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GeoloBJ! and hydrology of Technical Area 49 

Frijoles Mesa, Los Alamos County, Uew Mexico 

By 

JSI:lef:i E. vleir, Jr. and William D. Purt;ymun 

Abstract 

Frijoles l.fusa is a part of the Pnjari to Plateau, a dissected 

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

and terminates in cliffs along \-lhite 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 AlamJs. 

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

Tuff of Pleistocene Q[;e. Subsurface rocks of the Santa Fe Group 

of Middle(?) Miocene to PleistocenJlkse and the Tschicama Formation 

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

test boles. The rocks of' the Santa Fe Group, in ascending order1 

are: the undifferentiated unit, the ~e Conglomerate 1 and tbe 

basaltic rocks of Chino Mesa. Interbedded "W'ith the ro<:ks of the 

Santa Fe Group are rocks of the Tschicoma Formation • 



The undifferentiated unit consists of sediments laid down as 

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

un1 t is the Puye Conglomerate, which consists of tw'o members. The 

lower member is a poorly consolidated channel-fill deposit called 

the Totavi Lentil. Overlying the Totavi Lentil is the :fanglomerate 

F 

member that is made up of volcanic debris. Interbedded vi th the 

:fanglomerate member are the basaltic rocks of Chino Mesa and la.tite 

f 
and quartz-latite ~of t

he Tschicoma Formation. 

---------;:,;.;. 

The Bandelier Tuff overlies the :fanglomerate member. It consists 

1 

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

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

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

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

tuff; the Otowi Member, a friable ash-flow tuff; and the uppermost 

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

bed near the top. 

The Tshirege Member forms the finger-like mesa at TA-4~. It 

is the most important geologic un1 t because test operations will 

HBovT Ptt..cw 

place contaminants in these rocks 1\~n- 100 feet ~ the mesa surface. 

There these contaminants could be removed by vater and carried into 

the zone of saturation. 
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The X-ra~t S..."ld chemical analyses of the tu1'f.' :from the Tshirese 

l-iember indicate that they are rhyolitic in composition. Hydrologic 

analysis o:f the tuff' indicated the follo'Wing ranges: porosi t-:;, 19. 3 

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

:J·ield, 0.6 to 42.6; per...ea.bility, 0.04 to 22 gpd (gallons per day) 

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

square foot for unconsolidated samples. i>!oistu1·e content 1-a.nged. fro'" 

0. 2 to 8.7 percent by volume beneath the oesa, but moisture contents 

of tuff :f'ror.1 a test hole in \-;a ter Car.Jon north of the mesa ra."'"lged 

from 13.3 to :/:>. 3 percent by volume, -:.;hich indicates some 

infiltration of -water. 

The soil cover on the mesa surface is characterized by a 

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

top few feet of the Tshirege 1-iember is composed o:f partly lteathered 

tuff :fragments in a oatrix o:f clay. The weathered zone grades up 

into a brovn clayey soil except along the northern edge of the 

mesa, "Where a. la::er of \later-laid pumice occurs bet-..reen the 

veathered 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 drilling, mapping, and hydrologic analysis of 

rocks of the Guaje, otowi, and Tshirege Members of the Bandelier Tuff' 

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

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

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

quantities vould m~1e almost vertically through the Bandelier Tuff 

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

I# PlrT..Sfi,.L. oirflilfl'lf CHt+N~SL 
o~ 

Stream flov in lf"l1 aft'eye ee the surface of the mesa was measured 

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

loss of flov between the two test holes after the channel and bank 

material had become saturated. No change in moisture content in 

the channel material or underlying tuff was detected below a depth 

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

increased 16 percent by volume 1n the upper 3. 5 feet while the stream 

was flowing. Six days after the flov ended, capillary return to the 

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

much as 13 percent. 

.. 
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The zone of saturation, or main aquifer, lies 1,000 to 1,200 

feet below the mesa surface at TA-4~ in rocks of the Santa Fe Group 

and Tschicoma Fol"!3.'l't.ion. No perched ••ater \iSS found above the 

zone of aa:turation. ~e gradient on the piezometric surface of 

the main aquifer iti east-southeastward ~Yard ~he Rio Grande aoout 

So 
Jie- feet per oile. Data indicated t..'lat the recharge area to the 

main aquifer i~ vest of TA-49 on tbe zlopec ot the Sierra de los 

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

·capacity oi' three \fells finished in C.lle tlain aquifer range from 

5. 7 to 22 gpm ( gall.ons per lllinute) per foot of dravdo\ffi. Pumping 

tests indicate an average coefficient of permeability of 18o gpd 

per foot per foot. The velocity of water in the main aqui.t'er is 

approxinla.tcly 1m f'eet per year. The quantity of "Wa.ter passing 

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

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

TritiUlll analyses indicate that the '\olate1· in the main aquifer 

ranges in age from 15 to 20 years. The cause of dii"ferences in 

age coul.d be that the "Water deeper in the aquifer moves more 

slO'~Ily and is actually older, or that some young wter is being 

added to the aquifer b;i local recharge from canyon sources such 

as Water Canyon to the north or Frijoles Canyon to the south • 

5 
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Introduction 

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

requested support .from the Geological Survey for a project at 

Technical. Area 49 (TA-49) informally in conference September 29, 

1959. The request vas con:firmed by a copy of a letter (Jo-1162) i'rom 

Mr. William <\lle of the Los AJ amos Scientific Laboratory to Mr. Paul 

Wilson, Manager of the Los Alamos Area Of':fice. 

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

geological information to the ~ about the rocks that underlie the 

area, and 2 ) defining the direction and rate o:f' InO'w"ement of vater in 

the zone of aeration and the movement of ground vater 1n the zone of 

saturation beneath the project area eastward to the Rio Grande. 

Field:work began in late ~tober 1959 and was Ca%1pleted in 

September 19601 although the most intensive part of the fieldwork 

was finished b~· May 1.0, 1.960. 
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Location and setting 

MJ.ch 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 surface and the 

canyon bottoms are designated ntechnical areas. " 

Technical Area 1,9 occupies about 2 square miles on the northern 

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

Los Alamos (fig. 1). F.rijoles Mesa is a part of the Pajarito 

Figure 1.--In:iex map of part of Los Alamos and adjacent 

counties, New Mexico, showing the location of Teclmical 

Area 49 (TA-49} • 

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

Sierra de los Valles (fig. 4) to t.be vest and terminates in cliffs 

aloog White Rock Canyon to the east. The area is 1n the former 

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

d1 visions into the Grant area iiidicate that TA-49 is mainly in 

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

sees. 33 and 34, T. 19 N., R. 6 E. and sec. 2, T. 18 N., R. 6 E • 

7 
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The northern segment of Frijoles Mesa slopes gently eastvard 

f'ra:n an altitude of about 7,200 feet near the western edge o:f TA-49 

to an altitude of about 7,000 f'ee-t at its dissected eastern end. It 

is bounded on the north by Water Canyon, vhich has been cut 300 to l100 

:feet below the plateau suri'ac.e, and on the south by Ancho canyon, vhose 

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 a fe'J' scrub oak, mostly 

shinnery oak, grov in isolated patches. 

Water and Ancho Canyons drain eastvard and are almost parallel. 

They empty into the Rio Grande in White Rock Caeyon. \later Ca.tlyon 

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 fl.Oii of unknown 

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

and does not contain a perennial stream in its upper reach. 

Drainage channels on the mesa trend generally east-southeastva:rd 

with the gradient of the mesa surface, and many minor channels 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 veil-developed dendritic system 

of channels and canyons. M:>st minor draina.gevays empty runoff into 

Ancho canyon to the south. 

- ,·/ 
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Previous vork 

Geology and ground-vater conditions in the los Alamos area 

have been studied by the Geological Survey and the Atomic Energy 

Commission under a cooperative program since 1949· An administrative 

report to the Alii! by Griggs (1955) describes the general aspects o"f 

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

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

proposed by Griggs is used in this report. 

The geology and ground-vater conditions in los Alamos County 

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

which appraised several areas as to the "feasibility of the experimental 

work. The investigations in TA-49 are a result o"f this report • 
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Purpose and S<:ope of' report 

The study at TA-l~9 was made to determine whether ground water, 

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

by radioactive materials that vould be buried .30 to 120 feet below 

the surf'sce of the mesa.. This report describes the geology and 

bydro~ogy of tile mesa. at TA-49, vi.th emphasis on the rocks 'Within 

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

The investigations having to do vith the possibility that 

contaW cants might be leached :from the rock in which they were 

emplaced consisted of geologic mappi.ng, subsurface geologic studies, 

observing a:ad advising on drilling operations, interpreting geophysicaJ. 

logs o:f' holes, conducting pumping tests, and making vater-level 

measurements in wells. Rock samples were collected and sent to 

Geological Survey laboratories for petrographic description, chemical 

aDd X-ray anal.yeis, and measurement of physical properties. Rock 

sampling was very intensive as as insurance against the possibility 

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

have been catalogued and are stored in the Geolosica~ Survey office 

at Los Alamos and are available to interested parties for :f"uture 

study • 



The tui':f e..'q>osed in TA-49 had previously been mapped as a single 

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

subdivide the rock into seven informal. stratigraphic units. Six of 

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

' 

subsurface beneath Frijoles Mesa on the basis of cores, drill cuttings, 

1118 

or geophysical. l.ogs. The seventh unit is known only in thet\sur:face. 



• Inf'orr::ll:!.tion on the nain G.(lUifcr of the Los AJ.a:mos area., '\lhich 

is 1,000 to 1,200 feet below the mesa sur:fa.ce, "WS.s obtained :f'roc. 

three deep test '\Jells. (The c.ain aquifer in the Los Alamos area 

is the zone o:f ooturation in the undifferentiated unit o:f the 

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

aquifer seems to rise west-ward into the upper un1 ts of the Santa Fe 

Group and the Tschicoma Formation. Hovever, the -water in the 

upper part o:f the Santa Fe Group and the Tschicoma Formation may 

be perched. The •;ater in the main aquifer io under artesian 

pressure.) Hydrologic Characteristics of the aquifer we_~ esticated 

from drill cuttings, geophysical logs, and a pumping test on each 

of the three deep vells. The data obtained: from these deep -wells 

• provide the basis for estimates of the average rate and direction 

of ground-water movement in the principtll. aquifer. 

The results o:f laboratorJ investigations of physical and 

chemical characteristics o:f the rocks and chemical a.na.l;yses o:f 

ground-'\-JB.ter samples are tabulated in order to :nake them readily 

/ 

available for :future study, but a detailed interpretation of thes.e 

data is beyond the scope of thia report • 

• 13 



Techniques used and data collected 

M::>st phases of the project vere carried on simultaneously. 

Cores were described at the dril.l.i.l:ls sites. Drill cuttings vere 

examined vith a binocular microscope during periods vhen other 

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

Dl'-9 1 and DT-10 to determine vell perf'o:rma.nce and aquif'er characteristics. 

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

used in this report are listed in the following table • 

• 

ILl 
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(See figs. 6 and 20.) 

Deep wells 

IYr-5P 111 + 32 south 

IYr-5 110 + 99 

IYr-5A 111 + 47 

IYr-9 142 + 81 

IYr-10 ll3 + 27 

Exploratory large-diameter boles 

Alpha 111 + 16 south 

Beta 83 + 63 

Gamma ani Gar:ma "A" 133 + 20 

Core boles 

CH-1 

CH-2 

CH-3 

CH-4 

104 + 98 south 

105 + 70 

114 + 94 

120 + 33 

s~ow holes :f'or moisture measurements 

)}1-l, 2, ;, and 5A 105 + 00 south 

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

~-1, 2, and 3 115 + 00 

4M-l, 2, ;, and 4 l20 + 00 

5M-l 111 + 32 

5M-2 lll + 05 

6M-l 102 + 15 

9M-l u6 + 67 

94 + ;/:J east 

93 + 03 

93 + 03 

131 + 27 

129 + 94 

97 + 54 east 

91 + 89 

104 + 00 

84 + 57 east 

97 + 85 

82 + o6 

95 + 68 

84 + 00 east 

98 + 00 

82 + 00 

96+00 

94 + ;15 

92 + 38 

68 + 83 

88 + 44 
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Los Alamos grid locations - Conti~ued 

Shallov holes for moisture measurt:!l:lents - Continued 

9M-2 113 + 40 

:M-3 117 + 02 

~!.f-4 113 + 93 

101-1-1 104 + 96 

lOM-2 104 + 54 

98 + 15 

104 + 57 

100 + 4o 

110 + 31 

lo8 + 69 

Large-diameter holes used :t:'or experimental purposes by the Los Ala."'llE 

3cientific Laboratory. La;}rout of boles in areas sholm on figure 2. 

Area 1 105 + 00 GOUth 84 + 00 east 

Ares 2 lo6 + 00 98+00 

Area 3 ~15 + 00 82 + 00 

Area 4 120 + 00 96 + 00 

Area 10 105 + 00 109 + 00 

/1/t-J..O q4 r~o 

/'fS -t- o o I OJ.., ~ ~ 0 

l4b 



• ~.-.,. +, ...... .. t ,.,.a ,·..., 
'ihe Los A1a.oo s area, by section, to'Wrlship, range 

(See i'4;. 4.) 

T-11 lA sec. 20, T. 19 u.' R. 7 E. 

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

T-1 sec. 13, T. 19 u., R. 6 E. 

T-4 sec. 16, m 19 N., R. 6 E. .... 
H-19 sec. 17, T. 19 H., R. 6 E. 

L-3 sec. 14, I'll 19 n.: R. 7 E. ... . 

• 

• l4c 



surface mapping 

Geologic mapping on aerial photographs vas begun early in December 

1959. stratigra'phic relations were established in the area of maximum 

exposures on the south vall of Water Ce.n:/On. 

The exposures vere examined about every 1100 to 500 yards to make 

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

control. points established in the f'iel.d by Laboratory personnel. engaged 

in mapping TA-1•9 topographicaJ.ly. Control points vere l.ocated on the 

aerial. photographs, and geol.ogic contacts were drawn on the photographs 

(scal.e 1:7 ,ooo) in the field by stereoscopic methods. 
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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 vi th the topographic baae map. The geologic map 

is suf'ficient.ly accurate :for all purposes anticipated. Segments o:f' 

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

and in these areas the contact allnement may not be exact. The areEtS 

of best exposure are a.J.onS the road leading i'ran the mesa just east 

o:f' Area 10 into v7ater Canyon, the northern walls of canyons, aod o. fw 

places in the bottoms of arroyo channels • 



Test drilling 

Tbirty-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 designated by "DT" and the number of a 

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

the wells DT-5, DT-5A, DT-9, 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 1 through 4 (fig. 2). These holes are 

desie,-nated by "CH" and an area number. Twenty-five shallow test 

holes were drilled with a wagon drill. These are designated by 

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

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

Five wells vere drilled to obtain hydrologic and geologic 

information about the main aquifer. The vells 'rere located to 

give the videst distribution of aubsurface geologic control and 

the best hydrologic control (fie;. 6). Cons~deration v.as given to 

choosing the best sites for IOOnitoring grou.tUl vater for posaible 

contamination. 

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

drilled to determine the presence or absence of perched water 

(saturated zones above and separated from t.'l:\e main aquifer). It 

was completed at a depth of 692 feet as a dry bole. 

Well m-5, about 50 feet vest of DT-5P, was Wl5uccessful. It 

was drilled vi th air rotarJ equipment. The air return was I:X>stly 

lost into cracks and crevices in the tuff', and the hole was 

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

were obtained, and these '\-~ere ~t described because samples from 

nearby veil DT-5P had already been described. Three side--wall 

samples were taken from depths of :390, 490, am. 500 feet to 

obtain undisturbed sat1ples from that interval to supplement 

unsuccessful vertical coring in Areas l and 2. 



Well I11'-5A, 50 feet south of -.;ell lJI'-5, ws drilled with rotary 

equipment, using mud as a drilling fluid. Circulation -was very poor 

in the upper 520 :f'eet of the hole. Twelve- inch casing -was installed 

(-1~11.( I) 
and cemented at this depth. Belov 520 feet, circulation -was 

maintained and cuttings samples were obtained to the total depth o:f 

1,821 feet. 

I 'I 
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Well D'l'-9 (fig. 6) ws begun as a 20-inch hole using cable-tool 

equipnent. The hole ws reduced to 16 inches at a depth of 595 feet, 

and drilled at that diameter to a depth of l, ;DO feet, at which point 

it ws logged geopbysically and then cased 'With 12-inch pipe. An ll-

incll hole ·..;as drilled fl~::n 1, 300 to 1, 501 feet and an 8-inch liner "h"aS 

installed (table 2) . 

Well I71'-10 (fig. 6) 'Was drilled with cable-tool equipnent 16 

inches in diameter to a depth of 1,125 feet below the land su...-f'ace, at 

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

from 1,125 feet to 1, 4o8 feet, and an 8-inch liner mLS installed 

(table 5) • 

20 



Table l.- -Casing schedule for 1-1ell DT- 5A 

Altitude of land surface 7,143.32 feet 

Description Depth belm·r Length Altitude of 
land surface (}'eet) top of section 

{.;!1 .. j) l~c.- .. ~) 
Ton Bottom Slotted Blank 

12-inch I. c. casing 

BlaiL~ +O.)Y 519.7 520 7,143.62 

8-inch I. D. casing 

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

Slotted 1,171. 5 1,191. 5 20- 5,971.82 

Blank 1,191. 5 1,279.5 88 5,951.82 

Slotted 1,279·5 1,289.5 10 5,865.82 

Blank 1,289.5 1,335.5 46 5,853.82 

Slotted 1,355.5 1, 381.5 ~ 5,807.82 

Blank 1, 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 l, 591.5 1,615.5 24 5' 551.82 

Blank 1,615.5 1,635.5 20 5,527.82 

Slotted 1,655·5 1,655·5 20 5, 507.82 

Blank 1,655·5 1, 708.5 53 5,487.82 

Slotted 1, 708.5 1, 728. 5 20 5' 1~)4. 82 _,_ 
/ See footnote at end of table 

') I 
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Table l.--Casing schedule for Hell DT-5A - Continued 

Descriptio::J. 

Ton 

Depth belmi 
land c.urface· 
~~e~ 1-) 

Bottom 

Length 
(feet) 

Slotted Blank 

8-inch I. D. casing - Continued 

Blank 

Slotted 

Blank 

Slotted 

Blank 

Bottom of hole 

1,728.5 

l, 740.5 

1,750.5 

1,768.5 

1,"788. 5 

1,740.5 

1,750.5 

1,768.5 

1,788.5 

1,819.5 

Total 8-inch I. D. casing 

10 

20 

~Extension of casing above land surface • 

12 

18 

31 

1,6oo 

Altitude of 
top of ::;~ction 

C teq, 1') 

5, 414.82 

5,402.82 

5,392.82 

5,374.82 

5,354.82 

5,323.82 
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t 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 ::>ection 

l~e•r J (_ ..[, ee t-J 

Top 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 1,0;6.4 34.0 5,934.92 

Blank 1,0;6. 4 1,057.4 21.0 5,900.92 

Slotted 1,057.4 1,093.4 ;6.0 5,879.92 

Blank 1,093.4 1,142.0 48.6 5,843.92 

Slotted 1,142.0 1,208.4 66.4 5,795-32 

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 5,604. 32 

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

I 
\ ~ See footnote at end of table .,, 



......... ________________ _ 

Table 2.--Cazing schedule for well DT-9 - Continued 

De::ocriptior. Dept.i1 -c·elm·T Length Altitude of 

land surface (feet) top of section 

( {e4.t" 
( ee{) 

TOE Bottom Slotted Blank 

8-inch I. D. casing 

Swage 1,513.1 1,317.2 4.1 5,624.22 

Slotted 1,317.2 1,500.0 182.8 5,620.12 

Bottom of 8-inch I. D. casing 5,437.32 

Total 8-inch I. D. casing 182.8 4.1 

Top of 8-inch casing s;~e to ll inches 0. D. and run as liner to total 

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

~Extension of casing above land surface • 

• 
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Table ).--Casing schedule for well DT-10 

Altitude of land surface 7,019.41 

Description Depth belovT Length Altitude of 

land surface (feet) top of section 

(:jc•r 1 
L-$ u r J 

ToE Bottom Slotted Blank 

12-inch I. D. casing 

Blank +1.9!/ 1,078.4 l,o8o.; 7 ,021. 31 

Slotted 1,078.4 1,128.0 49.6 5,941.01 

Bottom·of 12-inch I. D. casing · 
5 ,891. 41 

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

8-inch r. D. casing 

"" 
S'mge 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 
5, 791.41 

Blank 1,258 1,268 10 5, 761.41 

Slotted 1,268 1,278 10 5, 751.41 

Blank 1,278 1,302 24 5, 741.41 

Slotted 1,302 1,322 20 5, 717.41 

Blank 1,322 1,332 10 5,697.41 

Slotted 1,332 1,342 10 5,687.41 

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

,.....,. 
Slotted 1,368 1,4o8 4o 5,671.41 

• Bottom of hole 
5,631. 41 

Total 8-inch I. D. casing 141 171 

- .... .., ,t; 
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Ta..b/e 3 . --Casing schedule for DT-10 - Continued 

Top of 8-inch casing S'\·m.ged out to ll inches 0. D. and run as liner to 

a total depth of l,4o8 feet, which extends the 8-inch casing 32 feet 

into the 12-inch casing. 

~ Projecting above land surface • 



Exploratory large-diameter auger holes 

The large-dia.-rneter holes Beta, in ilater Canyon, and Gamr:uJ., 

in Ancbo Canyon (fig. 6), were drilled "With a bucket auger, rJainly 

to determine whether perched '\o.'ater ·..re.s present beneath the cacyon 

bottocs. The large-diameter hole Alpha '.;as drilled on the nesa 

surface prir..::u·ily fol~ geolosic informe. tiO!l. 

