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Geology and hydrology of Technical Area 49
Frijoles Mesa, Los Alamos County, New Mexico
By

Jemes E. Weir, Jr. and William D. Purtymun

Abstract

Frijoles Mesa is a part of the Pajarito Plateau, a dissected
ash-flow field that laps onto the Sierra de los Valles to the west
and terminates in cliffs along White Rock Canyon to the east.
Technical Area 49 (TA-49) occupies about 2 square miles on the
northern segment of Prijoles Meea near the center of the plateau,
about 5 miles south of Los Alamos. |

The rocks exposed at the surface at TA-49 are of the Bandelier
Tuff of Pleistocene age. Subsurface rocks of the Santa Fe Group
of Middle(?) Miocene to Pleistocenélhge and the Tschicoma Formation
of Pliocene and Pleistocene(?) age were penetrated by three deep
test holes. The rocks of the Santa Fe Group, in ascending order,
are: the undifferentiated unit, the Puye Conglomerate, and the
vasaltic rocks of Chino Mesa. Interbedded with the rocks of the

Santa Fe Group are rocks of the Tschicoma Formation.




o

.

The undifferenﬁiated unit consists of sediments 1aid down as
alluviel-fan and flood-plain deposits. Above the undifferentiated
unit is the Puye Conglomerate, which consists of two members. The
jower member 1g a poorly consolidated chammel-fill deposit called
the Totavi Lentil. Overlying the Totavi Lentil is the %‘ anglomerate
member that 1g made up of volcanic debris. Interbedded with the
%‘anglanera‘be genber are the pasaltic rocks of Chino Mesa and latite
and quartz-latite M_Of the Tschicomg Formation.

The Bendelier Tuff ov;re]iee the fanglomerate member. Ib consists
of ash-fall apd esh-flow rocks that are draped over the older rocks,
£111ing the lows and smoothing out the topogrephy of the older rocks.
The Bandeller Tuff consists of three pembers. IR ascending order they
are; the gcuale Member, &n ash-fall pumice and water-laid pumiceous
tuff; the Otowi Member, 8 frisble ash~flow tuff; and the uppermost
Tghirege Member, & gseries of ash-flov tuffs with one thin water-laid
bed near the top.

The Tghirege Member forms the finger-like mesa at TA-bG. It
18 the most importent geologic unit beceause test operstions will
place contaminants in these rocks Am 100 feetgg?:he mesa surface.

There these contaminants could be removed by weter and carried into

+he zone of saturation.




The X-ray and chemical apnalyses of the tuff from the Tceshirege
Member indicate that they are rhyolitic in composition. Hydrologic
analysis of the tuff indicated the following ranges: porosity, 19.3
to 54.7 percent; specific retention, 11.3 4o 27.3 percent; specific
sield, 0.6 to 42.6; permeability, 0.0k to 22 gpd (g2llons per day)
per square foot for consolidated samples, and 34 to 59 gpd per
square foot for unconsolidated semples. Moisture content ranged f}on’
0.2 to 8.7 percent by volume beneath the mesa, but moisture contents
of tuff from a test hole in Water Canyon north of the mesa ranged
from 13.3 to 6.3 percent by volume, vhich indicates some
infiltration of water.

The soil cover on the mesa surface is characterized by a
weathered zone, a weter-laid pumice zone, and a soil zone. The
top few feet of the Tshirege Member is composed of partly weathered
tuff fragments in a matrix of clay. The weathered zone grades up
into a browm clayey soil except along the northern edge of the
mesa, where a layer of wvater-laid pumice occurs between the

weathered zone and the soll zone.
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periodic moisture readings of the goil and underlying tuff, made
by & neutron-scattering moisture probe, ipndicate little or no
infiltration of water from precipi't;ation through the soll zone. Other
aate collected during drilling, mapping, and hydrologilc analysis of
rocks of the Guaje, Otowi, and Tshirege Members of the pandelier Tuff
indicate that the soll forms & neerly perfect seal on the mes&
surface and that the Bandeller muff has & lerge pulk permesbility.
Where the soll cover has been removed Or disturved, water in sufficient
quantities would move almost vertically through the Bandelier Tuff
into the Puye Conglomerate and eventuslly into the zone of saturation.
Stream flow inﬂ oAl ;Qﬁﬁ:urggc;”cﬁ“f{—h;:esa was measured
at two molsture test holes aebout 700 feet spart. There vas Very little
1088 of flow petween the two test holes after the channel and bank
material had become seturated. No change 1in moisture content in
the channel material or underlying tuff was detected belovw & depth
of 3.5 feet in either of the test holes. The moisture content
increased 16 percent by volume in the upper 3,5 feet while the stream
wes flowing. gix days after the flow ended, capillary return to the

surface and evaporation hed decreased this moisture content by as

mich a8 15 percent.




The zone oI saturation, or masin aquifer, lies 1,000 to 1,200
feet below the mesa surface at TA=-i4y in rocks of the Santa Fe Group
end Tschicoma Formation. Yo perched water \as found above the
zone of saturation. The gradient on tne piezomeiric gurface of
Egg main aquifer is east-southeastward zowaid ~ne Rio Grande apout
G& feet per mile. Date indicated that the recharge area to the
main aquifer is west of TA-Ly on tie siopes of the Sierra de los
Valles and the western part or the Pajarito Plateau. The specific
.capacity oI taree wells finished in tae main aguifer range Irom
5.7 to 22 gpm (gallons per pinute) per foot of drawdown. Pumping
tests indicate an average coefficient of permeability of 180 gpd
per foot per root. The velocity of water in the main aquifer is
approximately 400 feet per year. The quantity of water passing
through the upper 650 feet of the aquifer beneath the test areas
at TA-U9 is approximately %70 acre-feet per year.

Pritium analyses jpdicate that the water in the main aquifer
ranges in age fron 13 to 20 years. The cause of differences ih
age could be that the water deeper in the aquifer moves more
slovly and is actually older, oOr that some young wvater is being
added to the aguifer by local recharge from canyon sources such

as Water Canyon to the north or Frijoles Canyon to the south.
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Introduction

The Los Alamos Area Office, U.S. Atomic Energy Commission,
requested support from the Geological Survey for a project &t
mechnical Area 49 (TA-49) informally in conference September 29,
1959. The request was confirmed by & COPY of a letter (JO-h62) from
Mz;. william %h of the Los Alamos Scientific Laboratory to Mr. Peul
Wilson, Manager of the Los Alamos Area Office.

The work of the Geological Survey wes almed at 1) providing
geological information to the ABC sbout the rocks that underlie the
area, and 2) defining the direction and rate of movement of water in
the zone of é;eration and the movement of ground water in the zone of
saturation beneath the project area eastward to the Rio Grande.

Fieldwork began in late October 1959 and was completed in

September 1960 ,although the most intensive part of the fieldwork

was finished by Mey 10, 1960.




Location and setting

Much of Los Alamos County south of the city of Los Alamos is

various instellations and areas in the up

used for test operations by the Los Alamos Scientific Laboratory.

1and surface and the

canyon bottoms are designasted "technical areas.”

Techmical Area 19 occupies about 2 8

segment of Frijoles Mesa, 5 miles (about

quare miles on the northern

10 roed miles) south of

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

Filgure l.--Index map of part of Los Alamos and adjacent

counties, New Mexico, showing the

Area 49 (TA-49).

location of Technical

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

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

along White Rock Canyon to the east. The area 18 in the former

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

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

gecs. 3 and 4, 7. 18 N., R. 6 E., with minor parts of the area in

secs. 33 and 3%, T. 19 N., R. 6 E. and sec. 2, T. 18 N., R. 6 E.

s
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The northern segment of Frijoles Mesa slopes gently eastward
from an altitude of about 7,200 feet near the western edge of TA-U9

to an altitude of about 7,000 feet at i1tg dissected eastern end. It
is bounded on the north by Water Canyon, which has been cut 300 to 400
feet below the plateau surface, and on the south by Ancho Canyon, whose
floor is 100 to 200 feet below the relatively flat uplend.

Frijoles Mesa and the ad jacent canyons support moderate to dense
vegetative growth. Pinon pine and juniper are the predominant trees, .
and there is a sparse growth of ponderoseé pine, mainly in the canyons.
Grems gress predaminates as surface cover, and a few scrub oak, mostly
shinnery oak, grov in isolated patches.

Water and Ancho Canyons drain eastward end are almost parallel.
They empty into the Rio Grande in White Rock Canyon. Water Canyon
heads on the slopes of the Sierra de los Valles. In the reach of
Water Canyon, north of TA-U9, a samll intermittent flow of unknown
origin occurs. Ancho Canyon heads near the entrance to TA-49 (fig. 6)
and does not contain a perennial stream in its upper reach.

Drainage chennels on the mesa trend generally east-southeastward
with the gradient of the mesa surface, and many minor channels braid
out on top of the mesa in flatter areas. Short tributary canyons
drain into the two major canyons north and south of TA-49, The eastern
part of TA-49 1s drained by a rather well-developed dendritic system
of channels and canyons. Most minor drainegevays empty runoff into

Ancho Canyon to the south.
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Previous work

Geology and ground-water conditions in the Los Alamos area
have been studled by the Geological Survey and the Atamic Energy
Conmission under a cooperative program since 1949. An administrative
report to the AEC by Griggs (1955) describes the general aspects of
the geology of Los Alamos County. Surface geology on figure L is
taken mainly from Griggs' geo;ogic map, and stratigraphic nomenclature
proposed by Griggs is used in this report.

The geology and ground-water conditions in Los Alamos County
are described in a classified report by Baltz and others (1959),
which appraised several areas &s to the feasibility of the experimental

work. The investigations in TA-U49 are a result of this report.
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Purpose and scope of report

The study at TA-I9 was mede to determine whether ground water,
either perched or in the zone of saturation, might be contaninated
by radiocactive materials that would be buried 30 to 120 feet below
the surface of the mesa. This report describes the geology and
hydrology of—the—mesa at TA-49, with emphasis on the rocks within
about 100 feet of the surface, particularly their hydrologic properties.
The investigations having to do with the possibility that
contaminants might be 1eached from the rock 1n which they were
emplaced consisted of geologic papping, subsurface geologic studies,
observing end advising on drilling operatlomns, interpreting geophysical
logs of holes, conducting pumping tests, and making wvater-level
measurements in wells. Rock samples were collected and sent to
Geological Survey laboratories for petrographic description, chemical
and X-rey analysis, and measurement of physical properties. Rock
sampling was very intensive as es lnsurance against the possibility
of missing information that could not be obtained later. The gamples
have been catalogued and are stored 1n t.he Geological Survey o}ﬁce
at Los Alamos and are available to interested parties for future

study.




The tuff exposed in TA-49 had previcusly been mapped as & single
unit; however, it was necessary, for the purpose of this study, to
subdivide tbe rock into seven informal stratigraphic units. Six of
these units are exposed in Water Canyon and are recognizeble in the 2
subsurface beneath Frijoles Mesa on the basis of cores, drill cuﬁtings,

Sv8
or geophysical logs. The seventh unit is known only in theAsurface.




Informetion on the mein aguifer of the Los Alamos ares, vhich
is 1,000 to 1,200 feet below the mesa surface, was obtained from
three deep test wells. (The main aquifer in the Los Alamos area
is the zone of saturation Iin the undifferentiated unit of the:

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

aquifer seems to rise westward into the upper units of the Santa Fe

Group and the Tschicome Formation. Hovever, the water in the
upper part of the Santa Fe Group and the Tschicoma Formation uay

be perched. The vater in the main aquifer is under artesian

pressure.) Hydrologic characteristics of the aguifer were estinmated

from drill cuttings, zeophysical logs, and & pumping test on each
of the three deep wells. The data obtained from these deep wells
provide the basis for estimates of the average rate and direction
of ground-water movement in the principal aquifer.

The resulis of laboratory investigations of physical and
chemical characteristics of the rocks and chemical analyses of

ground~-vater samples are tabulated in order to make them readily

P
available for fubure study, but a detailed interpretation of these

data is beyond the scope of this report.

s
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Techniques used and data collected

Most phases of the project were carried on similtaneocusly.
Cores were described at the drilling sites. Drill cuttings were
examined with a binocular microscope during periods when other
operations were not pressing. Pumping tests were run on wells DT-5A,
Dr-9, and DI-10 to determine well performance and aquifer characteristics.
The locations of wells, large-diameter holes, and test holes

used in this report are listed in the following table.
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TA-L49 Amee. Los Alamos grid 1ocationsy 0% s’ keles,

(see figs. 6 and 20.)

Deep wells
DT-5P 111 + 32 south 9k + 30 east
DT-5 110 + 99 63 + 03
DT-5A 111 + 47 93 + 03
DT-9 142 + 81 1%L + 27
DT-10 113 + 27 125 + 9Ok

Exploratory large-diameter holes

Alprha 111 + 16 south 9T + S4 east
Beta 83 + 63 gL + 89
Gamma and Garma "AY 133 + 20 104 + 00
Core holes

CB-1 104 + 98 south 84 + 37 east
CH-2 105 + 0 97 + 85
CH-3 11k + gb 82 + 06
CH-4 120 + 33 95 + 68

Shallow holes for moisture measurements

M-1, 2, 3, and 3A 105 + 00 south 84 + 00 east
oM-1, 2,and 3 106 + 00 ‘ 98 + 00
-1, 2, and 3 115 + 00 82 + 00
M-1, 2, 3, and b 120 + 00 g6 + 00
5M-1 111 + 32 ol + 36
SM-2 111 + 05 g2 + 3B
6M-1 102 + 15 68 + 83
oM-1 116 + 67 88 + Lk

1 hn
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.
. Los Alamos grid locations - Continued

Shaillovw holes for moisture measurements - Continued

SM-2 113 + 40
IM=3 117 + 02
OM- 4 113 + 93
10M-1 10k + 96
10M-2 104 + 54

Large-diometer holes used for experinental purposes

98 + 15
104 + 57
100 + 40
110 + 31
108 + 69

by the Los Alamos

Seientific Laboratory. Layout of lioles in areas shown on figure 2.

Area 1L 105 + 00 south
Area 2 106 + 00
Area > 115 + 00

‘ Area & 120 + 00
Area 10 105 + 00
Wem= /!l +_a0
Wem- g /4S+ 00

34 + 00 east
g8 + 00
82 + 00

g6 + 00
109 + 00

g3 +0

/oA + Qo




L—’f‘f'.‘\ of¥ WOIIIK
The Los Alamos area, by section, township, range

{See fig. =.)

3

T-1, 1A sec. 20, T, 19 N., R. T E.

-2, 3 A sec. 14, T. 19 N., R. 6 E.

T-3 sec. 13, T. 15 N., R. 6 E.
T-4 sec. 16, T. 19 N., R. 6 E.
B-19 sec. 17, T. 19 H., R. 6 E.
L-3 see. 14, T. 16 N., R. T B.

JRIT



Surface mapping

Geologic mepping on aerial photogrephs was begun early in December

1959. stratigraphic relatlions were egtablished in the area of maximum

exposures on the south wall of Water Canyon.

e were examined about every
tgs were referred to the many verticel

The exposure 400 to 500 yards to make

certain of adequate control. Contac

teblished in the field by Laboratory personnel engaged

control points es

in mapping TA-49 topographically. Control points were 1ocated on the

aerial photograp
000) in the field by stereo

hs ,and geologic contacts were drewn on the photographs

(scale 1:7, scopic methods.




The unit contacts aon the photographs did not campletely agree with
the topographic comtours. Therefore, the geologic contects were
adjusted to agree with the topogrephic base mep. The geologic mep
ig sufficiemtly accurate for all purposes anticipated. Segments of
many contacts were drawn through areas vhere rock exposures &are poor,
and in these areas the contact alinement mey not be exact. The areas
of best exposure are along the road le!_ading fron the mesa just east
of Area 10 into Vater Canyon, the northern walls of canyons, and a few

places in the bottoms of arroyo channels.



Test drilliing

Tairty-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 "DP" and the number of a
nearby area. These test wells include the pilot hole, DT-SP, and
the wells DT-5, DT-5A, DT-9, and DT-10. Three holes, arbitrarily
called Alph=, Beta, and Gamma, were drilled with a bucket auger
on top of the mesa, in Water Canyon and in Ancho Canyon. A core
vole wes drilled in Areas 1 thrcugh & (fig. 2). These holes are
designated by "CH" and en 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'for “moisture' %to indicate

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




Deep wells

Pive wells were drilled to obtain hydrologic and geologic
information about the main aquifer. The wells were located to
give the widest distribution of subsgrface geologic control and
the best hydrologic control (fig. 6). Considéfation was given to
choosing the best sites'for monitoring ground water for possible
contamination.

Well DT-5P, Just east of Area 5, was an air rotary hole
drilled to determine the presence or absence of perched water
(saturated zones above and separated from the main aquifer). It
was completed at a depth of 692 feet as a dry hole.

Well DT-5, about 50 feet west of DI-5P, was unsuccessful. It
was drilled with air rotary equipment. The air return was mostly
lost into cracks and crevices in the tuff, and the hole was
abendoned at a depth of 927 feet. Few samples of drill cuttings
were obtained, and these were not described because samples from
nearby well DT-5P had already been described. Three side-wvall
sarmples vere taken from depths of 390, 490, and 500 feet to
obtain undisturbed samples from that interval to supplement

unsuccessful vertical coring in Areas 1 and 2.

/
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Well DT-5A, 50 feet south of ~ell DT-5, was drilled with rotary
equipment, using mud as a drilling fluid. Circulation was very poor
in the upper 520 feet of the hole. Twelve-inch casing was installed

(1A8e€ 1)
and cemented at this depth. Below 520 feet, circulation was

maintained and cuttings samples were cobtained to the total depth of

1,321 feet.

19



Well DT-9 (fig. 6) was begun as & 20-inch hole using cable-tool
equipment. The hole was reduced to 16 inches at a depth of 395 feet,
and drilled at that diameter to a depth of 1,300 feet, at which point
it was logged geophysically and then cased with 12-inch pipe. An 1l-
inch hole was drilled from 1,200 to 1,501 feet and an S-inch liner was
installed (table 2).

vell DT-10 (fig. 6) was drilled vith cable-tool equipment 16
inches in diameter to a depth of 1,125 feet below the land surface, at
which point 12-inch casing was jnstalled. An ll-inch hole vas drilled
from 1,125 feet to 1,408 feet, and an 8-inch liner was installed

(table 3).

20




_‘iﬂV , Table 1l.--Casing schedule for well DT-S5A

Altitude of land surface 7,143.32 feet

Description Depth below Length Altitude of
land surface (Peet) top of section
(See ™) (Bee?r)
Top Bottom Slotted Blank

12-inch I. C. casing

Blank +0.337” 519.7 520 7,143.62

8-inch I. D. casing

Blank +.5#9' 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 5,5863.82
~ Blank 1,289.5 1,335.5 L6 5,853.82
Slotted 1,335.5 1,381.5 L6 5,807.32
Blank 1,381.5 1,415.5 3L 5,761.82
Slotted 1,415.5 1,44s5.5 30 ' 5,727.82
Blank 1,445.5 1,535.5 90 5,697.82
Slotted 1,535.5 1,555.5 20 5,607.82
Blank 1,555.5 1,591.5 36 5,587.82
Slotted 1,591.5 1,615.5 ok 5,551.82
Blank 1,615.5 1,635.5 20 5,527.82
Slotted 1,635.5 1,655.5 20 . 5,507.82
Blank 1,655.5 1,708.5 53 5,u487.82
Slotted 1,708.5 1,728.5 20 5,4354.82

'.IV

/. See footnote at end of table
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Teble l.--Casing schedule for well DT-5A - Continued

Description Depth below Length Altitude of
land surface: {feet) top of section
f:&ee. ) Tqee )
Top Bottom Slotted Blank
8-inch I. D. casing - Continued
Blank 1,728.5 1,740.5 12 5,41%,.82
Slotted 1,7%0.5 = 1,750.5 10 5,402.82
Blank 1,750.5 1,768.5 18 5,392.82
Slotted 1,768.5 1,788.5 20 5,374.82
Blank 1,788.5 1,819.5 31 5,35L.82
Bottom of hole 5,32%.82

Total 8-inch I. D. casing 220 1,600

i
""/Ex‘bension of casing above land surface.
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Table 2.--Casing schedule for well DT-9

Altitude of land surfece 6,937.32

Description Depth below Length Altitude of
lan&‘s‘,x;_l;face (feet) top gfciefc)tion
Top Bottom _ Slotted Blank
12-inch I. D. casing
Blank +2.04/7 819.0 821.0 6,939.32
Slotted 819.0 878.8 59.8 6,118.%2
Blank 878.9 903.2 2h. 4 6,058.52
Slotted 903.2 934.5 31.3 6,0%34.12
Blank 934.5 958.5 2k.0 6,002.82
Slotted 958.5 982.6 2h.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 1,036.4 1,057.4 21.0 5,900.92
Slotted 1,057.4 1,093.4 36.0 ! 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 Ly, 3 5,671.12
Blank 1,310.5 1,333.0 22.5 5,626.82
Bottom of l2-inch I. D. casing 5,604, 32
Total 12-inch I. D. casing 295.9 1,039.1

1/ See footnote at end of table
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Table 2.--Casing schedule for well DT-9 - Continued

Description Deptn welow Length Altitude of
land surface (feet) top of section
(feet ee )

Top Bottom Slotted Blank

8-inch I. D. casing

Swage 1,313.1 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 L1

Top of 8-inch casing swage to 11 inches O. D. and run as liner to total

depth of 1,500 feet, which telescopes 19.9 feet into the l12-inch casing.

/
‘*j'Extension of casing above land surface.




