material was 

saturated. No change in moisture content ·,.;as detected below 3. 5 feet 

in depth in either of test holes 9M-2 or 9M-3. Any lateral filtration 

of water from the pond near test hole '5M-l was not detected 

indicating that any infiltration would have been downward probably 

along vertical and near vertical joints into the underlying tuff . 
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Data obtained durine the investigation indicate that Frijoles 

not part ~f the ground-water ~ecnarbe area in the region. 

Pe~ched ~atcr ~as net found beneath ~\-~9. 



• The cover on the mesa at TA-49 prevents most of the 

precipitation from infiltrating into the underlying rocks. The 

cln.y-lilte soil for:::lS an almost perfect seal over the mesa surface 

and the near-surface joints. Tbis is evidenced by open Joints in 

units 4 ~~d 6 ~hich blow air (figs. 1), 17, and lb) in response 

~o declining baracetric pressure. A ve:7 low moisture content 

(table 1 {) ·.:a.s found in the upper 300 feet of the Tshirege Member. 

The moistu::.-e-o.:ter st.:rveys indicate little o:· no increase iu 

mcis~ure con~ent belo'ol the undisturbed soil zone. rlhere the soil 

cover has be~n dist~bed, removed, or water ~~eYed to pond, 

infiltratio:1 into the underlying tuff takes place slowly (fig. 37) • 

• 
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Decreasing flow downstream in perennial streams in Hater Canyon 

to the north and Frijoles Canyon to the south indicates tl:at SOI:le 

recharge may occur beneath the deeper canyons of the Pajarito Plateau. 

Available data do not show how much of the decrease in flow in the 

canyons is caused by evapotranspiration and l;,ow !!!Uch is recharge 

to the bedrock. 

The general shape and. slope of the piezometric surface (fig. 4 5 ) 

Figure 45.--Generalized contours on the piezometric surface of 

the main aquifer, Los .AJ.emos area, New Mexico. 

indicate the main source of recharge to the aquifer is vest of Frijoles 

Mesa. The Pajarito fault zone and the slopes ·Of the oountains, which 

receive relatively high precipitation, probably are part o:f the main 

source of recharge. 

Sane recharge from Frijoles Canyon can be inferred because of 

the configuration of the contours on the piezometric surfo.ce (fig. 45) 

in that area. 
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T.~-49 raneed !':"om about 1,004 feet belo•n the lend surface at DT-9 

to 1,172 :feet at DT-51\. Much cf the diff"erence in "Water levels in 

different uells is dt:.e to topo~;ruphic position; hovever, t:le altitude 

of the piezometric surface of the water is almost 40 feet higher in 

well DT-5!\ t~1~'1. :!.:: 1:ells r:-1'-9 and DT-10, \lhic~ are .ccspect:!. vely 

milfl 
o.811 southeast. and o.·t mile east o1' DT-5A. 

The ;;~ien=. on the pi~zametric surf'nce is east-southeast-ward 

So 
to\,·a=d the 2ic G:.~e.na.e at e.bc:.:t ~ :cet per mile ( fi~. l;j ) • 



Water-level changes 

Water-level measurements in wll DT-5A (fig. 46) indicate that 

Figure 116. --Hydrograph of water levels measured and :fran 

recorder charts at well DT-5A, TA-l19, Los Al..amos County, N. ~ex. 

the vater level vas near 1,173 feet below the land surface after the 

vell was developed. <Ale level measured .AprU 30, 1960, is anomalously 
low owing to residual drawdown after the aquifer test run on the well. 

The water level in veil M-9 (:fig. 47) declined about 3 feet 

Figure 47 .--Hydrograph o:f vater levels measured and from recorder 

charts at veil DT-9, TA-49, Los Alamos County, 11. Mex. 

during the period of drilliDg o:f the veil. This decline probably 

represents di:fference o:f head in successively deeper water-bearing 

strata. The water level in 1960 vas about 1,003 feet below land sur:face. 
During April a recorder vas operated at In'-9 and a microbarograph 

vas operated at TA-49. Changes in water level in the vell correlate 

quail tati vely vi th changes in baranetric pressure 1 but the amplitude 

o:f the water-level :fluctuations indicates an additional e:f:fect that 

probably is caused by something other than baranetric pressure. 

/{:. f 



• Measurements of' -.. ;ater level at ·,:ell DT-10 (fig. 48) show a decline 

Figure 48.--Hydrograph of water levels measured and fro~ recorder 

charts at well DT-10. TA-49: Los Alamos County, N. Mex. 

of slightly ~ore than 1 foot during drilling. The cha~~e apparently 

represents a slightly lower head in the lower beds of the Puye 

conglomerate aquifer . .. A recorder was operated for l week on well 

DT-10, and daily fluctuations; though barely perceptible, correlate 

with barometric pressure changes. The water level in this well was 

about 1:085 feet below land surface during 1960 . 

• 
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Ptunping tests 

Pumping tests approximately 16 to 24 hc~rs in length were ~n 

on wells DT-5A, DT-9, and DT-10. The pump t:sed for the tests \InS 

a 4o-horsepower submersible turbine. Discharge \ias measured b;,· 

means of parshall flumes set near the vell. Meru;-urements of water 
..;; 

levels were made with an electrical water-level indicator inside 

a l-inch plastic tllbe banded to the pump. Drm.;dowu end recover:/ 

Yere read directly on a steel tape .:astcned -:o t.he el:::!c cricc.l 

lead for the probe. Recovery of Hater level after pta::.pin.; in oot~ 

wlls was anaJ.yzcd by the methoe .:."'.evised by Theis (1935) and later 

described by Henzel (1942). 
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Tests at well DT-5A 

Well DT- 5A 1vas pumped at a rate of 81 gpm for slightly more than 

25 hours April 30 and May l, 1960. The pump in~ake was set at 1,287 

feet belmv the land surface for the test. Maximum drawdown during 

pumping was 14.1 feet indicating a specific capacity for the well of 

5.7 gpm per foot of drawdown. Discharged water had a small amount of 

sand in it during the first 10 minutes of pumping, after which it 

cleared and remained clear. Temperature of the water pumped 1vas 70°F. 

Analysis of water-level recovery after pumping (fig. 51) indicates 

Figure 51.--Semilogarithmic graph of recovery of water level in 

well DT-5A May l and 2, 1960, after pumping 25 hours at an 
,.~+'C. 

averageAof 81 gpm. 

a transmissibility, T, of 11,000 gpd per foot for the aquifer here. 