Beta hole ';as drilled 2 f'eet in diameter to a deptil of 18o 

feet. '.rhe hole ·was dry. Gamma hole ·was drilled 2 feet in diameter 

but ws abandoned. o.t a depth of 7 .t'ect becau::>e of the bardneso of 

the tuff, an<.l. a n.earb;;; :._.inch hole cal.led Gu.I:lf.lB. A w-as drilled to 

a deJ?th of' )4 feet with the vagon drill. The hole w.::; dry. 

Alpha hole \18.:3 drilled 2 feet in diameter to a depth of 189 feet 

to obta.ir .. geologic infor:na.tion. The hole -.. as dry. 

27 and 28 
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Core holes 

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

4 1n TA-49, mainly to obtain 2-inch diameter core samples for 

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

obtain cores free of drilling mud and to detect zones of perched 

wster. 

Tbe parts of the cores oot used in t.he tests are stored in 

the Geological. Survey office at. Los Alamos. The core holes "-"ere 

ca.sed with 2-inch pipe slotted in the lower 20 feet. Logs of 

the cores are in tables 10 through 15 • 



Shallow holes for moisture measurements 

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

(f16'• 20) end two in Hater Canyon (fig. 6) for the purpose of measuring 

moisture content and the ch!J.nees in moisture content \d th 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 wit~ a wagon drill and are 2.5 inches in diameter. 

They were cased vith 2-inch plastic pipe. 

A rough vist:.a.l log was ma.de at the time the holes \·Jere drilled 

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. 21-4;.) 

Holes \<TC.M-1 and \tCM-2 1 in 't-fater Canyon, were drilled wi tb. a 

wagon 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 was cased to a depth of 9·9 feet with perforations the entire 

length; \-ICM-2 was cased to 9.4 feet with perforations in its lower 

6 feet. 



• Geophysical logs 

Electrical, radioactivity, temperature, and sonic logs were 

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

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

Most of the logs were run by Schlumberger Well Surveying 

Corporation. Gr>..mma-ray logs in the completed core holes 1.1ere run 

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

'' 'diameter. The Survey c.lso gamma-ray logged the lover 307 feet of 

well DT-9· 
P~t,.••P•I W• fe.,..·6e•••'! 

The electrical logs were used primarily toAselect zones~ 

fjl'eateet -f!e!I'l!lerhi J i ty for setting perforated casing. To a. lesser 

• extent these logs vere used to select stratigraphic contacts • 

Induction loss and laterologs were run on wells DT-5A c.nd DT-9· 

Induction logs were ~n on well DT-10 and Alpha bole. The induction 

logs \/ere not useable because of the very high resistivity of the 

rocks penetrated and the lar£:,-e diameter of the bore holes (especially 

Alpha hole) • 

• 
31 



.-.. Laterologs 1-1ere run in -vrells IYr- 5A and Ilr-9 because of their 

better definition o:f' units in ro~s o:f' high resistivity. The lateroloz; 

strikingly indicated the position o:f' volcanic flows interbedded in the 

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

•rell IYl'-5A, the laterolog apparently did not define lithologic 

boundaries that were indicated on the other geophysical logs. A 

:microlog and caliper log "Yrere run on well I7I'-5A. 

The radioactivity logs, mainly gamma-ray, were the most usef'ul o£ 

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

useable results in boles that contained no liquid or were only pe.rt~y 

filled and holes -vlith casing installed. The only geophysical log oi' 

the lower 307 feet of In'-9 w.s the gamma-ray log run with Geological 

Survey equipment. A study of this log showed changes in gamma racUat!..:' ·_ 

sufficiently 'rell to aid in accurately choosing contacts between 

stratigraphic un1 ts penetrated by the well. 

Temperature logs were run on wells DT-5A, IYl'-9, and In-10 to 

obtain the general geothermal gradient and temperature of wter. 

Sonic logs were run only in boles or parts of boles containins 

liquid; consequently 1 these logs were run in only DT-5A, DT-91 and 

IYl'-10. The sonic logs were used to a limited extent in corroborating 

the upper and lower boundaries o:f' hard layers of volcanic rocks in 

the aquifer. The sonic log :f'or IYl'- 5A also 'WB.s used t.o estimate value:: 

of porosity. 

32 



• 

• 

• 

Data on the interval between 300 and 500 feet below the mesa 

surface was almost entirely detez~ned from the geophysical logs. 

The logs vere also used to make more precise determinations of 

stratigraphic contacts. 

) 

) 



Down-hole mapping 

A large number of holes in Areas 1 through 4 and in Area 10 

were dug with a bucket auger as part of the experiments conducted 

b~' the Los Alamos Scientific Laboratory at TA-4:7. These holes \iere 

3 to 6 feet in diW!leter and l19 to 108 feet in depth. '!'hirty-nine 

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

detailed geologic maps were made in 19 of the ?f). This provided an 

opportuni t~: to e.xa.:!line the structure and lithology of freshly 

exposed tuff and provided information on the post-depositional 

histor;:,r of the tuff as ~•ell as a basis for interpretations of 

water r.~ovement. 

Figures 15-18 contain the geologic naps of the holes, and 

table 26 includez reconnaissance notes on the holes that were 

inSIJected but not capped. The system of designating the holes 

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

figure 2. ~hese holes are numbered accordir13 to area and are -
Figure 2.--La.~-'OUt of large-diameter holes in Areas 1, 2, 3, 

4, and 10 showing helen mapped and described. (Areas are 

shown on fie,'""llre 6 .) 

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

mapped earl~,· in the stud~· as a 3-foot diameter hole and later 

vas eYBOined in reconnaissance as a 6-foot diameter hole. 

34 
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• The down-hole maps were plotted in the field on tubes covered 

vith ruled cross-section paper at a scale of l inch equals 2 feet. 

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

report • 

• 

• 



Sample5 were collected ut 5-foot i~terv~ls in the holes that 

were mapped for possible future st~;. The samples were hand-

specimen si::;e and. 1-1ere collected. at random frOin the hole '\Jails. 

Cattin,;s cam:pl~s of co.ch 5-foo"t intcrvul also 1.-ere obtained from 

the~>e hole:.:;. 
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I!~erous e.r..a.lyses 1~ere I"l!l1 Oll t.he Sar!lple:::. that \fel"e CCJllected 

at TA-l~-j to obtain data on the ph:,. deal c.ha.racteristics of t:i:~e t<lf'f 

and coil. Sa."llpling \laS most intensive in the t~tervo.l bet·,reen :;.D 

ar.d 120 feet beneat:1 t!le surface or the t1esa. Physical-:.n-o::--ertics 

tests and mineralogic and chemical analyses of rocks ,.;ere :uade b:. 

Buchans.n and. Associc. tes labora torieu. SaTJ.ples of rock ':.lere 

analyzed ::l~eralo,sicall~:i and C:.1emicall:: b)' la.cora·torieE of the 

Geological 8Ltr'.re;)' ( "t;s.blm 14, 15, and 16). 

Hydrologic anal:; ses "ere run u,:, the Geological Surve,y on ;6 

rock samples to aid in evaluating itater movecent in the zone of 

aeration (table 17) • 



Tests and analyses o:f rock samples 

Spencer J. Buchanan ,!!!! Associates 

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

direction of Buchanan and Associates 1 consulting engineers 1 Bryan, 

'l'ex. Tests perfonned included strength tests, thermal conductivity, 

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

moisture content, porosity, and permeability. Moisture content 

vas determined for about 70 samples and porosity fo~ about 30 

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

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

:from the l~ core holes, and particle-size distribution was determined 

on 9 crushed specimens of the 10 samples analyzed :for pe:nueability. 

Chemical (spectrographic ) and mineralogical analyses were run 

on 9 of the core samples for vhich permeability was determined. 

Al.so, maximum stress, moisture content, density, and specific gravity 

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

and analyses were transmitted to the University of California. Laboratory 

at Los Alamos • 

Health Division - Group ~-1 

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

diameter side-vall cores and unconsolidated samples from the large

diameter holes, and air cuttings .from the core holes were analyzed 

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

SW:tee e.f ~ill-cuttings samples from hole M'-5P1 wells I1l'-5A, 

m-9, and Ul'-10 vere studied vith a binocular microscope and described. 

The air cuttings from hole I1l'-5P were washed and described wet. 

Rotary mud-returned cuttings from well DT-5A and cable-tool cuttings 

from wells DT-9 and -10 had been washed when they were collected, and 

descriptions were made of the damp samples without further processing. 

Bucket-auger samples from Alpha and Beta holes were examined w1 th 

the binocular microscope and described. The bit-ground cuttings and 

chunk samples, if available 1 were examined. SaDe friable intervals ~ 
in these holes did not yield chunk samples • 

Mineralogic and chemical analyses were run on J.6 samples by the 

Geochemistry and Petrology Branch. Two of the 16 samples aneJ.yzed 

chemically by the rapid-rock method (Shapiro and Brannock, 1956) 
also were analyzed by the classical method (Hillebrand, 1900) as a 

check on the relative accuracy of the rapid-rock analyses. Table 4 
lists the samples and types of analyses made of each • 



t ~' .. 
Table 4.--Rock samples for petrographic, chemical, spectographic, and x-ray analysis by the Geological Survey. 

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

Minera1of5iC RaEid rock classical ~s~ctro~aEhicl ~diffractometerl 

1)))72 (282123 }j) 2-U 52 X X X X 

)'() ( 124 ];_/)' h-A 85 X X X X 

574 ( 125 l/) 2-Y 78 X X X X 

~29 CH-1 45.5 X 

930 2-H 30 X X X X 

931 CH-2 65 X 

932 CH-2 130-132 X X X X 

933 CH-3 54 X 
' -
) 

934 CH-3 100 X 

935 1~-Y 78 X X X X 

936 CH-3 46.5 X 

CJ37 CH-4 83 X 

156056 CH-1 38-40 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 

., • n .• -"t..-- ~ ~n~ ,....-.,.t'l 1"\nl ~r f'rYI'" !':nP~f.rOO:ranhiC analYSiS. 
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Determinations of permeability, porosity, specific yield, 

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

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

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

determined for most of these samples. Mechanical analyses were run 

on 7 samples. 

Approximate pH vas determined on 9 samples. )t)isture tension vas 

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

5 of those samples. 

Permeability determinations were made on consolidated tuff and 

sane of the unconsolidated samples. Uhconsolidated samples were packed 

0... 

into ~ permeemeter cylinder. 

A water sample fran each deep test vell ·vas analyzed to obtain 

radio-chemical and chemical background concentrations in ground water. 

Samples :f'l"'ll1 rtr-5A, !11'-9, and 11.!'-10 were collected near the ecd of 

• 
pum:piDg tests. A bailed semple vas collected from 1:1.r-10. 

Water samples were collected during drilling and development from 

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

chemical differences in water fran di:f'f'erent depth intervals in the 

aquifer • 
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Table 9. --Typ~ sect.ion of units in the Tohi:o::ege Member - Continued 

Bandelier Tuff - Continued 

Tsbirege Member - Continued 

Unit .m: 

Tuff, ,;ray to pinkisb-g:::·ay, "Weathel~s 

pinj. to ligb:t-01·ange; cobble-size 0ray 

r~·olite; ~uartz and feldspar crystals 

and fragments; pumice frauments in ash 

matrix; weathering around quart:. 

crystal and f'ra.c;ments are .)'ello'W stairft 

pumice weathers to brovn clay; internal 

stratification lac~ng b~t rock fra~~ents 

and pumice are in lenses; maybe two or more 

ash falls with irregular contacts; weathers 

to st~ep slope pitted by .,..eathering out 

of pumice fragments in places. Probably 

Thickness 

(f'eet) 

is an explosive breccia ---------------------~ 
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Table 9.--Typ~ section of units in the Tshirege Member - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Unit 2: 

Tuff 1 light-pinkish
-~·, veathering light-

brownish-gray; dense, ·.,elded; 20 to 50 

percent coarse-grained ~unrtz and 

feldspar crystals and fragments; 10 

percent pebble-size pumice fragments; 

• gray rhyolite rock fragments; matrix 

crystals of fine-grained glassy material; 

forms cliffs consisting of two beds 

separated by a slight notch; lover 

contact with m1it lB is concealed but 

on north wall of canyon is irregular --------- 100 

• 
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T:1ble 9. --TYP~ section of i.lni ts in the Tsbirege Member - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

Tshirege Member - Contim<.ed. 

Unit 4: 

Tuff, lig.~t-p1nkish-gray; .fine-c;ra1ned; 

10 percent quartz cr;:;stals; small light-

pink to dark-6ray rhyolite fraQments; small 

pumi~e fra~nts up to ! inch in length; no 

bedding present but lenses of disk-shaped 

• ptmdce up to 6 inches in length and 2 inches 

thick in dense pinkish-gray matrL~; weather-

inG gr~des up into sand of' units; forms 

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

Unit 3: 

Tuff, light-gray, very pumiceous, friable; 

20 tc YJ percent granule size quartz. and 

sanidine crystals; pumice fraC700nts up 

to l inch in length; this description 

applies to lower 3 feet. Remainder of unit, 

except for upper 2 feet, is covered and 

forms slope. Small valley cut into this 

unit. Lover contact is covered -------------- 40 

• 
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To:ole 9. --T"Jl>i! section of t:..."li ts in the Tshirege Member of the Bandelier Tuff 

South wall of Water c~·on - N\itNEt sec. 3 (projected) T. 18 N., R. o E. 

Meas~;.red by E. H. Baltz a.nd i.T. D. P-:...;.rt;.,-mun 

Th.iclmess 

(feet.) 

B!lildelier Tuff: 

Tshirec;e Member: 

Unit 6: 

lie;~t-gra~,'ish-pin.-;. 1 ·.;eo.thers brownish-

pink, ::.h:,.·oli tic, modcra:t.el_. Helde<i; fine-

grained ash matrix.; c.mall ptunice fr8£ID~nts; 

scattered q_t:.artz and sa.."lidine cr~:stals; 

• apprc:-:imatc hor:!..:::ontc.l sheeting that may 

be beddingj conchoidal joir.ts; forms cliffs, 

cc.ps r:.csa. Lcuer contuct 15 ir.regular ------ 56+ 

Unit 5: 

Sand, 11cb.t-srt>.y ·n·i th int·~r.:U.xcd limonitic 

stains, vater-laid; ~cstly mediL~-Grained b~t 

c0ntcins fra.~ent~ t:.p tc pebble si:::e; composed 

of rc\lorked tuff con·a:t.ning stream-worn -..:.uart:.-:. 

o.nd sanidi:le cr::·stn.l.s and tu:f'f f::-agments; 

foreset und topset bedding is ·.:ell 

develcpcd; forms notch ner.r top cf mesa; 

lO"t;er conto.ct is i.rre;3~~la.r. Joints of 

• underlyint; un1 t 4 art:! filled ;.;i th saLld ------ 3.8 
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Geology and water-bearing properties of the I'shirege 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. Nex. 

~e~eFiptio~ ef e~s~faee unit• ~rQ &AeWfl eft fig~re 4. 

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 DT-5P, DT-5, DT-5A, DT-9, and DT-10 . 
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.Cl.lluviun 

A"r 
Alluvium in ~iater Canyon jX! the northern edge of TA-49 consists 

of m:n.eri.::.l de;·ived i'rom tf!C Tschicoma Formntion that f~r::n.5 the 

Si.;:..:·:c de lcs Vall·::s and from the Bandelier Tuff of Frijclcs Mesa 

into -.1hi-::!1 ·.:at,~:.· Canyvn is cut. 

The s.llu·.;i~ua is a poorly so1·r.ed mb:-:ure of silt, .::l:J.y deri·;ed 

S{:l,.,J> 

from itea thered ti.<f1/ :.:md l«.L ::.:.el.' particles derived from :.he l::t ti t-=s 

cf t,_;_f;:, P'-ililice, :::.c:-':.ite, y_:.;.artz latite, and rh:,.·olite. 

Tb.e all~.:vL:m i:.. ;;a,ter Can.)"c-n ;;.·ru:ce:; in ~hicmess :'rom 6 t.o abot;.t 

Wc.JA. -1 
1:1- :fee::.. Tes-c hoies ·,;ffl~ and 2 penetrcted ~.Oul:.t l!t feet. -~:: clay, 

silt, !l.lld miner ::.m.::r .. un.s of t;re.vel ovarl;;in.g 2 to 4 feet cf ::;ravel at 

ClS,J·s ::..-:d. sil.ts are almost impermeable \:hen sat.ure.ted ·o·,:t 

b-ra.vels or ,:;ravels ;..'i t.h minor 3lllounts of claj· and silts ·,rill 

ree.dil.;' transmit .. ater. In test holes \·iCM-1 and 2 water \laS ( temporaril:>·) 

pe!"ched in: the a.lluvi:.;m en t cp of the lo'West exposed unit of the 

Tshirae;e Member t~e Bandelier Tuff indicatinG the permeability 

of the allt;.vhilll is c:;::.·eater than th~t of the underl~·ine; tuff'. 

Ancho CaiJ.;)·on, vn t.he southern edc;e of TA-49, heads in Frijoles 

Mesc. -which iG ~~nd.crlc.in by the Bandelier T'ufi'. Alluvium is very thin 

or abs~nt in Ancho C~·on. For ~~is reason it ~as not mapped on 
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T shirege ~-iember 

The Tshirege l~ber forms the finger-like mesas of the 

Pajarito Plateau. It is com"POsed o'f a series o~ news of 

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

top. The rhyolite tuff is composed of quartz and sanidine CI"'JStals 

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

and latite in a fine ash matrix. The tuff ... 'aries :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 canyons it probably contains perched. water . 

The Tshirege Member is the tlOSt important geologic unit 

in Area 49 insofar as test operations are concerned and this unit 

is treated in detail in a special section following the discussion 

of the alluvium • 
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Table 8.--Log of DT-5P - Continued 

Thickness 

(feet) 

Depth 

(feet) 

Bandelier Tuff - Continued 

Otowi ~.{ember: 

Note: 

Pumice, light-tan, some welded tuff fragments; 

light-gray and light-reddish rhyolite: 8o 

to <)8 percent of samples lost ~.,rhen w-ashed --- 51 

Bole was drilled ~ith a 42-inch 1~ck bit using air to cool the 

bit and clean the bole. Perched ;m.ter was not present. Color 

deter::Unation "rlas ZJ:lde from d.r'J samples. Samples were <re.shed 

and described "'bile wet. Correlation5are based on drill 

cutting::> from hole 5P and on gamma-ray log of hole DT-5 

which is about 50 feet to ""he oortheast of' 5P • 
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T·, .ble o. --Lot;; c.f DT-5P - Con -cim .• ad 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Unit 2: 

Tuff, light-pinkish-gray; ::;ratmdma.ss is 

very fine sand to silt-si~e ash with 

abundant sanidine phenocrysts end some 

Thic}:ness 

(feet) 

Depth 

(feet) 

quart~ ----------------------------------- 100 2o2 

Unit l.B: 

Tuff, libht-tan, pumiceous; quartz and 

sanidine crystals and fragments; light-

tan pumice frae;ments; e,rr..y o.nd li~t-red 

rhyolite end gray letite rock fragments; 

pumice fragments have dark-t7o.y strea.l;.s 

along cellular structure from 379 to 412 

feet; libht-tan pumice; very fine-size 

quartz and sa.nidine crystals and fragments; 

95 percent of sample was lost when vashed 

from +48 to 485 -------------------------- 203 485 

Unit lA: 

Tuff, lie;;ht-pinkish-t;;ray, pumiceous; light

c;rey and yellowish-o..:·o.nc;e pumice fragment::>; 

quart~ and sanidine fraoments and crystals; 

t;;ray lc.tite, lit...:.."'lt-red o.nd r:;ro.;y rh~ioiite 

rvc;~ frae;ments; roc~: fragnents increase from 



Table .:3. --Sample lo; oi' \>ell DT-::;P 

Drilled by rota.r:t vi th air for currier 

Total depth 692 feet 

Completed N.vember 21 1 1959 

Altitude of land surface 71 144 feet 

Thic}:ness 

(:feet) 

B3lldelier Tuff: 

Tshirege t>iember: 

Unit 6: 

Tuff, lif:ht-gray, pumiceous; contains 

dipyrumidal quartz crystals, some vf which 

are clear with white inclt.o.sions; sanidine 

crJstals and fraem,ents; white and yellow 

pumice fragments; latite and ~uartz latite 

roci~ frac;men~s 

Unit :5: 

Not recognized in cuttings ------------------

Unit 4: 

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

of' ~uc.rtz and sanidine crystals and 

fl·~ntsi light-red rhyolite frac;ments 

Unit 3: 

Tuff, lie;ht-purplish-gre.y, pumiceol:s; includes 

ls.tite and rhyolite rock fre.~ents; 

~uart~ is very coarse sand size, clear, 

dipjramidal crystals; sanidine fra~nts 

.J.re pit::.ed. Samples d::(!rea3e from 50 to 

-- _._-.:. 

------------~~-----... : ·_; .. 

2 

44 

Depth 

(feet) 

119 

lda 
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Ot.o·wi Member 

The Oto~i ~~ber consists of a lioht-iray pumiceous rhyolite 

tuff that is friable and weathers t.o a 0entle slope and odd teepee -Ltk~ 

shapes. ~ua.rtz cr~·stals, glass sha.r·d.s, and minor amo:.;.nts uf ~fie 

minerals and varin6 amounts of rhyolite 1 la ti te, and pumice fru.CJ.l<mts 

are included in a fine-~rained ash. The roc~ fragments are ro~nded. 

The Otowi is an ash flov and contains several 1.-ater-laid beds o1' ash 

and pumice near the top. \.Jhere the tmit is exposed, some of t.he 

w.-th 

joints are hair-line cracks toot. are filled"brmm clay ccntaininc; 

roots, and some curvilinear Joints are open and enlar;;ed by · .. ;ee.t;1erin;;. 

At TA-49 the Otovi is present only in the subsurfe.ce but:. it 

crops out in 1.Jater and Ancho c~.nyons about 0.5 mile east of TA-49. 