Table 3.--Casing schedule for well DT-10

Altitude of land surface 7,019.41

Description Depth below Length Altitude of
land surface (feet) top of section
(Fesl) (Bes?)
Top Bottom Slotted Blank

12-inch I. ﬁ. casing

Blank +1.9&/ 1,078.h4 1,080.3 7,021.31

Slotted 1,078. 4 1,128.0 49.6 5,541.01

Bottom of 12-inch I. D. casing - : - 5,891.41
Total 12-inch I. D. casing 49.6 1,080.3

8-inch I. D. casing

Swage 1,096 1,097 1 5,923. k1
Slotted 1,097 1,118 21 5,922. 41
Blank 1,118 1,196 78 5,901. k1
Slotted 1,196 1,206 10 5,823.41
Blank 1,206 1,228 22 5,813.41
Slotted 1,228 1,258 %0 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 ok 5,Th1. b1
Slotted 1,302 1,322 20 . 5,717.&1
Blank 1,%22 1,332 . 10 5,697. 41
Slotted 1,332 1,342 10 5,687.41
Blank 1,342 1,368 26 5,677.41
Slotted 1,368 1, 408 Lo 5,6TL. k1
Bottom of hole 5,631.41
Total 8-inch I. D. casing 141 171
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Table 3 .--Casing schedule for DI-10 - Continued

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

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

into the l12-inch casing.

/
4'/’Projecting above land surface.
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Exploratory large-diameter auger holes

The large-diameter holes Beta,.in ater Canyon, and Gamna,

i Ancho Canyon (fig. &), were drilled with 2 pucket auger, nainly
to determine whether perched water was present beneath the canyon
bottoms. The large-dienmeter nole Alpha was drilled on the nesa
surface primarily for geologic informatlon.

Beta hole was drilled 2 feet in diometer to a deptn of 120
feet. 'The hole was dry. Gamme hole was drilled 2 feet in diameter
but was abandoned at & depth of 7 feet vecause of the hardness of
the tuff, and a nearvy +-inch hole called Gamma A was drilled to
a depth of 54 Zeet with the wagon drill. The hole was dry.

Alphe hole vas drilled 2 feet in diameter to a depth of 185 feet

to obtain geologic information. The hole was dry.
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Core holes

Four core holes were drilled, one in each of Areas 1 through
4 in TA-49, mainly to obtain o-inch diameter core samples for
geologic study. Adir was used as a cuttings carrier in order to
obtain cores free of drilling mud and to detect zones of perched
water.

The parts of the cores not used in the tests are stored in
the Geological Survey office at Los Alamos. The core holes were
cased with 2-inch pipe slotted in the lower 20 feet. Logs of

the cores are in tables 10 through 13.




Shallow holes for mcisture measurements

Twenty-three holes were drilled on the mesa surface in TA-4G
(fig. 20) end two in Water Canyon (fig. 6) for the purpose of measuring
moisture content and the changes in moisture content with time and
depth. Areas 1 through 4 and Area 10 were of special interest
because potential ground-water contaminents would be left in the
ground as & result of the experiﬁental work in these areas. These
holes were drilled with a wegon drill end are 2.5 inches in diameter.
They were cased with 2-inch plastic pipe.

A rough visual log was made at the time the holes were 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. 21-43.)

Holes WCM-1l and WCM-2, in wWater Canyon, were drilled with a
wagon drill using air es a cuttings carrier. These borings penctrated
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 witﬁ perforations the entire
length; WCM-2 was cased to 9.4 feet with perforations in its lower

6 feet.




Geophysical logs

Electrical, radicactivity, temperature, and sonic logs were
run in wells DT-5, DT-5A, DT-9, DT-10, Llpha hole, and in core holes
in Areas 1 through 4. (See figs. S4LA-62B. )

Most of the logs were run by Schlumberger Well Surveying
Corporation. Gamma-ray logs in the completed core holes were run

with eguipment of the Geological Survey because of the small hole

" *Giameter. The Survey zlsc gamma-rey logged the lower 207 feet of

po-nu:pa/ wa ter 6rosu.1
The electrical logs were used primarily topselect zones ©f-

sreetest~permeebility for setting perforated casing. To 2 lesser
extent these logs were used to select stratizraphic contacts.
Induction logs and laterologs were run on wells DT-SA zcnd DT-9.
Induction logs were rum on well DT-~10 and Alpha hole. The induction
logs vere not useable because of the very high resistivity of the
rocks penetrated and the large dismeter of the bore holes (especially

Alphe hole).



Laterologe were run in wells DT-5A and DT-9 because of their
better definition of units in rocks of high resistivity. The laterolog
strixzingly indicated the position of volcanic flows interbedded in the
Santa Fe Group (figs. 55D and 56D); however, in the Bandelier Tuff at
well DT-SA, the laterolog apparently did not define lithologic
boundaries that were indicated on the other geophysical logs. A
microlog and caliper log vere run on well DT-5A.

The radiocactivity logs, mainly gama-ray, were the most useful of
the logs for picking geologic contacts. The gamma-ray log ylelded
usesble results in holes that contained no liquid or were only partly
f£illed and holes with casing jnstalled. The only geophysical log of
the lower 307 feet of DI-9 was the gamma-ray log run with Geological
Survey equipment. A study of this log showed changes in gamma radiati;
sufficiently vell to aid in accurately choosing contacte between
stratigraphic units penetrated by the well.

Temperature logs were run on wells DT-5A, DT-9, and DI-10 to
obtain the general geothermal gradient and temperature of water.

Sonic logs were run only in holes or parts of holes containing
1iquid; consequently, these logs were run in only DT-5A, DT-9, and
DT-10. The sonic logs were used to a 1imited extent in corroborating
the upper and lower boundaries of hard layers of volcanic rocks in
the aquifer. The sonic log for DT-5A also was used to estimate value:

of porosity.
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Data on the interval between 300 and 500 feet belcw the mesa
surfece was almost entirely determined from the geophysical logs.

The logs were also used tO make more precise determinations of

stratigraphic contacts.



Down~iicle mapping

A large number of holes in Areas 1 through 4 and in Ares 10
were dug with a bucket auger as part ¢f the experiments conducted
by the Los Alamos Scientific Laboratory at TA-4Y. These holes were
> to 6 feet in diameter and 49 to 108 feet in depth. Thirty-nine
of the holes wvere inspvected in the course of this investigation and
detailed geologic maps were made in 1% of the 9. This provided an
opportunity to exanmine the structure and lithology of freshly
exposed tuff and provided information on the post-depositional
history of the tuff as well as a basis for interpretations of
water movenment.

Figures 15-18 contain the geologic maps of the holes, and
table 26 includes reconnaissance notes on the holes that were
inkpected but not mapped. The system of designating the holes
and the location of the ones that were inspected are shown on

Tigure 2. these holes are numbered according to area and are

-

Figure 2.--Larout of large-diameter holes in Areas 1, g, 3,
h, and 10 showing holes mapped and described. (Areas are

shown on figure 6.)

alphabetized within each area (except Area 10). Hole 1-A was
mapped earl; in the study as a 3-foot diameter hole and later

was exanined in reconnaissance as a 6-foot diameter hole.

W
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The down-hole meps were plotted in the field on tubes covered
~ with ruled cross-section paper at a scale of 1 inch equals 2 feet.

The meps vere reduced to 1 inch equals 6 feet for inclusion in this

report.



@

camples were collected &t 5-foot intervals in the holes that
were mapped for possible future study. The samples vere hand-
specimen size and vere collected at random from the hole walls.
Cuttings camples ol caen 5-7oot interval also were ovtained from

these hwles.




Lavoravcory inventigations

-

Iumerous apalyses were run ol tne samples that were collected
at TA-bw to obtain data con the physical characteristics of tae taf

50
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and coil. Sampling was most intensive in the interval betw.een
ard 120 feet beneath the surface of the mesa. Physical-propertics
tests and mineralogic and chemical analyses of rocks were made bl
Buchanan end Assoclates lgboratories. CLamples of rock were
analyzed mineralozically and chemicall by lavoratories oi whe
r . - . - L* 15 'd. 6\
Geological ourve; ~ables 14, 15, and 1C).

Hydrologic analyses vere run Ly the Geologlcal Survey on %6

rock samples to aid in evaluating water movement in the zone of

aeration (table 17).

EY4
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Tests and analyses of rock samples

Spencer J. Buchenan and Assoclates

About 150 samples of rock from TA-L9 were tested under the
direction of Buchanan end Associates, consulting englneers, Bryan,
Tex. Tests performed included strength tests, thermal conductivity,
specific heat, paiticle-size distribution, demsity, specific gravity,
moisture content, porosity, and permeability. Moisture content
was determined for sbout 70O samples and porosity for about 30
samples, mostly S5-inch cores from the walls of the large-dlameter
holes. Permeability to air was determined for 10 samples of core
from the 4 core holes, and particle-size distribution was determined
on 9 crushed specimens of the 10 samples analyzed for permeabllity.

Chemical (spectrographic) and mineralogical analyses were run
on $ of the core samples for which permeability was determined.

Also, maximm stress, moisture content, density, and speclfic gravity
determinations were made on these semples. The results of the tests
and analyses vere transmitted to the University of California Laboratory

at Los Alamos.

Health Division - Group E-T7

About 12 samples, including cores from the core holes, S-inch
dlemeter side-wall cores end unconsolidated samples from the large-
diemeter holes, and air cuttings from the core holes vwere analyzed

by Group H-7 for ion-exchange capacity.



Geological Survey

Suttes—ef drill-cuttings samples from hole DI-5P, wells DT-5A,
r-9, and DI-10 :.rere studied with a8 binocular microscope and described.
The air cuttings from hole DIr-5P were washed and described wet.

Rotary mud-returned cuttings from well DT-5A and cable-tool cuttings
from wells DI-9 and ~10 had been washed vhen they were collected, and
descriptions were made of the damp samples withﬁut further processing.

Bucket-auger samples from Alpha end Beta holes were examined with
the binocular microscope and described. The bit-ground cuttings and
chunk samples, if avallable, were examined. Same frisble intervals
in these holes d1d not yield chunk samples.

Mineralogic and chemical analyses were run on 16 semples by the
Geochemistry and Petrology Branch. Two of the 16 samples analyzed
chemically by the rapid-rock method (Shapiro and Brannock, 1956)
also vere analyzed by the classical method (Fillebrand, 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.
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Table L4.--Rock samples for petrographic, chemical, spectographic, and x-ray analysis by the Geological Survey.

aboratory Serial No. Hole No. Depth Washington, D.C. Denver, Colorado
Chemical Chemical Mineralogic
Mineralogic Rapid rock classical (spectrographic) (diffractometer) o
155572 (282123 i/ ) 2-U 52 X X X X
515 (1o Xy Y 85 X X X X
57 (125 x/ ) 2-Y 78 X X X X
929 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
935 CH-3 54 X
93k CH-3 100 X
935 h-y T8 X X X X
936 CH-3 4.5 X
937 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

1 Meolinae amndrenad Aanlar Par anectragravhic analysis.



Determinations of permeability, porosity, specific yield,
specific retention, and molsture content were made on most of the
36 samples analyzed by the Hydrologic Laboratory of the Ground Water
Branch, Denver, Colo. Specific gravity and dry unit weight were
determined for most of these semples. Mechanical analyses were run
on 7 samples.

Approximate pH was determined on 9 samples. Molsture tension was
determined on 10 samples and pore-size .diatribution was determined for
5 of those samples.

Permeability determinations were made on consolidated tuff and
some of the unconsolidated samples. Unconsolidated samples were pecked
into 'bg permeameter cylinder.

A weter sample from each deep test well was analyzed to obtain
radio-chemical and chemical background concentrations in ground water.
Semples from DI-5A, DT-9, and DI-10 were collected near the end of
pumplng tests. ) A beiled sample was collected from DT-10.

Water samples were collected during drilling and development from
wells DI-5A, DP-9, and DI-10 to determine whether there might be

chemical differences in water from different depth intervals in the

aquifer.
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Table 9.--Type section of units in the Tshalrege Member - Continued

Bandelier Tuif - Continued
Tshirege Member - Continued
Unit 1B:
Tuff, gray to pinkish=grey, weathers

pinz to light-orange; cobble=-size gray
rhyolite; yuartz and feldspar~crystals
end fragments; pumice fragments in ash
matrix; weathering around guartz
cerystal and frements are yellow staiﬁ?

pumice weathers to brown clay; internal

stratification lecxing but rock fragments
and pumice are in lenses; maybe Two or more

ash falis with irregular contacts; weathers

to steep slope pitted by weathering out

of pumice fragments in pleces. Probably

is an explosive breccla =e=weo=—eos-=s ———

Thickness

(feet)

came L3N




ties!
Table 9.~-Typd section of units in the Tshirege Member - Continued
Thickness

(feet)

Bandelier Tuff - Continued
Pshirege Member - Continued
Unit 2:

Tuff, light-pinkish-gray, weathering light-
brownish-gray; dense, welded; 20 to 30
percent coarse-grained guartz and
feldspar crystals and fragments; 10
percent pebble-size pumice fregmentis;
gray rhyolite rock fragments; matrix
crystals of fine-grained glassy material;
forms cliffs consisting of two beds
separated by a slight notch; lower
contact with unit 1B is concealed but

on north wall of canyon is irregular -==e=w===- 100
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Table 9.--Type seciicn of units in the Tshirege Member - Continued
Thickness

(feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 4:

Tuff, light-pinkish-gray; fine-grained;
10 percent gquartz crystals; small light-
pinik to dark-gray rhyclite fragments; small
pumi;e fragments up to 5 inch in length; no
bedding present but lenses of disk-shaped
pumice up to 6 inches in length and 2 inches
thick in dense pinkishegray matrix; weather-
ing grades up into sand of units; forms
cliff; lower contact is grodsticnal --ee=s=--- 1

Unit 3:

Tuff, light-gray, very pumicecus, friable;
20 tc 30 percent granule size quartz and
sanidine crystals; pumice fragments up
to 1 inch in length; this description
applies to lower 5 feet. Remainder of unit,
except for upper 2 feet, 1s covered and
forms slope. Small valley cut into this

unit. Lower contact is covered =~=--=--- ———— 50
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. Taple 9.--Typg sectlon of vnits in the Tshirege Member of the Bandeller Tuf
South wall of Water Canyon = NWiNEL sec. D (projected) T. 18 N., R. o E.

Measureéd by E. H. Baltz an Ww. D. Purtymun

Thickness

(feet)

Bandelisr Tuff:
Tshireze Member:
Unit S:
™mIg, light-grayish-pins, Jeathers brownishe
pink, chyolitic, moderatal;, welded; fine-
greined ash matrix; small pumice fragoents;
seattered quartz and sanidine crystals;
. appreximate worizontal sheeting that wmay
te bedding; concholdal joints; forms cliffs,
seps mesa. Lower contact is irregular =--=-==- 56+
Unit St
Sand, light-gray «ith intormixed limonitic
stains, water-laid; mestly mediune-sreinad but
contains fragments up t< pebble size; composad
of revorked tuff contiaing stream=-worn suarta
gnd sanidine crystals and tuff fragments;
forzset and topset bedding is well
develcpad; fowrms notcn near top c¢f mesa;

. Fi ———y * -~ rad
1ower contact 18 irrezular. Jeints o1

[V

‘ underlying unit L gye {illed with saud =====< 3.8




Geology and water-bearing properties of the Tshirege 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 Member has been divided into seven units

(fig. 6). Unit 1A 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 Alemos County, N. Mex.

The other six units, units 1B, and 2 through 6, crop out in Water

Canyon and are described in a measured section (table 9).
Correlation of the units in theAsubsurface were made by gamme-

ray-neutron and lithologic logs of the four core holes (tables 10-13)

and wells DT-5P, DT-5, DT-5A, DT-9, and DT-10.



Alluvium

Alluvium in Water Canyon poff the nortaern edge of TA-49 counsists
of material derived Trom tae Tschicoma Forﬁation that foermsthe
Gierra d2 lcs Valles and frem the Bandeller Tuff of Frijcles Mesa
into whlsh ater Canyun is cut.

The ziluvium is a poorly sorted mixture of silt, =2lay derivad

SAND

from veathered tufg:and le=mer particles derived from the latitas
and quarcz Leitites roeme of +he Tschiccma Formation. Tae sand-sizo—
particzles consist of uarts, sanldice, dare minerels, and framents
?, puaice, lailte, quartz latite, and rhyolite.

The alluvium in Water Canycn renges in +nickness Srom & O about

wem—/

1l faer. Test hoies wMB=ie znd 2 penebtroted tocut 14 feest o7 clay,
si1%, and mincr zmounts of grevel cverlying & to 4 feet <f
the base ¢f the elluvium. At Beta holz tne 21luvium consists of
3 fze: of sil: 2nd gravel. The streen shonnel in many pizce:s is
zat intc the z=iluvium.

Cleys ead siits are almost impermeable when saturated out
ravels or .revels with minor amounts of clay and silis will
reedil, transmit watver. In Test holes WCM~l1 and 2 water was (temporaril;,')
perched im the alluvium cn tcC of the lowest exposed unlt of the
Tshirzsge Member cf the Bandeller Tuff indicating the permeability
of the eliuvium is greater than that of the underlying tufi.

Anche Canyon, on the southern sdge of TA-49, heads in Frijoles
Mese which is underlcin by the Bandeller Turf. Alluvium is very tain

or absznt in Ancho Canyon. For thls reason it was not mappsd on

figure O.




Tshirege Member

The Tshirege Member forms the finger-like mesas of the
Pajarito Plateau. It is composed of a series o?ésh flows of
rhyolite tuff and contasins at least one thin water-laid bed near the
top. The rhyolite tuff is composed of quartz and sanidine crystals
and fragments, some mafic minerals, and zenoliths of gray rhyolite
and latite in a fine ash matrix. The tuff varies from friable to
welded. The thin water-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 most 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.




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

Thickness Depth

(feet) (feet)

Bandelier Tuff - Continued
Otowi Member:
Pumice, light-tan, some welded tuff fragments;
light-gray and light-reddish rhyolite: 80

to 98 percent of samples lost when vashed --- 51 692

Note: Hole was drilled with a 4z-inch rock bit using air to cool the
bit and clean the hole. Perched water was not present. Color
determinatiorn was made from dry samples. Samples were vashed
and described while wet. Correlationsare based on drill
cuttings f{rom hole 5P and on gama-ray log of hole DT-5

which is abous 50 feet to the northeast of 5P.



T-ble 3.--Log of DT=5P - Convinued

Thiciness
(feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 2:
Tuff, light=-pinkish=-gray; scroundmass 1ls
very fine sand to silt-size esh with
abundant sanidine phenccrysts and some
Quartz ==-sece==--scccss-cocoscoos ————————— - 100

Unit 1B:
Tuff, light-ten, pumiceous; quartz and

sanidine crystals and fragments; light-

tan pumice fragments; sIRY and light-red

rhyolite end gray latite rock frayments;

pumice fragments have dark-gray streaks

along cellular structure from 379 to 412

feet; light-tan pumice; very fine-size

gquartz and sanidine crystals and fragments;

95 percent of sample wes lcst when washed

from 48 to 485 eee-ccmmmmmmncoe- et

Unit 1A:

Tuff, light-pinkish-gray, pumiceous; light=-

szrey end yellowish-crange pumice fragments;

guartz and sanidine fregments and crystals;

gray lotite, light-red and gray

rucs fragments; I'OcCid

rhyclite

ragments increase from

Depth

(feet)



Teble O.--Sample log of well DT=JP
Drilled by rotary with air for carrier
Total depth 092 feet
Completed N.vember 21, 1959

Altitude of land surface 7,144 feet

Thickness

(feet)

Bandelier Tuff:
Tshirsge Member:
Unit 6:

Tuff, light-gray, pumiceous; contains
dipyreamidal guartz crystals, some of which
are clear with waite inclusions; sanidine
crystals and fragments; white and yellow

pumice fragments; latite and guartz latite

rocik fragments ---=--=-=-=s-s-cssssomosomeos T3
Unit 5: |
Not recognized in cuttings B 2
Unit &:

Tuft, liéht-purplish-gray; ccnsists mainly
of yuertz and sanidine crystals and
fregments; light-red rhyolite fragments -- 44
Unit 2:
Tuff, light-purplish-grey, pumiceous; includes
lstite and rhyolite rock fre.guents;

guertz is very coarse sand size, clear,
dipyremidal crystals; sanidine fragments
are pitted. GCemples dszcrease from 50 W

90 TR AT R ot R hurh b daddad 03

Depth

(feet)

73

119

182




Otowi Member

The Otowli Member consists of & light-gray pumicsous rhyoiite
tuff that is friable and weathers to & sentle sliope and odd teepece ~L/KE
shapes. wuarta crystals, glass shards, and minor emounts of mafic
minerals and varing emounts of rhyclite, latite, and pumice fragients
are included in a fine-grainéd ash. The rock fragments are rounded.
The Otowi is an ash flow and contains several water-laid beds of asi
and pumice near the top. Where the unit is exposed, some of Lhe

with

Joints are haireiine cracks that are filled brown clay ccenteining
roots, and some curvilinesr Jolnts are open and enlarged by wveathering.

At TA-L9 the Otowi is present only in the subsurfece out it
crops out in Water and Ancho Canyons sbout 0.5 mile east of TA=59.

CowTAcT QBETWEEN THE
The ,Otowi and overlying Tshirege Member is erosional.

A
At TA-49 the top of the Otowl is from 641 to 676 feet below the
gurface in the deep test wells. the unlt is 157 feet thics in DT-10,
126 feet in DI-9, and 198 feet in DT-DA. Well DT-5P penetrated 51 feet
of the Otowi Member (table 8).
The Otowl Member may yleld water to springs in upper Guaje Canyon
but it does nct contain perched water at TA-49. Porosity of the

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

Otowi are small and permeability probably is low.