Approximately 350 feet of the saturated beds penetrated should readily 

yield water to the Hell, as indicated by the electrical log. Thus 

ll 000 
field permeability should be 

3
50 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 rotary method it is inferred 

that about 8o percent of the saturated interval is plugged lvi th 

drilling mud. If the well is to be used for 1reter supply the specific 

capacity probably could be improved further by surging and by use of 

mud-cutting chemicals • 

Ill 



Tests at vell DT-9 

<h. A pumping test vas run on vell DT-9 May 6+ 7, 1960. The pump 
vas set at 1,117 feet below the land surface, and the vell 'W'8S pumped 
at 88 gpm--~~imum discharge :for the pump--for 24 hours. 

Maximum dravdown during pumping vas 3·95 feet, givi:cg a specific 
capacity for the vell o:f 22 gprn per foot o:f d.ravdown. The discharge 
vas :f'ree o:f sand and sediment throughout the pumping test, e.nd the 
water temperature vas 70° F. 

Recovery of water level was analyzed to determine t.ra.nsmiss1b111 ty 
of the aquifer in the vicinity o:f the vell (fig. 52). As determined, 

Figure 52.--Semilogarithmic graph o:f recCNery of' vater level in 

vell I.Yl'-9 May 7 and 8, 1960, after ptnnping 24 hours at an 
" a~erage rate o:f 88 gpm· 

the transmissibility, T, is 61,000 gpd per :foot. 
PA-rA 

Pram- geophysical logs 
tPOtcA-r€ and examination o:f drill cuttings ,..-J:t is es tilms'bed that about 300 feet 

of' a total of 500 feet of saturated aquifer penetrated vill readily 

61 000 yield w.ter. Thus, field permeability should be ~ , or approximately 
200 gpd per .foot per f'oot. Joo 

The coefficient of permeability as determined at vell DT-9 
is more representative of the aquifer in the Santa Fe Group than the 
transmissibility determined at well DT-5A. 

17 z. 
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Tests at veil DT-10 

An attempt vas made (May 1960) to install a pump in vell DT-10. 

1m obstruction vas found in the vell at 1,100 feet, where the casing 

is reduced w1 th a Jiner from l2 to 8 inches in diameter. (See table 16. ) 

The obstruction was later swaged out and the pump installed in September 

1960. 

A 16-hour pumping test vas made on veil DT-10 September 21 and 

22, 1960. The pump vas set at 1,185 feet below the land surface, and 

the average rate of pu:cping during the test vas 78 gpm vi th a dravdown 

of 4.8 feet. The specific capacity of the veil is 16 gpm per foot of 

drm1davn. The disc'P...a:rge vas free of sediment and clear in appearance 

except during the first minute of pumping, when a foamy, detergent-like 

substance came out with the vater. Some rusty pipe scale vas included 

in the vater during the first few minutes of pumping, but this cleared 

up in a very short time. The temperature of the vater during pumping 

vas 67°F, which vas 3 degrees cooler than vater from the vells D'.P-5A 

and IY.r-9· Well DT-10 is finished in the upper part of the main 

aquifer, and the lower temperature of water from DT-10 tends to corroborate 

the stratigraphic analysis that indicates there may be a hydraulic 

separation between the Puye Conglomerate and the underlying undifferentiated 

unit of the Santa Fe Group. The cooler vater suggests that there may 

be recharge into the aquifer nearby, possibly along Water Canyon • 
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Transmissibility of the Puye Conglomerate 1 as determined from 

analysis of water-level recovery (fig. 53).r is 36,100 gpd per foot. 

Figure 53---Semilogra.ithmic graph of recovery of vater level 

in veil DT-10, September 22 and 23, 1960, after 16 hours of 

pumoing at an average rate of' 78 gpm• 
/),4-rf.l 

It ie ee'bima;,ed from geophysical logs and examination of the drill 
- /~O;c/ITP-

cuttings 1\ that about 200 feet of the saturated section penetrated by 

:DT-10 readily yields vater to the well. Therefore, field permeability 

is about 18o gpd per foot per foot, a figure that compares favorably 

with the field permeability of 200 determined at well D'l'-9. 

i 
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Velocity of ground-water movement 

Velocity of flow in an aquifer can be computed by the .following 

equation: 

wherein: 

V (in feet per day) PI =-p 

P = .field permeability, gpd per foot per 

foot (gallons converted to cubic .feet) 

I = gradient, feet per .foot 

p ::11 porosity of the aquifer, percent 

The average permeabill ty of the aquifer, as determined by 
180 

pumping tests at vella DT-9 and DT-10, is approximately *9Q gpd per 

value obtained at DT-5A. The gradi :t on the piezome 
A' 

between wells IJ1'-5A and IYl'-10 is a out.A-6 feet per mile. 

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 

above equation, the velocity is "('7.4S~g. 25 • 60 = 1.098 feet 
(5,280) 

per day, or roughly t~oo feet per year. 

{/ -
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Quantity of water moving through the aquifer 

The qufUlti ty of ground water passing through a g1 ven cross-

sectional area of the aquifer can be estimated from the equatioi:i 

" Q in gpd = PIAp-

vhere A is the cross-sectional area of the aquifer. The average 

estimated thicknesses of beds readily yielding water to the deeper 

vella DT-5A and DT-9 are 350 and 300 feet, respectively, or, averaged 

together 1 325 feet. The vidth of the affected area beneath TA-49 
at right angles to the east-southeast direction of movement of the 

ground vater is about 2 1 000 feet. Then: 
60 }\'\ 1

;..- / •. 
Q = (180) • 5,~80 . (325) (2,000) 0.25 

... 331,11-40 gpd 

or approximately 370 acre- feet per year passing through the cross

section of the aquifer beneath the test areas at TA-49. 

I 7 &::, 
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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 1n chemical 

constituents at depth' (table 22 ). A single field conductance was 

made on a sample from well DT- 5A at the end of the development period. 

Analysis of water from various dept~in wells D'l'-9 and -10 

indicates a decrease in specific conductance in both wells and a 

decrease in carbonate concentration with depth in well DT-10. 