(o-'T/t''f ()~"(Ufi.AJ 1' H£ 

TheAOto~ and overlying Tshirege Member is erosional. 

At TA-49 the top of the Otowi is from 641 to 676 feet below the 

surface in the deep test wells. The unit is 15l feet thic:~ in DT-10, 

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

of the Otovi Member ( table 8) • 

The Otowi Member may yield \iater to springs in upper Gt-.aje Ca.nyvn 

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 permeability probably is lo-w . 



• 

• 

Guaje member -
The Guaje ~ember consists of ash-fall ~umice and 'mter-laid 

pur.1iceous tuf'f. 
a4- m vet. D--7 

Near the base gray lur.1~-~umice fragments ~ te 

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

and sanidine crystals are found in a cellular structure of the 

~artly devitrified puoice. Some rounded, ~ebble-size fragments 

of light-red rhyolite are fo~.d near the to~ of the unit. 

}QYOf:o r 
At TA-49 the Guaje ~ember is~ in the subsurface in all 

three deep teDt wells. It is 48 feet thick in DT-9, 35 feet thick 

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

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

and the unit contains no ~erched water. Elsewhere in the Los Alamos 

area the Guaje contains ~erched water locally, as at hole H-19 in 

upper Los Alacos C~~yon. The interstices and intercellular s~aces 

in tl1e pumice are small. The ~oroDity of the Guaje average::> about 

4o percent but ~crmeability generally is low. Fractures and joints 

are not prono~~ccd in the Guaje ~enbcr, and barely perceptible 
' 

joints ap~arently are closed or filled by alteration ~terial • 
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Bandelier T-<.l.:f':f' 

The Bandelier Tu:f':f' consists chiefly of ash-fall and ash-:f'lov 

tuf':f'. Some ·thin w.ter-laid sediments are incladed in the Bandelier. 

The unit is divided into three members: Guaje, Otowi, and Tshirege, 

!'rom oldest to youngest. The Guaje Henber rests unconformably on 

older rocks and consists of' pyroclastic debris, partly Yater-laid. 

It is draped over the older topography. The Oto"Wi Member is 

conformable to the underlying GuaJe Mecher and consists of pumiceous 

tu:f':f' of ash-now origin and locally near the top contains a few 

generally thin layers o:f' water-laid nediz::tents. The Tshirege Member 

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

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

composed mainly o:f' ash-fiow tu:f'f at least one of which is water

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

through 6 from bottom to top • 



\Tater-bearing chars.cte:--~~tic~ 

At TA-49 the uppermost part of the Tschicoma Formation is in 

the zone o~ ~turation in the ·ncinity of vrells DT-5A and DT-9· 

The joints and fract:..tres in these !'Ocl~s }?rovide space tor "Water 

storage and ave!llie::: of great permeability ar.d the inter1""lo"W zones 

comi:lOnly contain some breccia that is pe:rL'leo.ble. 

Else"':ilere in the Los Alamos ru:.·ea water ·,;as fou.."ld in t..'le 

Tschicoma in uell' T-4 and hole H-19 (fig. 4). Several sprir.gs 

i:;;sue from-· i:lterflov and contact zones between layers ir. the 

undifferent:!.ated latite and quartz latite wlit. Some of these 

sprir..gs are located in Guaje, Los Alamos, l'ajarito, and Hater 

Can;:,· ens, c.nd Canon de Valle. 
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The lati te and quartz latite ro~ks >-rere emplaced as viscous 
'jeYitn!/1 lava flows, and JiG 3 17 are highly jointed and fractured owing to 

shrinkage and flm-1 deformation. Noma.lly, these rocks have t>ro 

or more joint or fracture systems that intersect . 
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::'sc!l!cc!~n Fo:rme:t.ion 

P.l~~ical characteristics 

The undif:ferentiated latite and quartz latite of the ~chicama 

?ol:"!:l2.tion contains :~ll"ge phenocryots of !Jlagiocla.se and m:aller 

phenoc~JStS of qw~rtz, biotite, ho:-nblenC.e, o.nd a:.J.gi te in ::::. :Cine

grained z:a:tl·i..x of plagioclase, orthoclase, a.~i te, z::agneti 'te, c.nd. 

·.ra~~'i:!g ~ts o:f glass. mterflO\l zones contain t;reenis~1-gray 

siltsto:.le, cla;)', ""Dl.l rock fro...gments of' tu1~f', :r!.!ycllte, end la.tite. 

At T.r...-l~9 't-tell DT-5.i'. penetrated two la;;rers c!' latite and qu.nrtz 

latite of t::.e Tsc:b..icoma Fomaticn. The t..£:)pcr la:;·er is J26 .feet thick 

and contains two inte~:·lmr zones ~: and 5 feet thick 'to:! q e 5-t composed 

of cla::,•, latite, ttuf, ar.:d rhyolitic fragments. The lower layer is 

26 feet th:!.cl:. ~~ell DT-9 penetrated ~38 :::,eet of unlif'.ferentiated 

latite :md quartz lati te inter';)edded "'fTi th the Janglo::uerate .-nes::1ber. 

Well ::Jl'-10 penetrated :10 feet of the :mdifferentiated lctite and 

q..:.c.:rtz lati te :mi. t of the Tac!'.icoma For!!lation. Severc.l. interflov 

zones composed of dark-red silt and clay '.oiere penetrated. At well 

DT-10 tr£ ur~fferentiated latite and q~z latite of the Tachicama 

rc~tion lie on ~it 2 of the basaltic rocks oi' Chino Mesa and a.-e 

overlain c:r the ~.::pper part of' the /Bllt;lal::!erate t.!e::ber ol:.' the Puye 

Conglomerate • 
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Volcanic rocks of the Jemez 1-iountains 

Volcanic rocks of the Jemez Mountains along the eastern flanks 

of the Sierra de los Valles and on the Pajari to Plateau are composed 

of the Tschicoma Formation of Pliocene and Pleistocene('!) age and 

the :~•ounger Bandelier Tuff of Pleistocene age. The Tschicoma 

Formation consists of undifferentiated latite and quartz latite 

that are flow rgQks- and pyroclastic roc.lt.s associated vith the 

volcanic rocks of the Jemez Mountains. They are highly fractured. 

and jointed and some intervals contain "Weathered zones and 

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

eXIX>sed on the Sierra de los Valles (fig. 4) and are present in the 

subsurface beneath the Pajarito Plateau (fig. 5). These rocks -were 

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

and by test Yell T-4 in the city of Los Alamos and bole H-19 in 

upper Los AlSJ:lOs Canyon. 
s,, ... c .. •£ 

The lower part of this sePt&& is 

interbedded with the fanglomerate member of the Puye Conglomerate 

and also w1 th the basal tic rocks of Chino Mesa. 

The Bandelier Tuff forms the Pajarito Plateau. The Bandelier 

Tuff laps on to the undifferentiated latite and quartz latite 

along the wstern 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 tuf"f is composed of ash-fall 

, 
pumice, o.sh flays, and wter-laid volcanic ash and pumice . 
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Water-bearing characteristics 

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

lrt f 
rock of the Chino Mesa penetrated by well DT-10 1 are" the zone ..!' 

' 

saturation and seemingly 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 1 and 2 of the basaltic rocks of Chino 

Mesa :iiif;p&%~ .. 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 water very 

readily. The movement of water through a labyrinth of interconnected 

joints 'rould be ali:lost 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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Ba.sultic rocks o.f' Chino l-iesa 

Physical characteristics 

Units 1 aild ~ of the basaltic rocks of Chino Hesa were fo-:.md at 

TA-49 in well DT-10. Unit 1 consists oainly o::~.' a reddish-brown to 

black, dense basalt containing olivine. In well I1I'-l0 it is 173 1'eet 

thick and overlies the lower layer o:f the fo.nglomerat.e member o:? t.~1e 

Puye Conglomerate. Unit 2 is mostly a dark-red -.-esic1..t.l.El!" basalt. At 

well DT-10 it overlies unit 1 and is p) feet thick. It is o~erluid by 

a lati te flow of the Tschicor...a Formation. 

en the basis of the sonic log (:fig. 57D), several intervals in 

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

jointed. 'Blese intervals are: about 1,125 to 1,130 feet, vhich may 

be an interflow zone; 1,175 to 1,210 feet; and 1,254 to 1,28'• feet, 

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

interval at the base of unit 1. i'hese zones drilled somewhat faster 

than other intervals in the 'basalt. A 22-foot inter:flow or brecciated 

zone at the base of unit 2 is shown by the gamma-ray log also . 
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Hater-bearing characteristics 

At TA-49 the lower beds of the J'anglcrr.ere::e member are saturated 

where they are interbedded vith the Tschicoma Fon:::ation end ':>asnltic 

rocks of Chino r~sa. Elsewhere in the Los Alamos area, wells T-lA 

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

relatively low permeability in the JBngl.omerate member. At TA-49 

the unit probably has a moderate to lov permeability; hovever, same 

beds may have high permeabilities and may readily transmit water. 

In general, permeability and transmissibility in the )1mgJ.omerate 

member are less than in the underlying Totavi Lentil • 
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At TA-49 well rfr-)A penetrated 595 l'eet of the ~lomerate 
3 

member. Wells DT-9 and DT-10 penetrated 2~1 feet and 18; feet of the 

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

in lover Guaje Canyon to 637 feet penetrated in well T-2 in Pueblo 

Canyon • 
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Physical cr~teristics 

The 7a.::J.tZlomerc:te mer~er is a gray conglanerate, composed o.f 

pebbles; :~obtlcn, ::lDd bo:llders of rhyolite, latite, quartz latite, 

WUi~ 
These rocks ~derived 

from f'lovs as soc ia·ced vi t!: the volce.nic :::ccks of the Jemez !-k>Wltuins. 

Sorting is pvcr ::·.lt t.:1e.r~ are tongues .:::.Jid le.:lses o~ fairly well-

"::\ 
sorted pUI:liceo:.:z siltsto~e r:.nd ;:~ter-lci;l pt.:..-:U.ce in the i'!anglomerate. 

t 

The degree of' ,'!cmenttion ·.-aries f'::-c: friable to •,.-ell Ce!!!ented. The 

~:l(3lon:e:rate r;.ec:ber contains large anorrul.ar boulders in upper Guaje 

and Pueblo cc.nyons zrudi!:"£ into finer and .roWlded material to the 

east. 

In t::.e •t:~st·~rn !Jr:.li' of t:~.e ?ujarito Platea"..!, the i'lo~~ or 

the Tschiccz::::l Fon.ID.tion e.re interbedded with t:1e ,hnslomerate r.lember 

ij,Jt.;-rbed•::.ed '~it::: the Tscr.d.corna Formation in the subsur:face. At 

well ~-lC :!. t is iLte:-: -=dded also '\d th units l r>nd 2 of' the basaltic 

rocks of c1:.::.::1o t-'~es::.. The P:ye, T::;chico=-': .c-.nd t:t>.e basaltic rocks 

,c()~ .... c. o 
apparently ver'2 -~e~~::.t.e&. :.n & shalle;..- tro'.:c:-1 "!:.:rending southward 

..,_,ene"'t1' -~-~~e ,,pe-t"',...,., ~·~c··.,. , .. .r· -o,.,~., ...... .J.o 'O,a+e"''' (f""- r.;) 
_, - ..... ~..... . _...., . .~w--... ;.:, ...... - .,._ .a.-u-.......•u ......... "' _.,.... --o• "" • 

/7 
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The heterogeneity, cross-bedding 1 and interlayering of silt and 

sand with conglOI:lerate should result in a highly dispersive flm-r 

pattern in the Totavi . 
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Water-·ocaring cilaracteristics 

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

high porosity and pemea.bility, and readily transmits '\·m.ter. A 

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

-(H£. 

for the Totavi and.t\overlying fanglomerate ::nember and included basalt. 

The basalt probably has a disproportionate effect on the transmissibility 

of the composite section of rocks. Tra.n.smissibili ties for the Totavi 

Lentil alone were obtained elsewhere in the Los AJ.e.mos area :from vells 

T-1, 'l'-2, and T- ;. (See fig. 4.) P.wping tests of' these wells 

indicate coe:f'f'icients of transmissibility as follows: 

'~ells Tran~1issibility 

(gpd per foot) 

T-1 160 

T-2 7,000 

T-5 71 8oO 

T"ne differences may be due, in part, to a. smaller thickness of the 

unit at T-l, but they also reflect dif'ferencea in lithologic character. 

It is inferred that velocity of water move!'Jlent in the Tota.vi is 

greater than in the undifferentiated unit--an inf'errence that is 

corroborated by interpretation of tritium analyses discussed in a 

later section of this report . 
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Puye Conglomerate 

Totavi Lentil 

Physical characteristics 

The Totavi Lentil is a gray, poorly consolidated conglomerate 

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

consists mainly of subrounded to vell--rounded quartzite and quartz. 

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

present sporadically. At TA-49 samples from l1I'-5A, M-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 

M'-10 a.re 52, }9, and 46 feet respectively, indicating a southeast-ward 

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

feet. It -wedges out eastwrd in the vicinity of Canada Ancba and also 

vedges out in the subsurface west"Ward .t:::a. '). It is thickest 

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

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

s 
respectively, of Totavi. Well T-4 -was too cthallow to penetrate the 

(,.X,, 1 A e. 

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

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

the unit we deposited. 
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Hater-bearing characteristics 

At TA-49 the undifferentiated unit is saturated, but inasmuch 

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

could be learned about the ~ater-bearing cha=acteristics of the 

undifferentiated unit from the pumpin6 tests on wells DT-jA, DT-9, 

and ~-10. Several inferences can be ms.de, however, about its 

water-bearin~ prop=rties on the basis of its lithologic characteristics, 

and by extrapol~tion of conditions in the Los Alamos Car,v·on well field. 

Pumping tests on city supply well L3 indi~ated a transmissibility of 

about 2, 500 gpd (gallons per day) per foot for approximately the 
r.J 

~pper 1,000 feet for the unit (Theis and Conover, 19~. The1•efore, 

a moderate to low pe!~ability for the undifferentiated unit is 

indicated. Variations in lithologic character both laterally and 

vertically in the undifferentiated unit probably result. in differences 

in permea"oili ty o.nd differences in velocity '"'1 thin the ay_;.dfer. 

Movement "Chrough beds having relatively hie;her permeability \muld 

be more rapid than through less pe!~able beds • 
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T~bl e. 7 ·--Log of 1-rell DT-10 - Continued 

Thickness 

Santa Fe group - 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 from gamma log ---------

(feet) 

46 

7 

Depth 

(feet) 

l, 4o2 

l,4o9 



• Table 7. --Log of veil IY.I'-10 - Continued 

Thickness Depth 

(:feet) (:feet) 

Tschicama Formation 

UDdi:fferentiated latite and quartz lati te: 

Latite :flov)~' dark-gray, vesicular, 

'lery fine crJ--stalline; I:la:f'ic minerals 

appear to be altered; unveathered. 

basalt fragments are included in 

latite ------------------------------- 40 1,012 

Santa Fe Group 

Basal tic rocks of Chino Mesa 

• Unit 2; 

Basalt, ~ dark-red, vesicular ---- l,lo8 

Unit 1 ~ 

Basalt, reddish-brown to black, dense, 

containing olivine, and drusy green 

mi.nerals on same basalt fragments -- 173 1,281 

Puye Congl.OI:Jerate 

Fanglanerate member: 
~ oT 

Conglomerate, consistingAdark-gray 

lati te, red glassy rhyoll te; and brown 

clays and silts ---------------------- 75 1,356 

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

Bandelier ~uff - Continued 

Otmd member: 
:: 

Tuff, light-reddish-tan; white, very light-

gray, and bright-orange pumice fragments; 

dark-green mafic minerals; latite, and 

light-gray rhyolite ~ fragments. 

Various volcanic rocks with layered 

structure occur from 754 to 765 feet 

Guaje ~ember: 

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

Santa Fe group: 
;. 

Puye songlomerate: 

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) 

I 

829 

864 

972 
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~ble ·~. --L~g cf ... :ell :JT-lC - {~c:1ti:uued 

Bandelier ~~£ - Continued 

Tshirege Hember - Continued 

Unit J.B; 

Thickness 

(feet) 

T'.!ff, llght-srey to very lie;l:t-or:::.nge; 

pt.U:iceous, contains se.nicline, quartz, 

C.c.rk me..t'ic minerals, and f"eldspar 

witn prominent alteration ringsj rock 

fra.gn:ents o.!' r;zyoli te a.nri lati te. 

Large pumice fragments occu.r f:t'on: 

3~;8 to 37C :'eet. .,.:hi te to 11gct-

gray IJUm:l:":e with red.dish-ora.uge 

rhycli te OCC' . .J.r from l~ C8 to i, 7c feet -

Unit ::!...t.: 

Tuff, white to light-gray 1 ptu!'.iceo'..l.s; 

brown stains on ~anidine fragments; 

orange purr~ce fragments vit~ streaks 

of dark-"orm-m glass along cellular 

str~cture; dark-green r~fic minerals; 

an abund~~ce of latite and rhyolite 

rock ~~~nts ----------------------

It:' 

Depth 

(feet) 
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Table 7.--Log of well DT-lC - Cor.tin~ed 

T'nickness 

(feet) 

Bandelier TUf£ - Continued 

Tshirege Member • Continued 

Unit 3: 

Tuff, light-reddish-brown; containing 

sanidine~ quartz, and black and 

.green ref'ic minerals with sane rock 

fragments of gray glassy and reddish 

rhyolite a:ld lo.ti te. Light-yello"n· 

de•ri t::-ified p'l..L.-r.ice occurs f!oorn J28 to 

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

Unit 2: 

Tuff 1 reddish-brcwr. to light-gray; 

conto.ins sanidine, qt1artz .• pink 

orthoclase, and a few i'ragr.lents of 

chalcedony and sand-size rock f~ag

ments of gray glassy rhyolite and 

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

57 

Depth 

(feet) 

138 

228 



Table 7.--Sample log of well DT-10 

Drilled by cable tool 

Total depth, 1,1}09 ::.,eet 

Completed ~h 13, 1:;60 

Altitude of land surface 7 ,01:).11 feet 

Thickness 

(feet) 

Bandelier T'..1i'f 

Tshirege t~ber 

Uhit 6: 

Tuff, llght-grcly; reediUln to very coarse; 

prominent sanidine phenocrysts with 

larger phenocrysts containing vhi te 

globular inclusions; black mafic 

~nerals; larse assortment of 

volcanic rocl~ :f'ra.gments ------------

Unit 5 ; 

Not noted in samples. 

Unit l~; 

Tuff, light-gray to light-red, \relded; 

con:posed of sanidine, quartz, and 

:cal,ic minerals with some rock 

fragments of ~-rhi te and gray glassy 

rP~olite and brown latite ----------

29 

52 

Depth 

(:feet) 

29 

81 
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To..b I c:. t.. --Log of well DT-9 - Continued 

Thickness 

Santa Fe group: 
~ 

Puye gonglomerate: .. 
Fanglomerate member: 

Conglomerate, gray; composed of rhyolite 

latite, and quartz-latite fr~ents 

'vi th some of the fine to coarse 

fragments shvroing ,.,ell-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 'vere quartz, ,.,hite orthocl0se, 

pink micr07cline, biotite, magnetite, 

tourmaline, and chalcedony; sand-size 

particles appear subrounded to well 

rounded --------------------------------- 38 

Undifferentiated unit: 

Siltstone, silty sandstone, and sandstone 

1nth occasional conglomerate1 light-brown; 

composed of rhyolite, latite, quartzite, and 

some punice.----------------------------------- 144 

I"? 

Depth 

(feet) 

1,319 

1,357 

1,501 
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Table 6.--Log of well DT-9 - Continued 

Thickness 

Bandelier Tuf':f - Continued 

Guaje Member: 

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

Santa Fe Group 

Puye Conglomerate 

Fanglomerate member: 
)( 

Conglomerate, gray; composed of 

rhyoll te, lati te, and light-colored 

igneous debris; some particles are 

:fine to very coarse and appear to 

be subrounded. Brown clay up to 

60 percent occurs :from 918 to 9211 

feet -----------------------------

Tschicama Formation 

undifferentiated latite and quartz latite: 

Latite and quartz latite flew ro&k&, 

dark-gray. Inter-flow zones :from 1,058 

to 1,078 :feet and from 1,114 to 1,143 

feet contain latite and quartz-latite 

rock fragments; brown clay; yellow and 

(:feet) 

1·8 

74 

milky quartz fragments. Water encountered 

at approximately 1,005 feet ----------

' I 

Depth 

(feet) 

1,162 
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Table 6.--Log of vell DT-9 - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

~hirege Member - Continued 

Unit lA; 

Tuf'f, gray, friable, pumiceous; 

sanidine and quartz crystals in 

equal amounts; light-gray and 

gray glassy rhyolite fragments; 

sane yellowish-orange pumice 

fragments included. Large light

gray pumice i're.gments occur :from 

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

otmri Member: 

Tuff, light-gray, friable; containing 

light-gray and light-pink pumice 

fragments; quartz and sanidine crystals 

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 gray glassy bands occur from 756 

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

214 

126 

Depth 

(feet) 

676 
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Table 6.--Log of vell DT-9 - Continued 

Ba.Ddelier Tu:f':f' - Continued 

Tehirege Member - Continued 

Unit lB; 

TUff, light-gray to reddish-orange, 

pumiceous, containing some rhyolite 

rock :f:ragznents. Light-gray tufi 

fran 280 to 3o8 :f'eet contains 

sanidine; iron-stained quartz 

crystals and :fragments; gray glassy 

rhyolite fragments; light-gray 

pumice fragments. Light reddish

orange tuff' occurs fran 3o8 to 390 

feet and is composed o:f se.nidine 

and quartz crystals, w1 th some dark

colored inclusions in the quartz 

crystals; light-gray and light-orange 

pumice with streaks of dark-gray 

glass along the cell structure; 

Thickness 

(feet) 

and a few :fragments of dark-gray 

rhyolite. Light-gray pumice fragments 

Depth 

(:feet) 

occur from 390 to !162 feet ----------- 248 462 



• coil cover 

A brmm clay soil caps most of the mesa at TA-4-9. Percentages 

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 thid:.ness seems to depend on the amount of ·..ro.ter 

available for veathering the underlying tuff. The thickest soil 

zones are found along shallow, slow-draining ditches, streambeds, 

and relatively fl.at areas "Where ·.rater collects and stands. Soil 

thickness ranges from 0.5 to 9 feet in the shallow tes~ holes 

drilled for soil-moistt·xe studies. The e;reatest kno-wn thickness 

of soil (9 feet) et TA-49 occurs on a relatively flat area north 

• of A.rea 6 (fig. 20) • 

Figure 20.--Thickness of soil and location of moisture-

measurement test holes in T.A-491 Los Alomos County 1 U • Mex. 