Guaje member
-

The Guaje Eember consists of ash-fell pumice and water-laid
puniceous tuff.— Near the base gray lump-pumice fragmentsﬁggzggaaﬂ
o inches in length occur. Fragments of glass shards, and quartz
and sanidine crystals are found in a cellular structure of the
partly devitrified pumice. Some rounded, pebble-size fragments
of light-red rhyolite are found near the top of the unit.

At TA-L9 the Guaje member iséa;;%37;n the subsurface in all
three deep test wells. Et is L8 Peet thick in DT-9, 35 feet thick
in DT-10 and 91 feet thick in DI-5A.

At TA-L9 the Guaje gember is above the main zone of saturation
and the unit contains no_perched water. Elsewhere in the Los Alamos
area the Guaje contains perched water locally, &s at hole H-19 in
upper Los Alamos Canyon. The interstices and intercellular spaces
in the pumice are small. The porosity of the Guaje averages about
40 percent but permeability generally is low. Fractures and joints
are not pronounced iq the Guaje gember, and barely perceptible

joints apparently are closed or filled by alteration material.



Bandelier Tuff

The Bandelier Tuff consists chiefly of ash-fall and ash-flow
tuff. OSome thin smter-laid sediments are included in the Bandelier.
The unit is divided into three members: Guaje, Otowl, and Tshirege,
from oldest to youngest. The Guaje Member rests unconformably on |
older rocks and consists of pyroclastic debris, partly water-laid.
It is draped over the older topography. The Otowi Member is
conformable to the underlying Guaje Member and consists of pumiceous
tuff of ash-flov origin and locally near the top contains a few
generally thin layers of water-laid sediments. The Tshirege Member
unconformably overlies the Otowi and fbrms the cap of the Pajarito
Plateau. In this report it is subdivided into seven units,
composed mainly of ash-flow tuff at least one of which is vater-
laid. The units of the Tshirege are numbered 1A, 1B, and 2

through 6 from bottom to top.



Vater-tearing charactericstics

At TA-L49 the uppermost part of the Tschicoma Formaticn is in
the zone of caturation in the vicinity of wells DT-SA and DI-Q.
The joints and fractures in these rocks provide space Ior water
storage and avenuec of great permegbility and the interflow zones
commonly contain some breccia that is permecsble.

Elsevnere in the Los Alamos area wvater was found in the
Tschicoma in well T-1 and bole H-15 (fig. 4). Several spring
issue from-interflov and contact zones between layers in the
undifferentiated latite and quartz latite unit. OSome of these
springs are lccated in Guaje, Los Alamos, Pajarito, and Vater

Canyons, and Canon de Valle.

82




The latite and quartz latite rocks were emplaced as viscous
< CYI!V!//
lava flows, and%éggs%i& are highly Jjointed and fractured owing to
shrinkage and flow deformation. Normally, these rocks have two

or more joint or fracture systems that intersect.

%1



o PRI ™ PR
Tachicora Formetion

hysical characteristics

The undifferentiated latite and quertz latite c¢f the Tsochicama
Sormetion comtains lurge phenocrysts of plagioclzse and smaller
phenccrysts cf quartz, piotite, horntlernde, and augite in 2o fine-
greined matrix of plagioclase, orthocliase, augite, magnetite, cund
rarying cmounts of glass. Interilow zones contain greenish-grey
siltstone, clay, and rock Ifregments of tuff, rhyclite, end latite.

At TA-LO well DT-5A penetrated two layers ct latite and quartz
1atite of the Tschicoma Formaticn. The upper layjer is 126 feet thick
end contains two interilov zones & and > feet thick foste—s) composed
of clay, latite, tuff, and rhyolitic fragments. The lovwer layer is
o6 feet thick. Well DT-9 penetrated 238 Teet of undifferentiated
letite and quartz latite interbedded with the Panglomerate member.

Well DJP-10 penetrated 0 feet of the undifferentiated leatite and
quertz latite unit of the Tschicome Formetion. Severcl interflow
zones composed of dark-red silt end clay were penetrated. At well
DP-10 the undifferentiated latite end quariz latite of tze Tserdicome
rormation 1lie on unit & of the basaltlc rocks of Chino Mesa and are

overlain by the upper part of the /e.nglomerate merber of the Puye

Conglomerate.



Volcanic rocks of the Jemez Mountains

Voleanic rocks of the Jemez Mountains along the eastern flanks
of the Sierra de los Valles and on the Pajarito Plateau are corposed
of the Tschicoma Formation of Fliocene and Pleistocene(?) age and
the jounger Bandelier Tuff of Pleistocene age. The Tschicoma
Formation congists of undifferentiated latite andlquartz latite
that are flow ¥oscks and pyroclastic rocks associated with the
volcanic rocks of the Jemez Mountains. They are highly fractured
and jointed and some intervals contain weathered zones and
interflov breccias. The latlte and quartz latite rocks are widely
exposed on the Sierra de los Valles (fig. b4) and are present in the
subsurface beneath the Pajarito Flateau (f£ig. 5). These rocks vere
penetrated by wells DI-3A, DT-9, and DT-10 at TA-k9 (£igs. 5 end 6)
and by test well T-b4 in the city of Los Alamos and bole B-19 in
upper Los Alamos Canyon. The lower part of this ssg';;:‘is
interbedded with the fanglomerate member of the Puye Conglomerate
and also with the basaltic rocks of Chino Mesa.

The Bandeliler Tuff forms the Pajarito Plateau. The Bandelier
Tuff laps on to the undifferentiated latite and quartz latite
along the vestern edge of the plateau and terminates to the east
in cliffs, steep slopes, and as £illing in buried canyons cut in
vasalt along the Rio Grande. The tuff is composed of ash-fall

pumice, ash flows , and water-laid volcanic ash and punmice.
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Water-bearing characteristics

At TA-49 unit 1 and the lower 22 feet of unit 2 of basaltic
rock of the Chino Mesa penetrated by well DT—lO)/areX%he zone a{
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 group.

The upper parts of units 1 and 2 of the basaltic rocks of éhino

Mesa appscetAey are vesicular and thus may have a high porosity

but largely & low interstitial permeability. Cracks and joints
formed as & result of shrinkage commonly transmit water very
readily. The movement of water through a labyrinth of interconnected
joints would be almost as free and unimpeded as flow through small
channels. Dispersion might be limited locally within the basaltic
rocks by dense relatively impervious parts d%1basalt flows. Thus
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 seturation 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.




Rasaltic rocks of Shino Mesa

Physical characteristics

Units 1 and 2 of the vasaltic rocks of Chino Mesa were found at

TA-4Q in well DT-1C. Unit 1 consists nmainly oi @ reddish-brown to
tlack, dense basalt containing olivine. 1In well DT-10 it is 175 feet
thick and overlies the lover layer of the I&nglomerate uember of tae
Puye Conglomerate. Unit 2 is»mostly a dark-red vesicular tasall. At
well DT-10 it overlies anit 1 and is 55 Teet thick. It is overlaid by
2 latite flow of the Tschicoma Formation.

on the basis of the sonic log (fig. 57D), several intervals in
the basalt units penetrated by well DT-10 ere moderately to strongly
jointed. These intervals are: about 1,125 to 1,130 feet, which may
ve an interflow zone; 1,175 to 1,210 feet; and 1,254 to 1,284 feet,
which may be the most strongly Jjointed but may be partly a brecciated
interval at the base of unit 1. These zones drilled somewhat Taster
than other intervals in the baselt. A 22-foot interflow or breccilated

zone at the base of unit 2 is shown by the gemma-ray log also.



Water-bearing charecteristics

At TA-4G the lower beds of the Fanglcmerate member are saturated
where they are interbedded with the Tschicoma Formetion and wasaltic
yocks of Chino Mesé. fsevhere in the Los Alamos area, wells T-1A
and T-2A in Pueblo Canyon penetrated‘perched water in zones of
relatively lov permeebility in the }ﬁsnglomerate rember. At TA-LO
the unit probebly has & moderate to lovw permeebility; however, some
bteds may have high permeabi].i‘hies and mey readily transmit water.

In genperal, permeability and transmissibility in the }@.uglomerate

member are less +han in the underlying Totavi lentil.




At TA-49 weil DI-5A penetrated 395 reet of ihe Fé.nglomerate
member. Wells DI-9 and DT-10 penetrated 2;1 feet and 183 feet of the
nember, respectively. Xnown thickness ranges irom 209 féet exposed
in lower Guaje Canyon to 637 feet penetrated in well T-2 in Pueblo

Canyon.




¥englomerate nemter

Physical characteristics

The Vancﬁo'nem..,e permber is a gray conglomerate, composed of

pebbles, cotbles, and boulders of rhyolite, latite, quartz latite,
4 . o g4 WERE

and pumice iz a metrix of silt and sand. These rocks aee- derived
rrom Tlows associated wiil: the volcenic rocks cf the Jemez Mountains.
Sorting is peor Uit therc are tongues ond lenses of fairly well-
sorted pumicec:z siltstone and water-laid pumice in the %langlmerate.
The degree of cementation varies from frichle to well cexented. The

,?/ lorerate merber contains large angular boulders in upper Guaje

and Pueblo Cenyons gradirg into finer and rounded material to the

east.
In the vestern hzlf of the Pajaritc Plateaw, the flowq’peelss of

the Tschiccma Formation are interbedded witk the ,Zﬁnglomerate member
Ty replacemerss cnd in the sastermt half oo the tlzteau sare of the
vasaltic rocks of Chinc Mesa are interbedded with the I%nglcmerate
nember. The I( nglorerate memzer Joes nou crop out at TA-49. It is
interbedded with the Tschicoma Formation in the subsurface. 4t

well TP-1C 1%t is irteriedded also with units 1 and 2 of the basaltic
rocks of Ciino Mesa. The Pive, Tschicomm, &nd the basaltic rocks

FokmED

apparently weTz—sesenitec—i» ¢ shallew trovsh trending southward

% 3 " s S . £ S L ey
epeath the vestern sidz of Pojarito Platean (fiz. 5).




The heterogeneity, cross-bedding, and interlayering of silt and
sand with conglomerate should result in a highly dispersive flow

pattern in the Totavi.




Water-cearing cnaracteristics

The Totavi Lentil is saturated at TA-49. It has a moderately
high porosity and permeability, end resdily transmits water. A
pumping test of well DT-10 indicates a relatively high transmissibllity
for the Totavi anéagierlying)ﬁn@ﬂomerate member and included basalt.
The baselt probadly has a disproportionate effect on the transmissibility
of the composite section of rocks. Transmissibilities for the Totavi
Lentil alone were obtained elsewhere in the Los Alamos area from wells
-1, T-2, and T-3. (See fig. 4.) Pumping tests of these wells
indicate coefficients of transmissibility as Tollows:

Wells Transnissibility

(gpd per foot)

T-1 160
T-2 7,000
T-5 7:&0

The differences may be due, in part, to a smaller thickness of the
unit at T-1, but they also reflect differences in 1ithologic character.
It is inferred that velocity of water movement in the Totavi is
greater than in the undifferentiated unit--an inferrence that is
corroberated 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, ;chispﬁﬁ gneiss, and granite. It
consists mainly of subrﬁunded to well-rounded quartzite and quartz.
Sorting generally is poor but well-sorted lenses of silt and sand are
present sporadically. At TA-49 samples from DT-5A, DT-9, and DT-10
indicate that the Totavi Lentil consists of massive quartz, quartzite,
and granitic debris. Sand-size particles consist of quartz, vhite
feldspar, pink microcline, biotite, magnetite, tourmaline, and
chalcedony, partly subrounded to well rounded.

Kt TA-49 the thickness of the lentil in wells DI-5A, DT-9, and
DT-10 are 52, 38, and 46 feet respectively, indicating a southeastward
thinning. Regionally the thickness of the unit ranges from O to 8
feet. It wedges out eastward in the vicinity of Canada Ancha and also
vedges out in the subsurface westward;@3¥g$=5#z 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 end 62 feet,
respectively, ?szotavi. Well T-4 was too ihallow to penetrate the
unit. The(iz;til beneath TA-49 dips southward about 1 degree, & dip

that possibly is typical of the slope of the wide channel in which w“j

the unit was deposited.




Water-beering cheracteristics

At TA-49 the uwndifferentiated unit is saturated, but inasmuch
as it is overlain by much more permeable saturated rocks, little
could be learned about the vater-bearing characteristics of the
wndifferentiated unit from the pumping tests on wells DT-5A, DT-9,
and DT-10. Several inferences can be made, however, about its
water-bearing propsrties on the basis of its lithologic cnaracteristics,
and by extrapoleticn cf conditions in the Los Alamos Canycn well fi=1d.
Pumping tests cn city supply well L3> indicated & transmissibility of
about 2,500 gpd (gallons per day) per foot for approximute y the
upper 1,000 feet for the unit (Theis and Conouver, 19;96 Therefore,
a moderate to low permeability for the undifferentiated wit is
indicated. Variations in 1ithologic character both laterally and
vertically in the undifferentiated unit probably result in differences
in permeability and difrerences in velocity within the ayuifer.
Movement through beds having relatively higher permeebility wvould

be more repid than through less permesble beds.
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Teble 7.._Log of well DT-10 - Continued

Thickness
(feet)
Santa Fe group - Continued
Puye Songlomerate - Continued
Totavi %entil:
Co;glomerate, consisting of feldspathic
quartzsite, gray and brown latite,
46

and red and light-gray rhyolite =------
ﬁndifferentiated unit:
Siltstone, sandstone and occasional
conglomerate; no samples recovered,

interpretation from gamma log --==----- T

Depth

(feet)

1,402

1,409




Teble 7.--Log of vell Dr-10 - Continued

Thickness
(feet)
Tschicoma Formation
Undifferentiated latite and quartz latite:
lLatite flow,seel, dark-gray, vesicular,
very fine crystalline; mafic minerals
appear to be altered; unweathefed
vasalt fragments are included in
Lo

Santa Fe Group
Basaltic rocks of Chino Mesa

Unit 2.

Basalt, T@bys dark-red, vesicular --=-- 96

Unit 1°
Rasalt, reddish-brown to black, dense,

containing olivine, and drusy green

minerals on some basalt fraguments -- 173

Puye Conglomerate
Fanglomerate gember:

ot
Conglomerate, consistingdark-gray

latite, red glassy rhyolite; and brown

- . - e WP - G WD o

clays and silts

Depth

(feet)

1,012

1,108

1,356




Ta.ble 7.--Log of well DT-10 - Continued

Thickness

(feet)

Bandelier guff - Continued
Otowi gember:
Tuff, light-reddish-tan; white, very light-
gray, and bright-orange punmice fragments;
dark-green mafic minerals; latite, and
light-gray rhyolite rocle fragments.
Various volcanic rocks with layered
structure occur from 754 to 765 feet ----- 157
Guaje gember:
Pumice, light-gray ------==--===-""7""777777 35
Santa Fe group:
Puye’gonglomerate:
Fanglomerate member:
Conglomerate; samples from 864 to 972
feet contain medium-gray, &ray, and
brown latite and rhyolite fragments
end pebbles; subangular to subrounded;
large vesicular fragments of black
basalt. Sand-size fraction contalns

sanidine end white pumice fragments - 108

Depth

(feet)

829

864

972



eble T.--Log of well 27-10 - Continued

e

Thickness Depth

(feet) (feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 1B:

Tuff, light-grey to very 1i-ht-oronge;
puciceous, contains senidine, quartz,
2ork mefic ninerels, and feldspar
vitn prominent alteration rings; rock
fragments of rayolite end latite.
large pumice tragments occur from
2.8 to 37C Teet. ¥hite to ligrt-
grey mmire with reddish-orange
rhyclite occur from 48 to WTE feet - 248 476

Unit 1A:

Tuff, white to light-gray, pumiceous;
trown stains on sanidine fragrents;
orange purice fragments with streaks
of dark-brown glass along céllular
gtructure; dark-green pafic minerals;
an abundance of latite and rhyolite

rock fragrents ---=--=--s---oToTToToCT 196 €72

1 <




Table 7.--Log of well DP-1C - Continued
Thickness
(feet)
Bandelier Tuff{ - Continued
Tshirege Member - Continued
Unit 35
Tuff, light-reddish-brovn; containing
sanidine., quartz, and black and
green naflc minerals with some rock
reddish

fragments of gray glassy and
rhyolite and latite. Light-yellow

devitrified pumice occurs Irom 128 to

Tuff, reddish-brown +o light-gray;
contains sanidine, quartz, pink
orthoclase, and & few fragments of -
chalcedony and sand-size fock frag-

ments of gray glassy rhyolite and

Jatite —--=---ommmm-mmmmms=so=so=omo

Deptn

(feet)

138

228



Table 7.--Sample log of well DT-1C
Drilled by cable tool
Total depth, 1,309 feet
Completed March 13, 1560

Altitude of land surface 7,019.4 Teet

Thickness

(feet)

Bandelier Tuff

Tshirege Member

Unit 6:

Tuff, light-gray; redium to very COBIYSE;
prominent sanidine phenocrysts with
larger phenocrysts containing white
globular inclusions; black mafic
minerals; large assortment of
voleanic rock fragments ---=-=-7"=7"7"7 29

Unit 5.
Not noted in samples.
Unit b

Tuff, light-gray to light-red, welded;
composed of sanidine, quartz, and
paric minerals with some rock
fragnents of white and gray glassy

riyolite and brown letite ~---==---< 52

Depth

(feet)

ny
\O
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Table & .--Log of well DI-9 - Continued

Thickness

(feet)

Santa Fe group:
7
Puye gonglomerate:
Fanglomerate member:

Conglomerate, grey; composed of rhyolite
latite, and quartz-latite fragments
with some of the fine to coarse
fragments shwoing well-rounded grains.
Also fragments of light-gray siltstone
and light-yellowish-brown clay =--====---<

Totavi %entil:

Co;glomerate, gray; rhyolite, latite, -
and quartzite rock fragments; minerals
noted were quartz, wiaite orthocf%ée,
pink micré?éline, biotite, magnetite,
tourmaline, and chalcedony; sand-size

paerticles appear subrounded to well

Undifferentiated unit:
Siltstone, silty sandstone, and sandstone
with occasional conglomerates light-brown;

composed of rhyolite, latite, quartzite, and

SOME PUmice.--====m==---==s=m-o-cssssososSSoTTEs

Depth

(feet)

1,319

1,357




®
Table &.--Log of well DI-9 - Continued

Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Guaje Member:
Pumice, light-gray ------==--==--===-=-= 48 850

Santa Fe Group
Puye Conglomerate
Fanglomerate %ember:
Conglomerate, gray; composed of

rhyolite, latite, 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 518 to G2h

Tschicoma Formetion
Undifferentiated latite and quartz latite:
letite and quartz latite flew—roels,

dark-gray. Inter-flow zonmes 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
milky quartz fragments. Weter encountered

. at approximately 1,0C5 feet ---=-=----- 238 1,162
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Pable 6.--Log of well DT-9 - Contimued

Thickness
(feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 1A:
Tuff, gray, friable, pumiceous;
sanidine and quartz crystals in
equal amounts; light-gray and
gray glassy rhyolite fragments;
some yellowish-orange pumice
fragments included. Large light-
gray pumice fragments occur from
609 to 618 feet =-~-=--=-=-=-==TmToT 214
Otowl Member:
Puff, 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 with black

and grey glassy bends occur from 756

Depth
(feet)
676
802 o




Table 6.--Log of well DT-9 - Continued

Thickness
(feet)
pandeller Tuff - Continued
Tghirege Member - Continued
Unit 1B:

Tuff, light-gray to reddish-orange,
pumiceous, containing some rhyolite
rock fregments. Light-gray tuff
from 280 to 308 feet contains
sanldine; iron-stained quartz
crystals end fragments; gray glassy
rhyolite fragments; light-gray
punice fregpents. Light reddish-
orange tuff occurs from 308 to 390
feet and is composed of sanidine
and quartz crystals, with some dark-
colored inclusions in the quartz
crystels; light-gray and light-orange
pumice with streaks of dark-gray
glass along the cell structure;
and a fevw fragments of dark-gray
rhyolite. Light-gray pumice fragments

occur from 390 to hé2 feet -----=---==< 248

Depth

(feet)

Lé2




Soil cover

A brown cley soil caps most of the mesa at TA-49. Percentages
of varicus 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 thickness seems to ¢epend on the amount of water
availeble for weathering the underlying tuff. The thickest soil
zones ere found along shallow, slow-draining ditches, streambeds,
and relatively flat areas where watler collects and stands. ©Soil
thickness ranges from O.> to 9 feet in the shallow test holes
drilled for soil-moisture studies. The greatest known thickness
of soil (9 feet) et TA-49 occurs on & relatively flat area north

of Area 6 (fig. 20).

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

measurement test holes in TA-49, Los Alamos County, . Mex.

The weathered zone could not be distinguished from the soil
in logging the cuttings Guring drilling so the soil and weathered
zone are logged as 2 single unit (figs. 21-43). The pumice layer
is shown in test holes@here it was penetrated in Areas 2 and 1C.
The thickness of soil is closely related to topographic slope; the
soil thins repidly away from the crowun of +the. mesa, as indicated
by the contours on figure 20.
Tubes fcrmed by the decay of roots may transmit water through the
soll zone. However, these openings would tend to close as they wvere

vetted because of the swelling properties of the clay.