The pH of water in both vells also decreases w1 th depth. This may 

indicate contamination by drilling Imld of the water sampled. The 

analyses, though possibly contaminated, indicate that there is 

a small difference between chemical composition or the water within 

the TSchicoma Formation and members of the Santa Fe Group. 

Water samples vere collected at the end of the pumping tests 

on wells DT-5A, -9, and -10, and a single bailer sample vas collected 

from well D'l'-10 upon completion. Water from the three wells is 

soft and is 10\oT 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 sillca content is high. The high sillca 

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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The i-l'ater from vells DT- 5A_. 9 J and 10 is similar to water found 

in the test ar.d supply -:,;ells in the area. The -. .,.ater i. s of good. quality 
So'tc <2 

for domestic and nest industrial use} but the scale produced Hhen the ;-

water is heated may be objectionable for certain industrial uses. 

Rad:'..ochemical analyses from i:ells DT- 5AJ 9 .• and 10 are shmm on 
C:...} 

table 2&. The analyses indicnte t:::at the concentration of radiom.tclides 

is well below the tolerance li.."'!l:'..ts and the data are included for future 

ba :!...'.cgro~;.:-.d stady-
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Depth 

Hr.ll. l>f 

ll·) 0 \Jell 

(r~el) 

' 
DT-5A 1,821 

DT-10 1,120 

~~ 1,221 

1,248 

1,256 

l, 338 

1,424 

1, 430 

1, 430 

IYr-9 1,048 

1,060 

• 
~~ 

Table Er.--Pazt~ chemical analyses of water semple~ from deep wells at 
~ 

TA-1~9, Los Alamos County, N:w Me.?i;~ 

( A~/Y'"J by u.c.c. •• t,.,, ... , s"4 ... ,•v, tJfa•l,1y "'"" w.'tr .. ,,..,. ... ~tJ AlbufiC' .. ''"r, N./11c..t, 

iConstituents in parts per million except a~ otherwise indicated in column head.) 

Dute o1' 

c.lJE:,:-

1.iull 

3-25-60 

3- 8-60 

3- 8-60 

3- 8-60 

3- 9-60 

3-1l-6o 

3-11-60 

3-13-60 

3-13-60 

2- 2-60 

2- 3-60 

--,--

. . .. r ~icat--, c "- :""; ;n:""; ":]':'";:; c ~~~~~~:~~ 
,,1 '-d 1 ,,,. ,vl\ . .J..J.) cu .. Ju,l,- ancl.,. 

' ~ 
,._,L:ti'• .. I I !1 .:J!I. 1 !. _.~_. - ......... -~ ::tn-·e ,, __ ut:tmtruti 

; · · r; . ; I C' · \ I ' i ! :rn 4 .. i m : ~ .r v- i.-H f i '= 1 rl 

· l · ; I · · 11 • · · ' J r · · · .. 1· ·- ~~ 11 " ':l. ' : m ' c , " 1-
:;.;~lit 

rtr·:!!~p~:~ r-

~i tnJ. t igr·,l U ,_. 

- :·t un ?) ·~; roth.[: ·1t 

L J 
·. - --. . . .._,. L·"·_ 0. • - • • . . 

_____ ·---__ ___ _ ______ l __________ L____ _______ . 27" _g)_ 

Santa Fe Group 

Puye Tong1om- 65 

erate 66 

67 

68 

67 

66 

65 

65 

Santa Fe Group 68 

51~ 

1i-l 

43 

31 

68 

72 

202 

157 

154 

160 

., 

98 

76 

15 

3 

9 

5 

0 

0 

103 

56 

n 
67 

32 

28 

420 

617 520 

506 

!~8 4oo 

529 370 

290 

290 

115 

l8o 

260 

157 

• 

pH 

8.9 

8.4 

8.7 

8.4 

8.2 

8.0 

' 
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Table 21.--Bn±~~l chemical analyses of wacer sa~le~ from deep wells - Continued 
= 

---_-- --,-- ----------- --- --- --- ---. ----- ·-- -- --
Dept~ 

HE:Ll { f 

Ho. w..:U 

(feet) 
__ _j__ 

DT-9 1,220 

1,286 

1,327 

1,501 

1,501 

. lJ·.L·_ · C 
; ; L ~·a~ igr~,T--L i ~· 

C . I ] E:;(:-

•n·: t 
t;jun 

2- 6-6o Santa Fe Group 

2- 9-60 

2-16-60 

2-20-60 

5- 7-60 

Continued 

, '·-I·(,:.·-

:·. i_ J.i <: ii 

-·.it;;;· 

___ '_~_[") 
64 

lj.9 65 
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Age of ground water in the principal aquifer 

Tritium c antent in ground vater sometimes can be used to 

determine the age of the water (von 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 vater. The rate of movement of ground vater may be determined 

by referring anomalously high tritium concentrations in ground water 

to recharge occurring soon a:f'ter the hydrogen-bomb experiments. At 

the time of the explosion, large quantities of tritium were released 

into the atmoS"phere and returned to the earth 1 s surface in precipi ta

tion. The first hydrogen-bomb experiment, in November 1952, released 

some tritium to the atmosphere, but the first experiment to release 

large quanti ties was in March 1954. Several series of tests vere 

made betveen March 1951~ and ~tober 1958 (Telegadas, 1959) . 
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Samples of rainfall at Los Alamos taken in June 1954, after 

the second hydrogen-bomb explosion, had 1,160 to 1,550 T.U. A tritium 

unit (T. u.) is defined as one atom of tritium in 1018 atoms of 

eydrogen. A sample collected Feb. 7, 1951~, from Rite de los Frijoles, 

a stream that drains an area 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 o:f rain and BilOW' 

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-bomb tritium content in precipitation is thought 

to have been about 8 T.U., based on analyses of Chicago precipitation 

by Kau1"man 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 w1 th tritium by local recharge, the age of water in the 

aquifer can be dete:nnined from samples collected from deep test 

vella, provided the samples contain detectable quanti ties of tritium. 
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• 
Three samples of vater from tvo of the deep test vella contained 

detectable quantities of tritium. As the half life of tritium is 

12.26 years, the ages of samples could be computed. The follO\ling 

table includes the results of tritium analyses and computed ages of 

samples: 

Well Date Date Depth of Tritium Computed ages of 
vell vhen units samples 

No. collected anal~ed collected {T.U.~ ~lears~ 

IY.l'-5A 5- 1-60 11--60 1,821 2.6 19.9 or 20 

In'-9 2-16-60 11--60 1,325 :;.8 13.1 or 13 

JJl'-9 5- 7-60 ll-60 1,501 :;.5 14.6 or 15 

• 
,.,,, 

The significance of apparent diff-erences 1n age cannot be fully -l .. 