The \leathered zone could not be disting..:.ished :from the soil 

in logging the cuttings during drilling so the soil ::!...'1d ;.'eathered 

zone are logged as a single unit (figs. 21-43). The pumice layer 

I 

is sho-wn in test holes,"-'here it ,.;as penetrated in Areas 2 and 10. 

The thic.imess of soil is closelj' related to topographic slope; the 

soil thins rapidly away from the crovn of the.mesa, as indicated 

by the contours on figure 20. 

Tubes forraed by the decay of roots may transmit w-ater tbrout;h the 

soil zone • However, these openine;s would tend to close as they \lere 

• wetted because of the swelling properties of the clay • 
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Water-laid pUI:lice 

A layer o£ t'a.irly vell sorted, w.ter-~rn pumice t'ragments 

occurs in Areas 2 and 1.0 at TA-49. The layer is 2 to 4 t'eet thick 

and overlies the -weathered tui'f zone. The pucice is brovmish gray 

to brown, bas a. cellular structure o£ frothy glass, and contains 

phenocrysts o£ quartz and sanidine. A few layers of' cla;y, some 

intemi.xed brO'wn clay, and roots are present in the 'pumice layer. 

The layer of punice probably is highly permeable because it 

is loosely consolidated and the fragments are well sorted and \-rell 

rounded. 

Where the pumice layer baa been exposed by const1~ction, as 

in the ditch adjacent to the road north o£ Area 2, wter could 

infiltrate rapidly during vet weather. Probably this vater vould 

be perched temporarily on the underlying vee:tbered zone. The 

pumice could also transmit some "W8ter laterally along the top o£ 

the weathered zone. A very small a.oount of -water may percolate 

through the wee. thered zone into the tuff of unit 6; ho"Wever, :most 

of the water ini'iltrating the pumice layer probably ie returned. 

to the atmosphere by transpiration and evaporation • 
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\~ea thered tu£1' 

The \·:eathered tuff is composed of an...,oular t:1:f'f fra.gments 

that are sliGhtly veathered in a matrix of brown clay 1 which 

contains a fev roots. Thickness :-angcs from a i'ew inches to 4 

feet. The base of the -...,-eathered zone grades into and iE irregularly 

disconfor.:m.ble vi th the top of the welded tu:ff of unit 6. Joints 

and crocks in the upper part of unit G are clay filled. Game cl.D.y 

filling is found in joints as deep as 65 :feet below the :!.and 

surface and some roots occur as deep as 40 feet (figs. 15) 16, 17, 

and 18). 

The r..early ~rviou£; clay o:f the veathcred zone virtually 

el::U:linates percolation through the zone. ~..;eat.hercd angular tui'f 

i'ragments usually e.re isolated in the cley matrix of the zone and 

contribute little to bull~ per-meability of the zone. 

ifuere roots in the zone are decaye<l, some ...re.ter might nove 

through the -weathered zone via openings le:f"t by the roots. 

However, t.hese openings slx>uld tend to .close as wter is 

introduced o-wing to the svelling properties of' the clay . 



• 

Soil CO\"er and related material 

The mantle rock at TA-49 is characterized by a weathered 

zone, a ;m.ter-laid pumice, and a soil zone. The top few feet 

of Wlit 6 is COI:lposed. of broken, part:y weathered tuf'f fragments 

in a matrix of clay. The weathered tuf'f grades u:tmard into a 

clayey soil, except in Areas 2 and 10, \Ihere a layer of wter

laid pumice occurs betueen the vea.thered zone and ooll zone. 

The weathered zone and soil zo:ne are cor:1posed of materials 

weathered in. place f'rom the underlying tuf'.f. The soil zone DIJ.y 

contain some :caterial that -was "Washed into the area. The water

laid pumice \re.s \washed in during the earl:r stages of developcent 

of the soil, and the overlying soil developed from it. The pumice 

layer occurs only locall:r and was deposited in a low area on 

Frijoles Mesa. 'l"he brovn clay found throl.l.ghout tbe soil mantle 

and associated materials probably is largely montmorillonite 

(table 14). 

' I 
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Water-bearing characteristics 

Unit 6 'ms dry at TA-49· natural coisture content of' samples 

ranged from 0. 8 to 8. 7 percent by volume (table 17), and porosity 

ranged fro.>n 38 to 54 percent by ·volume and specific retention f'roo 

15 to 27 percent by voluce. The higher porosities wre found in 

samples taken ncar the surface. Vertical peroeability of samples 

ranged froc 0.1 to 6 gpd per square foot. The horizontal 

pemea.bility ranged fro:c. 0.2 to 5 gpd per square foot. 

Joints in unit 6 near the surface are filled v.l.th clay. At 

depth oany of these joints are open. The open joint face may appear 

unweathered as if' jointing has Just taken place, or the open joint 

face may contain a thin layer of clay, which is ·the product of 

weathering of the tuff. Tuff adjacent to these clay-plated joint 

faces a.re weathered to a light brcnm in zones fro:c. -fJ to 5 inches 

wide parallel to the joint. The weathered zones also occur above 

horizontal and lov a.n.gle joints indicating that wter moved f'rom 

the open joint into the tuff by capillarity. (See map of hole 2A, 

fig. 16.) \later probably percolated through these joints prior to 

and during the development of the soil. 

Percolation of 'Water could occur through open joints vhere the 

soil !!lalltle bas been stripped off leaving the tui'f exposed. 

Movement "WOuld be rapid in the large interconnected joints filling 

the smaller joints 'Where it '.x>uld be absorbed by the tuff. Large 

joints tba.t transect the unit wul.d carry \later rapidly into the 

underlying un1 t. l·iovement of '\.Jater through the Ul'ljointed tuff 

'\YOuld be slow as indicated by the range of IJermeabilities of' 0.1 to 

6 gpd per Gquare foot. 



The thicr .... 'less of unit 6 at '!A.-~9 ranged f!'OP.l zero near well 

D'l'-9, "Where it bas been stripped a-way by erosion, to 80 :feet near 

core hole 2. An isopach U!D.p (i'ig. 19) L'1dica.tes that unit 6 is 

Figure 19.--Isopach map of unit ,,bt6 of the Tshirege 1.fember 

of the Bandelier Tu:f'.f, TA-49, Los Alamos County, I'l. 1-lex. 

thickest along the crest of the mesa at TA-49 ,.,here it has been 

eroded the least. 

The base of the unit dips about 1 degree in a general 

southeasterly direction. The eroded upper surface of the unit 

along the crown of Frijoles Hesa slopes generally eastwrd a·t 

about 150 feet per mile. 
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s,.Yrlpltz po., Hole 3-C, depth 58 feet 

Pore space about 30 percent 

Phenocrysts about 23 percent by ,.;eight 

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 conspicuouc. 

Groundmass material is devitrified glass. The devitrification 

products are cristobalite and feldspar. Tridymite and feldspar 

have dev.eloped as gas-phase products in cavities. The groundmass 

is in part made up of pumice fragments up to 10 mm in diameter 

Which occur as darker colored porous areas . 

J 



Sa.mpla ~"G"'eore hole 3, depth 54 feet 

Similar to Area 2 core hole at a depth of 65 feet. 
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SA"" pit ~,.om 
A Kale 2-H, depth 58 feet 

Pore space about 30 percent 

Phenocrysts about 13 percent by >veight 

Sanidine 8 percent 

Quartz 3 percent 

Magnetite 11 percent 

Pyroxene 0.51 percent 
(ortho, 

Trace of zircon 

Much of the magnetite is intergro>vn '\Vith pyroxene. Some altered 

inclusions of an older andesitic ro~~ are present. Groundmass is 

devitrified glass shards. Feldspar and tridymite occur in vesicular 

pore space. A little clay material has developed • 

• I I • I 



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). Brmm birefracting clay-like material is probably 

:montnorilloni te, 15~ percent of the groundtlass. This is the only 

sample in th~roup i·Thich shmvs any alteration. All other changes 

are deuteric ones comprising devitrification and gas-phase reaction. 
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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 

P..rroxene (cline, dominant; o"t ho.~ puunT") 

The groundmass is made up of shards which have been partly 

devitrified. There is some indication of gas-phase mineralization. 

Minute minerals, probably tridymite and feldspar, have developed 
!ftM r 

in cavities and feldspar has been deposited on ~ of sanidine 

grains. The rock contains very small amounts of altered andesite 

grains • 



Sample from core hole 2, depth 65 fe_et 

Typical welded tuff differing from others in no essential 

i.ray. 

Phenocrysts about 24 percent by veight 

Sanidine 14 percent 

Quartz 7 percent 

Pyroxene (clino and ortho) 1 percent 

Magnetite l percent 

Pink, uell-rounded zircon 

Feldspar and tridymite in cavities 

-. .. 
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Sample from core hole 1, depth 45.5 feet 

Pbre space about 30 percent 

Phenocrysts about 20 percent by lveight 

Sanidine 12 percent 

Quartz 6 percent 

Magnetite l! percent 

Pyroxene 0.5! percent 

Ground..'llass is typical devitrified -,.;elded tuff. ~he devitrifico.tion 

products are verJ fine crained, but shmr t~e t:,rpical cri::.tobalite

feldspar structure. Cavities contain radial Groups of feldspar and 

tridymi te. The rock contains a fe1-1 areas of altered ar..desi te . 

J 



---.. 
The minor joints probably were caused na.inl;:l b:,.· cooling of the 

volcanic ash fl.ow, although sane o~ them proba.b.ly are related to 

faulting and gentle :folding. A nearly horizontal brecciated zone 

is present in un1 t 6 about 15 to 20 feet below the surf'ace. 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 

away because of the change in strike and dip and numerous intersectio:ns 

of one joint with others. In some cases it was impossible to match 

joints on opposite walls of a hole due to the change in strike and 

intersections. However, interconnection of joints between holes 

was evident during various experiments in the area conducted by the 

university of California. 

Seven Sm:Jples from unit 6 of the Tshirege Member of the Bandelier 

Tuff were analyzed petrographically by C. S. Ross (written cc:a::mrunication, 

July 7, 1960). Ross recalculated the proportions of phenocrysts to 

represent proportions by weight. The following is a discussion o:f 

each of these analyses. 
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The joints in unit 6 generally are of two types: master joints;. 
IL 

'(llh-1" bav~ northerly trends and nearly vertical attitudes, and oinor 
"(/lA- 1 .Jl 

joints (figs. 15, 16, 17, and 18) "ba ~ varying trends and dips 

Figure 15. --Maps of valls of selected large-diaceter holes in 

Area 1, TA-49, Los Alamos County, N. Mex. 

16.--14aps of walls of selected large-diameter holes in 

Area 2, TA-49, Los Alamos County, N. Mex. 

17.--~~ps of walls of selected large-diameter holes in 

Area ;, TA-49, Los Alamos Cou.Tlty, N. !-lex. 

18.--Maps 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 ,.,est of 

TA-49. Almost eve~J large-diameter hole intercected at least one 

master joint that is continuous through ~Tlit ~and some that cut 

through unit 5 into wlit 4. Macy minor joints terminate at the :naster 

joints. Near the surface the master joints are filled with clay, most 

of which w.s 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 many 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 . 



Unit 6 

Physical cbaracteri~tics 

Unit 6 is o. li[;b.t-gra.y to pinkish-gray rhyolite tuf'f'. It is 

a moderately \-telded a.sh-fiov tuff containine phenocrJsts of quartz 

and ::;a.nidine that rar..ge in size from medium to coarse cand, gray 

devitrif'ied pumice fragments as much as :;;4-inch in diameter; and 

gray to ligbt-bro'lm rhyolite and latite rock fragments. Some of 

the quartz cryctnl.s o.re clear and have uell developed crystal 

faces and some are dipyr&~dal in crystal form and contain \i.hite 

globular inclusions. lUneralogic analyses indicate a small 

percent o:f ~neti te and pyroxene and some cl.ey which is probably 

montmorillonite (table 14). The sand-size maf'ic mineralG o.re 

brownish yelloVI ns ~.;he result of "..Jeathering. Soce horizontal 

sheeting occurs at the outcrops. Curvilinear joints were present 

in the larce-dio.mcter holes a.."ld in the outcrops ( fi~. 14). The 

Fieure 11+.--0utcrop of curved ~oint face in ur.it .:tbt6 of 

the Tshirece Member of the Bandelier Tuff. North side 

of Uew HeY.ico Highway 4J about L 5 nilec '\-rest of the 

entrnnce to TA-49, Los Alamos Cou."lty1 !l. Hex. 

unit unconfol'I!labl:y overlies w'lit 5 and forms cliffs. It caps the 

mesa at TA-4;:!. 
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Water-bearing characteristics 

Unit 5 vas dry at TA-l19, and there is little evidence to indicate 

that the unit has transmitted water in recent times. 

O'ni t 5 is a permeable sand composed mainly of well-sorted quartz 

and sanidine crystals and crystal fragments. Joints and fractures 

in the overly:Lng un1 t 6 are closed and terminate at or near the 

contact. Only a few fractures transect the sand and continue into 

unit 4 vhere most of them are sand filled (fig. 18) . 

Tu.ff adjacent to joints and fractures belov the sand-filled zone 

is weathered as much as -k to 1 inch on each side. Water that caused 

these weathered joint and fracture surf'a.ces probably moved through 

the joints and :fractures during the deposition of un1 t 5. 

Unit 5 has a permeability of :31• to 59 gpd per square foot 

(table 17) nnd should transmit water readily. The abundance of sand

filled and open fractures in the upper part of unit ;: woul.d tend to 

transmit the water dQ\1IlVal"d rapidly • 



At TA-49 the thickness of' unit 5 ranges from 0 in large-
. diameter hole 4-Y (f'ig. 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. 13) . 

Figure 15. --Ctrt1.cture contours on ·::Jle top o:f un1 t ... bt_ of 
') 

the Tsl1iJ.·egc Hauber of tl1e Dm:delier T-J.f:f, TA- !~9 J 

Los Al£..mos County, N. !·1ex. 
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• Hole 2-Y, depth 73 feet 

Sample is about one-third phenocrysts 

Sanidine 22 percent 

Quartz 11 percent 

Magnetite 1~ percent 

Pyroxene 0.5! percent 

~#f )fine fraction is devitrified glass composed dominantly 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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A sample f'rom u:-..i-: 5 of the Tsh:i!'ege Member of the Ba"ldelier 

~-tf'f was analyzed petrogra.p.l:1icall~,- l::;r C. 3. Ross o:f the Geological 

SUrvey (written communication, July 7, 19(50). Ross recalculated 

t:':le proportions o:f' phenocrysts to represent proportion by vei[;ht. 

The following is the result of the e....~ysis. 
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Unit 5 

?r.v·sical c~racteristicc 

Unit 5 io friable water-laid oed.iUI!l to coarse sand cooposed 

of YOm quartz and sanidiue crystals and fragments of reworked 

tuff as large as boulder size. 

Topset and fore:::.et bedding is ..,;ell developed. Some lizlor..i te 

stains and a few stri11gers of brown clay are oriented Yi th t..,_e 

cross-bedd.illg in the unit (fig. 11). Unit 5 -weathers to i'orm a 

Figure 11.--Hater-laid Gand of unit ... bt
5 

of the Tshirege 

Member of the Bandelier Tuff underlain by \leathered iron

stained unit ~bt4 , ooutheast wall of west hole in Area 10, 

TA-49, Los Alaoos County, rt. Hex. 

notch on cliffs betueen the und.erlyine and overlying units . 
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Joints in outcrops of unit l~ contain ueathe:-ed brmmish clay. 

Joints 1n the 'I..Ulit in large dilU"'..cter holes Yaried from closed to 

open. In the upper part of the unit, ,~ cints are filled with sand 

:fran unit 5, indicatine; that these jointa and fractures were open 

durinc the dcposi tio:r.. of un1 t 5. In BOI:Je of the large-diameter 

holes (figs. 15, 17, and 18) the tu:f:f of unit 4 is .friable and 

vee.thered below the contact ''i th un:i t 5 . 

If water vere tre..'l'l.Smitted by percolation to unit 5, it would 

further percolate dO'\J'nW'ard throl.lbh the permeable sand-filled joints 

to the open joints. 
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\~ater-bearing c.'IJ.aracteriG tics 

Unit 4 1ms dry at TA-49. natural r.!Oizt:.u-e content was '\-cry 

lov, ranging from 0.4 to 2.2 percent by volume. The porosity of 

four samples of unit 4 ranged from )2. 7 to 54. 3 percent by vol\me, 

and specific retention ranged 11.6 to 21.8 percent by vol~e. 

The porosity decreased 'lith depth due to the denser i-leld.ir..g "t.lithin 

the ±'low. The specific retention increased vi th a decrease in 

porosity due to a decrease in pore size 1.;hich 'WOuJ.d tend to hold 

wter under tension. Vertical per.meabili ties ranged frci:l 13 gpd 

per square i'oot for the more porouD tuff to 0. 3 b'.t-<i per square 

foot for the less porous tuff found lower in the section. 

Horizontal permeabili ties ranged :f'rora 0. 4 to 13 gpd per :::quare 

foot and decreased with depth. The horizontal permeability in 

one wmple from hole 3-A "WB.S 8, and vertical permeability >:ias 5 

gpd per square foot (table 17) . This difference of perrooobili ty 

may be related to possible near horizontal orientation of 

interstices in the ash-flov ~ . .r 



Sc..~plt ~ta~t~ ¢ore hole 2, depth 130 to 1)2 feet 

Pore space about 30 percent 

Phenocrysts about 34 percent by weight 

Sanidine 30 percent 

Quartz 12 percent 

Magnetite l~ percent 

Pyroxene 0.5 percent 

The grounc1mass is a typical devi trified '\-lelded 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. 
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Sa.TI\ple ~111ft 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) 1 percent 

Magnetite 1 percent 

No zircon observed 

Groundmass contains abundant tridymite and gas-phase, secondary 

growth on sanidine. Devitrification products are unusually coarsef 

grained. Sample contains inclusions of andesite . 

tJ1!- I J. f C 



--
gole 4-A, depth 85 feet 

Pore space about 30 percent 

Phenocrysts about 32 percent by '\-Ieight 

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 

addition of feldspar (gas-phase) material. The sample contains 

an unusually large proportion of pumice grains. 

, I 
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So.mpl" ~1'1"" Hole 4-Y, depth 78 feet 

Pore space about 30 percent 

Phenocrysts about 27 percent by weight 

Sanidine 15 percent 

Quartz 10 percent 

Magnetite 1± percent 

Pyroxene 0.5~ percent 

Groundmass is typical devitrified, welded tuff sho,nng usual 

submicroscopic intergro,nh of cristobalite and feldspar. Gas-phase 

reaction resulted in additions to sanidine 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 • 



Unit 4 

Physical characteristics 

Unit 4 is a light-gray to light-pinkish-gray rhyolite tutf 

that contains phenocrysts and fragments of medium sand- to granule

size quartz and sanidine crystals in a moderately welded ash matrix. 

Also present are fragments of llink to light-gray rbyoli te and dark .. 

SlV pumice. SaDe of the pumice fragments are devitritied. Unit 4 

is not bedded at the measured section in Water cat:cyon; however, lenseo 

of disk· Bbaped dark-gray pumice fragments as much as 6 inches long and 

2 inches thick are present 1n a dense pinkish-gray tuff. 

In the outcrop the moderately velded tuft" contains clay filled 

Joints and :f"ractures. In the l.arge-diemeter boles, Joints are open 

o.s much as ~ to 2 inches. Air blo'Wing from open Joints in response 

to declining barometric pressure indicates that the joints are 

interconnected 1n bole 4-U. Parts of this un1 t form cli:ffs in the 

~n 'Walls. 

Four samples :f'rcm unit 4 of the Tsbirege Member of the Be.ndelier 

Tuff vere analyzed petrographically by C. s. Rosa of the Geological 

Survey ( wri tt.en Qomnmn1 cation, July 7, 1960). Rosa recal.C!Ul.L\ted the 

proport1one of phenocrysts to represent proportion by weight. The 

following are results ot these analyses. 
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~·:a. ter-'Dee.rir..c cr.a._-.:~.cterin tics 

Unit 3 is <lz:.: v..t 'J:t...-49. Hatur:J.l ~is~.:.:.u-e content ra.~cd 

:f'ro:n 0 . 2 to 2. 51 perce:tt by volU!lle (table 1 7) . One chunk cs.mple 

had a porc::.i t:t of l+.S percent by voLme a:1.d n permea.bili ty of' 22 

c;pd per sq_~'..a.re foot. 