Water-laid punice

A layer of fairly well sorted, water-worn pumice fragnents
occurs in Areas 2 and 10 at TA-49. The layer ig 2 to 4 feet thick
and overlies the weathered tuff zone. The punice is brownish gray
to brown, has a cellulsr structure of frothy glass, and contains
phenocrysts of quartz and sanidine. A few layers of clay, some
intermixed brown clay,and rcots are present in the ‘pumice layer.

The layer of pumice probably is highly permeable because it
is loosely consolidated and the fragments are well sorted and well
rounded.

Where the pumice layer has been exposed by construction, as
in the ditch adjacent to the road north of Area 2, water could
infiltrate rapidly during wet weather. Probebly this water would
be peréhed temporarily on the underlying weathered zone. The
pumice could also transmit some water laterally along the top of
the weathered zone. A very small amount of water may percolate
through the weathered zone into the tuff of unit 6; however, most
of the water infiltrating the pumice layer probably is returned

to the atmosphere by transpiration and evaporation.

-
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Weatnered tuff

The weathered tuff is composed of angular +tuff fragments
that are slightly weathered in a matrix of brown clay, which
contains a few roots. Thickness ranges from a few lnches %o 4
feet. The base of the weathered zone grades into and is irregulerly
disconformable with the top of the welded tuff of unit 6. Joints
and cracks in the upper part of unit 6 are clay filled. Come clay
£i1ling 1s found in joints as deep as 65 feet below the land
surfece and some roots occur as deep as 40 feet (figs. 15, 16, 17,
and 18).

The rearly impervious ciay of the veathered zone virtually
elininates percoletion through the zone. Weathered angular tuff
fragments usually ere isolated in the clay matrix of the zone and
contribute little to bulk permeebility of the zorne.

Where roots in the zone are decayel, some weter might nove
through the weathered zone via openings left by the roots.
However, these openings should tend to cloce as wvater is

introduced owing to the swelling properties of the clay.
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Soil cover and related material

The mantle rock at TA-49 is characterized by a weathered
zone, a water-laid pumice, and & soil zone. The top few feet
of unit 6 is composed of broken, partly weathered tuff fragments
in a matrix of clay. The weathered tuff grades upvard into a
clayey soil, except in Areas 2 and 10, vhere a layer of water-
laid pumice occurs between the weathered zone and soil zone.

The weathered zone and soil zone are conposed of materials
veathered in plece from the underlying tuff. The soil zone nay
contain some material that was washed into the area. The water-
laid pumice vas washed in during the early stages of development
of the soll,and the overlying soil developed from it. The pumice
layer occurs only locally and was deposited in a low area on
Frijoles Mesa. The brown clay found throughout the soil mantle
and associated materials probably is largely montmorillonite

(table 14).




Water-bearing characteristics

Unit 6 vas dry at TA-49. HNatural moisture content of samples
ranged from 0.8 to 8.7 percent by volume (table 17), and porosity
ranged from 33 to 54 percent by volume and specific retention from
15 to 27 percent by volume. The higher porosities were found in
samples taken near the surface. Vertical permeability of samples
ranged from 0.1 to 6 gpd per square foot. The horizontal
permeability ranged from 0.2 to 5 zpd per square foot.

Joints in unit 6 near the surface are filled with clay. At
depth many of these joints are open. The open Jjoint face may appear
unveathered as if jointing has Just teken 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
fnces are veathered to a light brown in zones from 3 to 5 inches
wide parallel to the joint. The weathered zones also occur above
horizontal and low angle joints indicating that water moved fron
the open joint into the tuff by capillarity. (See map of hole 2A,
£ig. 16.) Vater probably percolated through these joints prior to
and during the development of the soill.

Percolation of water could occur through open joints where the
soil mantle has been stripped off leaving the tuff exposed.
Movement would be rapid in the large interconnected joints f£1lling
the smaller Joints where it would be absorbed by the tuff. Large
joints that transect the unit would carry wvater rapidly into the
underlying unit. Movement of water through the unjointed tuff
would be slow as indicated by the range of permeabilities of 0.1 %o

6 gpd per sauare footl.



The thickness of unit 6 at TA-49 ranged from zero near well
DI-G, where it has been stripped away by erosion, to 80 feet near

core hole 2. An isopach map (f£iz. 19) indicates that unit 6 is

Figure 19.--Isopach map of unit \cbté of the Tshirege Member

of the Bandelier Tuff, TA-L9, Los Alamos County, N. Mex.

thickest along the crest of the mesa at TA-4G where 1t 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 Mesa slopes generally eastward at

about 150 feet per mile.
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Sample ¢rom Hole >-C, depth 58 feet

Pore space about 30 percent
Phenocrysts about 23 percent by weight
Sanidine 15 percent

Quartz 8 percent

A little secondary growth (gas phase) on the feldspar, but
other gas-phase materials are too fine grained to be conspicuous.
Groundmass material is devitrified glass. The devitrification
products are cristobalite and feldspar. Tridymite and feldspar
have developed 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.
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Sample gvom@ore hole 3, depth 5L feet

Similar to Area 2 core hole at a depth of 65 feet.

#




Sample :%’c:i‘.e 2-H, depth 58 feet
Pore space about 30 percent
Phenocrysts about 13 percent by weight
Sanidine 8 percent
Quartz 3 percent
Magnetite 1+ percent

Pyroxene 0.5+ percent (ortho, sparse; clino, donﬁnanTD

Trace of zircon
Much of the magnetite is intergrown with pyroxene. Some altered
inclusions of an older andesitic rock are present. Groundmass is
dgvitrified glass shards. Feldspar and tridymite occur in vesicular

4

pore space. A little clay material has developed.



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 1 percent

Pyroxene 0.5+ percent

Groundmass is in part devitrified shards (feldspar and
cristobalite). Brown birefracting clay-like material is probably
montmorillonite, 15+ percent of the groundmess. This is the only
sample in thdéroup which shows any alteration. All other changes

are deuteric ones comprising devitrification and gas-phase reaction.

/43



Sample from hole 2-U, depth 52 feet

Pore space about 30 percent
Phenocrysts about 27 percent by weight
Sanidine 20 percent

Quartz 5 percent

Magnetite 1 percent

Pyroxene (clino,dominant; ovtho, present)

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
in cavities and feldspar has been deposited on §Z§§§ of sanidine

grains. The rock contains very small amounts of altered andesite

grains.
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Sample from core hole 2, depth 65 feet

Typical welded tuff differing from others in no essential
way.

Phenocrysts about 24 percent by weight

Sanidine 14 percent

Quartz 7 percent

Pyroxene (clino and ortho) 1 percent

Magnetite 1 percent

Pink, vell-rounded zircon

Feldspar and tridymite in cavities

14/



Sample from core hole 1, depth 45.5 feet

Pore space about %0 percent
Phenocrysts about 20 percent by weight
Sanidine 12 percent

Quartz 6 percent

Magnetite 1+ percent

Pyroxene 0.5+ percent

Groundmass is typical devitrified welded tuff. The devitrification
products are very fine grained, but show tae typical cristobalite-
feldspar structure. Cavities contain radial groups of feldspar and

tridymite. The rock contains a few areas of altered andesite.
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The mincr joints provebly were caused mainly by cooling of the
volcanic ash flow, although some of them probabliy are related to
faulting and gentle folding. A nearly horizomtal brecciated zone
is present in unit 6 about 15 to 20 feet below the surface. The rocks
in this zone are broken by numerous lrregular minor Joints, most of
which are open. |

Joints could not be projected from a ole to another 25 feet.
away beceuse of the change in strike and dip and numerous intersections
cf 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 Jjoints between holes
wes evident during verious experiments in the area conducted by the
University of Callfornia.

Seven sarpples from unit 6 of the Tshirege Member of the Bgndelier
Tuff were analyzed petrographically by C. S. Ross (vritten communication,
July 7, 1960). Ross recalculated the preoportions of phencerysts to
represent proportions by weight. The followlng is a discussion of

each of these enalyses.
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’ The joints in unit 6 generally are of two types: master Joints,
2
{#pT havieg northerly trends and nearly vertical attitudes, and minor

TH“‘T,Q
Joints (figs. 15, 16, 17, and 18) ;haviag varying trends and dips

Figure 15.--Maps of walls of celected large-diameter holes in

Area 1, TA-45, Los Alamos County, N. Mex.
16.--Maps of walls of selected large-diameter holes in

Area 2, TA-L49, Los Alamos County, N. Mex.
17.~-Maps of walls of selected large-diameter holes in

Aree 3, TA-L9, Los Alamos County, N. Mex.
lB.--—Maps of walls of selected large~diameter holes in

Area 4, TA-49, 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 Pajarito fault vest of
TA-49. Almost every large-dlameter hole intersected at least one
master joint that is continuous through unit Q,and some that cut
through unit 5 into unit 4. Many minor Joints terminate at the master
Joints. Near the surface the master joints are filled with clay, most
of wbich was formed in place by weathering of the tuff, but some of
the clay may have washed in from the soil zone above. At depth
these Jjoints 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 Jjoints.



Unit 6

Physical characteristics

Unit 6 ic & light-gray to pinkish-gray rhyolite tuff. It is
a moderately welded ash-flow tuff containing phenocrysts of quartz
and sanidine that range in size from medium to coarse sand, gray
devitrified pumice fragments as much as 3/U4-inch in diemeter; and
gray to light-brown rhyolite and latite rock fragments. Some of
the quartz crystals are clear and have vell developed crystal
faces and some are dipyramidal in crystal form and contain white
globular inclusions. Mineralogic analyses indicate a small
percent of magnetite and pyroxene and some clay waich is probably
montmorillonite (table 14). The sand-size mafic minerals are
brownish yellow as the result of weathering. Some horizontal
sheeting occurs at thie outcrops. Curviiinear joints were present

in the large-diamecter holes and in the outcrops (fig. il). The

Figure l&4.--Outcrop of curved joint face in unit 4bt6 of
the Tshirege Member of the Bandelier Tuff. North side
of New Mexico Highway 4, about 1.5 miles west of the

entrance to TA-L49, Los Alamos County, . Mex.

unit unconfoimably overlies unit 5 and forms cliffs. It caps the

mesa at TA-L3.
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Water-bearing characteristics

Unit 5 was dry at TA-49, and there is little evidence to indicate
that the unit has transmitted water in recent times.

Unit 5 is a permeable sand composed mainly of well-sorted quartz
and sanidine crystals and crystal fragments. Jolnts and fractures
in the overlying unit & are closed and terminate at or near the
contact. Only a few fractures transect the sand and continue into
unit 4 where most of them are sand filled (fig. 18).

Tuff adjacent to joints and fractures below the sand-filled zone
is weathered as much as % to 1 inch on each side. Water that caused
these weathered Joint and fracture surfaces probably moved through m;}
the Joints and fractures during the deposition of unit 5.

Unit 5 has 2 permeability of 34 to 59 gpd per square foot
(table 17) and should transmit water readily. The abundance of sand-
filled and open fractures in the upper part of unit @ would tend to

transmit the water downward rapidly.



At TA-LO the thickness of unit > ranges from O in large-
diameter ole i-Y (fig. 18) to about 4 feet in & chammel intercepted
by large-diameter holes in Area 10. Structure contours on top of

unit 5 indicate a dip of about 1 degree to the southeast (fig. 13).

Figure 12.~--Structure contours on the top of unit -...,bts of
!
the Tshirege Member of +he Bandelier Tufy, TA-45,

los Alemos County, N. Mex.




Hole 2-Y, depth T3 feet

Sample is about one-third phenocrysts
Sanidine 22 percent

Quartz 1l percent

Magnetite 1+ percent

Pyroxene 0.5+ percent

THE }(ine fraction is devitrified glass composed dcminantly 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.



A semple from unit 5 of the Tshirege Member of the Bandelier
Tuff was analyzed petrogrephically ty C. 3. Ross of the Geclogical
Survey (written communication, July 7, 196C). Ross recelculeted
the proportions cf pherocrysts to represent proportion by welght.

The following is the result of the analysls.
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Unit 5

“hysical characteristicc

Unit 5 is friable wvater-laid medium to coarse sand composed

of worn quartz and sanidine crystals and fragments of reworked

tuff as large as boulder size.

Topset and foreset bedding is well developed. ©Some linmonite

stains and a few stringers of brown clay are oriented with the

cross-bedding in the unit (fig. 11). Unit 5 weathers to forn a

Figure ll.--Water-iaid sand of unit Wth of the Tshirege
Mcmber of the Bandelier Tuff underlain by weathered iron-

stained unit thh, southeast wall of west hole in Area 10,

TA-43, Los Alamos County, N. Mex.

notch on cliffs between the underlying and overlying units.

1~
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Joints in outcrops of unit ! contein weathered brovnlsh clay.
Joints in the unit in large diameter holes varied from closed to

open. In the upper part of the unit, Jecints are filled with send

from unit 5, indicating that these joints and fractures were cpen

during the depositicn of unit 5. In some cf the iarge-diameter
noles (figs. 15, 17, and 18) the tuff of unit 4 1 friable and
weathered below the comtact with unit 5.

If water vere trensmitted by percolaticn tc unlt 5, it would
further percclate downward through the permeable sand-filled Joints

to the open Joints.
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Water-bearing characteristics .

Unit 4 wvas dry at TA-45. HNatural moisture content was very
low, ranging from 0.4 to 2.2 percent by volume. The porosity of
four samples of unit 4 ranged from 32,7 to S4.3 percent by volume,
and specific retention ranged 11.6 to 21.8 percent by volume.

The porosity decreased with depth due to the denser welding within
the flow. The specific retention increaced with a decrease in
porosity due to a decrease in pore size which would tend to hold
water under tension. Vertical permeabllities ranged from 15 gpd
per square Ioot for the more porous tuff to 0.5 gpd per square
foot for the less porous tuff found lower in the section.
Horizontal permeasbilities ranged from 0.4 to 13 gpd per square
foot and decreased with depth. The horizontal permeability in
one sample from hole 3-A was 8, and vertical permeability was 5
gpd per squere foot (table 17). This difference of permeability
nay be releted to possible near horizontal orientation of

interstices in the ash-flow roek."




_W Sample §rom fore hole 2, depth 130 to 132 feet

Pore space gbout 30 percent
Phenocrysts about 34 percent by weight
Sanidine 30 percent

Quartz 12 percent

Magnetite 1+ percent

Pyroxene 0.5 percent

The groundmass is a typical devitrified welded 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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Sample f&-‘-’m Zore hole 3, depth 100 feet

Pore space about 30 percent
Phenocrysts about 38 percent by weight
Sanidine 24t 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.
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Cample grom Hole 4-A, depth 85 feet

Pore space about 30 percent
Phenocrysts about 32 percent by weight
Sanidine 22 percent
Quarti 11 percent
" Pyroxene 0.7 percent (orthe, 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.
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Gample §Tom Hole 4-Y, depth T8 feet

Pore space about >0 percent
Pnenocrysts about 27 percent by weight
Sanidine 15 percent

Quartz 10 percent

Magnetite 1+ percent

Pyroxene 0.5+ percent

Groundmass is typical devitrified, welded tuff showing usual
submicroscopic intergrowth of cristobalite and feldspar. Gas~phase
reaction resulted in additions to sanidine phenocrysts, and
tridymite and feldspar in cavities. Dark porous areas up to ljmn
in diameter represent pumice fragments. A few small areas of

andesitic rock are present.



Unit &

Physical characteristiecs

Unit 4 is a light-gray to light-pinkish-gray rhyolite tuff
that contains phenocrysts and fraguents of medium sand- to gramile-
size quartz and sanidine crystals in a moderately welded ash matrix.
Also present are fragments of pink to light~-gray rhyolite and dark-
gray pumice. Some of the pumice fragments are devitrified. Unit 4
is not bedded at the measured section in Water Canyon; however, lenses
of disk-shaped dark-gray pumice fragments as much as 6 inches long and
2 inches thick are present in a dense pinkish-gray tuf?f.

In the outcrop the moderstely welded tuff contains clay filled
Joints and fractures. In the large-diemeter holes, Jjoints are open
as much as § to 2 inches. Air blowing from open joints in response
to declining barometric pressure indicates that the joints are
interconnected in hole 4-U. Parts of this unit form cliffs in the
canyon walls.

Four samples from unit 4 of the Tshirege Member of the Bandeliar
Tuff were analyzed petrographically by C. S. Ross of the Geological
Survey (written communication, July 7, 1960). Ross recalculated the
proportions of phenocrysts to represent proportion by weight. The
folloving are results of these analyses.
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tater-peerins characteristics

Unit 3 is dry ot TA-LO, Natural moisture content ranged
from 0.2 to 2.¢ percent by volume (table 17). Cne chunk sample

£ LS percent by volume and a permeability of 22

B
{0
b
[ &]
,J
&
O

The few joints that can be seen on the outcrop are f£ilied

}.l

witk brown cliay, produced by weathering of the tuff. Jointc at
denth preswmably are open hecause drilline £luid was lost in this

unit. The maintenarce of circulation orf el ther eir or mud

]

Quring drilling was Gifficult. Only a snell amount of cuttings

was recovered from unit 3; the rect were probably carried

copen ;cinis.



Table 19.-~Sample log of Alpha hole - Continued

Thickness

(feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit b:

Tuff, light-gray; medium to coarse quartz
and sanidine crystals and fragments;
gray devitrified punmice; light-gray
rhyolite 1dek fragments, subrounded;
frieble zone T8 to 85 feet; moderately
welded 85 to 128 feet ~-eeeecmecmccccacan- 50

Unit 3:

Tuff, light-gray, friable; medium-size
quartz and sanidine crystals and
fragments; gray and white devitrified
pumice fragments up to & inch in length;
gray rhyolite reele fragments, pebble
size; coating of yellow weathering
stain around quartz fragments; large
amount of very light-gray pumice;
samples from 166 to 139 are pinkish-

gray and moderately velded ~-weweceacecacea- 61

Depth

(feet)

128

189




Table 14.--Sample log of Alpha hole
Drilled by rotary bucket

Total depth 139 feet; diameter 2 feet
Completed February 6, 1960

Altitude of land surface 7,125 feet

Thickness

(feet)

Bandelier Tuff
Tshirege Member
Unit 6:

Tuff, light-gray, moderately welded;
contains fine- to medium-size quartz
and sanidine crystals and fragments;
yellovwish~-tan to gray punice and gray
devitrified pumice féagments; light-
red latite and gray rhyolite roek
fragments in a fine-grained light-gray

ash matrix. Hard layer was encountered at

Unit 5:
Sand, light-gray, friable; fine~ to
coarse-size quartz and sanidine fragments
subrounded; quartz has coating of yellow

weathering stain; fragments of tuff and

Depth

(feet)

76




Unit 3

Physical characteristics

Unit 5 1c a friable and pumiceous light-gray rhyolite tuff
that contains medium %o very coarse sand-size phenoerysts of
sanidine and guertz crystals and fragzments, gray and white
devitrified pumice fragments up to s-inch in length, an abundance
of light-gray Pumice, and gray rhyolite and latiggj}iagments in
& fine-grained slassy ash matrix. Souwe quariz fragments are
cocated with & yellow veathering stein and otaers are clear.
Sanidine fragments appear to be pitted. sSurface exposures of unit
2 are very poor. The unit weathers Lo a slove on which soil has
developed. The best description of unit 3 is pased on cuttings
from Alpha hole (table 19). Core recovery from the unit wes
poor.

At TA-59 the thickness of unit 5 ranges from 40 feet at the
neasured section in Water Canyon to 76 feet in core hole 1.

Thicknesses of the unit penetrated in other borings are as

follows: DI-y, 58 feet; and DT-10, 57 feet.



Although the permeability of anit 2 is low, the open joinis
and frectures in it would transmit water rapidly. Coiumnar
jointing is present locally in the outcrop. A core taken at 201
feet in core hole 1 contained & nearly vertical joint plated with

clay which indicates that water had percolated through Joints and

fractures in the rocks to fairly great depth. Veathering of the
tuff adjacent to the joint probably occurred during the deposition
of unit 5, vhich is a fluvial sand. The low moisture content

indicates that water presently is not moving through unit 2.

-
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Water-bearing characteristics

Unit 2 is dry at TA-49. The natural moisture content of
the rock in unit 2 is about 0.2 percent by volume, based on f£ive
samples from core holes 2, 3, and 4. The porosity of the five
samples from unit 2 that were tested range from 19 to 37 percent
by volume and specific retention ranged from 11 to 21 percent by
volume (table 17). Permeability was 0.04 to 2 gpd per square
foot. |

The fill used in building the leveled area where Gammas and
Gamma “"A" holes are located is composed of broken tuff and soil.
Gamma hole penetrated about 6 feet of £1l1, and Gamma "A" hole
penetrated about 10 feet of fill overlying unit 2. Spring
snowmelt percolatéd into the fill, and perched above welded tuff
of unit 2. This perched water ran into Garma and Germa "A"
holes. Gamma hole is 2 feet in diameter and 7.15 feet deep. It
wvas dry wvhen drilled on February 26, 1960, but on May 2, 1960
the water level vas 5.85 feet. Camma "A" hole is U inches in
diemeter and 54 feet deep. It was dry when drilled on
February 26, 1960, and on March 30 the water level was 43.6 feet.
The hole was dry on May 2, 1960. Gamma "A" hole is cased with 10
feet of 4-inch steel casing vhich extends 1.90 feet above land
surface. The water gained entry into the well through 1.90 feet

of uncased fill above unit 2.



Physical characteristics

Unit 2 1s a light-pinkish-gray to Parplish-gray rhyolite
tuff. It is hard, welded, and contains coarse sand- to granule~-
size phenoccrysts of quartz and sanidine crystais and fragments,

light-gray to gray rhyolite and latite rock fragments, and gray

punice fragments up to y-inch long in a fine-grained, glassy ash.