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 vater are mixtures of vater 

near the top of the zone of saturation, vi th deeper vater. More hydrologic 

data vould be needed to determine which zones contribute most of the 

water in order to evaluate differing concentrations vith depth in the 

aquifer. 

Moreover, some young vater may be added to the aquifer by local 

recharge f:rom canyon sources such as Water Canyon. Thus, samples 

may be mixtures of a very small amount of local recharge vater w1 th 

older water coming :from major areas of recharge on the ~tain slopes 

• to the vest. 
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Tne Pajarito fault zone presumably is the 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 i'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 a.nalyzed ) 

or about 1 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 allov 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 
Pajarito fault zone, probably along Water Canyon and other nearby 

canyons east of the Pajarito :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. 
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Conclusions and suggestions 

j)at.a obtained :i.'rcm tl1e large-diame-ter hol.es indicates that 11 tt~e 1 

i.f any, recharge to tile ground vater presently occurs e.t Frijo~es 

Mesa. C~ayey soil OJJd clay i'ill.ing "tile near-surface parts of joints 

ure a '"uarrier to inf'i~tretion of water iut.o joints. The efiectiveness 

of this impervious seal is 1Diicated by blo'lrlng of air f'rom open 

joints at depth in respor..se to declining barometric pressure. At 

Saffie time in the past, joints in the Bandelier Tuff have carried 

perco~ating water, a.s indicated by alteration of joint faces in the 

rock. This percolation presumably occu.."'Ted before the soil mantle 

was developed. 

The moistU!'e readings in the test holes indicate that vat.er 

rarely ini'iltrates the raesa sur:face to depths greater than the 

thickness of the soil and that a soil cover as much as 2 feet thick 

seemingly prevents nuturul infiltration -:;o the underlying bedrock. 

Local.l.:r, "Jhere the soil cover is thin or absent and in same p~aces 

on the mesa that receive runoff from vell-d.ra.il1ed areas, some sc~ 

amount of 1n1'1ltration into the tuf:f does occur. 
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Moisture determinations made in test holes adjacent to a natural 

channel that carried water discharged from well DT- 5A during a pumping , 

test indicate that infiltration took place laterally into the soil 

and related veathered materials. MJisture measurements in the holes 

made after flow stopped in the channel indicate that water 'tiilat had 

moved laterally from the stream was returned to the surface by capillarity 

and evaporated. Some YS.ter vas lost contj mxa1 1 y f'rcm a disturbed 

part of the channel in the upper reach throughout the period of' nov. 
A part of this loss could have gone dmmward into the tuff'. 

The large loss of' drilling mud and water into the 930 feet of' 

Bandelier IJ.\J.f'f penetrated by vells !1.1'-5 and DI'-5A probably vas into 

open joints. Data are not available to determine whether the water 

lost in drilling the two wells moved downvard through the Bandelier 

'1\tff and into the Puye Conglomerate. It is likely that this liquid is 

entrapped in the labyrinth of interconnected joints and is slowly 

being absorbed by the tuff adjacent to the joints • 

.Do perched water was observed in the interval between the mesa 

surface at TA-49 and the main zone of saturation at a depth of' 

somewhat more than l,OOO feet. The absence of perched vater and the 

large bulk permeability of the Bandelier Tuff indicate that it 

vould transmit water rapidly. Water that has access to the tuff and 

joint systems, i:f in sufficient quantities, will move with ease 

almost vertically dOVXNS.rd into the Puye Conglomerate and eventually 

into the zone of" saturation. 
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Soil materials for sealing abandoned test areas are available 

on the mesa. Soil for sealing purposes should be obtained in places 

as far a'vay from testing areas as possible because 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 V:lter from Frijoles Mesa is very small 

or nonexistent; thus, no cont.runinants in solution are likely to be 

carried to the ground water beneath TA-l~o9. However 1 i:f' contaminants 

should reach the main ground-vater body 1 several condi tiona, mainly 

hydrologic, exist that tend to decrease hazards resulting from such 

contamination: 

1. Presently no ground water is used downgra.dient in the 
Los Alamos area f'ran TA-1~9· The Rio Grande, into 
vhich the ground vater is naturally discharged, is 
the nearest point of hazardous contamination of vater 
supplies. 

2. Sene dilution of the contaminated vater vould occur 
in the aquifer and :f'urther dil.ution vould occur in 
the Rio Grande as the contaminants vere slowly discharged 
into it. 

3. At the slow migration rate of ground vater in the Los 
Alamos area, it vould take about 8o years for contaminants 
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 ·which the contaminated water 
passes vi.ll reduce the concentration of radioactive 
contaminants. This was investigated by the Health 
Division of the Los Alamos Scientific Laboratory for 
the upper part of the Bandelier Tuff at TA-1•9. The 
aquifer materials also presUI!IB.bly vill absorb some of 
the contsminants. 

I~ 7 

"""' .. 



Suggested continuing study 

~ater samples for radiometric analysis should be collected 

a.tmually frau vells DT-5A, 9, and 10 to detei"'!line whether contamination 

is taking place. If well DT- 5A coul.d be pumped steadily and the water 

used at TA-l~9, it 1·Tould be advantageous to monitoring because a slightly 

greater part of tr.e aquifer could be sampled in this YS.y. Samples fl'Om 

the other wells could be obtained vi th a bailer. The well that is 

pumped should be provided vi th an air line to record its water level 

and a measuring tube (about 1 inch 1n diameter) should be provided 

also so that air-line recordings can be checked periodically by 

direct measurement. A continuous water-level recorder should be 
f,,,..r. ,..., s~~~~~ 

install.ed in the well DT-9. The wells that are not used,oashould be 

pumped once every 5 to 10 years for a period o:f 1 to 3 months and 

sampled for radiochemical analyses. 

!okrl.sture readings should be made in the test holes four times 

each year to determine whether there is infiltration of water. ~ 

frequency of moisture readings can be decreased in SaDe of the 

holes vhen date. indicate that the results are not significant. 
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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 coul.d then be used f'or 

measuring the moisture content of' the compacted soil cover and 

underlying tuff and f'or gamma-ray logging. 