The felt joints that can be seen on the outcrop e.re filled 

1.;ith brovn c:.a.y, produce-.l 'b~i '"'enthcrin..:; of the t,uf'f. Joi:rt.:::: at 

de:;_)th :pre::n.:"'J.abl~· are or>en 'because drilling nuid ~s lost .i.n ~.;hi::; 

unit. ':2le :;:a.intenn.r.ce of circulation or ei thcr air or nt::l 

duri::;.g drilli:r..s \ra.::; d.if.ficult. Onl~, a S!'JB.ll ru.;ount of cutt:h-...::;s 

,.;as recovered fro::! ::~'..it 3; the rc:::t vere I-'robnbly curried i~1tc· 

open ~cintz . 

l27 



Table 19. --Sample log of Alpha hole - Continued 

Thickness Depth 

(feet) {feet) 

Bandelier Tuff - Continued 

Tshirege l4ember - Continued 

Unit 4: 

Tuff, light-gray; medium to coarse quartz 

and sarlidine crystals and fragments_: 

gray devitrified pumice; light-eray 

rhyolite ~ fragments, subrounded; 

friable zone 78 to 85 feet; n~derately 

,.,elded 85 to 128 feet -------------------- 128 

Unit 3: 

Tuff, light-gray, friable; medi~-size 

quartz and sanidine crystals and 

fragments; gray and Yhite devitrified 

pumice fragments up to ~ inch in length; 

gray rhyolite ~ fragcents, pebble 

size; coating of yellov weathering 

stain around quartz fragments; large 

amount of very light-gray pUI:'lice; 

samples from 166 to 189 are !linkish-

gray and moderately velded. ---------------- 61 189 
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Table 19.--Sample log of Alpha hole 

Drilled by rotary bucket 

Total depth 189 feet; diameter 2 feet 

Completed February 6, 1960 

Altitude of land surface 7,125 feet 

Bandelier Tuff 

Tshirege Member 

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 

Thickness 

(feet) 

ash matrix. Bard layer ws encountered at 

54 feet -----------------·------------------ 76 

Unit 5: 

Sand, light-gray, friable,; fine- to 

coaroe-size quartz and sanidine fragcents 

subrounded; quartz has coating o:f yellow 

weathering stain; fragments of tuff and 

pumice ------------------------------------ 2 

Depth 

(feet) 

76 



unit 3 

Physical characteristics 

Unit 3 ic a fr lable and pumiceous light-13ray rhyolite tu:f"i" 

that contains rJediUJ.!l to very coarse SAnd-size pheoocrynts o:r 

r;anidine and <.;;,uartz cry~tals and f'~nts, gray and white 
dev1tri:f'ied ::;;.\.trJice fr~ents up to ~--inch in length, an abunci.ance 

roc. k of light-gray pt.ll!lice, and gray rhyolite and latite
11
fragcents in 

a fine-grained glassy ash matrix. 30llle quartz f'ragoents are 
coat.ed 'With a. yellow Yeathering stain and others are clear. 
Sanidine fragment::; appear to be pitted. Suri'ace eXlXlsures of unit 
3 w.1 e very poor.. The unit weathers t.o a :.;lope on Yhich soil b.as 
developed. l"ne best description of unit 3 ic based on cutt.ings 
from Alpha hol..;: (table 19) • Core recovery i'rom the Wli t ws 
poor. 

At TA-49 the thlck.n.ess of unit. 3 ranges from 4o feet at the 
measured section ln Hater Canyon to 7G feet in core hole 1. 
Thicknesnes of the Luli t penetrated in other borings are aa 
follovfi: DT-9, 58 feet; and DT-10, 57 feet. 
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Although the :;:>ermeability of :.t..'1.it 2 is low, the open jointo 

and fractures in it w'Ould transmit wter rapidly. Coll.li!li'l.D.r 

jointing is present locally in the outcrop. A core taken at 261 

feet in core hole 1 contained a nearly vertical joint plated ili'th 

clay which indicates that water had per~~lated through joints and 

fractures in the rocks to fairly great depth. '\-leatbering of the 

tuff adjacent to the joint probably occurred during the deposition 

of un1 t 5, ilhich is a fluvial sand. The low IOOisture content 

indicates that lmter presently is not moving through unit 2 . 
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-~ .. s 
\·later-bearing characteristics 

Unit 2 is dry at TA-49. The natural l:!lOisture content of' 

the rock in unit 2 is about 0.2 percent by volUDe, based on five 

samples from core holes 2, ;, and 4. The porosity of the five 

samples from unit 2 that were tested range from 19 to 37 percent 

by volume and specii'ic retention ranged ~rom 11 to 21 percent by 

volUDe (table 17) • Permeability w.s 0. 04 to 2 gpd per square 

foot. 

The fill used in building the leveled area where Gamma ond 

Gamma "A" holes are located is composed of broken tuff' and soil. 

Gamma hole penetrated about 6 feet of fill, and Gamma "A" hole 

penetrated about 10 feet of :fill overlyL"lg unit 2. Spring 

snO"wmelt percolated into the fill, and perched above welded tuff 

of unit 2. · T'nis perched ~-ater ran into Ga:rnma and Gat:Jma "A" 

holes. Gamca hole is 2 feet in diameter a.."ld 7.15 feet deep. It 

was dry when drilled on February 26, 1960, but on 1·iay 2, 1960 

the wter level vas 5.85 feet. GamtJa "A" hole is 4 inches in 

diameter and 54 feet deep. It vas dry •rhen drilled on 

February 26, 1960, and on March ;IJ the 01ater level was 4;.6 feet. 

The hole was dry on May 2, 15)60. Gamma ''A" hole is cased vith 10 

feet of 4-inch steel casing \lhich extends 1.90 feet above land 

surface. The wter gained entry into the "ore11 through 1.90 i'eet 

of uncased fill above U.."li t 2. 
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Unit 2 

Physical characteristics 

Unit 2 is a light-pinKish-gray to purplish-gray rhyolite 

tuff. It is ba...~, ~reld.ed, and contains coarse sand- to granule-

size phenocrysts of q;.mrtz and ::;anidine cl-.fstals arul fragments, 

light-gray to gray rhyolite and latite rock fragment~~ alld g1~y 

pumice fragcents up to 2-inch long in a rine-~ined, glassy ash. 

The outcrop of unit 2 stands as cliff's, ·which weather to a lie:;ht 

bro\w'Ilish gray, and consists of tw'O beds of about equal thicl.:ness 

separated by a slight notch. Unit 2 exhibits colUI:I."lar jointing 

in the form of hc..-mgonal pinnacles standing 10 to 20 feet in 

height and from 5 to 8 feet in diameter, ,,.est ol' Beta bole in 

\iater Canyon. 

Unit 2 ranges in thickness from 82 feet in core hole 3 to 

111 feet in core hole 4 at TA-4:1. Thicknesseo oi' u.."'l.it 2 

penetrated in other core holes and vell:::. are a.s follows: col~e 

hole 1, 94 i'eet; co1·e hole 2, 101 feet; wtell Dr-5, 100 fee·t; 

-well Dl'-9, ~ teet; and well DT-10, ~ feet. In "the t."leasw..·cd. 

section in \·:ater Call.)·on unit 2 is ltX) i'eet tjj.icl:::.. Ztructw.·e 

contouro on the top of unit 2 indicate a gen1:.le 1- to 2-de~·ee dip 

southee.Elterly with au undulating surface ( i'i?.;. 7). 

Figure 7. --Structure contours on unit ..;bt
2 Tshirege U.embe1· 

of the Bandelier Tuff, TA-49, Los Alamos County, N. I.(ex • 
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Water-bearing characteristics 

Free '-mter ws not found in unit lB at TA-49, but cuttings 

from unit lB from Beta hole contained considerably more moisture 

than samples from 11 thologically similar units higher in t..l'J.e 

section. 

Interstices in the matrix of unit lB probably are small and 

its pel~eability is low, although locally the porosity may be 

relatively high. Clay nodules in C'.Itting£ from Beta hole in 

'\.later Canyon contained 45 to 6o percent moisture by \i'Olume, but 

other samples, composed mostly of ash, contained 13 to 36 percent 

moisture (table 17). Moisture content of a core from unit lB, 

core hole 2, is less than 1 percent. 

The section of unit lB penetrateQ. by the Beta bole is 

ueathered and highly altered due to "Water infiltratins from the 

canyon :floor. 
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• Unit lB 1-reather::: to a light p:.nk or OrarlBe and is pi ttcd by 

the 1.;eathering out oi' large pumice fragments. On the north 'nlll 

of Water ~..:yon U.iit lB i3 cbe.1-ac:.c:-ized "::;;:,· a steep :::lope that is 

bl'Oken by a bench o.bout 20 feet below the contact 1-1i th u.'"llt 2. 

This bench cxt~nds from TA-49 ea.st11ard. to :;ut;h-.ay 4. 

At T.A- 49 1.L'1i t ll3 ranges in thickness from 195 feet in core 

hole 2 to 248 i"ect i:n ;;ells IJr-') o.nd I1I'-l0. Core holes 1, 3, and 

4 are oottor:1ed ia the unit and penetrated 217 feet, 25 feet, and 

15 f.'eet, renpecti vely. :.fell::. IJll- 5, :Yl'-5P, and DT- 5A pcnetr:J.t.ed 

205 feet of utlit 1:3 • 

• 
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Table 18.--Sacple log of Beta hole - Continued 

Bandelier Tuff - Continued. 

Tsbirege Member - Continued 

Drilling stopped at 18o feet in a 

rhyolite and latite tuff breccia, 

edges of fragments subrounded.; 

ground IJB.Ss a ligbt-bro'Wilish-tan, 

pumiceous, friable tuff ---------

us 

Thiclmens 

(feet) 

172 

Depth 

(feet) 

18o 
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Tnble 18. --Srn:lple leg cf Beta b.ole 

Drilled by rota!j· bucket 

Total depth :..~(;: feet 

Co:r.1pleted. February 25, 1960 

Altitude of land ourface 6,801 feet 

Thickncns 

Recent alluvium ----------------------------------

Bandelier Tuff 

Tshirege Member 

Unit lB ~ 

Tuff, light-pinkish-tan to light-gray, 

pumiceous, friable; quartz and 

sanidine fragments and crystals up 

to granule size; mafic I!line1al stains 

and f:o:::J.e I:Jaf'ic minerals; de-:itrified. 

pumice fragments up to 1 inch in 

length; light-yellowish pumice; gray 

glassy pumice; dark-gray pumice 

fragments; some rhyolite ~ 

fragments; samples from 61 to 81 

feet are light red. Samples from 

105 to l<b 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 apperu.·s platy in 

places and near edge c;redes into 

highly altered cellular pumice; some 

gray rhyolite and light-red latite 

~ fragcents are fow~ in this 

interval ---------------------------

(:feet) 

Depth 

(feet) 
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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 f~ents, and gray subroWlded rhyolite and latite i"''elt

fragments as much as cobble size. Unit lB is an explosion breccia. 

Cuttings, samples, and outcrops show yellow veathering stains around 

quartz crystals and fragments. The pumice weathers to a brown clay. 

Stratification is lacking, but rock fragr;J.ents 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 lens, 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. 
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Hater-bearing characteristics 

Unit L.\ is dry at TA-49. Little is kr.,:,wn of its potential 

"Water-bearing properties; hovever, 'l!lUd circulation \iaS maintained 

through this unit in vell DT-5A, and its fracture permeability 

must be relatively lov. 

Joints and fractures are probably present in unit lA, but 

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 tutf to 

clay and would eventually seal them . 
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Unit 1A 

Physical characteristics 

Unit lA consists of light-gray to light-pinkish-gray, pumiceous, 

friable rhyolite tuff' 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 fragments are 

stained dark-brown. 

Unit lA overlie:J the Oto'Wi Member and does not crop out at 

TA-49. Unit lA is 214 feet thick in uell DT-9, 196 feet thick in 

DT-10, and 156 f'eet thick in DT-5P. It is an ash f'low, 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'WI"d 

and wedges out between tmit lB of' the Tshirege Member and Otowi 

Member of' the Bandelier Turf' ( f'ig. 5) . 
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The folloving ranges in permeability were obtained by analysis of 

sampJ.es {table 17) f'rom units l.B 1 2 1 :?1 4, 51 and 6 of the Tshirese 

Member: o.o4-22 gpd per square foot for consolidated samples, 34-59 

gpd per square foot for unconsolidated samples that were repacked in 

per.meameter cylindersj specific yield 0.6-42.6 percent; porosity 

19.:?-54.7 percent; specific retention 11.3-27.5 percent; dry unit 

weight 1.17-2.05 grams per cubic centimeter; specific gravity (grain 

density) 2.;2-2.58 grams per cubic centimeter; moisture content 0.2-

36.; percent by volume 1 0.1-4;.2 percent of dry weight; and 

approximate pH 7.5-7 ·9· Mechanical analyses made on seven 

unconsolidated samples f'ram units l.B 1 ;, and 5 (table 24) indicated 

rather large ranges in particle siz.es from clay through medium 

gravel. Samples from units lB and :? probably have little value 

as these are mostly bit-cut samples. Samples from unit 5 are 

unconsolidated samples obtained vhile mapping large-diameter holes. 

Pore-si~e distribution of 10 samples from unita4, 5, and 6 are 

sbown 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 fractures are numerous, especially in the 

velded units. The joints and fractures that are open probably 

would transmit water rapidly • 
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The X-ray analyoes of samples from units 4, 5, and 6 of the 
7s-

Tsh1rege Member indicatep that these rocks are 25 to ~ percent 

feldspar that is largely sanidine, 0 to 25 percent quartz1 0 to 25 

percent tridymite, and 10 to 75 percent cristobalite. Same of the 

samples contain as much as 10 percent clay, probably montmorillonite 

(table 14) . Chemical analyses of samples from theae un1 ts show the 

following ranges in percentage o:f' constituents analyzed: ailica (Si0
2

) 

72.0-7d.2, alumina (Al2o
3

) 11.2-13.8, ferric oxide (Fe
2
o

3
) 1.1-2.1, 

ferrous oxide ( FeO) 0. 21-0. 75, magnesium oxide ( Mg0) 0. 02-0. }3, 

calcium oxide (CaO) 0.26-1.17, sodium oxide(Na2o) 3·5-4.5, potassium 
0./S' 

oxide (K20) 4.2-4. 7, wter (H20) ~2.8, titanium oxide (Ti02) 

0.10-0.32, phosphorus oxide (P2o
5

) 0.01-0.07, manganese oxide {MnO) 

0. 00-0. 08, and carbon dioxide (CO2) less than 0. 05 (table 15) . 

Spectrographic analyses (table 16) of samples from these units shoved 

rather uniform content of major and minor elemental constituents 

analyzed. 
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>le 14.--Mineral constituents of the Tshirege member of the Bandelier tuff at TA-49, Los Alamos County, N. Mcx.l/ 

: 
-

~ 
= 

;ults are coded according to the following system: l = 75-100 percent, 2 = 50-75 percent, 3 = 25-50 percent, !~ = 

-25 percent, 5 = 0-10 p~ent, 2-3 = 35-65 percent, 4-5 = 5-15 percent. 

mple location Stratigraphic 

T-- ~----~--
--~ -

-~--
-~--

-----

Mineral constituent~ 

,le 

I-1 

-H 

-H 

~-U 

~-Y 

j}!-2 

)-C 

3-Y 

4-A 

1~-Y 

Depth 

(feet) 

38-4o 

)0 

58 

52 

78 

130-132 

58 

105 

85 

78 

Unit 

Qbt6 

Qbt6 

Qbt6 

Qbt6 

Qbt5 

Qbt4 

Qbt6 

Qbt4 

Qbt4 

Qbt4 

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 

l~ 

4 

4 

2 

4 

5 

5 

5 

5 

5 

5 

5 

Remarks 

Feldspar (sanidine7). Clay 

(montmorillonitic). 

Feldspar {sanidine?). 

Feldspar (sanidine?). Clay 

(montmorillonitic). 

11 Analyst: Theodore Botinelly of the Geochemistry and Petrology Branch of the U.S. Geological Survey 

:?:.1 Quantities are estimated on the basis of peak heights 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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~atle 1).--~s ot core nolo ~ - Contiuuod 

Tb.ickr.ess 

(teet) (feet) 

:aandolier T-~ff - Continued 

Tshire3c Member - Contir~ 

pu.~li~h-gray; granule oize quartz and 

Cl"J~:;tal~ and i'ro;;ments; lic;h"t-gra:; 

:::.·hyoli t·~ roc!: fr~enta; :::orlc :w.fi c 

• J?w""licc fr~-nents; l; .7 feet C•i' core 

~eCOYered ---------------------------- 15 

Note: Correlation based on recovered core and gamma-ray logs . 

• 
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Table 13.--Log of core hole 4 - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Unit 4: 

Tuff, light-purplish-gray; very fine

grained groundmaes with about 50 

r~rcent quartz and sanidine phenocrysts; 

some purplish-bravo devitrified pumice; 

mediuo-gray latite and quartz latite 

rock frne;mento; tuff appears dense and 

size of roCk fragments increase from 

104 to 109 feet; 28.6 feet of core 

recovered ----------------------------

Unit 5 t 

No recovery ----------------------------

Unit 2: 

Tuff, light-purplish-gray, dense, ,.,elded; 

quartz and sanidine crystals and 

f'rag:nents up to granule size; medium

gray to dark-gray rhyolite rock frag

ments; a :fev light-gray devitrified 

pumice fragments as much as ·~ inch in 

length; 79.0 feet of core recovered --

61 

52 

111 

Depth 

(feet) 

125 

117 

288 
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Table 13.--Log of core hole 4 

Cored by rotar-J "t-11 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 groundme.os with very 

coarse-grained phenocrysts of quartz 

and sanidine; light-purplish-gray 

devitrified 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 frotl gam:::Ja-

-ra.y log ----------------------------.-- 2 

Depth 

(feet) 

64 
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Table 12.--Log of core hole 3 - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Unit ll3 

Tuff, li@lt-purplish-pink to gray, dense, 

welded; granule- size quartz and 

sanidine crystals and fragments; 

purplish-pink devitrified pumice 

fragments; gray rhyolite roCk fragments; 

gray rhyolite fragments increase from 

295 "'oo ;oo feet; 2~.2 feet of core 

recovered ---------------------------- 25 

Note: Correlation based on recovered core and gamma-ray logs • 

Depth 

(feet) 
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Table 1.2.--Log of core hole .? - Continued 

Thickness 

(feet) 

Bandelier Tu!f - Cotitinued 

Tsbirege Member - Continued 

Unit 4: 

Tuff, light-purplish-pink; fine-grained 

groundmass with 50 percent sanidine 

and abur~t very coarse-grained 

oedium-gray rock :t'ragznents; elongated 

devitrified pumice fragments up to l 

inch in length; decrease in rock 

fragments and pumice from 105 to lll 

feet; 15.5 feet of core recovered ----

Unit 3: 

Tuff, purplish-pink to gray, very 

pumiceous; no core recovery; sample 

taken 'o~ith basket --------------------

Unit 2: 

Tuff, light-gray to purplish-gray, ~lded, 

dense; quartz and sanidine crystals 

and fragments up to granule aize; light

gray phenocrysts of rhyolite rock 

fragments; devitrified pumice f~enta 

up to ~- inch in length and tlaf1c 

mineral stains occur from 194 to 200 

feet; 77.5 feet of core recovered----

44 

72 

Depth 

(feet) 

121 

193 

275 
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Table 12. --Log of core hole .5 

Cored by rotary vi th air for carrier 

Total depth ;oo feet 

Completed February ;, 19(50 

Altitude of land surface 7,170 

Thickness 

(feet) 

Bandelier Tufi' 

Tsbirege Member_ 

Unit 6: 

Tuff, light-gray to light-pinkish-

gray; fine-grained groundt:lass vi th 

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 

34 to 37 feet; 44.; feet of core 

recovered ----------------------------

Unit 5: 

No recovery 1 interpretation from gemma-

ray log ------------------------------

75 

2 

Depth 

(feet) 

75 

TI 
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Table 11.--Log of core hole 2 - Continued 

Thickness 

Bandelier Tuff - Continued 

Tshirege Ma~er - Continued 

Unit lB; 

Tuft, light-pinkish-gray, pumiceous; 

qua.""tz and sanidine crystals up to 

gronule size; devi trified pUI:lice 3/4 

inch in length and ;;8 inch '\."ide; 

3.8 feet o! core recovered ---------

Unit lA: 

No recovex~ --------------------------

(feet) 

195 

14 

Correlation based on recovered core and gamma-ray logs • 

Depth 

(feet) 

lK37 

501 
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Table 11.--Log of core hole 2 - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

Tshirege Member - Continued 

Unit 4: 

Tuff 1 light-gray rl th slight lavender 

cast; very coarse to granule quartz 

and feldspar crystal fragments; 

devitrified pumice fragments up to 

1 inch in length; zenoli thG of light 

grayish-green dense rock; 4o feet of 

core recovered ---------------------

Unit 3; 

No recovery --------------------------

Unit 2: 

~~f, light-purplish-gray, dense, 

velded; quartz and sanidine crystals 

up to granule size; devitrified 

pumices up to l inch in length; 

zeno1i ths of dark-gray rock fragment a 

up to i inch in length; 67 ·9 feet of 

core recovered ---------------------

55 

101 

Depth 

(feet) 

1~ 

191 
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Table 11.--Log of core hole 2 

Cored by rotary ,.,i th air for carrier 

Total depth of hole 501 feet 

Completed November ;o, 1959 

Altitude of land surface 7,137 

Thickness 

(feet) 

Bandelier Tuff 

Tshirege Member 

Unit 6: 

Tuff, very light-gray to light

pinkish-gray, pumiceous; very fine

grained ashy matrix; 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 2-v. --Lot; c1' co:·c lw.::..e _ - Continued 

Thicr:ness 

Bandelier Tuff - Continued 

Tshire6e Member - Continued 

Unit 5: 

Tui'f'1 light-red, arkosic; abundant 

sanidine and ~~ertz phenocrysts; some 

~~noli~hic material or latite(?) up to 

pebble size recovered in the interval 

from 18~ to ~86 feet; o.~ foot of core 

(feet) 

recovered -------------------------------

Unit 2: 

Tuff, purplish-grav·, walded1 den~e; 

z.enoliths of medium-~:.~a;y latite; coarse-

siz.e \.iUartz. and sanidine cr;,·stals and 

fragments. Near vertical f~acture brov.n 

clay plated 2ol to 2o2 fee~; 43. ( feet 

of core recovered -----------------------

Unit l.B: 

Tuff 1 light-pinkish-6I"llY; zenoli ~hs of 

medium-gray latite(?); vertical fracture 

brow c~· plated abo~.At 315 feet; &.6 feet 

of core recovered ----------------------- 217 

Correlations based on recovered core and gamma-ray lo~s. 