The outcrop of unit 2 stands as clilfs, which weather to a light
brownish gray, and consists of two beds of about equal thickness
separated by a slight notch. Unit 2 exhibits colummar Jointing
in the form of hexagonal pinnacles standing 10 to 20 feet in
height and from 5 to 8 feet in diammeter, wesi of Beta hole in
Water Canyon.

Unit 2 ranges in thickness from 82 feet in core hole 3 to
111 feet in core hole L4 at TA-4y. Thicknesses of unit 2
penetrated in otkher core holes and wells are as follows: core
hole 1, 4 reet; core hole 2, 101 feei; well DT-5, 100 feet;
well DT-9, 98 feet; end well DT-10, 4O feet. In the measused

section in VWater Canyon unit 2 is 100 feet :lick. Structusre

contours on the top of unit 2 indicate a gentle l-to 2-degree dip

southeasterly with an undulating surface {Tig. 7).

Figure T.--Structure contours on unit qbta Tshirege Member

of the Bandelier Tuff, TA-4O, Los Alamos County, N. Mex.

121



Water-bearing characteristics

Free wvater was not found in unit 1B at TA-L49, but cuttings
from unit 1B from Beta hole contained considerably more moisture
than samples from lithologically similar units higher in the
section.

Interstices in the matrix of unit 1B probably are small and
its permeability is low, although locally the porosity may be
relatively high. Clay nodules in cuttings from Beta hole in
Water Canyon contained 45 to 60 percent moisture by volume, but
other samples, composed mostly of ash, contained 13 to 36 percent
moisture (table 17). Moisture content of a core from unit 1B,
core hole 2, is less than 1 percent.

The section of unit 1B penetrated by the Beta hole is
weathered and highly altered due to water infiltrating from the

canyon floor.
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Unit 1B weathers to a light pink or orange and is pitted by
the veathering out of large pumice fragments. On the north wall
of Water Canyoan unit 1B is chaeracicrized t; a steep clope that is
broken by a bench about 20 feet below the contect with uwait 2.
This bench extends from TA-45 eastward to Highway L.

At TA-49 unit 1B ranges in thickness from 195 feet in core

.
hole 2 to 243 feet in wells DP-y and DP-10. Core holes 1, 3, amd
% are bottomed in the unit and penetrated 217 feet, 25 feet, and
15 Zfeet, i‘espectively. Jells DP-5, DP-5P, and DT-5A penetrated

203 feet of unit 13.



Table 18.--Sample log of Beta hole - Continued

Thickness Depth

(feet) (feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
Drilling stopped at 180 feet in a
rhyolite and latite tuff breccila,
edges of fragments subrounded;
ground nass a light-brownish-tan,

pumiceous, {riable tuff -~--=-=-- 172 180
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Toble 18.--Sample lcg cf Beta hole
Drilled by rotary btucket
Totel depth 1IC feet

Conpleted February 25, 1960

Altitude of land surface 6,301 fcet

Thickness Depth
(feet) {feet)
Recent allUuvill ~emccmcmcmcccorencranecmaen e ) 3
Bandelier Tuff
Tshirege Member
Unit 1B,
Tuff, light-pinkish-tan to light-gray, %
pumiceous, friable; quartz and o

sanidine fragments and crystals up

to granule size; mafic mineral stains
and conme mafic minersls; devitrified
pumice fragments up to 3 inch in
length; light-yellowish pumice; gray
glassy pumice; dark-gray pumice
Pragments; some rhyolite xeei
fragments; samples from 61 to 81
feet are light red. Samples from
105 to 180 feet contain brown
nodules of clay up to 6 inches in
length; these appear to be large
punice fragments that altered to
clay; the clay appears platy in
places and near edge grades intc
highly altered cellular pumice; some
gray rhyolite and light~-red latite
roue fragments are found in this
interval =-emc-emeccecccncmeccccoa—— i 22T FS9~



Unit 1B

Physical characteristics

Unit 1B is a light-gray to very light-orange rhyolite tuff that
contains quartz and feldspar crystals and fragments, large to small
punice fragments, and gray subrounded rhyclite and latite roele
fragments as much as cobble size. Unit 1B is an explosion breccia.
Cuttings, samples, and outcrops show yellov veathering stains around
quartz crystals and fragments. The pumice weathers to & brown clay.
Stratification is lacking, but rock fragments and pumice commonly
occur in lenses. The contact with the overlying unit 2 is irregular.

Beta hole, in Water Camyon, penetrated 172 feet of unit 1B
(table 18). Drill cuttings from the bottom 75 feet of the boring
contain nodules of brown clay as much as 6 inches long, which probably
are the weathered product of large pumice fragments. The clay
nodules are platy and fibrous near the center and grade to highly

altered cellular pumice at the edges.



Viater-bearing characteristics

Unit 1A is dry et TA-kS. 1ttle is known of its potential
water-bearing properties; however, mud circulation was maintained
through this unit in well DT-5A, and its fracture permeability
must be relatively low.

Joints and fractures are probably present in unit 1A, but
because it is a friable unit they probably are closed or only
slightly open. Water percolating through open Jjoints and fractures
in the unit probably would cause the alteration of the tuff to

clay and would eventually seal them.
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Unit 1A

Physical characteristics

Unit 1A 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 nminerals. Some of the sanidine fragmenté are
stained dark-brown.

Unit 1A overlies the Otowl Member and does not crop out at
TA-49. Unit 1A is 214 feet thick in well DT-9, 196 feet thick in
DI-10, and 156 feet thick in DT-5P. It is an ash flow, the eastern
end of which is deposited in a depression in older rocks b.enea.th
TA-Lg. It thickens southeastward from TA-49 then thins eastward
and wedges out between unit 1B of the Tshirege Member and Otowi

Member of the Bandelier Tuff (fig. 5).
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The following ranges in permeabllity were obtained by analysis of
gamples (table 17) from units 1B, 2, 3, 4, 5, and 6 of the Tshirege
Member: O0.04-22 gpd per square foot for consolidated ssmples, 34«59
gpd per square foot for unconsolidated samples that were repacked in
permeameter cylinders; specific yield 0.6-42.6 percent; porosity
19.3=54.7 percent; specific retention 11.3-27.3 percent; dry unit
weight 1.17-2.05 grams per cublc centimeter; specific gravity (srain
density) 2.32-2.58 grams per cubic centimeter; moisture content 0.2-
%6.3 percent by volume, O.l-43.2 percent of dry weight; and
approximate pH 7.5-7.9- Mechanical analyses made on seven
unconsolidated samples from units 1B, 3, and 5 (table 24) indicated
rather large ranges in particle sizes fram clay through medium
gravel., Samples from units 1B and 3 probably have little velue
as these are mostly bit-cut samples. Samples from unit 5 are
unconsolidated samples obtained while mapping large~diameter holes.
Pore-size distribution of 10 samples from unitsk, 5, and © are
shown 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 numercus, especially in the
welded units. The Jjoints and fractures that are open probably

would transmit water rapidly.



The X~-ray analyses of samples from units 4, 5, and 6 of the
Tshirege Member indicate;z that these rocks are 25 to 75%)'rpercem:
feldspar that is largely sanidine, O to 25 percent quartz, O to 25
percent tridymite, and 10 to 75 percent cristobalite. Some of the
samples contain as much as 10 percent clay, probably montmorillonite
(table 14). Chemical analyses of samples from these units show the
following ranges in percentage of constituents analyzed: silica (8102)
72.0-T73.2, alumina (A1203) 11.2-13.8, ferric oxide (Feaoj) l.1-2.1,
ferrous oxide (Fed) 0.21-0.75, magnesium oxide (Mg0) 0.02-0.33,
calcium oxide (CaQ) 0.26-1.17, sodium oxide(Nazo) 3.5-4.5, potassium
oxide (K20) L.2-4.7, water (HQO) 09;48-2.8, titaniuwm oxide (TiOa)
0.10-0.32, phosphorus oxide (Peos) 0.01-0.07, manganese oxide (MnO)
0.00-0.,08, and carbon dioxide (002) less than 0.05 (table 15).
Spectrographic analyses (table 16) of samples from these units showed
rather uniform content of major and minor elemental constituents

analyzed.



le 1l4.--Mineral constituents of the Tshirege gember of the Bandelier tuff at TA-L49, Los Alamos County, N. Mex.i/

ults are coded according to the following system: 1 = 75-100 percent, 2 = 50-T5 percent, 3 = 25-50 percent, h =
.25 percent, 5 = 0-10 pekent, 2-3 = 35-65 percent, -5 = 5-15 percent.

mple location Stratigraphic Mineral constituentsg/
—_— Remarks
le Depth Unilt Feldspar Quartz Tridymite Cristobalite Clay
(feet)

-1 38-40 Qb 2 5 L i -

H 30 Qbtg 2-3 5 4 b -

-H 58 Qbtg 2 L 5 L 5

-U 52 Qb 3 5 5 3 5 Feldspar (sanidine?). Clay
(montmorillonitic).

-Y 8 ths 3 4-5 5 3 5 Feldspar (sa.nidine?).

H-2 13%30-132 Qbt), 2 ly 5 h 5

5-C 58 bt 2 5 b h -

3-Y 105 Qbt), 2 5 b L 5

LA .85 Qbt), % 5 5 2 5 Feldspar (sanidine?). Clay
(montmorillonitic).

Iy 78 Qbt), 2 L 5 L 5

l/ Analyst: Theodore Botinelly of the Geochemistry and Petrology Branch of the U.S. Geological Survey
2/ Quantities are estimated on the basis of peek heights of diffractometer patterns. A precise identification of

the clays was not made; on the vasis 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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Qavlie 13.--Log oF core hole - - Comtinucd
Thickness

(Zeet)

Bandelier Tuff - Continued

Tshirege Member - Continued
Uait 1B:

My, P-o
vhe W oo

isht-purplish-pink to light-

'..J

J

pwrplich-gray; granule size quartz and

(6]

anidine size quartz and canidize
crystals and fragments; light-gray
rhyolite rock frogments; come mafic
staining; pebble-size devitrified

vwaice fragmentis; I;,7 feet of core

rECOVETE( mremmemeccdem e e - ]_5

Correlation based on recovered core and gamma-ray logs.

Depth

(Zeet)

203




Table 13.--Log of core hole L4 - Continued
Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit b:
Tuff, light-purplish-gray; very fine-
grained groundmass with about 50
rercent quartz and sanidine phenocrysts;
some purplish-brown devitrified pumice;
mediun-gray latite and gquartz latite
rock fragments; tuff appears dense and
slze of rock fragments incresse from

104 to 109 feet; 28.6 feet of core

recovered —wesc-cmmmncmcccncameccanaea 61 125
Unit 5!

NO recovery -=---emecmeccmmcmccccnacee—- - 52 177
Unit 2:

Tuff, light-purplish-gray, dense, welded;
quartz and sanidine crystals and
fragoments up to granule size; medium-
gray to dark-grey rhyolite rock frag-
ments; a few light-gray devitrified
pumice fragments as much as = inch in

length; 79.0 feet of core recovered -- 111 288



Table 13.--Log of core hole 4

Cored by rotary with air for carrier
Total depth 305 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 groundmass 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 ~-mew—cn=- e me————— 62
Unit 5:

No recovery, interpretation from gamna-

Depth

(feet)

64




Table 1l2.--Log of core hole 7 - Continued
Thickness
(feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 1B
Tuff, light-purplish-pink to gray, dens;,

velded; granule-size quartz and
sanidine crystals and fraguents;
purplish-pink devitrified punice
fragments; gray rhyolite rock ifragments;
gray rhyo.lite fragments increase from
295 o X0 feet; 23.2 feet of core

reCOVGI‘ed - S DR P A G G SN U R GD D OP T ST WA 0 BP LD 5B WP N EY o8 = 25

Note: Correlation based on recovered core and gamms-ray logs.

Depth

(feet)




Table 12.--Log of core hole 5 - Continued
Thickness
(feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit L
Tufrt, light-purplish-pink; fine-grained
groundmaés with S0 percent sanidine
and abundant very coarse-grained
nedium-gray rock fragments; elongated
devitrified pumice fregments up to 1
inch in length; decrease in rock
fragments and pumice from 105 to 11l
feet; 15.5 feet of core recovered ---- LY
Unit 3!
Tuff, purplish-pink to gray, very
pumiceous; no core recovery; sampl¢
taken with basket ~=-vwwmemsece-vcoc-- 12
Unit 2:
Tuff, light-gray to purplish-gray, welded,
dense; quartz and senidine crystals
and fragments up to granule size; light-
gray phenocrysts of rhyolite rock
fragments; devitrified pumice fragments
up to s inch in length and mafic
mineral stains occur from 124 to 200

feet; 77.5 feet of core recovered -=--- 32

Depth

(feet)

121

275




Table 12.--Log of core hole 5
Cored by rotary with air for carrier
Total depth 300 feet
Completed February 3, 1960

Altitude of land surface 7,170

Thickness Depth
(feet) (feet)
Bandelier Tuff
Tshirege Member.
\ Unit 6:
Tuff, light-gray to light-pinkish-
gray; fine-grained groundmass with
mediun- to very coarse-gralned quartz
and sanidine crystals and fragments;
granule~sige purplish-brown
devitrified pumice; granule to pebble-
size medium~-brown latite; strongly
Jointed zone from 23 to 28 feet and
34 to 3T feet; L4.3 feet of core
recovered -~-mewemcccucea o ———————————— 15 15
Unit 5:

No recovery, interpretation from gamma-



Table 11l.--Log of core hole 2 - Continued

——

Thickness

(feet)

Bandelier Tuff - Continued
Tshirege Member - Contlnued
Unit 1B
Tuff, light-pinkish-grey, pumiceous;
quartz and sanidine crystals up to
granule size; devitrified punice 3/ 4
inch in length and 3/8 inch wide;

3.8 feet of core recovered --=------ 195

Unit 1A°

. NO recovery ==mme=--==smme==sc=e==o=oos 14

Correlation based on recovered core and gurma-ray logs.

Depth

(feet)

187

501




Table 11.--Log of core hole 2 -~ Continued
Thickness
(feet)
Bandelier Tuff - Continued
Tshirege Meumber - Continu
Unit L:

Tuff, light-gray with slight lavender
castﬁ very coarse to granule quartz
and feldspar crystal'fragments;
devitrified pumice fragments up to
1 inch in length; zenoliths of light

grayish-green dense rock; 40 feet of

core recovered ---ccemwcevcmmnccane- 56

Unit 3.
NOo recovery ---=eseseem-ecee=- S 55

| Unit 2:

Tuff, light-purplish-gray, dense,
welded; quartz and sanidine crystals
up to granule size; devitrified
pumices up to 5 inch in length;
zenoliths of dark-gray rock fragments
up to 5 inch in length; 67.9 feet of

core recovereld ~wewsececacace- ————— 101

Depth

(feet)

136

191

292



Table 11.--Log of core hole 2
Cored by rotary with air for carrier

Total depth of hole 501 feet

Completed November 30, 1959

Altitude of land surface 1,137

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;
punice fragments up to 3/4 inch
in length; limonite stains on
fractures; 4i.8 feet of core
recovered ---=-m--s=-e-sssososesmoos 78

Unit 5:

a8

Depth

(feet)




Table iU.--Log ci core acle & = Continued

Thicikness

(feet)

Bandelier Tuff - Continued

Tshirege Member - Continued

Unit 3:

Tuff, light-red, arkosic; abundant
sanidine and quartz phenocrysts; some
zenolishic material of 1atite(?) up to
pebble size recovered in the interval
from 194 to 136 feet; O.v root of core
TECOVEred m—mmmmccom—mm=me—coosmeoseososs

Unit 2:

Tuff, purplish-gray, welded, dense;
senoliths of medium-¢ray latlite; cosrse-
size guartz and sanidine crystals and
fragoents. Near vertical fracture brown
clay plated 20l to 2oz feet; 3.7 feet

---------- - O

of core recovereq =s=—====---
Unit 1B:
Tuff, light-pinkisn~-gray; zenoliths of
medium-gray latite(?); vertical fracture
brown clay plated avcut 215 feeﬁ; 5.6 feet

of core recovered -=-=-mm=--=e=m=----=-== 217

Correlations based on recovered core and gomma-ray logs.

oy

Depth

(feet)

190




Teble 10.--Log cof ccre hole 1
Cored by rotary with gir for cerrier
Totel depth 501 feet

Completed December 6, 1959

Altitude of land surface 7,170

Thickness

(feet)

Fandelier Tuf
Tshirece Member
Unit O:

Toff, light-gray to purplish-grey pumiceous;
zanoliths of gray, red and dark-gray rock
fragrments; mediuvm=-size quartz and
sanldine crystals and fragments; dark-
£TaY devitrified pumice up toO % inch in
length; sand-gize prownish-yellovw mafic
minerals. Tuff is dense from 58 to T1
feet; 42.0 feet of core recovered e=emes=== Tl

Unit 5

No recovery, interpretation from @omma-ray

10g =-=mmme-m=ss=essessssosssssoososooooETeT
Unit 4:

Tuff, light-gray to lignt-ten; medium- tO
grenule-size quartz and senidine crystals
and fragments; devitrified pumice up to

inch in length; srayish-blue latite

-
-

rock fragments; 5.4 feet of core recovered = 4l

-

Depth

(feet)

71

()

11k




o

Tritius concentration vas deteimined in two samples from
well DT-5 and one cample 2rom well DT-5A. One sample from D=2
was collected from the hailer when vthe well =ms 1,325 feet deepr and
the other sample was collected after the well was completed and near

<he end of tae purpliagd test. The sample fron well DT-5A was

collected near the end of the purping test.

iz}




Geology and hydrology

A detailed study of the geology of Los Alamos County was not

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

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

k3



A detalled study of the geology and hydrology of TA~49 was made.
The most important deposits in respect to the occurrence of ground
vater are volcanic and sedimentary rocks of Tertiary and Quaternary
age. In TA-49, only rocks of Quaternary age arve epraed at the
surface; however, three deep test wells have been campleted 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 1,000 feet thick
and probably are not more then about 1,300 feet thick. The thickness
of the rocks of Tertiary ege is unknown. The distribution of rocks

in the Los Alamos area is shown in figure 4. The general sequence

Figure L4.--Geologic map of Los Alamos area, New Mexico.

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

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

Figure 5.--Geologic cross section through Frijoles Mesa from the
Pajarito fault to the Rio Grande. Location is shown on figure L,

Descriptions of units are shown on figures 4 and 6.

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

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

Group of Middle(?) Miocene to Pleistocene(?) age,
Pliocene and Pleistocene &ge, and

Santa Fe the volcanic

rocks of the Jemez Mountains of

the alluvium of Pleistocene and Recent age.



Santa Fe Group

o
At TA-49, the Santa Fe Group of M{adle(?) Miocene to Pleistocene(?)

age is composed of: an undifferentiated unit; the Puye Conglomerate,
which consists of the Totavi Lentil and the ;anglomerate membex; and
the lower two units of the pasaltic rocks of Chino Mesa.

The undifferentiated unit is a sequence of 1ight-colored sediments
1aid down as coalescing alluvial-fan and Tlood-plain deposits in the
Rio Grande depression. These sedimentary rocks seem to have teen
derived from the highlands +o the north but may have been dexrived, in
part, from the Sengre de Cristo Mountains to the east. The undifferentieted
unit crops out along the Rio Grande and in Los Alemos and Guaje
Canyons. It is present in the subsurface under most of the Pajarito
Plateau.

The Puye Conglomerate consists of a thin basal river gravel
overlaid by fan deposits of interlayered boulders, gravel, silt,
end sand. The basal unit, called the Totavi Lentil, is arkosic and
quartzitic debris, fyom sand to boulder size, derived principally
from igneous and metamorphic rocks to the north and northeast.

These gravels were deposited on the broad flood plain and channels
of & large river, and they wedge out eastward and westward at the
limits of the old riverbeds. The fan deposits that lep onto the
Totavi Lentil are called the ganglomerate pember and are composed
of debris derived from voleanie rocks, meinly latite, quertz latite,

and andesite, which crop out on the Sierra de los Valles 1o the west.

46



The Totavi Lentil of the Puye Conglomerate @onfombly overlies
the undifferentiated unit along the Rio Grande and g‘é%%oni‘ormably
overlies it in los Alamos and Guaje Canyons. In the Los Alamos
area, the Totavi Lentil crops out in Guaje and Los Alamos Canyons
and southward along the Rio Grande to a polint belqw the mouth of
Ancho Canyon, vwhere it wedges out between the underlying undifferentiated
unit and the overlying basaltic rocks of Chino Mesa. It is found in
the subsurface under most of the Pajarito Plateau.

The fanglomerate member of the Puye Conglomerate conformably
overlies the Totavi Lentil. A zone near the top of the Totavi Lentil
is composed of a mixture of pegmatitic rocks and volcanic debris.

This mixed zone represents a change in source of the sediments from
igneous qnd metemorphic terrane to volcanic terrane. The fanglomerate
member interfingers with the easternmost flows of the Tschicoma Formation
beneath the Pajaritoc Plateau and with the lower units of the basaltic
rocks of Chino Mesa’. The sediments of the upper part of the fanglomerate
member were derived from the Tschicama Formation, which formed the high
mountain mass of the Sierra de los Valles to the west prior to the

ash falls and flows of the Bandelier Tuff. The fanglomerate membex
consists mainly of latite, quartz latite, and endesite. In upper

Guaje and Los Alamos Canyons, the fanglomerate member consists of anguler
boulders and grades to silt, sand, gravel, and rounded boulders eastward.
The fanglomerate member is exposed in the Los Alemos area in Guaje,
Rendije, Pueblo, and Los Alamos Canyons and is found in the subsurface
under most of the Pajarito Plateau. It forms gray cliffs on the west

side of the Rio Grande north of its junction with los Alamos 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.ﬂ/
The lower two units of the bvasaltic rock of Chino Mesa crop out

along the Rlio Grande south of Otowi Bridge. ‘ Unit 1 rests unconformably
on the undifferentiated u.nit south of Ancho Canyon and to the north
interfingers with the Totavi Lentil along the Rio Grande, with the
upper flow of the unit conformsble to the Totavi. To the west beneath
the Pajarito Plateau the unit 1 interfingers with the fanglomerste
member and the Tschicoma Formation.