It would be informative to sink an angular drift to a point 

a few feet beneath a large-diameter hole and inject vater into the 

large-diameter hole to sample 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 water samples should indicate whether contaminants 

will pass through tuff or joints in the tuff . 
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Appendix 

Data contained herein was collected during the course of 
investigation of TA-49, Los Alamos County, N. Mex. It is not 
specifically considered in this report and is appended for possible 
use by future investigators. 
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Table M---Particle-size distribution in percent by weight for samples from 'l'A-49, 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) Tsbirege Mbr. clay 0.0625 0.125 0~25 .25-.) . )-1 1-2 2-4 4-8 8-16 

silt ~_f_ine _f_ine __!!l~<!itun _COa.I'!'i_~'}'_._ coars~ v. fine fine medium 
-- ----- ----~-

~ ---~ ------------- -- ------·---

6of.R;UO 4-U 61 5 2.7 10.2 7.0 20.9 27.0 2).2 6.4 0.5 0.1 

);;~NM19') 4-A 66 5 3.<) 11.0 7.3 9.6 17.9 24.3 20.1 4.9 .8 0.2 

60NM2l} Beta 10 lB 3Q.O 11.4 3.2 6.8 24.2 14.6 9·8 

6UNM2:;, Beta 6) lB 8.0 )j.O 11.) 14.3 12.) 14.6 2.8 .7 .2 

60NM26 Beta 13) 1B 42.7 20.2 9.7 13.1 6.3 4.4 .6 .4 1.3 1.3 

60NH27 Beta 18o 1B 13.0 28.8 8.7 10.4 12.) 16.9 6.0 3.1 .6 

\ 6uNM28 Alpha 175 3 ).9 24.3 10.4 11.4 14.6 16.4 lSJ.O 

"-
-...t) 

w 

\ \ 
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Lab. 
sample 
No. 

6oNM6 

6oNM7 

60NM1 

6oNMs; 

6oNM8 

t 6oNM2 

60NM10 
' "' 60NM3 ~ 

60NM5 

l ·~lllr-14 

~j 

I 
f v 

Table ~.--Pore-size distribution and soil-moisture tension of samples from 

TA-49, Los Alamos County, N. Mex. 

Source Depth Stratigraphic Pore-siz~ distribution Moisture content 
of (em of water) at 1/3 atmosphere 

sample (feet) unit tension 
1 15 30 6o 150 (percent) 

2-0 30 Qbt6 - 4o.05 

1-A 30 Qbt6 - 4o.86 

4-U 4o Qbt6 45.8o 43.81 41.54 41.88 4o.46 38.74 

2-F 56 Qbt6 - 2':}.60 

1-A 58 Qbt6 - 40.55 

4-U 6o Qbt6 48.45 46.18 44.06 44.72 43.41 42.62 

4-U 61 Qbt. - 4.4') 
) 

4-U 67 Qbt4 39.)1 )8.22 40.09 3).18 22.30 20.68 

4-U 82 Qbt4 36-~5 34.7G 53.11 33.17 29.96 24.54 

4-u 104 Qbt4 33-)7 32.23 )0.)8 )0.)6 )1.22 2SJ.14 

\.._.) 
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Table ~.--Reco~~issance notes for large-d~ame~er holes in 

areas l, 2, 3, 4, and 10, TA-49_. Los Alamos County, N. Mex. 

Hole 1-A 

Depth 
(feet) 

Area l 

Diameter - 6 feet 

0-2 Soil 

2-lj Vertical joint i::J. · . .,rest ·...-all is 2 inches clay filled. In 

35 

south>·lest wall ver~ical joi::J.t is 2 inch clay f .:.lled. 

Northeast wall has vertical jo.:.nt l/8 inch clay filled. 

South wall has vertical joint ·~ inch clay fi.lled. North 

Hall has two joints that e.l·e ~ inch clny filled . 

Northeast wall has horizontal joint open t inch. 

1 1 Vertical joints are open 4 to 2 inch. Large fracture zone 

on northeast wall has joint openings & to l .:.nch. 

)0 Fracture zone on east \.;all contains joint openings t to 2 

inch. 

55 Joints on north and west walls join at apex and are open 

l . h 4 lnC . 
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Table ~.--Reconnaissance notes for large-diameter holes -

Hole 1-J 

Depth 
(feet) 

Continued 

Area 1 - Continued 

0-3 Soil 

3 Near vertical joint on southeast and southwest walls meet in 

apex down hole at 28 feet. 

Horizontal joint is open 1/8 inch. 

15 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. 
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Table ~.--Reconnaissance notes for large-diame~er holes - Continued 

Hole l-P 

;Depth 
(feet) 

Area l - Continued 

0-2 Soil, 2 feet thick on north wall, thins to 6 inches on the 

south wall. 

2 Two vertical joints on north · . .;all are l foot apart and contain 

t inch of clay filling. East '"all shows vertical joint 

which is l inch clay filled. Vertical joint on south wall 

is l/16 inch clay filled. Vertical joint on west wall is 

complement of joint on north wall. 

4 On northeast wall apex of joint dips steeply to the southeast. 

16 Fracture zone. 

25 Apex with limbs upward of t·wo joints which are open lj8 inch 

30-35 

4o 

in places on the north and west walls. Well-de\·eloped, 

flat-lying joint is open l/8 to ~ inch. 

Flat-lying joints which are open l/8 to t inch. 

Vertical joints on north and northeast walls split and die 

out. 

50 Well-developed joint system on north wall is open ~ to ~ 

inch . 

i=.l..r 1<17 
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Table ~.--Reconnaissance notes for large-diameter hcles - Continued 

Hole 1-T 

De nth 
( f~et) 

Area 1 - Continued 

0-3 SoilJ flat-lying joints tmder soil zone are clay filled. 
3 Vertical joint on northwest ,.,all is f: inch clay f llled. 

Northeast wall shows a vertical joint which is l inch 

clay filled with white altered t-uff t inch on each joint 

face. Vertical joint on south wall is l inch clay filled. 
17 Joint system exposed on east wall contains joints that are 

open 1/8 to t inch. 

21 Flat-lying joints extending around hole are open t inch 

locally. 

30 Vertical joint on south wall is open t inch. 

4o Apex of joint on northeast wall dips steeply to southeast 

and is open t inch. 