Depth 

(feet) 
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T~ble ~0.·-Log of core hole 1 

Cored by rotary \;i th air for carrier 

Total depth 501 feet 

Completed December 6, 1959 

Al ti tt.:.de of land surface ·1,170 

Thickness 

(feet) 

i3D.!l.delier T'..:.ff 

Tzhirece Member 

Unit 6: 

Tuff, lit:;ht-gray to purplish-G!"!:'..J" pumiceous; 

z.enoliths of gray, red and dnrk-bi"B.Y rock 

fra~~nts; medium-si~e q
uart~ and 

sanidine crystals and fragments; dark-

e,-ray dev1 tr.ified pumice up to ~ inch in 

lent;t.h; sand-siz~ bro-..nisll-~·ell
ow mafic 

minerals. Tuff is dense from 58 to 71 

feet; 42.0 f~et of' core recovered --------- 11 

Unit 5: 

No recovery, interpretation f'ram ~amma-ray 
I 

I 

lOG ---------------------------------------

Unit 4: 

Tuff, lie,:..~Jt-gray to light-tan; medi\un- to 

gre.nule-siz.e c1uartz. and ::;anidine crystals 

nnd fragments; devitrified pumice up to 

l inch in len5th; t)rayish-blue latite 

2 

Depth 

(feet) 

71 

73 

racY. fra~ents; 5.4 feet of core recove~- 41 114 



Tritiun concentration 1-:a.s detel::llned in tw samples from 

well 'DT-9 and one .::a.t:lple from ·1:1ell DT-5.A. One sample fr<Y.n DT-J 

'-1as collected froc the bailer >men the ".iell ·.ras 1, ;-25 feet deep O...."ld 

the other ::ample • . .,as collect.ed a.:ftcr the well was co::1pletcd. arld r.ca.r 

collected :1ear the end of ·~he "Pt.U:l?ir:f; test. 
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Geology and hydrology 

A detailed study of the geology of Los Alamos County 'WB.S not 

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

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



··tt, 
A detailed study of the geology and hydrology of TA-49 was made. 

The most important deposits in respect to the occurrence of ground 

water are volcanic and sedimentary rocks of Tertiary and Qlaternary 

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

surf'ace; however, three deep test wells have been completed in rocks 

of Tertiary age that are exposed 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 f'eet thick. The thickness 

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

in the Los Alamos area is shown in figure l~. 'l'be general sequence 

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

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

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

F1gure 5---Geologic cross section through Frijoles Mesa from the 

Pajari to fault to the Rio Grande. Location is shown on figure 4. 
Descriptions of units are shown on f'igures 4 and 6. 

based on test drilling and geologic mapping in 'l'A-49 and on the 

geologic map. 
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The rock 1.llli ts described in this report are (ascending): the 

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

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

the alluvium of Pleistocene and Recent age • 



• 

Santa Fe Group 

"' At TA-l1-9, the Santa Fe Group of .Middle (? ) Miocene to Pleistocene ( 'l ) 

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

which consists oi' the Totnvi Lentil and the fanglomerate member; and 

the lower tvo units of the basaltic rocks of' Chino Mesa. 

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

laid dawn as coalescing alluvial-fan and f'lood-plain deposits in the 

Rio Grande depression. These sedimentary rocks seem to have been 

derived from the highlands to the north but may have been derived, in 

part, from the Sangre de Cristo MJuntains to the east. The undifferentiated 

unit crops out along the Rio Grande and in Los Alamos WJd Guaje 

Canyons. It is present in the subsurface UDder most of the PaJarito 

Plateau. 

The Puye Conglomerate consists of a thin basal. river gravel 

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

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

quartzitic debris, from sand to boulder size, derived principally 

from igneous and metamorphic rocks to the north and northeast. 

These gravels were deposited on the broad flood pJ..ain and channels 

of a large river, and they vedge out eastward and westward at the 

l1mi ts of the old riverbeds. The fan deposits that lap onto the 

Totavi Lentil are called the fanglor.1erate member and are ca!IpOsed 

' 
of debris derived :from volcanic rocks, mainly latite, quartz la.tite, 

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 undifierentia.ted unit along the Rio Grande and ~onformably 

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 soutbva.rd along the Rio Grande to a point below the mouth of' 

.Ancho Canyon, where it wedges out betveen the underlying undifferentiated 

unit and the overlying basaltic rocks of' Chino Mesa.. It is found 1n 

the subsurface under most of' the Pajarito Plateau. 

The fanglomerate member of' the Puye Conglomerate conformably 

overlies the Tota.vi Lentil. A zone near the top o:f' the Tota.vi Lentil 

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

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

igneous and metamorphic terrane to volcanic terrane. 'l'h.e fanglomerate , 

member interfiDgers nth the easternmost :flows of the Tschicoma Formation 

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

rocks of Chino Mesa. The sediments of the upper part of the fang:lanerate 

member vere derived :from the Tscbicoma Formation, which formed the high 

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

ash falls and flows of the Bandelier Tu:f'f. The f'a.nglanerate member 

consists mainly of lati te 1 quartz lati te, and andesite. In upper 

Guaje and Los Alamos Canyons 1 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 in Guaje, 
1 

~mija, Pueblo, and Los Al.amos canyons and is found in the subsurface 

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

side of the Rio Grande north of 1 ts junction w1 th Los A1amos Canyon. 



~··· 

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 tvo un1 ts of the basaltic rock of Chino ~sa crop out 

along the Rio Grande south of otowi Bridge. Un:1 t 1 rests unconformably 

on the undi:f:f'erentiated un1 t south of Ancho Canyon and to the north 

int.erfingers vi th the Totavi Lentil along the Rio Grande, vi th the 

upper flow of the un1 t conformable to the 'l'otavi. To the west beneath 

the Pajarito Plateau the unit 1 interfingers with the fanglomerate 

member and the Tschicoma Formation. 

Unit 2 of the basaltic rocks of Chino Mesa conformably overlies 

un1 t 1 and interfingers vi th the fa.I~glamerate member and Tschicoma 

Formation vest of the Rio Grande. East of the Rio Grande un1 t 2 

interfingers with the upper unit 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 Canyona vest of the Rio Gre.nd.e and 

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

dissected surface. Unit 3 rests disconformably on unit 2 and unconformably 

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

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

numbered 1-5 fral1 youngest to oldest. In this report the uni ta 

are numbered from oldest to youngest, in conformance vi th accepted 

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

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

Grande and on the eastern side of the Rio Grande south o:f' otowi Bridge. 

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

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

Unit 5 of the !'asaltic rock of Chino Mesa consiets of cinder 

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

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

basal tic rock of Chino Mesa the contact is an unconformity. 

OD.ly the tvo lower units, 1 and 2, of' the basaltic rock of' Chino 

Mesa have been penetrated at TA-49. These were found in well l11.'-10. 

UJe. .... 
Basaltic roc!-!__of' Chino Mesa~ not present in other wells that 

penetrated the same stratigraphic sequence. 

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

the mesa northeast of Guaje Canyon, west o:f' Totavi in Los Alamos 

canyon, 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 now, 

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

alluvium vest of Totavi. At the north end o:f' Chino Mesa it is overlaid 

unconformably by the flows o:f' unit 4. As the old alluvium~ not 

/U.rflre.r 
present at TA-491 it is not discussea,.\ 



... 

Unc.i:'1'er::nti3. ted. unit 

Physical characteristics 

Tbe :.mdifferentiated unit 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 bedding 

found locally in the fine-e,Tained material. The sand-size detritus is made 

up dominantly of \.lUB.rtz. and feldspar and minor amounts of chalcedony 1 

biotite, muscovite, and magnetite. Roc~ fragments consist of rhyolite, 

latite, gneiss, schist, limestone, and ~uartzite. The fra~~nts of 

quartz, feldspa.1·, gneiss, schist, s_uartzite, 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, and pumice; were derived from the west and occur mainly in ·the 

upper part of the unit. 

~----------------------~ Cuttin0s from the undifferentiated 

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

weste~·ly derived sediments containing q~•artz, feldspar, -a_l.!artz.ite 1 latite, 

rhyolite, and pumice. 
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At '.C.il.-~9 three •..;ells, rJr-')A, IYl'-9 1 and IYl'-10, are bottomed in 

the unit. Hell DT-5A penetrated 294 feet, fJJ.!-9 penetrated 144 feet, 

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

boring was assiened to the unit by interpretation of electrical and 

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

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

Los Alamos C~von (fis. 4). 

The undifferentiated unit probably thins to the east c..nd west 

t0'1 .. '8.J."d the maJ.•gins uf Rio Grande troue;h in the region. The west 

boundary of the troue;h is not well known but may pass through t~e 

appr~~imate longitude of Valle Grande. The upper surface of the 

undifferentiated unit &.EJ}'?' eo 1.1~ slopes about l degree south'~r1ard in 

the TA-49 area. 

,) 

) 

) 
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Table 5.--Sample log of vell DT-5A 

Drilled by rotary vith mud for carrier 

'lbtal depth 1,821 feet 

Canpleted pilot hole January 25, 1960 

Altitude or land surface 7,143.78 feet 

Thickness Depth 

Bandelier Tuff' 

Tshirege Member: 

Sidewall cores :rran hole m-5 : 

Unit lB 

Tuf'.f 1 llglrt 8NY 1io light-pinkish -

gray, hi.ghly :friable; greenish 

glass shards; rhyolite rook 

.fragments ----------------------

Unit lA 

Tuff, light gray to light tan, 

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

TUff, light gray to pinkish gray, 

pumiceous, apparently friable --

(feet) (:teet) 

370 

490 

500 



• Table 5.--Log of well DT-5A - Continued 

Thickness Depth 

(:feet) (feet) 

Bo samples recovered due to lack of circulation --- 520 520 

Unit lA 

Tl.lf:f', light-gray to light-pinkish-gray; 

quartz and sanidine crystals and 

b"agment.s; mafic minerals in fine-grained 

ash matrix; light-yellowish-gray pumice 

with cellular structure; light-red 

rhyolite rock fragments occur fran 

• 560 to 641 feet; light-gray rhyolite 

rock fragments occur from 58o to 641 

feet; fragcents of light-gray siltstone 

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

• 
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Table 5.--Log of well IY.P-5A -,Continued 

Bandelier TUff - Continued 

otowi Member: 

'fufi', light-gray, pumiceous; quartz and 

eanid1ne crystals and fragments vi th 

minor amounts or mafic minerals in a 

fine-grained ash matrix. L1gh1r (gf1 

dark-gray and light-red rhyolite; 

light-red and gray latite; white to 

light-gray pumice 1'ragments throughout 

Thickness 

(feet) 

Depth 

(feet) 

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

Guaje Member ; 

Pumice, light-gray, contains sane rhyolite 

and latite rock fragments --------------- 91 930 

Santa Fe Group 

Puye Congl.omerate 

Fanglomerate ~er: 

Conglanerate compos-ed of rhyolite, 

l.ati tea, andesite ( t), and light

colored igneous debris. other rock 

:fragments include light-red sandstone, 

pumice, and light-tan cl.ays. Same 

~rels appear well rounded -------- 237 

--

1,167 
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Table 5.--I.Dg of vell m'-,5A - Continued 

Thickness 

Tschicoma Formation 

UDdif:f'erentiat.ed lat1 te and quartz lat1 te: 

Latite now rock, l:Lght-gray to dark

gray; interflows of greenish-gray 

sU tstone 1 rbyoli te, and tu:f':f' fragments 

ani clays occur frail 1,221 to 1,225 

(:feet) 

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

Santa Fe Group 

Puye Cooglanere.te 

Fanglanerate ~er: 

Conglanerate car.rposed of rbyoli te, 

latites, andesites(?) and light-

colored igneous debris. Other 

rock fragments iDClude light-

. gray 8lld white siltstone; light

gray and greenish-gray sc..ndstone. 

Sane fragments appear well rounded. 

Light-gray ash containiZJg sane of 

the above rock fragments occurs 

from 1,1~15 to 1,431 feet --------- 138 

Depth 

(feet) 

1,293 

1,431 
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Table 5.--Log of vell u.r-5A - Continued 

Tschicoma Formation 

Undifferentiated lati te and quartz lati te: 

Latite flow rock, dark-gray, sane of 

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

Sarita Fe Group 

Puye CoDgl.omerate 

FaDglamero.te member: 
~ 

Conglomerate consisting of rhyolite, 

lati te, and other igneous debris; 

light-gray sBDdstone and brown 

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

Tbtavi Lentil: 

Conglomerate campoaed of bull 

quartz, quartzite, and much 

gran1 tic debris. Also abundant 

volcanic rock debris; gray 8Dd 

brown sandstone i'ragments -------

Thickness 

(feet) 

26 

52 

Depth 

(feet) 

1,457 

1,475 

1,527 
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Table 5. --Log of vell I1.1'-5A - Continued 

Undifferentiated un1 t: 

Siltstone and sandstone, light-pinkish

gray, yellov and brown w1 th lenses of 

conglomerate; arkosic is some zones but 

containing much volcanic debris. Light

gray and brown siltstones occur from 1,555 

to l,58o feet; pumiceous zones :f"rc:m 1,585 

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

cuttings are finer 1"ran l, 775 to 

1,820 feet --------------------------------

Thickness 

(feet) 

Depth 

(feet) 

1,821 



Table 6.--Sample log of vell DT-9 

Drilled by cable tooJ. 

Total depth 1,501 feet 

Completed February 19, 1960 

Altitude o~ land surface 6,937.3 feet 

Thickness 

(feet) 

Bandelier 1\l.f'f' 

Tshirege Member 

Unit 4: 

Tuff', light-brownish -tan, welded; 

c<ElpOSed of' quartz and sanidine 

tals and :fragments; light-gray 

sy and gray rhyolite in an ash 

rix,; dark-green mafic minerals; 

t-yell~ish-gray pumice fragments 

dark mafic minerals parallel to 

cellular structure of' the pumice; 

m1 or amounts of clay weathered from 

ce :fragments occur .from 1~8 to 58 

.S7 

58 

Depth 

(:feet) 

58 



Table 6.--Log of well IYl'-9 - Continued 

Thickness 

(feet) 

Bandelier Tuff - Continued 

Tsh:Lrege Member - Continued 

Unit ,. 

Tuf'f, light gray, containing quartz 

and aanidine crystals and fragments; 

:fragments of' light-tan and vhi te 

pumice and dark-gray rhyolite in 

an ash oatrix. Sanidine crystals 

• increase in quantity fran 711 to 

116 feet --------------------------- 58 

Unit 2 ~ 

Tu:f'f, light-purplish -gray, welded, 

dense; composed of sanidine c:rJBtals 

and t'ragments up to granule size; 

a fev quartz crystals and, i'rasments; 
·-·--· 

light-gray to gray rhyolite fragments; 

matrix is gray glassy ash; green 

mafic minerals coated vith an iron 

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

• 

Depth 

(:f'eet) 

116 

214 

) 



Table ~.--Reconnaissance notes ~or 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 tu~f 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 ~eet below 
sand are sand filled and open from 1} to 2 inches. Tu.ff 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-vest 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 south 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. 

- _,- ...... 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Area 10 

Area 10 contains two 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 Diameter - 6 feet 
(except for bottGm 12 feet, whieh is 13 feet) 

Depth 
(feet) 

0-1 Back-fill, broken tuff. Most of soil is stripped off. 

1-3.5 Pumice, layered, light gray with brownish clay lenses included. 

3-5-5 Weathered zone containing partially weathered tuff fragments 

in a matrix of brown clay. 

5 Joint on south wall is k 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 broken zone, 

but is only 1/8 inch clay I~lled. 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 • 
J 



~ 
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 for large-diameter holes - Continued 

Hole h-Y 

Depth 
(feet) 

Area 4 - Continued 

Diameter - 6 feet; Depth - 69 feet 

0-2 Soil zone is ttdn on weathered tuff zone. 

7 Southeast wall has joint that is clay filled and strikes 

northwest, dips 80° 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 80° to the northwest. Also 

on the northwest wall is a vertical joint that strikes 

south-southeast. 

32-45 Southeast wall of hole is badly broken along upward apex 

at joint. 

46 Hole badly broken on southwest wall. Master joint is vertical 

and strikes east-southeast. It is open t inch. 

51 Very few joints except master joint mentioned at 46 feet. 

57 Southeast wall contains a system of high angle joints. 

62 '-Tater-laid sand, 1t feet thick en north wall and very 

thin or stripped away on the other walls of the hole. 
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Table 2~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 4-o 

Depth 
(feet) 

Area 4 - Continued 

Diameter - 7 feet; Depth - 58 feet 

0-2 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 walla 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 f'i1led and 

contains a few roots. 

48 Southwest wall has northwest striking joint that shows 

apex with limbs downvard. 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 tottom o:r hole, and 

is 1 inch clay f'i1led. 
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Table 2§.--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 

10 

joint that strikes northwest and is 1 inch clay fi1led. 

North wall has 3/4-inch clay-filled joint that strikes 

northwest. Southwest wall has 2 vertical joints that 

are one foot apart and are 1 inch clay filled. South wall 

has vertical fracture striking north which is 1! inch 

clay filled . 

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. 

3C 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 t to 1 inch clay fil1ed • 



Table ~~.--Reconnaissance notes for lar~e-diameter holes - Continued 

Area 4 - Continued 

Hole 4-K - Continued 

37 Tuff is lees strongly jointed below this depth. 

42 On the northeast vall is a system of vertical north-northwest 

striking joints that are clay filled. 

58 Joint mentioned on southwest wall at 8, 26, and 33 feet 

is now Yertical and strikes northeast. 

~ . a 
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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 9 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. Wester:nmost 

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 ie now striking west-northwest 

and dipping 8C0 south-eoutheast. 

J. 



Table ~.--Reconnaissance r~tes for large-diameter holes - Continued 

Area 3 - Continued 

Hole 3-C - Continued 

Note: Hole 3-C i-l'as re-examined after shot in hole 3-A. As 

the working caisson was set, only the bottom 8 feet of 

V~• 

hole wasAexamined. The sand-filled joints on the north 

wall were open as much as 1 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 25~--Reconnaissance notes for large-diameter holes - Continued 

Area 3 - Continued 

Hole 3-C - Continued 

Depth 
(feet) 

63 South>vest 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 

belo>v 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 with 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-striki~ sand-

filled joints about 2 inches wide, 2 feet apart, 

approximately 8 feet from the wall of the large-diameter 

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 inch. 

21 Joint mentioned at 3 feet now dipping about 8oo aouth. 

28-30 Brecciated zone, ~ystem of joints striking east-northeast 

dipping from 10° to 20° north. 

33 Joint mentioned at 3 feet nov vertical, strike to north at 

28 feet. South wall shows joint that strikes northeast. 

Pluck along joint which is open up to ~ inch. 

33-45 Joint in southeast wall that is clay filled ~ inch. At 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 1/8 inch 

clay filled. 

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 2~.--Reconnaissance notes for large-diameter holes - Continued 

Area 2 - Continued 

Hole 2-X - Continued 

Depth 
(feet) 

45 Major joints on north-northeast and southvest 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 
Q~~ 

and east wal~±s~badly broken between these major joints. 

Vertical joints are found on the north vall from 42 feet to 

the bottom of hole • 

J 
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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 zone, 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-lying 

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 ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-W 

Depth 
(feet) 

0-3.6 

4 

12 

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. 

19 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 master 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 2j.--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. 
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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 

o-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. 

9-15 Vertical joint tangent to north-northeast wall strikes 

east-southeast and intersects master joint. Joint on 

southwest wall strikes northwest and causes pluck at 15 

feet, where joint is tangent to hole. 

18 Flat-lying brecciated zone around hole. Devitrified 

pumice fragments in tuff are as much as 1 inch in leno~h. 

Joint on southwest wall strikes northeast and is open t 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 ~.--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 clay filled 1/32 inch. 

Vertical joint on southwest wall is ~ inc!1 clay filled. 

Vertical joint on west wall is 1 inch clay and root filled. 

17 Joint system, clay filled triangular pluck 8 inches across. 

22 East wall shows joint striking northeast. 

24 Vertical joint on west wall becomes irregular with various 

32-35 

branches that are clay filled. 

Vertical joint on west wall splits and dies out at 35 :feet. 

Joints are clay and root filled 1/8 inch. Horizontal 

joints at 35 feet ~ 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. 

49-57 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 

Area 2 - Continued 

Hole 2-0 - Continued 

Depth 
(feet) 

31 Master joint on northeast wall is clay filled and locally 

open ~ inch. 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. 

31 Pluck out of master joint on northeast '\vall where joint 

is open 3/4 inch; opening extends 1.5 feet into the face 

of the hole. Tuff contains devitrified pumice fragments 

up to 1 inch across. 

4o Joint on northeast wall, dipping moderately to the north, 

and connecting joint on west wall with master joint. 

41-50 Large triangular pluck from intersecting joints on 

southwest wall. ~~ster joint on northeast wall is now 

hair line. West-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. 
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Table 29.--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 1 inch in length, 

subrounded with some clay interlayered. Base of pumice 

dips slightly to the northeast. 

)-7 Weathered zone composed of large, angular pieces of tuff 

7-15 

15-21 

23-26 

in a matrix of brown clay. 

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 

a1~ is t inch clay filled. On south wall is a system 

of vertical joints striking east-west. 

A flat-lying joint dips at a low angle to the north

lmrthwest and is open up to 1/8 inch. Several minor 

joints terminate against this flat-lying joint. At 

17 feet tuff appears more dense than above. 