Unit 2 of the basaltic rocks of Chino Mesa conformably overlies
ux;it 1 and interfingers with the fanglomerate menmber and Tachicoma
Formation vest of the Rlo Grande. East of the Rio Grande unit 2
interfingers with the upper unit of the undifferentiated unit and
vedges out beneath flows of unit b.

Unit 3 of the basaltic rock of Chino Mesa crops out in lower
108 Alamos, Sandis, and Mortandad Canyons west of the Rio Grande and
on Chino Mesa east of the river. It consists of basalt flows on &
dissected surface. Unit 3 rests disconformably on unit 2 and unconformably

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

a/ In Griggs' original manuscript report (1955) the basalt units were
mumbered 1-5 from youngest to oldest. In this report the units
are numbered from oldest to youngest, in conformance with accepted

stratigrephic practice.
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Unit I of the basaltic rock of Chino Mesa consists of basalt
flows capping the mesas south of Los Alamos Canyon west of the Rio
Orande and on the eastern side of the Rlo Grande south of Ctowl Bridge.
Unit 4 rests unconformably on the Puye Conglomerate and the undifferenti-
ated unit and butts esgainst unit 3 in lower Los Alemos Canyon.

Unit 5 of the basaltic rock of Chino Mesa consists of cinder
cones and local basalt flows. It overlies with unconformity all older
rock in which it is in contact. Where the Bandelier Tuff overlies the
vasaltic rock of Chino Mesa the contact is an unconformity.

Only the two lower units, 1 and 2, of the basaltic rock of Chino
Mesa have been penetrated at TA-49. These were found in well DI-10.
Basaltic rockg of Chino Mesa See not present in other wells that
penetrated the same stratigraphic sequence..

The old alluvium consists of clays and gravels and is present on
the mesa northeast of Guaje Canyon, west of Totavi in Los Alamos
Canyon, lower Mortanded Canyon, and at the north end of Chino Mesa.

It was deposited unconformsbly upon the Puye Conglomerate. The old
alluvium is overlaid unconformably by the Bandeller Tuff. A flow,

unit 3 of the basaltic rock of Chino Mesa, tongues out into the old
alluvium vest of Totavi. At the north end of Chino Mesa it is overlaid
unconformebly by the flows of unit 4. As the old alluvium uge not

¥
present at TA-49, it is not discuss{;‘cf d



Uncisterenticaied unit

Physicel characteristics

The undifferentiated unit of the Santa Fe Group is composed of
frisble to moderately well-cemented beds of light-pinkish-gray %o
light-brown siltstones and sendstones with some conglomerate and clay
lenses. Bedding is generally pcorly developed except for norizontael bedding
found locally in the fine-grained material. The sand~-size detritus is made
up dominantly of yuertz and feldspar and minor amounts cf chalcedony,
biotite, muscovite, and magnetite. Rock fragments consist of rhyclite,
iatite, gneiss, schist, limestone, and yuartzite. The fragments of
guartz, feldspar, gneiss, schist, yuartzite, and limestone were derived
from the east side4of the Rio Grande valley and sreas to the north.
The fragments of volcanic origin, consisting of latite, rhyolite,

tuff, and pumicey were derived from the west and occur mainly in the

upper part of the unit.

CuttingsVeron the undifferentisted unit (pecovered)in wells DI-5A,

DT-9, and DT-10 (tables 5, 6, and 7) are a mixture of easterly and
westerly derived sediments containing quariz, feldspar, guartzite, latite,

rhyolite, and pumice.
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At TA-49 three wells, DT-3A, DT-9, and DT-10, are vottomed in
the unit. Well DT-35A penetrated 294 feet, DT=9 penetrated 144 feet,
and DP-10 penetrated 7 feet. In well DT-10 the lower [ feet of the
boring was assigned to the unit by interpretation of electrical and
gamma-ray-neutren logs. The total thickness of the unit in the region
exceeds 2,400 feet, basad on well information and exposures in lower
Los Alamos Canyon (fig. 4).

The undifferentiated unit prcbably thins to the east end west
toward the margins of Rio Grande trough in the region. The west
boundary of the trough is nct well known but may pass through tae
approximate longitude of Valle Grande. The upper surface of the
undifferentiated unit appereEmtiy sicpes aboutl 1 degree southward in

the TA-49 =rea.
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Teble 5.--Sample 1log of well DT-5A
Drilled by rotary with md for carrier
Total depth 1,821 feet
Completed pilot hole January 23, 1960

Altitude of land surface 7,143.78 feet

Thickness Depth

(feet) (feet)

Bandelier Tuff
Tshirege Member:
Sidewall cores from hole DE-5:
Unit 1B
Tuff, ight—grey-te light-pinkish -
gray, highly friable; greenish

gless shards; rhyolite rock

fragmentg ----=--=---"=TUToTIIIONT 370
Unit 1A
maff, light gray to light tan,
pumiceous --==--=---"T=ToToTTIIET 490
Tuff, light gray to pinkish gray,
500

pumiceous, apparently friagble --




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

Thickness
(feet)
Ko samples recovered due to 1ack of circulation --= 520
Unit 1A
muff, light-gray to light-pinkish-gray;
quertz and sanidine crystals and
fragments; mafic minerals in fine-grained
ash matrix; light- yellowish-gray pumice
with cellular structure; light-red
rhyolite rock fre.gnehts occur from
560 to 6Ll feet; 1ight-gray rhyolite
rock fragments occur from 580 to 641
feet; fragments of light-gray siltstone

occur from 610 to 615 feet ---=-="=77"7"7" 121+

Depth
(feet)

641




4
Table 5.--Log of well DT-5A ~-ontinued

Thickness

(feet)
Bandelier Tuff - Contlinued
Otowl Member:
Tuff, light-gray, pumlceous; quartz and
sanidine crystals and fragments with
minor amounts of mafic minerals in a
fine-grained ash matrix. Light-of
dark-gray and 1ight-red rhyolite;
C light-red and gray latite; white to

..
. light-gray pumice fragments throughout

Guaje Member :
Pumice, light-gray, contains some rhyolite
and latite rock fragments ---=--====""" - 91
Santa Fe Group
Puye Conglomersate
Fanglomerate x?enber:

Conglomerate composed of rhyolite,
1atites, andesite(?), and light-
colored igneous debris. Other rock
fragments include light-red sandstone,

‘*‘ pumice, and light-tan clays.. Some

grévels appear well rounded -------= 237

Depth

(feet)

839

930

1,167



Table 5.--Log of well DI-SA - Contimied

Thickness
(feet)
Tschicoma Formatlion
Undifferentiated latite and quartz latite:
Latite flow rock, 1ight-gray to dark-
gray; interflows of greenish-gray
giltstone, rhyolite, and tuff fragments
and clays occur from 1,221 to 1,225
feet and from 1,259 to 1,26l feet ----- 126
Santa Fe Group
Puye Conglomerate
Fanglomerate gember:
Conglomerate camposed of rhyolite,
latites,~andesitea(?) and light-
colored igneous debris. Other
rock fragments ipclude light-
gray and white siltstone; 1light-
gray and greenish-gray sendstone.
Some fragments appear well rounded.
Light-gray ash containing sdme of
the above rock fragments occurs

erom 1,415 to 1,431 feet -----=-== 138

Depth

(ééet)

1,293

1,431




Table S.--Log of well DI-5A - Continued

Thickness
(feet)
Tgchicoma Formation
Undifferentiated latite and quartz latite:
latite flow rock, dark-gray, some of
26

Santa Fe Group
Puye Conglomerate
Fanglomerate )z‘nember:
Conglomerate consisting of rhyolite,
latite, and othexr igneous debris;

light-gray sandstone and brown

Totavi Lentil:

Conglomerate composed of bull
quartz, quartzite, and much
granitic debris. Also abﬁndant
volcanic rock debris; gray and

brown sandstone fragments -------

55

Depth
(feet)

1,457

1,475

1,527




Table 5.--Log of well DP-5A - Continued

Thickness Depth
(feet) (feet)
Undifferentiated unit:
Siltstone and sandstone, light-plnkish-
gray, yellow and brown with lenses of
conglomerate; arkosic is some zones but
containing mich volcanic debris. Light-
gray and brown siltstomes occur from 1,555
to 1,580 feet; pumiceous zones from 1,585
to 1,595 feet and 1,760 to 1,780 feet.
Cuttings are finer from 1,775 to

l;&o feet """"""""""""""""""""" 291’ 1,821



Table 6.--Sample log of well DT-O
Drilled by cable tool
Total depth 1,501 feet
Campleted February 19, 1960

Altitude of land surface 6,937.3 feet

Thickness Depth
(feet) (feet)
Bandelier Tuff
Tshirege Member
Unit L:
Tuff, light-brownish-tan, welded;
composed of quartz and sanidine
c;ystals and fragments; light-gray
glpssy and gray rhyolite in an ash
matrix; dark-green mafic minerals;
light—ye]lowish-gréy pumice fragments
wilth dark mafic minerals parallel to
thF cellular structure of the pumice;
mihor amounts of clay weathered from

pumice fragments occur from 48 to 58
fept ~-~m--memmmecscemeenmccseooeo o 58 58

—
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Table &.--Log of well DT-¢ - Continued

p Thickness
(feet)
Bandelier Tuff - Continued
Tshirege Member - Comtinued
Unit 31
Tuff, light gray, containing quartz
and sanidine crystals and fragments;
frogments of light-tan and white
pumice and dark-gray rhyolite in
an ash matrix. Sanidine crystals
increase in quantity from T to
116 feet -=-==—=m=mescs=m== ————— 58
Unit 2:
£, light-purplish-gray, welded,
dense; composed of sanidine crystals
and fragments up to granule size;
a few quartz crystals ‘_aigg Tragments;
light-gray to gray rhyolite fragments;
matrix is gray glassy ash; green

mafic minerals coated with an iron

Depth
(feet)

116

214




e
Table 25.--Reconnaissance notes for large-diameter holes - Continued

Area 10 - Continued

West hole - Continued

Depth

(feet)

33 Jolnts strike northwest and north and are open 1/8 to 1% inches.

L8 Top of 13-foot diameter hole. Joint striking south-southwest.
Joints on north-northeast wall are & ineh clay filled.

50 Top of weathered zone in tuff above sand dips to the northeast.

54 Top of sand dips to the northwest at a low angle. Sand is

stripped away on southwest wall and thickens to about 2 feet
on east wall near drift. Joints found about 2 feet‘belcw
sand are sand filled and open from = to 2 inches. Tuff below
sand is weathered, highly pumiceous, and friable. Joint in ‘

bottom of west hole is open several feet below bottem of hole.

Area 10
The drift extends east-west between the two large diameter vertical
holes. On entering the drift from the east hole, weathered pumiceous
tuff extends upward on the north wall and then cuts across the top of
the drift to the south wall & few feet east 6f 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 streeks.



Ao
Table 2{.--Reconnaissance notes for larze-diameter holes - Continued
Area 10
Area 10 contains two 6-foot diameter holes 25 feet apart and drilled
to a depth of about 6C 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 bottem 12 Teet, which is 13 feet)
Depth
(feet)
0-1 Back-f111, broken tuff. Most of soil 1s 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 metrix of brown clay.

5 Joint on south wall is } inch clay filled and strikes
north-northeast. Tuff has pebble-size, purplish devitrified
pumice fragments.

10 Broken zone.

17 Joint mentioned at 5 feet persists through hroken zone,
but ié only 1/8 ineh clay rilled. Joint on east-northeast
wall originates in broken zone, strikes northeast, and is
+ inch clay filled.

18-23 Badly broken zone. Joints are irregular; roots noted in

north striking joint on northeast wall.



U
Table 2&.--Reconnailssance 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 Jolnts apparently are not the same.



L
Table 25.--Reconnaissance notes for large-diameter holes - Continued

Area 4 - Continued

Hole i&-Y Diameter - & feet; Depth - 69 Teet
Depth

(feet)

C=-2 Soil zone 1s thin on weathered tuff zone.

~

Southeast wall has Joint that is clay filled and strikes
northwest, dips 8C° northeast.
22 South wall has north-northwest striking joint which dips
west at 85°.
28 Pluck out from above Joint, which appears to be %-inch
clay filled. Joint mentioned at 7 feet is here open
1/16 inch.
29 Northwest wall shows apex upwerd of Jjoint. vThis Joint strikes
east-northeast and dips 8C° to the northwest. Also
on the northwest wall is a vertical joint that strikes
south-southeast.
32-45 Southeast wall of hole is badly broken along upward apex
at joint.
46 Hole badly broken on southwest wall. Master joint is vertical

and strikes east-southeast. It is open % inch.

51 Very few joints except master joint mentioned at L& feet.
57 Southeast wall contains a system of higzh angle joints.
&2 Water-laid sand, 1% feet thick cn north wall and very

thin or stripped away on the other walls of the hole.
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Table 23.--Reconnaissance notes for large-diameter holes - Continued

Area 4 - Continued

Hole 4-0 Diameter - 7 feet; Depth - 58 feet

Depth

(feet)

C-2 Soil and weathered zone.

2-26 Northwest and southeast wall of hole has vertical Joints

that are 1 inch clay filled and strike northwest. On
southeast wall a joint strikes north, is near vertical, and
contains clay filling up to 3 inches. Hole walls appear
to be tight except for the above-mentioned Joints.

26-32 Northeast wall of hole contains apex of joint. West limb
dips at 45° to 3C feet and intersects vertical northwest
striking joint on northwest wall. East limb of Jjolint is

vertical and 1 to 3 inches clay filled.

32 Northeast wall 1s brecciated.
35 Hole reduced in diameter about 4 to & inches.
41 Rorthwest striking joint is 1 to 3 inches clay filled and

contalns a few roots.

48 Southwest wall has northwest striking joint that shows
apex with limbs downward. Limbs are clay filled
up to 1 inch. Joints noted at 41 feet here are dipping
(45° or less) and are clay filled. On southeast wall
Joint strikes northwest, persists to tottom of hole, and

is 1 inch clay filled.
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Table 25.--Reconnaissance notes for larze-diareter holes - Continued

Area 4 - Continued

Hole L4-M . Diameter - 6 feet

Depth

(feet)

0-5 Soil entirely stripped off. East wall shows large vertical

joint that strikes northwest and is 1 inch clay filled.
North wall has 3/4-inch clay-filled joint that strikes
northwest. Southwest wall has 2 vertical Jjoints that

are one foot apart and are 1 inch clay filled. South wall

has vertical fracture striking north which is 1% inch

clay filled.
. 1C Brecclated zone on northeast weall.
15 Joint system on north-northeast wall contains joints that are

open up to % inch.

20 Flat-lying joints all around hole. Joint on north wall now
£ inch cley filled.

25 Vertical jolnts mentioned from C to 5 feet stlll persist.

Flat-lying joints at 24 and 28 feet.

30 Joint on south wall is now open i inch.
35 Pluck out along joints, on southwest wall.
4o 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 % to 1 inch clay filled.

-y
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Table 23.
Hole L4-K
37
Lo
58

--Reconnaissance notes for larcze-diameter holes - Continued

Area 4 - Continued

= Continuved

Tuff is less strongly jointed below this depth.

On the northeast wall is & system of vertical north-northwest
striking joints that are clay filled.

Joint mentioned on southwest wall at 8, 26, and 33 feet

is now vertical and strikes northeast.
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Teble 25.--Reconnaissance notes for large-diameter holes - Continued

L

Area L4
Hole 4-X Dismeter - 6 feet; Depth - 58 feet
Depth
(feet)
Soil and weathered zone are covered with casing.
8 Southwest wall shows epex 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 W‘j
striking northwest, clay filled up to 6 inches near ’
top and 2 inches at ¢ feet.
15 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.
18 Pluck out at Joint on southwest wall. Joint on northwest
wall splits. Northermnmost joint strikes northwest, is
clay filled % inch, and terminates at 40 feet. Westermmost
Joint dies out at 22 feet.
26 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. ~aai
33 Joint described at 26 feet is here trending vertical reverses
in dip farther down. It is now striking west-northwest

and dipping 8C° south-southeast.



Table 25.--Reconnaissance notes for large-diameter holes - Continued

Area 3 - Continued

Hole 3-C -~ Continued

Note: Hole 3-C was re-examined after shot in hole 3-A. As
the working caisson was set, only the bottom 8 feet of
hole was:gkamined. The sand-filled joints on the north
wall were open as much as 1 foot from the hole face where
the sand was chaken out by the concussion of the shot.
Partial collapse of the 2k-inch drift occurred about 8
feet from the hole between the two northeest-striking
joints. The drift was partly filled with rubble at this

point.
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Table éi:—-Reconnaissance notes for large-diameter holes - Continued
Area 3 - Continued
Hole 3-C - Continued

Depth
(feet)

63 Southwest limb of joint that showed apex at 58 feet is here
a8 hair line. Northeast Joint plucked out, has clay
filling. Joint on southeast wall strikes east, dips 85°
south, and is open 4 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.

12 Joint on southeast wall terminates.

78 Water-laid sand on north wall is 2.5 feet thick. Two Jjoints
belov 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-striking/ sand-

filled joints about 2 inches wide, 2 feet apart,

approximately 8 feet from the wall of the large-diameter

hole.



Table 25.--Reconnaissance notes for large-diameter holes - Continued

Hole 3-C

Depth

(feet)

0-3

15

2l

28-30

33

33-L5

53

Area >

Diameter - 6 feet; depth - 87 feet

Scoil and fill.

Joint striking south-southwest dips north and is % inch clay
filled.

System of flat-lying Jjoints.

System of joints striking north-northeast dip about 20° west.
Joint mentioned at 3 feet now vertical and open l/l6 inch.

Joint mentioned at 3 feet now dipping about 80° south.

Brecciated zone, system of joints striking east-northeast
dipping from 10° to 20° north.

Joint mentioned at 3 feet now vertical, strike to north at
28 feet. South wall shows joint that strikes northeast.
Pluck along joint which is open up to 3 inch.

Joint in southeast wall that is clay filled & inch. At 45
feet joint mentioned at 3 feet is here closed.

Southeast wall is badly broken. Northwest wall contains
vertical joint striking west-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

1

northwest wall. Clay filling up to i inch thick. Several

plucks along each fracture.



Table gg.—-Reconnaissance notes for large-diameter holes - Continued
Area 2 - Continued

Hole 2-X - Continued

Depth

(feet)

45 Major joints on north-northeest and southwest walls
strike southwest and apparently are same system. Intersection
on southwest wall open up to 3/4 inch locally, but
intersections on northeast wall are open 1/8 inch. South
and east walls;;fﬁadly broken between these major joints.
Vertical joints are found on the north wall from 42 feet to

4

the bottom of hole.
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Table ;g:-—Reconnaissance notes for large-diameter holes - Contirued
Area 2 - Continued

Hole 2-X Diameter - 6 feet; depth - 56 feet

Depth

(feet)

0-2.5 Soil zone, brown clay, slightly pumiceous with large roots
throughout. Soil thickens slightly on west wall and grades
into pumice zone on east wall.

2.5-4 Pumice with brown clay and roots.

4-5.5 Weathered zone with tuff and some pumice in a matrix of
brown clay. One system of vertical Joints occurs bvelow
the weathered zone on the northeast wall. A few flat-lying
joints found on southwest wall are about 1/8 inch clay
filled.

10 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.



Table éEﬂ

Hole 2-W
Depth
(feet)
0-3.6

L

12

26

ple

37
L

51-58

—-Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Diameter - 6 feet; depth - 58 feet

Soil, brown.

Master Joint on west side of hole is 1 ineh clay filled.

Master joint dips to north and is clay and root filled
up to 1 inch. Tuff is light gray and dense. Small
joints are clay filled.

Master joint is 2.9 feet west of north and is clay filled
1/8 inch. Two joints dip 45° north at 18 feet. Joint
on southwest wall, 2.5 feet from master joint, is clay
filled + inch.

Northeast striking joint is tangent to hole on south
wall. It causes pluck out from 26 feet to bottom.

Two joints dip 45° into master joint 2.7 feet west of
north.

Roots in plucked zone in south edge of hole.

Master joint £.2 feet west of north is open locally up
to % inch. |

Roots in pluck zone on south wall. Joints appear to strike

northeast.
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Table 2§.--Reccnnalssance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-V - Continued

Depth
(feet)

38

50

57

Tangential joint now single trace near north wall striking
southeast. Joint that originates in broken zone at
26 feet dips steeply southgast,and trace on wall of
hole is drifting eastward.
Roots in joints on west wall.
Northeast striking Jjoint has roots at 57 feet. Bottom
of hole strongly Jjointed. Hole belled to 6 feet 8 inches

from 50 to 58 feet.

Generel 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 D5.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-V Diameter - 6 feet; depth - 58 feet

Depth

(feet)

-4 Soil, brown with pumice pockets on southwest wall.