58 North-northeast wall contains joint which is open 1 inch. 

Trace of joint across hole on west wall is open ~ to 1 

inch. This is the same joint that has an apex at 4o 

feet. 
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Table ~.--Reconnaissance r~~es for large-diameter noles - Continued 

Hole 1-W 

Depth 
(feet) 

Area l - Cont~4ued 

0-3 Soil 

3 

10 

' 
Nortlr..;est. ·.;all has vertical joint ... .!..nch clay filled. 

Vertical join-:. en northeas-:. ;mll .i.s ~ inch clay filled. 

' 
Vertical .)oint on east \·lall is 4 inch cla:;· filled. 

South·,.;est wall n.as vert::. cal join~ lj 8 inch clay and 

root filled . 
~ 

Southeast wall shows vertical joint with 1 to 3 inch~ of 

whi~e alteration ffiaterial in joint. Joint continued 

dowTI hole to a depth of 2) feet. 

l) Intersection of curved joint on >>'est ·.;o.ll and jo.:..nt on 

h ll T - . +' ' . t . c t-

nort. WeSt -..a . ...nversectlOn OJ. JOJ..n .LS open ·4 vO 

I 

2 inch. Joint continues down hole on northwest wall. 

Flat-lying joint is open 1/S inch. 

Joint on southeast wall is open l/3 inch passing through 

as intensely fractured zone. Joint on east \vall is 

open l/8 inch passing throagh intensely fractured zone. 

Note: Below 4o feet most joints are open slightly . 
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Table ~.--Reconnaissance notes for large-dia~eter holes - Continued 

Hole 2-D 

Depth 
(feet) 

Area 2 

Diameter - 6 feet; depth - 57 feet 

0-l Soil 

1-) Pumice, water-laid. 

)-6 Weathered zone, tuff fragments in matrix of brown clay. 

l) Joints on northeast and west wall are clay filled l to 

12 inches. 

20 Horizontal joints around hole are clay filled t to ~ 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 filled locally 

up to t inch. 

32 Joint on south wall terminates against a joint system which 

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 dipping 

northward and are open lj8 to t inch with some alteration 

lining. 

43-57 Northern half of hole has many joints striking northwest 

and dipping steeply to the northeast. 



• 

• 

• 

1.~ 
Table 2$).--Reconnaissance notes :t'or large-diamet-er holes - Continued 

Hole 2-F 

Depth 
(feet) 

0-l. 4 

l. 4-5 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

Soil, containing roots. 

Pumice, ,.;ater-laid, some clay, roots up to 3/4 inch thick. 

Bottom of pumice zone dips slightly to the nor~h. 

5-7 Wea"Ghered zone, tuff fragments in matrix of brmm clay. 

16 Northeast wall has several joints that are vertical, strike 

north, and are clay filled t inch. 

16-18 Numerous flat-lying joints are clay filled up to 1/8 inch . 

20 Northeast wall has north-northeast striking joints -chat dip 

steeply to the northeast and are clay filled l/8 to t 

inch. Large medimn gray devit~ified pumice fragments up 

to 3 inches in length are found to a depth of 22 feet. 

23 Irregular joints strike east-i.;esc: and dip about 4/ to t-he 

north. These joints circle the hole and are open locally 

up tot inch. 

25 Joints on southeast wall are clay filled. Hest wall contains 

28 

29 

34 

irregular joints that are open 1/8 to 3/8 inch. 

Hole diameter now 6.4 feet. 

Flat-lying joints are open l/8 to t inch. 

Irregular joints on north wall are open 1/8 to t inch . 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Area 2 - Continued 

Hole 2-F - Continued 

Depth 
(feet) 

35-38 System of low angle joints around the hole. Joints strike 

east-west and are open locally up to 1/8 inch. 

On the north side of hole is system of joints striking 

1 ' northwest, dipping steeply east that are open 4 to 2 

inch. There is a large plucked zone on the north side 

of the hole from 49 to 58 feet. Hole is belled to 7 

feet in diameter from 52 to )8 feet. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-H 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-l Fill, broken tuff. 

l-2 Soil, clayey, brown. 

2-5 Pumice, water-lald, about 3 feet thick on north and ''est 

wall, thins to l foot on southeast wall. 

5-7 Weathered zone, tuff fragments in a b11 own clay matrix. 

7 North-northeast striking joint dips to the west 8o 0 to 8:) 0 

and is clay filled l inch. 

13 West-northwest striking joints on northwest side of hole 

dip with a slight angle and are clay filled. 

18-22 East-west striking joints are clay and root filled up to 

1 . h 4 ~nc . Apex on north side of hole. 

22-26 East-west striking joints dip to the northwest at 15° to 

300 and are open l/8 to 12 inch, clay lined. 

30-34 Several west-northwest striking joints dip 4) 0 to the 

north and are clay filled l/8 inch. 

3)-42 Intersecting near flat-lying joint systems circle the 

hole. Above the joints tuff is light pinkish bro•m 

and is evidently altered by water. Below the joints 

the tuff is light gray . 
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Table ~~.--Reco~naissance notes fo~ large-diamete~ holes - Continued 

A~ea 2 - Continued 

Hole 2-H - Continued 

De-oth 
(f'~et) 

48 East-west strikir~ joint dips Boo to 85° north and is 

open 1/8 to -k inch. 

Northwest striking joint is tangent to hole on northeast 

1vall causing bad pluck from 50 to 58 feet. 
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Table 2).--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-J 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-2 Fill, broken tuff with about 6 inches of bro\m clayey 

soil near bottom. 

2-5 Pumice, water-laid. 

5 Northwest striking joint on \.;est wall of hole caused pluck 

out. 

11 Broken zone on south wall of hole. 

11-19 Light gray tuff contains dark gray devitrified pumice 

fragments up to 1± inches in length. 

22-29 North\vest striking joint on west wall of hole is clay 

and root filled. 

33-36 East-west striking joint dips north at 20° to 30o and is 

open up to t inch. Northwest striking joint now 

striking north and drifts to center of hole at bottom, 

dipping about 8oo east. Light pink alteration in 

joints that are open locally. 

41 Northwest striking joint system dips 15° to 30° north and 

is open up to 1/8 inch. 

Small pluck out on north wall between 45 and 58 feet. 