Badly broken zone dipping slightly north-northeast. 
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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 t 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. 

)4 On north wall a joint is open t inch with pink weathered 

tuff on each side forming clay lining of joint surface. 

Triangular pluck hole on south wall. 

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 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 \vest wall of hole caused pluck 

11 

11-19 

22-29 

33-36 

out. 

Broken zone on south wall of hole. 

Light gray tuff contains dark gray devitrified pwnice 

fragments up to 1~ inches in length. 

North\vest striking joint on west wall of hole is clay 

and root filled. 

East-west striking joint dips north at 20° to 30° 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 l/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 

Area 2 - Continued 

Hole 2-H - Continued 

Depth 
(feet) 

48 East-west strikir~ joint dips 8oo to 85° north and is 

open 1/8 to -&- inch. 

)0->8 Northwest striking joint is tangent to hole on northeast 

,.,.all causing bad pluck from 50 to 58 feet . 
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Table 2-§,.--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-1ald, about 3 feet thick on north and ,,·est 

wall, thins to l foot on southeast wall. 

5-7 Weathered zone, tuff fragments in a brown clay matrix. 

7 North-northeast striking joint dips to the west Boo to 8:) 0 

and is clay filled l inch. 

13 West-northwest striking joints on northwest side of hole 

18-22 

22-26 

30-34 

35-42 

dip with a slight angle and are clay filled. 

East-west striking joints are clay and root filled up to 

1 . h 4 ~nc . Apex on north side of hole. 

East-west striking joints dip to the northwest at 15° to 

30° and are open l/8 to ~ inch, clay lined. 

Several west-northwest striking joints dip 45° to the 

north and are clay filled l/8 inch. 

Intersecting near flat-lying joint systems circle the 

hole. Above the joints tuff is light pinkish brmm 

and is evidently altered by water. Below the joints 

the tuff is light gray. 
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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 

northwest, dipping steeply east that are open t to ~ 

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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1." Table 2§.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-F 

Depth 
(feet) 

0-1.4 

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 north. 

5-7 Weathered zone, tuff fra~nents in matrix of brown clay. 

16 Northeast wall has several joints that are vertical, strike 

north, and are clay filled t inch. 

Numerous flat-lying joints are clay filled up to 1/8 inch . 

20 Northeast wall has north-northeast striking joints ~hat dip 

steeply to the northeast and are clay filled 1/8 to f; 

inch. Large medium gray devitrified pumice fragments up 

to 3 inches in length are found to a depth of 22 feet. 

23 Irregular joints strike east-·,.rest and dip about 4:; o to ·the 

north. These joints circle the hole and are open locally 

up to f; inch. 

25 Joints on southeast wall are clay filled. West wall contains 

irregular joints that are open 1/8 to 3/8 inch. 

28 Hole diameter 1~w 6.4 feet. 

29 Flat-lying joints are open 1/8 to t inch. 

34 Irregular joints on north wall are open 1/8 to t inch. 

"'\ n I 
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'-" Table 2Q.--Reconnaissance notes for large-diameter holes - Continued 

Hole 2-D 

Depth 
(feet) 

Area 2 

Diameter - 6 feet; depth - 57 feet 

0-l Soil 

l-5 Pumice, water-laid. 

)-6 Weathered zone, tuff fragments in matrix of brown clay. 

15 Joints on northeast and west wall are clay filled 1 to 

1~ inches. 

20 Horizontal joints around hole are clay filled ~ to t 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 1/8 to t- inch with some alteration 

lining. 

43-57 Northern half of hole has many joints striking northwest 

and dipping steeply to the northeast. 
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Table ~.--Reconnaissance r~tes for large-diameter holes - Continued 

Hole 1-W 

Depth 
(feet) 

Area 1 - Continued 

0-3 Soil 

3 Nortlr..:est ·.>all has vertical joint l inch clay filled. :; 

Vert:.i.cal join"t. en northeast ,,:all .i.s 1 inch clay filled. 4 

Vertical joint on east wall :.i.s ' 
4 inch clay filled. 

South·.rest .,..all has vert::.cal join't lj8 inch clay and 

root filled. 
• 

10 Southeast wall shows vertical joint with l to 3 inc~of 

whi'te alterat:.i.on material in jcint. Joint continued 

down hcle to a depth of 25 feet. 

1:; Intersection of curved joint on "n'est -.:a.ll and jol.nt on 

northwes't .,..all. Intersection of joint is open k to 

~ 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 passir.g through 

as intensely fractured zone. Joint on east wall is 

open l/8 inch passing through intensely fractured zone. 

Note: Below 4o feet most joints are open slightly. 

- ---· /qq 
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Table ~.--Reconnaissance notes for large-diameter holes - Continued 

Hole 1-T 

Depth 
(feet) 

Area 1 - Continued 

0-3 Soil, flat-lying joints tunder soil zone are clay filled. 

3 Vertical joint on northwest '"all is t inch clay filled. 

Northeast wall shows a vertical joint which is 1 inch 

clay filled with white altered tuff t inch on each joint 

face. Vertical joint on south wall is 1 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 notes for large-diameter holes - Continued 

Hole 1-P 

(l)epth 
(feet) 

Area 1 - 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 

4 

16 

25 

30-35 

4o 

t inch of clay filling. East 1-1all 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. 

On northeast wall apex of joint dips steeply to the southeast. 

Fracture zone. 

Apex with limbs upward of t·wo joints which are open l/8 inch 

in places on the north and west walls. Well-developed, 

flat-lying joint is open l/8 to t inch. 

Flat-lying joints which are open l/8 to k 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 _., ...... 
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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. 

5 Horizontal joint is open 1/8 inch. 

15 Low dipping joint system around hole has openings up to 

1 . h 2 ~nc . 

Apex of near vertical joint on northeast wall. Joint is 

open 1/8 inch. 

52 Flat-lying joints are open 1/8 to i inch . 
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Table ~.--Reconnaissance notes for large-d~ame~er holes in 

areas l, 2, 5, 4, and 10, TA-49 .. Los Alamos County, N. Mex. 

Hole 1-A 

Depth 
(feet) 

Areal 

Diameter - 6 feet 

0-2 Soil 

2-l) Vertical joint i::J. ·.vest ;.;all is 2 inches clay filled. In 

l) 

35 

southwest wall vertical joint is 2 :.nch clay f.:.lled. 

Northeast wall has vertical jo.i.nt l/8 inch clay filled. 

South wall has vertical joint -~ inch clay f.i.lled. North 

wall has two joints that are ! inch clay filled . 

Northeast wall has horizontal joint open t inch. 

V 1 
1 1 • h 

ertica joints are open 4 to ~ lnc . Large fracture zone 

on northeast wall has joint openings ~ to 1 .i.nch. 

50 Fracture zone on east wall contains ~oint openings -& to ·2 

inch. 

55 Joints on north and west walls join at apex and are open 

l . h 4 1.nc . 
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Table ~---Pore-size distribution and soil-moisture tension of samples from 

TA- 49, Los Alamos County, N. Mex. 

La.b. Source Depth Stratigraphic Pore-size distribution Moisture content 
sample of (em of water) at 1/3 atmosphere 
No. sample (feet) unit tension 

1 15 30 6o 150 {percent) 

60NM6 2-0 30 Qbt6 - 4o.05 

60NM7 1-A 30 Qbt6 - 4o.86 

60NM1 4-u 40 Qbt6 45.8o 43.81 41.54 41.88 4o.46 38.74 

60NM~ 2-F 56 Qbt6 - 29.60 

6oNM8 1-A 58 Qbt6 - 4o.55 

60NM2 4-U 6o Qbt6 48.45 46.18 44.06 44.72 43.41 42.62 

60NM10 4-U 61 QbL,_ - 4.4') 
:; 

60NM3 4-U 67 Qbt4 39-51 38.22 4o.09 3).18 22.30. 20.68 

60NM5 4-U 82 Qbt4 36-95 34.76 33.11 33-17 29-96 24.54 

l,UiJM4 4-U 104 Qbt4 33.57 32.23 )0.38 )0.)6 )1.22 29.14 

l l l 
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Table ~.--Particle-size distribution in percent by weight for samples from TA-49, Los Alamos County, N. Mex. 

Lab. Source Depth Stratigraphic Diameter of particles in millimeters 

unit Sand Gravel 
or in <:,0.004 0.004- o.o625- 0.125-

No. sample (feet) Tshirege Mbr. clay 0.0625 0.125 0.25 .25--5 . )-1 1-2 2-4 4-8 8-16 

silt v. fine fine medium coarse v. coarse v. fine fine mediUill 
----- - --

6oNMlO 4-U 61 5 2.7 10.2 7.0 20.9 27.0 2).2 6.4 0.5 0.1 

)~NM199 4-A 66 5 3.)1 11.0 7-3 9.6 17.9 24.3 20.1 4.9 .8 0.2 

60NM24 Beta 10 lB )0.0 11.4 3.2 6.8 24.2 14.6 9.8 

6oNM2) Beta 6') l.B 8.0 3).0 11.9 14.3 12.) 14.6 2.8 .7 .2 

60NM26 Beta 135 lB 42.7 20.2 9·7 13.1 6.3 4.4 .6 .4 1.3 1.3 

60NM27 Beta 18o lB 13.0 28.8 8.7 10.4 12.5 16.9 6.0 3.1 .6 

60NM28 Alpha 175 3 3.9 24.3 10.4 11.4 14.6 16.4 1';).0 

~ 
\ 

,) 
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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 . 



• 
, 

• 

von Buttlar, Raro, and Wendt, Immo, 1958, Ground-water studies 1n 

New Mexico using tritium as a tracer: .Amer. Geophys. tlnion, 

v. 391 no. 4, p. 66o-668. 

Wenzel., L. K. , 1942, Methods for determining permeability of water

bearing naterials with special reference to discharging-well 

methods: U.s. Geol. Survey Water-SUpply Paper 887, 192 p., 

6 pls., 17 figs • 

/'1"/ 



• 

• 

.Jet..e crt. o fief ttl t141c.t.s 
Ixm':aAW'tffi£ OI:!!SP 

GrL.:;,f;s, R. L., 1955 1 Geology and c:;=m.;.."ld-;•ater resources of the 

Los Alru:l.os m·e:l, N. Mex.: Administro.ti ve r,eport relea.sed to 

AEC, 230 p ., l'( pls., l { figs., ::;. t.a.bles. (Being revised for 

publication as a U.S. Geo~egical SUrvey Water-Supply Paper.) 

Hillebrand, W. F., 1900, Some principl~s nnd methods of rock analysis: 

U.S. Gecl. s~:rve;: Bull. 9d0, (l p., l pl., lO fi6S. 

r..au:?ma.n, Ghelt..i.on, s.nG. Libby I H. F., 1954, The natural distribution of 

tritiuo: Ph::-s. R~v., v. 931 uo. 6, p. l337-l)l.;.4. 

'·' ,.., l956 1 Rc.pid c.nal,/sis of 

silicate rocks--e contrib~tion to geochemistry: U.S. Geol. 

Su.rve.Y Buli. . .:..c;.6-c, p. 19-)6, fig~. 4-12. 

T~lee;adas, Kosto., l959, Ar.not.:.uced ut.cleo.r detonnt1ons, Uni t.3d States, 

United Kinbdom, Union of Soviet Soci~list Rep~blics, ~ 

Fallo ... t from n~clear veapons tests, Hee.ring.s bef~re the 

Specie2 S~bcomrnittee en ~dia~ion of the Joint Committee 

on Atomic E.n~rw·, EiGhty-sixth Con.;ress: Hashingt~n1 u.s. Gov~. 

Printin.s Office, v. ), p. 251"(-2)33. 

Theis, C. V.} 19)5, The relation between the lowe!·iili; of the 

piezometric surfece and the rs.te and duration of' discharge of 

ll well usint; grot.:nd-water s~ore.~e: Am.. Geophy::>. Unic.n Trans., 

pt. 2, p. 519-524, (Au~uut]. 

Theis, c. V., c.nd Ccnove::.·, c. s., 1901, Pumpinc:; test on w~lls a.t 

Los l\l~mcs, Nev Mexicc: U.S. 1?-·ul. Surve~· upen-~ile repcrt, 

42 p. 

von But~lar, Hare, and Libby, vl. F., l9:55, Natt.~ral distrib ... tion uf 

cosmic-r.:1y prod.uced tritium, II: .To:.:.r. Inort:;. and N..:cleer 

Chemis~ry, v. l, p. 7)-91. 

.. 



• 

• 

Compacted soil shouJ.d be used to seal the abandoned test areas, 

and the casings o:f the core holes in these areas should be extended 

through the soil cover. The core holes couJ.d then be used for 

measuring the moisture content of the compacted soil cover and 

underlying tuff and for gamma-ray logging. 

It wouJ.d be informative to sink an anguJ.ar drift to a point 

a few feet beneath a large-diameter hole and inject water into the 

large-diameter hole to sample the water 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 tu:f'f or joints in the tuff • 

... 
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SUggested continuing study 

water samples for radiometric analysis should be collected 

annu.al.ly frc:a:n wells :m'- 5A, 9, and 10 to detel'!!line whether contamination 

is taking place. If well rt.l'- 5A could be pumped steadily and the vrater 

used at TA-l~9, it •1ould be advantageous to monitoring because a slightly 

greater part of the aquifer could be sampled in this way. Samples fi'om 

the other wells could be obtained vi th a bailer. The vell 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 recordiDgS can be checked periodically by 

direct mea.surement. A continuous water-level recorder should be 
f,,,.,.~,,. s~~~Y 

installed in the vell 11.r-9. The wells that are not usea...shoul.d be 

pumped once everJ 5 to 10 years for a period of 1 to ; months and 

sampled for radiochemical. analyses. 

M:nsture readings should be made in the test holes four times 

each year to determine vbether there is infiltration of water. The 

:frequency of moisture readings can be decreased 1n scae of the 

holes vhen data indicate that the results are not sign:l.ficant • 
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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'"'ay 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 mesa should be maintained to 

prevent infiltration from ponded water. 

Recharge to the ground water from Frijoles Mess is very small 

or nonexistent; thus, no contmni nants in solution are likely to be 

carried to the ground water beneath TA-49. However, if contaminants 

should reach the main ground-vater body, several conditions, mainly 

hydrologic, exist that tend to decrease hazards resulting :from such 

cont.cmination: 

1. Presently no ground water is used downgradient in the 

Los Alamos area :fran TA-49. The Rio Grande, into 
which the ground vater 1s naturally discharged, 1s 

the nearest point of hazardous contamination of va.ter 

supplies. 

2. Salle dilution of the contaminated vater vould occur 
in the aquifer and .further dilution vould occur 1n 

the Rio Grande as the contaminants were slowly discharged 

into it. 

; • At the slow- migration rate of ground vater in the Los 
Alamos area, it would take about 8o years for contaminants 

to move fran a point in the aquifer beneath TA-49 
to the Rio Grande. 

4. Ion exchange or adsorption of dissolved contaminants 
onto materials through which the contaminated vater 

passes vill reduce the cODCentration of radioactive 

contaminants. This was investigated by the Health 

Division of the Los Alamos Scientific Laboratory for 
the upper part o:f the Bandelier Tuff at TA-1•9. The 

aquifer materials also presumably vill absorb some of 

the contaminants. 
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Moisture determinations made in test holes adjacent to a natural 

channel that carried vater discharged :f'rom well DT-5A during a pumping 

test indicate that infiltration took place laterally into the soil 

and related veathered materials. M:>isture measurements in the holes 

made after :flow stopped in the channel indicate that water '\llat bad 

moved laterally from the stream was returned to the surf'ace by capillarity 

and evaporated. Some vater vas lost conti naa11 y fran a disturbed 

part of' the channel in the upper reach throughout the period of nov. 

A part of this loss could have gone downward into the tuff'. 

The large loss of' drilliog mud and water into the 930 feet of' 

Bandelier Tuff penetrated by vells l11'-5 and Dr-5A probably vas into 

open joints. Data are not available to determine whether the vater 

lost in drilling the two wells moved downvard through the Bandelier 

Tu:f'f 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. 

1lo perched vater vas observed in the interval betveen the mesa 

surface at TA-49 and the main zone o:f saturation at a depth o:f 

somewhat more than 1,000 feet. The absence o:f perched vater and the 

large bulk permeability o:f the Bandelier Tuff imicate that it 

would transmit vater rapidly. Water that has access to the tuff and 

joint systems, i:f in sufficient quantities, will move with ease 

al.most vertically dCMlW'Srd into the Puye Conglomerate and eventually 

into the zone of saturation. 

• • .... 
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Conclusions and suggestions 

Dat.a obtained :i.'rom tl1e large-diame-ter holes indicates that. little, 

if any, recharge to the grOWld vater presently occurs at Frijoles 

Mesa. Clayey soil OJJd clay i'illing tile near-surface parts of joints 

ure a "i,)arrier to infiltration of water iu'to joints. The efiectiveness 

of this imperdous seal. is 1Idicated by blov.l.ng of air i'rom open 

joints at depth in response to declining barometric pressure. At 

eaffie time in the past, joints in the Bandelier Tuff have carried 

percolating water, as indicated by alteration of Joint faces in the 

rock. This percolation presumably occu...-zoed before the soil mantle 

vas developed. 

The moistu.---e readings in the test boles indicate that water 

rarely infiltrates the Iilesa surface to depths greater than the 

thickness 01, the soil and that a soil cover as much as 2 feet thick 

seemingly prevents natural infiltration 'to the underlying bedrock. 

Locally 1 trhere the soil cover is thin or o.bsent and in some places 

on the mesa that receive runoff from -well-drained areas, some small 

amount of in1'iltration into the tuff does occur • 
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The Pajari to 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 mi~es, or 

20,000 feet, up the ground-water gradient from TA-49. Ass'lllll1n8 that 

the fault zone and vicinity are the main area of' recharge and that 

the three samp~ea analyzed are undiluted and unenriched water from 

the recharge area, then 

20,000 feet (distance to recharge area) • 1,260 feet per year, 
15. 9 years (average age of samples analyzed) 

or about 1,300 feet per year is the approximate velocity of ground-

water movement. This computed velocity is considerab~y greater than 

the velocity (400 feet per year) computed from pumping-test data and 

gradient of the piezometric surface. This line o:f' reasoniDg does 

not allow any appreciable period o:f' time for the movement of water 

from the surface in the recharge area down to the aquifer, which 

probably is a valid concept i:f 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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Three samples of vater from tvo of the deep test wells contained 

detectable quantities of tritium. As the half life of tritium is 

12.26 years, the ages of samples could be computed. The following 

table includes the results of tritium analyses and computed ages of 

samples: 

Well Date Date Depth of -Tritium Computed ages of 

well vhen units samples 

No. collected e.nal~ed- collected ~T.U.~ ~lears~ 

M-5A 5- 1-60 ll--60 1,821 2.6 19.9 or 20 

M-9 2-16-60 ll--60 1,325 ,.a 13.1 or 13 

M-9 5- 7-60 ll-60 1,501 3·5 14.6 or 15 

!lbe significance of apparent diff-erences 1n age cEUmOt be fully 

assessed; however, it seems reasonable that water deeper in the 

aquifer moves more slowly and is actual.ly older. Probably both 

samples that indicate relatively younger vater are mixtures of vater 

near the top of the zone of saturation . vi th deeper water. More hydrologic 

data vould be needed to determine vhich zones contribute most of the 

water in order to evaluate differing concentrations vith depth in the 

aquifer. 

Moreover, some young water 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 water w1 th 

older water coming from major areas of recharge on the mountain slopes 

to the vest. 

-j 
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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 10
18 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 of rain and snow 

that fell on the recharge area between hydrogen-bomb explosions 

1 and 2 1 in November 1952 and March 1954, respectively. Water 

from this era of recharge may appear in wells in TA-49 in about 

1975 as water having an approximate tritium concentration of about 

7 T.U. Average pre-banb tritium content in precipitation is thought 

to have been about 8 T.U., based on analyses of Chicago precipitation 

by Kauf'man and Libby (1954) and von Buttlar and Libby (1955 ). The ~· 

only pre-hydrogen-bomb tritium analyses available are those made at 

Chicsgo. Assuming that water in the aquifer at TA-49 has not been 

enriched with tritium by local recharge, the age of water in the 

aquifer can be determined from samples collected from deep test 

vella, provided the samples contain detectable quantities of tritium • 



• 

Age of ground water in the principal aquifer 

Tritium c antent in ground water sometimes can be used to 

determine the age of the water (von Buttlar and Libby 1 1955, and 

von Buttlar and Wendt, 1958) and, with sufficient sampling, sometimes 

can be used as a tracer to obtain direction and rate of movement of 

ground water. The rate of movement of ground water may be detennined 

by referring anomalously high tritium concentrations in ground water 

to recharge occurring soon after the hydrogen-bomb experiments. At 

the time of the explosion, large quantities of tritium were released 

into the atmosphere and returned to the earth's surface in precipita

tion. The first hydrogen-bomb experiment, in November 1952, released 

some tritium to the atmosphere, but the first experiment to release 

large quanti ties was in March 1954 • Several series of tests were 

made between March 1951~ and <ktober 1958 (Telegadaa, 1959) • 

I R l 
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No. 

DT-9 

-,_1-

Table ~.--Faa~~l chemical analyses of Wti~er samples from deep wells - Continued 
= 

Depth~---------,----... . --·---------

D·.:. Lt: -Jf. ·~-.~~-:-,:~~-~-- . Bi·2:i.l~- --c-._,!~~- -1~ra,·.tn.:.:J~· ~~~:,v·i r: ~ 
~. 1 . ('''\ll) ~ ,.,,, .... .:..l.J. ca ~ . . :~-' ''"":.i~· 5 \.u.:.tu .. ~--

' \.l,. ·- ' • ,_.., •. ..,. • -~ • - I .. ...... . 