L-5 Weathered zone, tuff fragments in a matrix of bragf clay.
10 Master joint on northeast wall strikes south-southwest

and is 1 inch clay filled.
é-ls Vertical Joint tangent to north~northeast wall strikes
east-southeast apd intersects master joint. Joint on
southwest wall strikes northwest and ceuses pluck at 15
feet, where joint is tangent to hole.
18 Flet-lying brecciated zone eround hole. Devitrified
pumice fragments in tuff are as much as 1 inch in length.
Joint on southwest wall strikes northeast and is open % inch.
28 Southwest striking joint intersects tangentiel 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 epparently 1s the same as the joint that intersects

tangent Jjoint on northwest wall at this depth.
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Table 25;-—Reconnaissance notes for large-diameter holes - Contimued

Hole 2-5
Depth
(feet)
0-3

3-5

5

e2
2k

32-35

ko

bo-57

A.rea Z-' Jn»c.—-.l"lul“-

Diameter - 6 feet; Depth - 58 feet

Soil, cleyey, brown.

Pumice, water-laid.

Vertical joint north-northeast wall clay filled 1/32 inch.
Vertical joint on southwest wall is % inch clay filled.
Vertical Joint on west wall is 1 inch clay and root filled.

Joint system, clay filled triangular pluck 8 inches across.

East wall shows Jjoint striking northeast.

Vertical Joint on west wall becomes irregular with various

branches that are clay filled.

. Vertical joint on west wall splits and dies out at 35 :?eet.

Joints are clay”and root filled 1/8 inch. Horizontal
Joints at 35 feet aré opem up to i inch.

Joint system about 1 foot east of north line 1s open %
inech. Small irregular closed fractures are found at
various;pléceS‘around4hole.

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.

S A 52.0‘3
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Table 2§.--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
locelly up to % inch.

37 Pluck out of master joint on northeast wall 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 Jjoint.

41-50 Large triangular pluck from intersecting joints on
southwest wall. Master Jjoint on northeast wall is now
hair line. West-northwest striking joint, complement of
plucked out Joint at LO to 41 feet. This joint has roots
and brown clay at U5 feet.

54 Apex of north-northwest striking Jjoint on west wall.

Rock has considerable amounts of granule to pebble-size
devitrified pumice fragments.
. 55 Joint on northwest wall dips moderately to southeast. Apex

is at 55 feet.



Table 25.--Reconnaissance notes for large-diameter holes - Continued

Hole 2-0

Depth
{feet)

A
1
=

T-15

15-21

23-26

Area 2 ~ Continued

Diameter - 6 feet; depth - »8 feet

Soil, brownish, clayey.

Pumice, water-laid, pieces up to 1 inch in length,

subrounded with some clay interlayered. Base of pumice

dips slightly to the northeast.

Weathered zone composed of large, angular pieces of tuff

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
and is + inch clay filled. On south wall is a system
of vertical joints striking east-west.

flat-lying Joint dips at a low angle to the north-
northvest and is open up to 1/8 inch. Several minor
joints terminate against this flat-lying Jjoint. At

17 feet tuff appears more dense than above.

Badly broken zone dipping slightly rorth-northeast.

e VA7
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Table &5.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-L Diameter - 6 feet; depth - 58 feet
Depth

(feet)

0-2 Soil

2-10 On north wall a northeast striking vertical joint is clay

filled % inch to a depth of 10 feet. Below 10 feet

this joint is open. North-northwest wall shows vertical
Joint that is % inch clay filled. Southwest wall shows
vertical joint striking northeast that is 2 inches,

clay filled. At 10 feet there is a system of flat-

lying joints.

20 System of flat-lying joints are open locally up to 1/16
inch.
34 On north wall a joint is open % inch with pink weathered

tuff on each side forming clay lining of Joint surface.

Triangular pluck hole on south wall.

36 Triangle-shaped pluck hole on east wall.
L 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 25.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-J Diameter - 6 feet; depth - 58 feet
Depth
(feet)
0-2 Fill, broken tuff with about 6 inches of brown clayey

soil near bottom.

2-5 Pumice, water-laid.
5 Northwest striking joint on west wall of hole caused pluck
out.
11 Broken zone on south wall of hole.
11-19 Light gray tuff contains dark gray devitrified pumice
. fragments up to 1} inches in length.
22-29 | Northwest striking joint on west wall of hole is clay

and root filled.

33.3%6 East-west striking joint dips north at 20° to 30° and is
open up to £ inch. Northwest striking joint now
striking north and drifts to center of hole at bottom,
dipping about 80° east. Light pink alteration in
Joints that are open locally.

Ly Northwest striking joint system dips 15° to 30° north and
is open up to 1/8 inch.

45-.58 | Small pluck out on north wall between 45 and 58 feet.

Bottom of hole is in relatively unjointed rock.
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Table 23.--Reconnaissance notes for large-diameter holes - Continued

Ares 2 - Continued

Hole 2-H - Continued

Depth
(feet)
43 East-west striking joint dips 80° to 85° north and is
open 1/8 to £ inch.
50-458 Northwest striking joint is tangent to hole on northeast

wall causing bad pluck from 50 to 58 feet.
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Table 2G.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-H Diameter - 6 feet; depth - 58 feet
Depth
(feet)
0-1 ¥ill, broken tuff.
1-2 Soil, clayey, brown.
2-5 Pumice, water-laid, about 3 feet thick on north and west

wall, thins to 1 foot on southeast wall.
5-T Weathered zone, tuff fragments in a brown clay matrix.
7 North-northeast striking joint dips to the west 80° to 83°
and is clay filled 1 inch. )
13 West-northwest striking joints on northwest side of hole
dip with a slight angle and are clay filled.
18-22 East-west striking joints are clay and root filled up to
% inch. Apex on north side of hole.
22-26 East-west striking joints dip to the northwest at 15° to
%0° and are open 1/8 to 5 inch, clay linegd.
30-34 Several west-northwest striking joints dip U45° to the
north and are clay filled 1/8 inch.
35-42 Intersecting near flat-lying Jjoint systems circle the
hole. Above the Jjoints tuff is light pinkish brown

and is evidently altered by water. Below the joints

the tuff is light gray.

220 3
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Table 25.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-F - Continued

Depth

(feet)

35-38 System of low angle Jjoints around the hole. Joints strike
east-west and are open locally up to 1/8 inch.

40-58 On the north side of hole is system of joints striking

northwest, dipping steeply east that are open-& 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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Table 25.-~-Reconnaissance notes for large-diameter holes - Continued

Hole 2-F

Depth
(feet)

0-1.4

1.k5

5-7
16

16-18

M
(Y

28
29
3

Area 2 - Continued

Diameter - 6 feet; depth - 58 feet

Soil, containing roots.
Pumice, water-laid, some clay, roots up to 5/h inch thick.
Bottom of pumice zone dips slightly to the north.
Weathered zone, tuff fragments in matrix of brown clay.
Northeast wall has several joints that are vertical, strike
north, and are clay filled % inch.
Numerous flat-lying joints are clay filled up to 1/8 inch.
Northeast wall has north-northeast striking Jjoints that dip
steeply to the northeast and are clay filled 1/8 to %
inch. Large medium gray devitrified pumice fragments up
to 3 inches in length are found to a depth of 22 feet.
Irregular joints strike east-west and dip about 4,° to the
north. These joints circle the hole and are open locally
up to % inch.
Joints on southeast wall are clay filled. West wall contains
irregular joints that are open 1/8 to 3/8 inch.
Hole diameter now 6.4 feet.

Flat-lying joints are open 1/8 to L inch.

Irregular joints on north wall are open 1/8 to i inch.

- Nal
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Table 2%.--Reconnaissance notes for large-diameter holes - Continued

Hole 2-D

Depth
(feet)

0-1

20

23

27

32

ho-b3

b3-57

Ares 2

Dismeter - 6 feet; depth - 5T feet

Soil

Pumice, water-laid.

Weathered zone, tuff fragments in matrix of brown clay.

Joints on northeast and west wall are clay filled 1 to

% inches.

Horizontal joints around hole are clay filled % to % inch.

Joints mentioned at 15 feet come to apex on southwest wall,
strike southeast ami dip steeply southwest, and are 1
inch slteration filled.

Joint on north side of hole is open and clay filled locally
up to t inch.

Joint on south wall terminates against a joint system which
dips to the northwest at about 30 feet.

Apex of joints mentioned at 27 and 32 feet strike east and
dip steeply southward. Hole is strongly Jjointed.
Northeast and southeast walls have large plucked zones.
Joints on northeast wall are flat to steeply dipping

northward and are open 1/8 to L inch with some alteration

lining.
Northern half of hole has many joints striking northwest

and dipping steeply to the northeast.
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Table 2y.--Reconnaissance noves for large-diameter noles - Continued

Area 1 - Continued

Hole 1-W

Cepth

(feet)

0-3 Soil

3 Northwest wall has vertical joint L inch clay filled.

Vertical joint cn northeast wall is % inch clay filled.
Vertical joint on east wall is i inch clay rilled.
Southwest wall has vertical joint 1/8 inch clay and
root filled.

10 Southeast wall shows vertical joint with 1 to 3 incﬁ:%f
white alteration material in joint. Joint continued
down hcle to a depth of 25 feet.

1> Intersection of curved joint on west wall and joint on
northwest wall. Intersection of joint is cpen ﬁ to
% inch. Joint continues down hole on northwest wall.
Flat-lying joint is open 1/8 inch.

25-40 Joint on southeast wall 1s open 1/3 inch passing through

as intensely fractured zone. Joint on east wall is

open 1/8 inch passing through intensely fractured zone.

Note: Below L0 feet most joints are open slightly.

- /992



Table 2y.--Reconnaissance notes for large-diameter holes - Continued

Hole 1-T

Depth
(feet)

0-3

3

17

21

58

Ares 1 - Continued

Soil, flat-lying joints under soil zone are clay filled.
Vertical joint on northwest wall is % inch clay filled.
Northeast wall shows a vertical joint which is 1 inch

clay filled with white altered tuff % inch on each jeoint

face. Vertical joint on south wall is 1 inch clay filled.

Joint system exposed on east wall contains joints that are

open 1/8 to % inch.

Flat-lying joints extending around hole are open % inch
locally.

Vertical joint on south wall is open % inch.

Apex of joint on northeast wall dips steeply to southeast
and is open £ inch.

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 Jjoint that has an apex at 40

feet.
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Table R5.--Reconnaissance notes for large-diameter holes - Continued

Area 1 - Continued

Hole 1-P
Oepth
(feet)
0-2 Soil, 2 feet thick on north wall, thins to 6 inches on the
south wall.
2 Two vertical joints on rorth +all are 1 foot apart and contain
% inch of clay filling. BEast wall shows vertical joint
which is 1 inch clay filled. Vertical joint on south wall
is 1/16 inch clay filled. Vertical joint on west wall is
complement of joint on north wall.
L On northeast wall apex of joint dips steeply to the southeast.

16 Fracture zone.

25 Apex with limbs upvard of two joints which are open 1/8 inch
in places on the north and west walls. Well-developed,
flat-lying joint is open 1/8 to L inch.

30-35 Flat-lying joints which are open 1/8 to & inch.

40 Vertical joints on north and northeast walls split and die
out.

50 Well-developed joint system on north wall is open Lo 3
inch.

1 7D
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Table 25.--Reconnaissance notes for large-diameter holes -

Hole 1-J
Depth
(feet)
0-3

5

\J

15

39

52

Continued

Area 1 - Continued

Soil

Near vertical joint on southeast and southwest walls meet in
apex down hole at 28 feet.

Horizontal joint is open 1/8 inch. .

Low dipping joint system around hole has openings up to
% inch.

Apex of near vertical joint on northeast wall. Joint is
open 1/8 inch.

Flat-lying joints are open 1/8 to i+ inch.
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Table 2i.--Reconnaissance notes for large-dlameter holes in

areas 1, 2, 5, 4, and 10, TA-L49. Los Alamos County, N. Mex.

Area 1

Hole 1-A Diameter - 6 feet

Depth

(feet)

0-2 Soil

2-1u Vertical joint in west wall is 2 inches clay filled. In
southwest wall vertical joint is 3 ZInch clay Tilled.
Northeast wall has vertical joint 1/8 inch clay filled.
South wall has vertical joint & inch clay filled. North
wall has two joints that are % inch clay filled.

15 Northeast wall has horizontal joint open % inch.

35 Vertical joints are open & to % inch. Large fracture zone
on northeast wall has joint openings ﬁ to 1 inch.

50 Fracture zone on east wall contains Joint openings % to 3
inch.

55 Joints on north and west walls join at apex and are open

L inecn.
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Table 2%.--Pore-size distribution and soil-moisture tension of samples from

TA-49, Los Alamos County, N. Mex.

Lab. Source Depth Stratigraphic Pore-size distribution Moisture content
sample of (cm of water) at 1/3 atmosphere
No. sample (feet) unit - tension
1 15 30 60 150 (percent)
60NM6 2-0 30 Qbte - 40.05
60NMT 1-A 30 Qb - 40.86
60NML L-U o) | Qb 45.80 43.81 hi.5h  41.88 Lo.k6 38.Th4
60NMY 2-F 56 Qbtg - 29.60
60NM8 1-A 58 Qbtg - , 40.55
60NM2 hoy 60 Qbt, 418.45 46,18 LLh.06  Lh.T2  L3.M h2.62
60NM10 4-U 61 thb - 4. by
60NM3 LU 67 Qbt,, 39.51 38.22 k0.09 35.18 22.3%0 20.68
60NM5 L.u 82 Qbt), 36.95 34,76 33.11  33.17 29.96 24,54
COtMb LU 104 Qbt), 33.57 3%2.23 30.38 ‘50.96 41.22 29.1h
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Table 2%.--Particle-size distribution in percent by weight for samples from TA-49, Los Alamos County, N. Mex.

Lab. Source |Depth Straﬁiiiaphic Diameter of parté:tgs in millimeters cravel
wo. s °fle (feet) in <0.00b 0.004-]0.0625- 0.125-
: amp Tshirege Mbr.| clay 0.0625| 0.125 0.25 .25-.5 .5-1 1-2 2.4 L4-8 8-16
siLt v. fine fine medium coarse v. coarse{v. fine fine medium

60NMM10  h4-U 61 5 2.7 10.2 7.0 20.9 27.0 2.2 6.4 0.5 0.1 -
59NM199  b-A 66 5 3.9 11.0 1.3 9.6 17.9 2kh.3 20.1 h.9 .8 0.2
60NM24  Beta 10 1B 0.0 11.h 3.2 6.8 2h4.2 1k4.6 9.8 - - -
60NM2; Beta 65 1B 8.0 35%.0 11.9 143 12.9 1h.6 2.8 T .2 -
60NM26 Beta 135 1B 2.7 20.2 9.7 1%.1 6.3 L. L .6 41,3 1.3
60NM27 Beta 180 1B 13.0 28.8 8.7 0.4 12.5 16.9 6.0 3.1 .6 -
60MM28 Alpha 175 3 3,9 2h.3 10.%  11.4 146 16.h4 19.0 - - -




Appendix

Data contained herein was colliected during the course of
investigation of TA-49, Los Alamos County, N. Mex. It is not
specifically considered in this report and is appended for possible

use by future investigators.
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Compeacted soil should be used to seal the abandoned test areas,
and the casings of the core holes in these areas should be extended
through the soil cover. The core holes could then be used for
measuring the moisture content of the compacted soil cover and
underlying tﬁff and for gamma-ray logging.

It would be informative to sink an angular drift to & 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 tuff or joints in the tuff.




Suggested contimuing study

Water samples for radiometric analysis should be collected
annually from wvells DT-5A, 9, and 10 to determine whether contamination
is taking plac;e. If well DI-5A could be pumped steadily and the water
used at TA-19, it would be advantageous to monitoring because a slightly
greater part of the aguifer could be sampled in this way. Samples from
the other wells could be obtained with a bailer. The well that 1s
pumped should be provided with an air line to record its water level
and a measuring tube {about 1 inch in diameter) should be provided
also so that air-line recordings can be checked periodically by
direct measurement. A continuous water-level recorder should be

forwarer Svspy
ipstalled in the well DI-9. The wells that are not usedsshould be
pumped once every 5 to 10 years for a period of 1 to 3 monthe and
sampled for radiochemical enalyses.

Moisture readings should be made in the test holes four times
each yesr to determine whether there is infiltration of wvater. The
frequency of moisture readings can be decreased in some of the

holes when dates indicate thet the results are not significant.



Soil materials for sealing abandoned test areas are availatle
on the mesa. Soil for sealing purposes should be obtained in places
as far away 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 fram Frijoles Mesa 1s very small
or nonexistent; thus, no contaminants in solution are likely to be
carried to the ground wvater beneath TA-49., However, if contaminants
should reach the main ground-water body, several conditions, mainly
hydrologic, exist that tend to decrease hazards resulting from such
contamination:

1. Presently no ground water is used downgradient in the
Los Alamos area from TA-49. The Rio Grande, into
which the ground water is naturally discharged, is
the nearest point of hazardous contamination of water
supplies.

2. Some dilution of the contaminated water would occur
in the aguifer and further dilution would occur 1n
the Rlo Grande as the comtaminants vere slowly discharged
ioto it.

3. At the slow migration rate of ground water in the Los
Alamos area, it would take about 80 years for conteminants
to move from a point in the aquifer beneath TA-49
to the Rio Grande.

L. Ion exchange or adsorption of dissolved contaminants
onto materials through which the contaminated water
passes will reduce the concentration of radioactive
contaminants. This was investigated by the Health
Division of the Los Alamos Scientific Laboratory for
the upper part of the Bandelier Tuff at TA-49. The
aquifer materials also presumably will absorb some of
the contaminants.



Moisture determinations made in test holes adjacent to a natural
channel that carried water dilscharged from well DI-5A during a pumping
test indicate that infiltration took place laterally into the soil
and relsted weathered materials. Moisture measurements in‘the holes
made after flow stopped in the channel indicate that water $hat had
moved laterally from the stream was returned to the surface by capillarity
and eveporated. Some vater was lost contimually from a disturbed
part of the channel in the upper reach throughout the period of flow.
A part of this loss could have gone downward into the tuff. |

The large loss of drilling mud and water into the 930 feet of
Bandelier Tuff penetrated by wells DI5 and DT-5A probably was into
open jolnts. Data are not available to determine whether the wvater
lost in drilling the two wells moved downward through the Bandelier
Tuff and into the Puye Conglomerate. It is likely that this liquid is
entrapped in the labyrinth of intercomnected joints and is slowly
being absorbed by the tuff adjacent to the Joints.

No perched water was observed 1n the interval between the mesa
surface at TA-49 and the main zone of saturation at a depth of
somewhat more than 1,000 feet. The absence of perched water and the
lerge bulk permesbility of the Bandelier Tuff indicate that it
would transmit water rapidly. Water that has access to the tuff and
Joint systems, if in sufficient quantities, will move with ease
almost vertically downward into the Puye Conglomerate and eventually

into the zone of saturation.

b



Conclusions and suggestions

Data obtained irom the large-diameter holes indicates that little,
if any, recharge to the ground water presently occurs at Frijoles
Mesa. Clayey soil and clay Tilling +he near-surface parts of joints
are' e barrier to infiltration of water into jJoints. The effectiveness
of this impervious seel is indicated by blowing of air from open
jolnts at depth in response to declining barcmetric pressure. At
some time in the past, joints in the Bandelier Tuff have carried
percolating water, as indicated by alteration of joint faces in the
vock. This percolation presumably occurred perore the soil mantle
was developed.

The moisture readings in the test holes indicate that water
rarely infiltrates the mesa surface to depﬁhs greater then the
thickness of the soil and that a soil cover as much 88 2 feet thick
seemingly prevents notural infiltration to the underlying bedrock.
locally, where the soil cover is thin or absent and in some places
on the mesa that receive runoff from vell-drained areas, some small

amount of infiltration into the tuff does occur.
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The Pajarito fault zone presumably is the most likely principal
recharge area, as recharge should readily percolate downward here
through fractured rock. The fault zone is sbout 3.7 miles ; or
20,000 feet, up the ground-vater gradient from TA-49. Assuming that
the fault zone and vicinity are the main area of recharge and that
the three samples analyzed are undiluted and unenriched water from
the recharge area, then

20,000 feet (distance to recharge area) 1,260 feet per year,
15.9 years (average age of samples analyzed)

or about 1,300 feet per year is the approximate veloclty of ground-
weter movement. This computed velocity is considerably greater than
the velocity (400 feet per year) camputed from punping-teat data and
gradient of the piezometric surface. This line of reasoning deoes
not allov any appreciable period of time for the movement of water
from the surface in the recharge area down to the equifer, which
probably is a valld concept if open fractures are the route of downward
movement.

The approximate location of the recharge area can be determined
by using these age-of-water data in another way:

LOO feet per year x 15.9 years = 6,300 feet

Thus, a part of the area of recherge may be nearer to TA-49 than the
Pajarito fault zone, probably elong 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 sempling

or increasing velocity of movement in the zone of saturation.
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Three samples of water from two of the deep test wells contained
detectable quantities of tritium. As the half 1ife 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 Tritlum Camputed ages of
well when units samples
Yo. collected enalyzed collected (P.U.) (years)
DI~5A 5= 1-60 11--60 1,821 2.6 19.9 or 20
DI-9 2-16-60 11--60 1,325 3.8 i3.1 or 13
T-9 5~ T-60 11-60 1,501 3.5 .6 or 15

The significance of apparent differences in age cannot be fully
assessed; however, it seems reasoneble that water deeper in the
aquifer moves more slowly and is actually older. Probably both

samples that indicate relatively younger water are mixtures of water

near the top of the zone of saturation with deeper water. More hydrologic

aate would be needed to determine which zones contribute most of the
water in order to evaluate differing concentrations with depth in the
aquifer.

Moreover, socme young water may be added to the aquifer by local
recharge from canyon sources such as Water Canyon. Thus, samples
may be mixtures of a very small amount of local recharge vater with
older weter coming from major areas of recharge on the mountain slopes

to the west.