Bottom of hole is in relatively unjointed rock . 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-L 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-2 Soil 

2-10 On north wall a northeast striking vertical joint is clay 
filled ~ inch to a depth of 10 feet. Belo1v 10 feet 
this joint is open. North-northwest wall shows vertical 
joint that is ~ inch clay filled. Southwest wall shows 
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 up to 1/16 
inch. 

34 On north wall a joint is open~ inch with pink weathered 
tuff on each side forming clay lining of joint surface. 
Triangular pluck hole on south 1va.ll. 

36 Triangle-shaped pluck hole on east wall. 
44 Joints are clay and root filled. 

54 Most joints are closed. Some are open locally up to 
1/16 inch. 
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Table ~---Reconnaissance notes for large-diameter holes - Continued 

Hole 2-0 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - )8 feet 

0-l Soil, brownish, clayey. 

l-5 Pumice, water-laid, pieces up to l inch in length: 

subrounded with some clay interlayered. Base of p~~ice 

dips slightly to the northeast. 

)-7 Weathered zone composed of large, angular pieces of tuff 

in a matrix of brown clay. 

7-15 Master joint on northeast and south walls striking north-

northeast, dipping steeply, is clay filled ~ inch with 

a few roots. Joint on northwest wall strikes north-

northwest and is 1 inch clay filled but is open 

locally. Joint on west-southwest wall strikes north 

and is t inch clay filled. On south wall is a system 

of vertical joints striking east-west. 

15-21 A flat-lying joint dips at a low angle to the north-

northwest and is open up to l/8 inch. Several minor 

joints terminate against this flat-lying joint. At 

17 feet tuff appears more dense than above. 

23-26 Badly broken zone dipping slightly north-northeast . 
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Table ~~.--Reconnaissance notes for large-tlia!":'leter holes - Continued 

Area 2 - Continued 

Hole 2-0 - Continued 

Depth 
(fee-c) 

31 Master joint on northeast wall is clay filled and locally 

37 

l ' h open -2 .Lnc . On west wall a system of vertical joints 

originates in a broken zone at 26 feet. Joints in system 

strike north-northeast and are clay filled and open 

locally up to t inch. 

Pluck out of master joint on northeast \.Jall where joint 

is open 3/4 inchj opening extends 1.5 feet into the face 

of the hole. Tuff contains de-vitrified pumice fragments 

up to l inch across. 

4o Joint on northeast ><all, dipping moderately to the north, 

and connecting joint on west ·wall with master joint. 

41-)0 Large triangular pluck from intersecting joints on 

southwest wall. :tv1aster joi!1t on northeas"t wall is now 

hair line. vlest-northwes-: striking joint_. complement of 

plucked out joint at 4o to 41 feet. This joint has roots 

and brown clay at 45 feet. 

54 Apex of north-northwest striking joint on west wall. 

Rock has considerable amounts of granule to pebble-size 

devitrified pumice fragments. 

55 Joint on northwest wall dips moderately to southeast. Apex 

is at 55 feet. 



• 

• 

• 

~~ 
Table ~~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-S 

Depth 
(feet) 

Area 2. - .; , .... 7/,. "c ._ 

Diameter - 6 feet; Depth - 58 feet 

0-3 Soil, clayey, brown. 

3-5 Pumice, water-laid. 

5 Vertical joint north-northeast wall cla:r filled 1/3'2 inct.. 

Vertical joint on southwest vrall is ~ inc!1 clay i'illed. 

Vertical joint on west wall is 1 inch clay and root filled. 

17 Joint system, clay filled triangular pluck 8 inches across. 

22 

24 

32-35 

East wall shows joint striking northeast. 

Vertical joint on west wall becomes irregular with various 

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 ~ open up to t inch. 

40 Joint system about 1 foot east of north line is open /.f 

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 • 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-V 

Depth 
(feet) 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

0-4 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 

18 

east-southeast and intersects master joint. Joint on 

southwest wall strikes northwest and causes pluck at 15 

feet, where joint is tangent to hole. 

Flat-lying brecciated zone around hole. Devitrified 

pumice fragments in tuff are as much as 1 inch in length. 

Joint on southwest wall strikes northeast and is open ~ inch. 

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. 
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Table ~.--Rec~nnaissance notes for large-diameter 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 inches 

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 . 

,;) I I 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-W 

Depth 
(feet) 

0-3.6 

4 

12 

19 

Area 2 - Continued 

Diameter - 6 feet; depth - 58 feet 

Soil, brown. 

Master Joint on west side of hole is 1 inch clay filled. 

Master joint dips to north and is clay and root filled 

up to 1 inch. Tuff is light gray and dense. Small 

joints are clay filled. 

Master joint is 2.9 feet west 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 pluck out from 26 feet to bottom. 

30 Two joints dip 45° into master joint 2.7 feet west of 

north. 

37 Roots in plucked zone in south edge of hole. 

44 Master joint 2.2 feet west of north is open locally up 

to t inch. 

51-58 Roots in pluck zone on south wall. Joints appear to strike 

northeast. 
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Table 25.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-X 

Depth 
(feet) 

0-2.5 

2.5-4 

4-5.5 

Area 2 - Continued 

Dia~eter - 6 feet; depth - 56 feet 

Soil zc~e, brown clay, slightly pumiceous with large roots 

throughout. Soil thickens slightly on west wall and grades 

into pumice zone on east wall. 

Pumice with brown clay and roots. 

Weathered zone with tuff and some pumice in a matrix of 

brown clay. One system of vertical joints occurs below 

the weathered zone on the northeast wall. A few flat-l~~ng 

joints found on southwest wall are about 1/8 inch clay 

filled. 

/0 Major vertical joint strikes north-northeast and is 1/8 

inch clay filled. 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 broken between major joints on west wall, 

southward around hole to major joint on northeast wall . 
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Table 2~.--Reconnaissance notes for large-diameter holes - Continued 

Area 2 - Continued 

Hole 2-X - Continued 

Depth 
(feet) 

45 Major joints on north-northeast and southwest walls 

strike southwest and apparently are same system. Intersection 

on southwest wall open up to 3/4 inch locally, but 

intersections on northeast wall are open 1/8 inch. South 
Qr~ 

and east wal~ts~badly troken between these major joints. 

Vertical joints are found on the north wall from 42 feet to 

the bottom of hole. 
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Table 2~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 3-C 

Depth 
(feet) 

Area 3 

Diameter - 6 feet; depth - 87 feet 

0-3 Soil and fill. 