( ~>u.J i C•·i:! :~.rr. ii.,J (rr.: :'l\J-

c-f I I ;-;t ~-~.11.-i.gr.'t'f.U...: 
c .. i )E;(:-

Ht: 1.1 I I '<r Lt 
'\~hm 

(feet) j I :-;j·~.u:! 2 ;t) .:) 

'.it••>', ')(;'l·~'e · ,"'l'•·· L--.. ·---t ·-r·'t.' 

~-.-~.~-~ '' (nc:oJ I 'C' .. : L; :~iCI.i'~n··- n2L·-:; at 

__ _.__ ______ ---l-- - ·-- -- - ---

1,220 2- 6-6o Santa Fe Group 

1,286 2- 9-6o Continued 49 

1,327 2-16-60 68 

1,501 2-20-6o 68 

1,501 5- 7-6o 71 

l 

64 110 0 38 299 

65 

56 

60 

112 

88 

78 

l 

1 

0 

0 

41 

28 

33 

326 

191 

155 

Spc:ci f.i c 
c--l~'.d .1·:~ t-

ar:c~.:.,...... 

i'!~l:L:I::~ 

j...a. fi. -">] d 
' . · .. m: et··-
r:Jh ~; o_l t 

2')" c) 1 

185 

145 

• 
pH 

8.2 

8.3 

1·1 

1·5 

" 



~ 

• • 
~~ 

Table er.--Fsrt±al chemical analyses of water semple~ from deep wells at 
~ 

Depth 
Du.te of' 'l'.:~rrp•::!r-

Hdl uf 3t..l·a -t~:igr:•J-·l.j i..: 

c . 1.1 E:\.~- ~~L:.tr•_ 

H·). \-Jell tit! it 

----

: i ' ..... I I '" I -.. '"(' ) 
Bi..:ar-1 C>,r- ~ H<,_'.lll•::>:> 

• ) .. l .... d
1 

~ •• ~· ,vl\J.,Jj 

I !J·~:·,;J!t i : .. ~-· ---------

S~eciflc 

co~lu~t-

::til·'\ t 

a nee; .. 
l''..!b tl'.t Pt:fl 

.f··c_,;j I c·,l•itUfl4 .. 4 \rn·:~rv-li.-H f!'=1d 

,·'l:J I ' dil'•J.) C 1 ~-:~.~;1•·- JT.~ c~ 'it (m:cr")-

1 (feet) I I _j __ · __ L ___ l~- --~j_ _____ L :·L~ L~)·~- ~~~~~~ ~) I 
·t.iun 

... 
DT-5A 1,821 ~25-6o Santa Fe Group 

DT-10 1,120 3- 8-60 Puye Ionglom-

1,221 ~ 8-6o 

1, 248 3- 8-6o 

1,256 ~ 9-60 

1,358 3-11-6o 

1,424 3-11-60 

1, 4)0 3-13-6o 

1, 430 3-1~60 

erate 

DT-9 1,048 2- 2-60 Santa Fe Group 

1, o6o 2- 3-6o 

65 

66 

67 

68 

67 

66 

65 

65 

68 

54 

li-1 

43 

37 

68 

72 

202 

157 

154 

160 

98 

76 

15 

3 

9 

5 

0 

0 

103 

56 

n 
67 

32 

28 

617 

506 

1.88 

529 

260 

157 

420 

520 

4oo 

370 

290 

290 

115 

18o 

" 

pH 

8.9 

8.4 

8.7 

8.4 

8.2 

8.0 
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The '"ater from vells DT-5A .. 9, and 10 is similar to water found 

in the test and ::mppl:v ·.-rells in the area. The c,.;ater is of good q_uality 
• ! • 

so'tc ~ 

for domest:!..c and most industrial use, but the scale produced Hhen the 
;~ 

water is heated may be objectionable for certain industrial uses. 

Rad:..ochemical analyses from vells DT-5A, 9_. and 10 are shown on 

.:,.;> 
table ~ The analyses indicate t~at the concentration of radionuclides 

is well below the tolerance limits and the data are included for future 

bad<grou:nd study . 
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Quality of water 

Water samples were collected while wells IYl'-9 and -10 were 

being drilled to determine vhetber there was a change in chemical. 

constituents at depth' (table 22). A single field conductance was 

made on a sample from well D'l'- 5A at the end of' tbe 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 well.s al.so decreases w1 th depth. This may 

indicate contamination by drilling mud of the water sampled. The 

analyses, though possibly contaminated, indicate that there is 

a small difference between chemical composition of the water 'Within 

the TSchicama Formation and members of the Santa Fe Group. 

Water samples were collected at the end of the pumpiDB tests 

on wells DT-5A, -9, and -10, and a single bail.er sample was collected 

from well D'l'-10 upon completion. Water from the three wells is 

soft and is low in dissolved solids (table 23). The specific conduc-

tance is low, and the pH is near 7. Calcium, magnesium, and sodium 

are the principal cations, while more than 90 percent of the anions 

are bicarbonate. The silica content is high. The high silica 

concentrations are typical of water that is recharged or moves through 

extrusive felsic rocks, such as those which occur in the Los Alamos 

area. 

, ..... ..., 
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~anti ty of water moving through the aquifer 

The quantity of ground water passing through a given cross

sectional area of the aquifer can be estimated from the equation 
• 

Q in gpd = PIAp. 
\ .. 
i,,' 

where A is the cross-sectional area of the aquifer. The average 

estimated thicknesses of beds readily yielding water to the deeper 

wells DT-5A and D'l'-9 are 350 and 300 feet, respectively, or, averaged 

together, 325 feet. The width of the affected area beneath TA-49 

at right angles to the east-southeast direction of movement of the 

ground water is about 2,000 feet. Then: 
. 60 h'\ r- { ... 

Q = (180) • 5,t80 . (325) (21000) 0.25 

a 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 • 
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Velocity of ground-water movement 

Velocity of flow in an aquifer can be computed by the following 

equation: 

vherein: 

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 • porosity of the aquifer, percent 

The average permeability of the aquifer, as determined by 
ISO 

pumping tests at vells DT-9 and M-10, is approximately ilr:9Q gpd per 

value obtained at DT-5A. 

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. 48 Y'g. 2 5 • ( 
5 

,:Be)) = 1. 098 feet 

per day, or roughly llOO feet per year. 

v -

. --
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Transmissibill ty of the Puye CoDglamerate, as dete:mined fran 

analysis of water-level recovery (fig. 53)., is 36,100 gpd per foot. 

Figure 53.--Semilogra.ithmic graph of recovery of va.t.er level 

in well DT-10, September 22 and 23, 1960, after 16 hours of' 

pumoing at an average rate of 78 gpm· 
/),4.~ f.l 

It- ie es~~'&ed from geophysical logs and examination of the drill 

· I tJ p; c/1 .,-p_ 
cuttings 1\ that about 200 feet of' the saturated section penetrated by 

D'.l'-10 readily yields vater to the well. Therefore, field permeabill ty 

is about 18o gpd per foot per foot, a figure that compares favorably 

vith the field permeability of 200 determined at well DT-9 • 

i 

• 1 
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Tests at well DT-10 

An attempt was made (May 1960) to install a pump in well DT-10. 

An. obstruction "Was found in the well at l, 100 feet, where the casing 

is reduced with a Jiner from 12 to 8 inches in diameter. (See table 16. ) 

The obstruction vas later swaged out and the pump installed in September 

1960. 

A 16-hour pumping test was made on well DT-10 September 21 and 

22, 1960. The pump was set at 1,185 feet below the land surface, and 

the average rate of pumping during the test was 78 gpm vi th a dravdown 

of 4.8 feet. The specific capacity of the veil is 16 gpm per foot of 

drawdown. The disch.a.rge vas free of sediment and clear in appearance 

except during the first minute of pumping, vhen a foamy, detergent-like 

substance came out vith the water. Some rusty pipe scale was included 

in the water during the first few minutes of pumping, but this cleared 

up in a very short time. The temperature of the water during pumping 

was 67°F1 which vas 3 degrees cooler than water :from the wells D'.f-5A 

and I1l'-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 water suggests that there may 

be recharge into the aquifer nearby, possibly along Water canyon. 
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Tests at vell !11"-9 

(A. 
A pumping test vas run on vell DT-9 May 6·J?, 1960. The pump 

vas set at 1,117 feet belOW' the land surface, and the well vas pumped 

at 88 gpm--:maximum discharge for the pump--for 24 hOurs. 

Maximum dravdow during pumping w.s 3·95 feet, givit~g a specific 

capacity for the veil of 22 gpm per foot of drawdown. The discharge 

vas free of sand and sediment throughout the pumping test, and the 

water temperature was 70° F. 

Recovery of water level was analyzed to determine transmissibility 

of' the aquifer in the vicinity of the vell (fig. 52). AB determined, J 

Figure 52. --Semilogari tbmic graph of recovery o:r water level. in 

well DT-9 May 7 a:od 8, 1960, after pumping 24 hours at an 

·1. ~' 88 · average rate of gpm.. 
OA.,.A 

the transmissibility, T, is 61,000 gpd per foot. Pralr geophysical logs 
tPOtcA -r € 

and examination of drill cuttings ,..-4:+; is es t;hna"bed that about '00 feet 

of a total of 500 feet of saturated aquifer penetrated vill readily 

yield YRter. Thus 1 field permeability. should be 6~, or approximatel.y 

Joo 
200 gpd per i'oot per f'oot. 

The coefficient of permeabill ty as determined at veil DT-9 

is more representative of the aquifer in the Santa Fe Group than the 

transmissibility determined at vell DT-5A • 



• Tests at well DT-5A 

Well DT- 5A i-l'as 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 below 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 was 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.. 
average~of 81 gpm. 

a transmissibility, T, of 11,000 gpd per foot for the a~uifer here. 

Approximately 350 feet of the saturated beds penetrated should readily 

yield water to the i-l'ell, 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 i-l'ith 

drilling mud. If the well is to be used for '~ter supply the specific 

capacity probably could be improved further by surging and by use of 

mud-cutting chemicals. 

/11 
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Pumping tests 

Pumping tests approximately 16 to 24 ho~rs in length were run 

on wells DT-5A, DT-9, and DT-10. Tbe pump llsed for the tests \-Tas 

a 4o-horsepower submersible turbine. Discharge \las measured by 

means of parshall fli..Ulles set near the well. Measurements of water 
~ 

levels were made with an electrical water-level indicator inside 

a l-inch plastic t"llbe banded to the pump. Dra.wdowu end recovery 

vere read directly 011 a steel tape fastened to the elect.ricl:'.l 

lead for the probe. Recovery of \;ater level after ptanpi::lg in "ooth 

vells was anaJ.yzed by the metboC. .:~evised by Theis (1935) and later 

described by \·Ienzel (1942) • 



Measurements of · .. :a ter level at i·:ell DT-10 (fig. 48) show a decline 

Figure 48.--Hydrograph of water levels measured and from recorder 

charts at well DT-10. TA-49: Los Alamos County, N. Mex. 

of slightly more than 1 foot during drilling. The change apparently 

represents a slightly lower head in the lower beds of the Puye 

conglomerate aquifer. 
~ 

A recorder was operated for 1 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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Water-level changes 

Water-level measurements 1n veil DT-5A (fig. 46) indicate that 

Figure 1~. --Hydrograph of water level.s measured and fran 

recorder charts at well DT-5A, TA-119 1 Los Al.woos Cormty, H. Mex. 

the water level vas near 11 17.3 feet below the land surface after the 

vell was developed. <ile level measured AprU .30, 1960, is anomaJ OllSJ.y 

1ov awing to residual dravdawn after the aquifer test run on the veil. 

The water level in vell DT-9 (fig. 47) declined about .3 feet 

Figure 4 7.--Hyd.rograph of water levels measured and f'rom recorder 

charts at veil DT-9, TA-49, Los Alamos County, ll. Mex. 

during the period of' drilling of' the vel.l. This decline probably 

represents difference of head in successively deeper water-bearing 

strata. The vater level in 1960 vas about 1,00.3 feet belOW' land surface. 

During April a recorder vas operated at I11'-9 and a microbarograph 

vas operated at TA-49. Changes in water level in the veil correlate 

quall tati vely vi th changes in baranetric pressure, but the empll tude 

of the water-level fluctuations indicates an additional effect that 

probably is caused by something other than ba.ralletric pressure • 



::;)-zpt.:::. t.o the piez.o:-cztric s-...;rfccc cf the main aq_uifer ·;:;eneath 

TA-49 ra.Il6ed from about 1,004 feet below the land surface at. DT-9 

to 1,1~{2 feet o.t t'T-5A. Much of the difference in water levels in 

different uells is dt:.e to topoe:;ruphic position; however, tl1e altitude 

of the piezometric surface of the water is almost 40 feet highe:t• in 

well DT-5A tb..:1.'1 i:l 1:ells L"l'-9 and :i.Yl'-10, \lhich are :cespectively 

milfl 
o.8A southeast and o. ·r mile east o1' DT-5A. 

The G!'clien::. on the pi..:zometric surface is ee.st-southeastva.rd 

So 
to\>a:-d t..'le .2.ic Grande at a.bc-:..:.t r;r; ::'cet per mile {fig. l•5). 



• 

• 

• 

Decreasing flow downstream in perennial streams in Water Canyon 

to the north and Frijoles Canyon to the south indicates tl:at sot1e 

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 how much 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 Alamos area., New Mexico. 

indicate the main source of recharge to the aquifer is vest of Frijoles 

Mesa. The Pajarito fault zone and the slopes -oi" the r:10unta1ns, vl'lich 

receive relatively high precipitation, probably are part of the main 

source of recharge. 

Same recharge :from Frijoles Canyon can be inferred because of 

the configuration of tr..e contours on the piezometric surface (fig. 45) 

in that area • 



• 

• 
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The soil cover on the mesa at TA-49 prevents most of the 

precipitation from infiltrating into the underlying rocks. The 

clc.y-lilte soil :forms an almost perfect seal over the mesa surface 

and the near-surface joints. Tbis is evidenced by open joints in 

units 4 and 6 'W'hich blow air (figs. 15, 17, and H3) in response 

to declining barometric pressure. A very low moisture content 

(table 1 {) ·.:as found in the upper 300 feet of the Tshirege Member. 

The moisture-za.:ter surveys indice.te little or no increase in 

moisture cont.ent belO'w the undisturbed soil zone. Where the soil 

cover has been ciist"L:rbeci, removed, or 'Water r.~owed to pond, 

infiltration into the underlying tuff takes place slowly (fig. 31) • 



• 

• 
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Recharge to the ~~iu u~uifer 

Data obtained. durine. the investigation indicate that Frijoles 

Mesa is not part c,f the ground-water recilB.rt;e area in the region. 

Perched · . .,ater .,.o.s not found beneath TA-.!;.9 • 



• 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 hole 9M-2 at a depth of 1.5 feet in the soil, the 

moisture content increased 16 percent from April 30 to May l (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 jO to May 2~ 1960. Below 2.5 feet there was no significant 

change in moisture content of the tuff. 

In 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 below there \·Tas 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 cha~~el and bank material was 

saturated. No change in moisture content 1res 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. 

/f03 



• Jo. 
Pumping started at 10:45 a.m. on April~ 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, pending of water near test b?.le ~-1, 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 and stream-bank materials. 

Flow measurements at test holes 9M-2 and 9M-5 during the period from 

9:15 p.m. April 30 to 1:10 a.m. on May 1, 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-3. 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, 1960, when flow in the channel measured at the test holes 

became about equal. Flow loss from the well DT-5A to tes~ 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 flow loss in the upper reach of the channel, both 

during the period of equilibrium and the period of no apparent loss 

in the lower reach, probably can be attributed to continaed but 

slightly changing percolation into t.he drill cuttings. Additional 

ver-tical infiltration from the pond at the head of the channel may 

• have occurred during this period as alr bubbles rose to the surface of 

the pond at differe~t times during fu~d after the pumping test. 



• 

• 

Infiltration from stream flow 

Water discharged from well rT-5A during the pumping test was 

meas~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 1, 2, 3, 

and 6, 1960 thus monitoring infiltration from the stream during and 

after the pumping 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 filled and dammed by drill 

cuttings 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. 

I Col 
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No significant change in moisture content in the tuff was noted, 

"fHf: 
except in hole 1M-3A (fig. 20), vhereAmoisture content increased 

l to 3. 5 percent by volume bet\veen 4 and 1.5 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 bank is about 5 feet above the bottom of the 

channel. Construction near test hole 1M-3A caused water to pond 

2 to 4, inches deep in the arroyo during 1-1et periods. The thin soil 

and sand in the channel of the arroyo may have allowed the ponded 

\mter to infiltrate dovmward and laterally into the tuff as shown 

by the increase of moisture from l percent to 3.5 percent at a 

depth of 4 to 13 feet. Betv1een 13 and 20 feet a small increase 

in moisture content is suggested, but betiveen 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, 196o, in test 

hole 1M-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 \mter 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 slmv downward movement of 

moisture in the vicinity of test hole JM-jA. This indicated 

movement of moisture into the tuff is c)rought about by the pending 

of VTaten in an area where it was forme~ly allowed to drain • 

1'-0 
'-·-.., 



• Table 21.--Summary of results of moisture measurements in 

test holes in areas that receive runoff from \-Tell-drained areas 

Depth at '\vhich Depth at which 
Test hole Soil thickness moist~~ decreases moisture ~ecreases 

(feet) per ~ 5~~·" to l~ by volume -co by volume 
(feet) • (feet) 

lM-1 4.6 6.5 10 

1M-3A ).2 14.0 49+ 

::M-3 5.0 8.5 19+ 

5M-l 2.2 6.5 39+ 

6M-l 9.0 9.0 19+ 

9M-l 6.9 19+ 

9M-2 6.9 8.5 19+ 

• 9M-3 4.2 4.0 19+ 

Average 5·3 9·5 
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• 
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1"1/R"f .12 
Test holes in areas~eceivi~ runoff 

from \vell-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 

1ff4J'f" ~{i/f1 N SLo41 l V. 
G£ elow aFainage_ Graphs of moisture readings in these holes are 

shown on figures 35 ~~ 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 \vith 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 20.--SQ~a~J of results of moisture measurements in 

te.st holes located in well-drained areas 

Depth at ·Hhich 

Test hole Soil thickness mois~~~n~ecreases 

(feet) to 10i" by vol1.m.e 
'X feet) 

lM-2 1.0!/ 2.5 

2M-l . .Jl 5·5 

2M-2 5:Fi 6.5 

3M-l ·9 2.5 

3M-2 2.6 6.0 

~1-3 7.oY ).0 

4M-l 1.9 ).0 

4M-2 1.2 4.0 

4M-3 ;>.0!1 4.0 

4M-4 2.9 4.0 

5M-2 3.3 6.5 

9M-4 12. JJ;/ 9.0 

lOM-1 2.~/ ;>.0 

lOM-2 4.rft/ 6.5 

Average 3.5 4.7 

1/ 
~ Backfill composed of soil and tuff. 

2 _I Soil overlies pumice • 

157 
~ 

Depth at vhich 
moisture+ decreases 

pe§J" to 5 by volume 
A( feet) 

7.0 

7.0 

9+ 

4.5 

9.0 

14.0 

7.0 

1).0 

7.0 

10.0 

9.0 

12.0 

5.0 

10.0 

8.8 



• Test holes in ;;ell-drained s.reas 

Boles lM-2; 2M-l and -2; 3M-l, -2 1 and -3; 4M-l, -2, -3, and 

-4; 5M-2; 9M-4; and lOM-1 and -2 o.re located in well-drained c.reas 

and penetrated an average soil or soil and backfill thic~~ess of 

3-5 feet {table 20). At the e.verase depth of 4.7 feet in these 

holes,moisture content decreased from about 30 percent to 10 

percent by volume. At the average depth of 8.8 feet, the moisture 

content decreased further to 5 percent. 

The clny soil had retained most of the moisture tbat fell as 

snov or rain 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. 21-34). 

The tuff· just belov the soil zone contained as much as 37 

percent moisture by volume. Moisture content in the "'uuf'f of unit 6 

decreased to less than 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 test hole 2M-2 (fig. 23) 

indicated a moistu=e content of 25 percent in the pumice layer at 

8 feet on May 31 1960. This anomalously high reading probably is in 

a thin clay layer in the pumice ~one • 

• 
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Moisture content of the soil ranged from 48 percent by volume 

near the surface in March to 8 percent at depth. The moisture 

Ji.IHUU t'f'fbllf~ 

content of the near-surface tuff~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 ,.;as highest in the upper 

few feet of soil and tuff in March and April as a result of the 

late winter snow; 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-5A where an increase of l to 3.5 percent by volume was 

noted between 4 and 13 feet • 

JS6 
-:&. 
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Moisture distribution in the upland soil 

~.:a ~~erlying t~ff 
Ti·renty-three test holes \o/'ere drilled for use in stud;yin.g tl:e 

soil thickness and distribution of moisture in the soil and u:1de:--

lying tuff of unit 6 of the Tshirege ~ember of the ~ndelier ~uff. 

The test holes ,.;ere located around test areas, roadside draL1aQ;e 

ditches, and stre~~ channels (fig. 20). Measurements were r~de of 

the moisture content of the soil and ,/cuff at "".arious depths b~r o. 

neutron-scattering moisture probe. r.1oisture content deterni:l.ed 

Q.l\....t 
by the probe ~ar bo ~ 1 to 2 percent hieher than those nade 

in the laboratory . 

Measurements vere made at least tuice during the period from 

March to June 1960 and are depicted on graphs of moisture content 

and lithologic logs (figs. 21 tfi;aueh 43). 

Figures 21-43.--Graphs of moistu:-e conte:~:c and litholoc;y J..l-! 

Co t.l..l"' t=:~ 

test holes, TA-49, Los Alamo§.; N.Mex . 



Percola~ion of ~ater through the soil zone is s~l vhere 

the soil is relatively undisturbed and iiould take plsce only 

durin5 e:-cceptionally long wet periods, which are rare in the 

rec;ior.. 