3 Joint striking south-southwest dips north and is t inch clay 

filled. 

7 System of flat-lying joints. 

15 System of joints striking north-northeast dip about 20° west. 

Joint mentioned at 3 feet now vertical and open 1;16 ::.nch. 

21 Joint mentioned at 3 feet now dipping about aoo 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 nor~heast. 

Pluck along joint which is open up to t inch. 

33-45 Joint in southeast wall that is clay filled ~ inch. At 45 

feet joint mentioned at 3 feet is here closed. 

53 Southeast wall is badly broken. Northwest wall contains 

vertical joint striking vTest-northwest and is lj8 inch 

clay filled. 

58 Joint mentioned at 53 feet terminates against apex of 

northeast striking joint which is tangent to hole on 

northwest wall. Clay filling up to t inch thick. Several 

plucks along each fracture.· 
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Table ~)~--Reconnaissance notes for large-diameter holes - Continued 

Area 3 - Continued 

Hole 3-C - Continued 

De nth 
( f~et) 

63 South1vest limb of joint that showed apex at 58 feet is here 
a hair line. Northeast joint plucked out, has clay 

filling. Joint on southeast wall strikes east, dips 85° 
south, and is open ~ inch. West wall contains north 
striking vertical joint that is clay lined and is open 
1/8 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. Two joints 
beloiv sand are 2 and 6 inches wide and extend to bottom of 
hole at 87 feet. Sand is 0.85 feet thick on west wall, 
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 wall are filled ,.,i th sand and range from 2 inches 
to over 1 foot 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-strikin&/ sand-
filled joints about 2 inches wide, 2 feet apart, 

approxiQately 8 feet from the wall of the large-diameter 

hole. 

~ I(_ 



• Table ~.--Reconnaissance r~tes for large-diameter noles - Contin~ed 

Area 3 - Contin~cd 

Hole 3-C - Continued 

Note: Hole 3-C vas re-examined after shot in hole 3-A. As 

the working caisson ••as set, only the bottom 8 feet of 

V(fl• 

hole was.examined. The sand-filled joints on the north 

wall were open as much as l foot from the hole face where 

the sand was shaken out by the concussion of the shot. 

Partial collapse of the 24-inch drift occurred about 8 

feet from the hole between the two northeast-striking 

• joints. The drift was partly filled with rubble at this 

point . 

• 
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Table 2§.--Reconnaissance notes for large-diameter 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 shows 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 a 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 devitrified 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 ~ inch, and terminates at 40 feet. WesterDmOst 

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 vertical reverses 

in dip farther down. It is now striking west-northwest 

and dipping 8C 0 south-southeast. 

J '0 



• Table ~-5· --Reconnaissance notes for lar~e-diameter holes - Continued 

Area 4 - Continued 

Eole 4-K - Continued 

37 Tuff is lees strongly jointed below this depth. 

42 On the northeast wall is a system of vertical north-northvest 

striking joints that are clay filled. 

58 Joint mentioned on southvest vall at 8, 26, and 33 feet 

is now vertical and strikes northeast • 

• 

• 
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Table ~.--Reconnaissance notes for lar;e-di~eter holes - Continued 

Hole 4-M 

Depth 
(feet) 

Area 4 - Continued 

Diameter - 6 feet 

0-5 Soil entirely stripped off. East wall shows large vertical 

joint that strikes northwest and is 1 inch clay filled. 

North wall has 3/4-inch clay-filled joint that strikes 

northwest. Southwest Yall has 2 vertical joints that 

are one foot apart and are 1 inch clay filled. South wall 

has vertical fracture striking north which is li 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 

t inch clay filled. 

25 Vertical joints mentioned from C to 5 feet still persist. 

Flat-lying joints at 24 and 28 feet. 

3r Joint on south wall is now open t inch. 

35 Pluck out along joints. on southwest wall. 

4r Joint splits at 33 feet on south wall, dips eastward 

at 45°, and both branches are open up to 1/16 inch. 

5C Vertical joints still persist and are i to 1 inch clay filled. 



• 

• 

• 

"J.-
Table 2~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 4-0 

Depth 
(feet) 

Area 4 - Continued 

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. Hole walls appear 

to ~e tight except for the above-mentioned joints. 

26-32 -Northeast wall of hole contains apex of joint. West limb 

dips at 45° to 30 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 vi th limbs downward. Limbs are clay filled 

up to 1 inch. Joints noted at 41 feet here are dipping 

(45° or less) and are clay filled. On southeast wall 

joint strikes northwest, persists to :-ottom of hole, and 

is 1 inch clay filled. 
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Table 2\.--Reconnaissance notes for large-diameter holes - Continued 

Role l.;,_y 

Depth 
(feet) 

Area 4 - Continued 

Diameter - 6 feet; Depth - 69 feet 

C-2 Soil zone is ttdn on weathered tuff zone. 

Southeast wall has joint that is clay filled and strikes 

northwest, dips 8C0 northeast. 

22 South wall has north-northwest striking joint which dips 

west at 85°. 

28 Pluck out from above joint, which appears to be t 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 ! inch. 

51 Very few joints except master joint mentioned at 46 feet. 

57 Southeast wall contains a system of high angle joints. 

62 ~-later-laid sand, 1! feet thick en north wall and very 

thin or stripped away on the other walls of the hole. 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Area 4 - Continued 

Hole 4-Y - Continued 

Depth 
(feet) 

62-6C Wall of hole contains ·.rery friable tuff below sand. West 

wall contains joint striking north-northeast, dipping 85° 

north. West wall has joint which is vertical and strikes 

north-northeast. These two joints apparently are not the same . 
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~· Table ~~.--Reconnaissance notes fer lar~e-diameter holes - Continued 

Area 10 

Area 10 contains tvo 6-foot diameter holes 25 feet apart and drilled 
to a depth of about 60 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 veathered tuff fragments 

in a matrix of brawn clay. 

5 Joint on south vall is t inch clay filled and strikes 
north-northeast. Tuff has pebble-size, purplish devitrified 
pumice fragments. 

10 Broken zone. 

17 Joint mentioned at 5 feet persists through hroken zone, 
out 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 irregular; roots noted in 
north striking joint on northeast wall. 
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Table -2§.--Reconnaissance notes for large-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 k ineh clay filled. 

50 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 k 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 vertical 

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. 