Semples 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.) 1s defined as one atom of tritium in 1018 atoms of
hydrogen. A semple collected Feb. 7, 1954, from Rito de los Frijoles,
a stream that drains an area typical of recharge aree to the north,
st Bandelier National Monument, hed 27.2 +0.4 7.U. {(von Buttlar and
Libby, 1955) and is thought to be representative of rein and snow
that fell on the recharge area between hydrogen-bomb explosions
1 and 2, in November 1952 and March 1954, respectively. Water
from this era of recharge may eppear in wells in TA-49 in about
1975 as water having an epproximate tritium concentration of about
7 7,U. Average pre-bomb tritium content in precipitation is thought
to have been sbout 8 T.U., based on analyses of Chicago precipitation
by Kaufman and Libby (1954) and von Buttla.r'and Libby (1955). The .
only pre-hydrogen-bomb tritlum anelyses evailable are those made at
Chicego. Assuming that water in the aquifer at TA-49 has not been
enriched with tritium by locel recharge, the age of water in the
aquifer can be determined from samples collected from deep test

wells, provided the samples contain detectable quantities of tritium.




Age of ground water in the principal aquifer

Tritium cantent in ground water sopetimes can be used to
determine the age of 't‘he water (von Buttlar and Libby, 1955, and
ven Buttlar and Wendt, 1958) and, with sufficient sampling, sometimes
can be used as & tracer to obtain direction and rete of movement of
ground water. The rate of movement of ground water may be determined
by referring encmalously 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 quantities was in March 1954. Several serles of tests vere

made between March 1954 and October 1958 (Telegadas, 1959).
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Table 2%.--Rerddel chemical analyses of wucer semples from deep wells - Continued

-

Well

No.

Depth
o f
well

(feet)

Diale T

c..tlec-

tion

ntratigraphic

urit

Sirdca

V810.)

Bicai-
bonatle

(HCO )

Specific
cordunt-
s
{miopro-
mios at
9(-‘\) \)
S ki

Speciflic
condiant-
aunce,
iaesreer
w fi=1d
:mECVH
rihs at
25 C)

pl

1,220
1,286
1,327
1,501

1,501

2- 6-60
2- 9-60
2-16-60
2-20-60

5- 7-60

Santa Fe Group

Continued

k9

68
TL

64
65
56
60

110

112

78

28

33

299
326
191

155

185
145

8.2
8.3
T-7
7.5
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Table 2%t.-~-Partied ghemical analyses of water semples from deep wells at

(' A'\A’Y"’ b" u-‘, G'.[o’l‘&‘ S“F“'V’ ﬂaold-, of WetTesr

TA-49, Los Alamos County,

New Mexiet

Brenc ‘\J Albugqurrgue, N Mex,

4Constituents in parts per million except as otherwise indicated in column head.)

Depth Specific
Date of Temper- Bicar- Cor- Hewidnes:s Specific | eonduct-
Well of Jtratigraplidc iica 8 {cucu‘) corduct- ANCE,
c.llec- alure i te “al - = unce peicr R ol
Ho.| well unit S, Colrinmand (micro- m field
fiun -y CHOw ) | O i, S mh s at | imicro-
(i'eet.) d aium 25° ) mh g at
i 25° €)
DT-5A 1,821  3-25-60 Santa Fe Group 420
DT-10 1,120 3- 8-60 Puye conglom- 65 sk 202 15 103 617 520 8.9
1,221 3 8-60 erate €6 L1 157 3 56 506 8.4
1,248  3- 8-60 67 143 154 9 17 488 400 8.7
1,256 3 9-60 68 37 160 5 67 529 370 8.4
1,338  3-11-60 67 290
1,424  3-11-60 66 290
1,430  3-13-60 65 115
1,430  3-13-60 65 180
DI-9 1,048 2- 2-60 Santa Fe Group 68 68 98 0 32 260 8.2
1,060 2- 3-60 T2 76 0 28 157 8.0




The water from wells DT-SA, 9, and 10 is similar to water found
in the test and supply wells in the erea. The water is of good quality
S///; C. <
for domestic and most industrial use, but the/ﬁcale produced vhen the
water is heated may be objectionable for certain industrial uses.
Rad:iochemicel anslyses from wells DT-5A, 9, and 10 are shown on

[
table 2. The analyses indicnte that the concentration of radiocnuclides

is well below the tolersnce limits and the data are included for future

background study.



Quality of water

Weter samples were collected while wells DI-9 end -10 were
being drilled to determine whether there was & change in chemical
constituents at depth’ (té.ble 22). A single field conductance ves
pede on & sample from well DI-5A at the end of the development period.

Analysis of water from various depthsin wells DI~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 wells also decreases with depth. This may
indicate contamination by drilling mid of the water sampled. The
analyses, though possibly contaminated, indicate that there is
a small difference between chemical composition of the water within
the Tschicoma Formation and members of the Santa Fe Group.

Water samples vere collected at the end of the pumping tests
on wells DT-5A, -9, and -10, and a single baller sample was collected
from well DT-10 upon completion. Water from the three wells 1is
soft and is low in dissolved solids (table 23). The specific conduc-
tance 1s low, and the pH ig near 7. Calcium, megnesium, end sodium
are the principal cations, while more than 90 percent of the anions
are bicarbonate. The silice content is high. The high silice
concentrations are typical of water that is recharged or moves through

extrusive felsic rocks, such as those which occur in the los Alemos

area.
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Quantity of water moving through the aquifer

The quantity of ground water passing through a given cross-

sectional area of the aquifer can be estimeted from the equatioch

\

Q in gpd = PIAp.

vhere A 1s the cross-sectional area of the aquifer. The average
estimated thicknesses of beds reedilly ylelding water to the deeper
wells DT-5A and DT-9 are 350 and 300 feet, respectively, or, averaged
together, 325 feet. The width of the affected area beneath TA-49
at right angles to the east-southeast direction of movement of the .
ground water is about 2,000 feet. Then: . -

. 60 R e £

Q = (180) * 5,280 * (325) (2,000) 0.25
= 331,440 gpd

or approximately 370 acre-feet per year passing through the cross-

section of the aquifer beneath the test areas at TA-49.



Velocity of ground-water novement

Velocity of flow in an aquifer can be computed by the following
equation:
Vv (in feet per day) = %
wherein: P = field permeability, gpd per foot per
foot (gallons converted to cubic feet)
I = graedient, feet per foot
p = porosity of the aquifer, percent
The average permeabllity of the aquifer, as detemin;d by
. Bo

pumping tests at wells DI-9 and DI-10, is epproximately 50 gpd per

square foot, which is more representative of the aguifer than the

value obtained at DI-SA. The gradight on the plezomedxic face
between wells DT-5A and DI-10 is @ out 60 feet per mile. Po sity is
estimated to be 25 percent, an average ue based on poresity
determinations for many paterials of the same character as those cormeon

in the Santa Fe Group. If these values are substituted in the

180 60
sbove equation, the velocity is {TE8T 005 . = 1.098 feet
’ . . Z5 ’2%5

per day, or roughly 00 feet per year.




Transmissibility of the Puye Conglamerate, as determined from

analysis of water-level recovery (fig. 53), is 36,100 gpd per foot.

Figure 53.--Semilograithmic graph of recovery of water level
in well DP-10, September 22 and 23, 1960, after 16 hours of

pumping at an average rate of 78 gpm.

DATAH
It+—4o—-estimabed from geophysical logs and examination of the drill

- [MDICATE
cuttings Athat about 200 feet of the saturated section penetrated by

DI-10 readily ylelds water to the well. Therefore, field permeabllity
is about 180 gpd per foot per foot, a figure that compares favorably

with the field permeability of 200 determined at well DT-9.



Tests at well pr-10

An attempt was made (May 1960) to install a puwwp in well DT-10.
An obstruction was found in the well at 1,100 feet, where the casing A
js reduced with & liner from 12 to 8 inches in dlameter. (See table 16.)
The obstruction was later swaged out and the pump installed in September
1960.

A 16~hour pumping test was made on well pT-10 September 21 and
22, 1960. The pump vas set at 1,185 feet below the land surface, and
the average rate of pumping during the test was T8 gpm with a drawdown
of 4.8 feet. The specific capacity of the well is 16 gpm per foot of
drawviovn. The discharge was free of sediment and clear in appearance
except during the first minute of pumping, when & foemy, detergent-like
substance came out with the water. Some rusty pipe scale vas included
in the water during the £irst few minutes of pumping, but this cleared
up in a very short time. The temperature of the water during pumping
vas 67°F, which was 3 degrees cooler than water from the wells D‘B—SA
end DP-9. Well DI-10 is finished in the upper part of the main
aquifer, and the lower temperature vof water from DT-10 tends to corroborate
the stratigraphic analysis thet indicates there may be 2 hydraulic
separation betwveen the Puye Conglamerate 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.



Tests at well DT-C

A pumping test was run on well DT-9 May 6?'?, 1960. The pump
was set at 1,117 feet below the land surface, and the well was pumped
at 88 gpm--maximm discharge for the pump--for 24 hours.

Maximm drawdown during pumping was 5.95 feet, giving a specific
capacity for the well of 22 gpm per foot of drawdown. The discharge
vas free of sand and sediment throughout the pumping test, end the
water temperature was T0° F.

Recovery of water level was analyzed to determine transmissibllity

of the aquifer in the vicinity of the well (fig. 52). As determined,

Figure 52.--Semilogarithmic graph of recovery of water level in
well DI-9 May 7 and 8, 1960, after pumping 24 hours at an

.\
* average rate of 88 gpm.

anr«)
the transmissibility, T, is 61,000 gpd per foot. Fruir geophysical logs

. /MY ICRTE
and examination of drill cuttings,-it—ts—esthmabded that about 300 feet
of a total of 500 feet of saturated aquifer penetrated will readily
yield water. Thus, field permesbility should be %380-9, or approximately
200 gpd per foot per foot. 3e0

The coefficient of permeability as determined at well DT-9
is more representative of the aguifer in the Santa Fe Group than the

transmissibility determined at well DT-5A.



Tests at well DT-5A

Well DT-5A was pumped at a rate of 81 gpm for slightly more than
25 hours April 30 and May 1, 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 TO°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 1 and 2, 1960, after pumping 25 hours at an

rate
averageaof 8l gpm.

 a transmissibility, T, of 11,000 gpd per foot for the aquifer here.
Approximately 350 feet of the saturated beds penetrated should readily
yield water to the well, as indicated by the electrical log. Thus

field permeability should be L%éggg 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 80 percent of the saturated interval is plugged with
drilling mud. If the well is to be used for water supply the specific

capacity probably could be improved further by surging and by use of

mud-cutting chemicals.
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Pumping tests

Pumping tests approximately 16 to 24 hours in length were run
on wells DT-5A, DT-9, and DT-10. The pump used for ithe tests wvwas
a 40-horsepower submersible turbine. Discharge vas measured by
means of garshall flumes set near the well. Measurements of water
1evels were made with an electrical water-level indicator insicde
a l-inch plastic tube banded to the pump. Dravdown znd reccvery
were read directly on a steel tape fastened to the elsctirical
lead for the probe. Recovery of water level after pumpiag in voth
vells was analyzed by the method Zdevised by Thels (1933) and later

desceribed by Wenzel (1942).



Measurements of water level at weil DT-10 (fig. 48) show a decline

Figure U45.--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
EPnglomerate aquifer. A recorder vas 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.

X



Water-level changes

Water-level measurements in well DT-5A (fig. 46) indicate that

Figure W6.--Hydrograph of water levels measured and from

recorder cherts at well DT-S5A, TA-49, Los Alamos County, N. Mex.

the water level was near 1,173 feet below the land surface after the
well was developed. One level measured April 30, 1960, is anomalously
low owing to residual drewdown after the aquifer test run on the well.

The water level in well DP-9 (fig. 47) declined about 3 feet

Figure 47.--Hydrograph of water levels measured and from recorder

charts at well DP-9, TA-49, Ios Alamos County, N. Mex.

during the period of drilling of the well. This decline probably

represents difference of head 1n successively deeper water-bearing

strata. The water level in 1960 was about 1,003 feet below land surface.
During April a recorder was operated at DI-9 and & microbarograph

vas operated at TA-49. Changes in water level in the well correlate

qualitatively with changes in barometric pressure, but the amplitude

of the water-level fluctuations indicates an additional effect that

probably is caused by something other than barometric pressure.



PR

Depta Lo tre pizzometric surface cf the main aguifer veneath
TA-49 ranged Irom zbout 1,00% feet below the lend surface at DT-9
to 1,172 feet at DT-SA. Much of the difference in water levels in
d4fferent vells is due tO topogrephic position; however, the altitude
of the piezomeiric surface of the water is almost LO feet higher in
well DT-5A than in vells DT-9 and DT-10, vhich are respectively

mile

O.dAsoutheast and O.7 mile east of DT-3A.

The grodient on the plezometric surface is eest-southeastward

So

sova=d the Zic Grende at ebcul & Icet per mile (fig. 45).
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Decreasing flow downstream in perennial streams in Water Canyon
to the north and Frijoles Canyon to ihe south indicates that scme
recharge may occur beneath the deeper canyons of the Pajarito Platesu.
Availsble data do not show how much of the decrease in flow in the
canyons is caused by evapotranspiration and how muach is recharge
to the bedrock.

The general shape and slope of the piezometric surface (fig. 45)

.

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 aguifer is west of Frijoles
Mesa. The Pajarito fault zone and the slopes -of the mountains, which
receive relatively high precipitation, probably are part of the main
source of recharge.

Some recharge from Frijoles Canyon can te inferred because of
the configuration of the contours on the piezametric surface (fig. U45)

in that aresa.



The soil cover on the mesa at TA-4Q prevents most of the
precipitation from infiltrating into the underlying rocks. The
cley-like scil forms an almost perfect seal over the mesa surface
end the near-surface joints. This is evidenced by open Jjoints in
units 4 and & waich blow air (figs. 15, 17, and 18) in response
t0 declining berometric pressure. A very low moisture content

table 17) was found in the upper 300 feet of the Tshirege Member.
The moisture-meter surveys indicate little or no increase in
noisture content below the undisturbed soil zone. Where the soil
cover has been disturbed, removed, or water allowed to pond,

jnfiltration into the underlying tuff takes place slowly (fig. 37).



RBecharge to the main cguifer

Data obteined durine. the investigation indicate that Frijoles
Mesa is not part of the ground-water recharge area in the regicn.

Perched water was not found beneath TA-LS.



The moisture content measured in test hole 5M-1 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 nole 9M-2 at a depth of 1.5 feet in the soil, the
moisture content incressed 16 percent from April 30 to May 1 (fig. 42).
From May 1 to May 6, 1960, capillary return to the surface and
evaporation decrezsed this moisture content by 13 percent. At a
depth of 2.5 feet the moisture content increased 3 percent from
April 30 to May 2. 1960. Below 2.5 feet there 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 was 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 channel and bank material was
saturated. No change in moisture content was detected below 3.5 feet
in depth in either of test holes 9M-2 or 9M-35. Any laterzl filtration
of water from the pond near test hole 'SM-1 was not detected
indicating that any infiltration would have been downward probably

along vertical and near vertical joints into the underlying tuff.
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Pumping started at 10:45 a.m. on April J« From 10: 45 a.m. to
9:15 p.m. flow measurements in the channel at test holes 9M-2 and
GM-3 showed varying flow losses owing to infiltration of water into
the drill cuttings, ponding of water near test h®le 5M-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 SM-2 and gM-3 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 T a.m. on
May 1, 1960, when flow in the channel measured at the test holes
became sbout equal. Flow loss from the well DT-5A to test hole 9M-2
increased to 1.9 gpm per 100 feet of channel from 5:45 a.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 continued but
slightly changing percolation into the drill cuttings. Additionsl
vertical infiltration from the pond at the head of the channel may
have occurred during this period as ailr bubbles rose to the surface of

the pond at different times uring and after the pumping test.




Infiltration from stream flow

Water discharged from well IT-5A during the pumping test was
measured 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 Lk,

Figure LL.--Graph of measurements of flow downstream from well
DT-5A as compared to discharge at well during pumping test

April 30-May 1, 1960 at TA-Lg.

Moisture content of soil and rock penetrated in three test holes
ad jacent 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-1, 9M-2, and 9M-3, are shown in figures 39, 42, and
43, From the discharge pipe at the well to near test hole 5M-1 the
water flowed in a natural channel partially filled and dammed by drill
cuttings from well DT-SA (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.
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No significant change in moisture content in the tuff was noted,
except in hole 1M-3A (fig. 20), wherzxégisture content increased
1 to 3.5 percent by volume between 4 and 135 feet in the tuff from
May 3 to June 30, 1960. Test hole 1M-3A 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 Usinches deep in the arroyo during wet periods. The thin soil
and sand in the channel of the arroyo may have allowed the ponded
water to infiltrate downward and laterally into the tuff as shown
by the increase of moisture from 1 percent to 3.5 percent at a
depth of 4 to 13 feet. Between 15 and 20 feet a small increase
in moisture content is suggested, but between 20 and 49 feet the
moisture content remained about 6 to 8 percent.

The specific retention of samples of unit 6 ranges from i;f—
to 27 percent by volume (table 17). On June 30, 1960, in test
hole 1M;3A the moisture content of the tuff ranged from 27.5
percent at L feet to 29 percent at 5 feet, suggesting that there
may have been some free water in that interval. The increase of
1 to 3.5 percent in moisture content a: various depths during the
period from May to June may indicate a slow downward movenment of
moisture in the vicinity of test hole M-3A. This indicated

movement of moisture into the tuff is brought about by the ponding

of water in an area where it was formerly allowed to drain.
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Table 21.--Summary of results of moisture measurements in

test holes in areas that receive runoff from well-drained aress

Depth at which Depth et which
Test hole Soil thickness moips:g_g;g decreases moisture, decreases
(feet) to lO‘%\ by volume o) ‘%Y by volume
(feet) (feet)
1M-1 4.6 6.5 10
IM-3A 3.2 14.0 Lo+
M-3 5.0 8.5 19+
SM-1 2.2 6.5 39+
EM-1 9.0 9.0 19+
OM-1 6.9 19+ -
9M-2 6.9 8.5 | 19+
OM-3 L2 4.0 19+
Average 5.3 9.5 -
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THRT

Test holes in areasAFeceiving runoff

from well-drained areas

Test holes 1IM-1 and -3A; 2M-3; SM-1; 6M-1; and OM-1, -2, and
-3 are located on or near arroyos, drainage ditches, and flat areas

7THAT DRAW SLod i\
of—sieow-dreiname. Craphs of moisture readings in these holes are

shown on figures 35 %hé;agh L3,
The average soil thickness of this group of test holes is
5.% feet (table 21). At an average depth of 9.5 feet, the moisture
content decreased to 10 percent by volume, but the molsture
content was above 5 percent to depths of more than 19 feet in all

but one of the holes. 1In test hole IM-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 with evaporation, transpiration, and prevailing
weather conditions. No significant change in moisture content of
the soil was noted during the period of March to June.
—r’



Table 20.--Surmary of results of moisture measurements in

test holes located in well-drained areas

Depth at which Depth at which

Test hole Soil thickness moisiyrg decreases moisture, decreases

(feet) to 10% by volume top.éii by volume
X feet) “(feet)
1M-2 1.0% 2.5 7.0
oM-1 .52/ 5.5 7.0

M-2 55522/ 65 9+

M-1 9 2.5 L.5
M-2 2.6 6.0 9.0
M-3 7.oy | 3.0 14.0
UM-1 1.9 3.0 7.0
iM-2 1.2 4.0 13.0
IM-3 3.0%/ 4.0 7.0
M- 1 2.9 4.0 10.0
5M-2 3.3 6.5 9.0
M- 12,14/ 9.0 12.0
10M-1 2.%2/ 3.0 5.0
10M-2 402/ 6.5 10.0
Average 3.5 4,7 8.8

L/ Backfill composed of soil and tuff.

2/ Soil overlies pumice.

i
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Test holes in well-drained areas

Holes 1M=2; 2M=-1 and =-2; M-1, -2, snd -3; 4M-1, -2, -3, end
-4; 5M=2; 9M-i; and 10M-l end -2 are located in well-drained oreas
and penetreted an average soil or soil and backfill thicikness of
3.5 feet (table 20). At the average 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 cley soil had retained most of the moisture that fell as
snow or reain and the moisture content in the upper part of this
soil varied due to evapcration, trenspiration, and prevailing
weather conditions prior to and during moisture readings. Near
the base of the soil zone, no apparent chenge in moist. re content
wes noted during the period of March to June (figs. 21-34).

The tuff just below the soll zone contained as much as 37
percent molsture DYy volume. Moisture content in the Luff of unit 6
decreased to less than 10 percent o few 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 mede in test hole 2M=2 (fig. 23)
indicated o moisture content of 25 percent in the punice layer at
8 feet on May 3, 1960. This anomalously nigh reading probebly is in

a thin cley layer in the pumice zone.




Moisture content of the soil ranged from L8 percent by volume
near the surface in March to 8 percent at depth. The moisture

) WHERE I TWAS
content of the near-surface tuff covered by & thin soi%,ranged from

A
37 percent bg volume to less than 4 percent at depth in test holes
in well-drained areas. Moisture content was highest in the upper
few feet of soil and tuff in March and April as & result of the
late winter snow; it decreased in June due to the higher evapo-
transpiration rates of early sumﬁer. Moisture content of the tuff
at depth remained constent in the period March to June except in

test hole 1IM-3A where an increase of 1 to 3.5 percent by volume was

noted between L and 13 feet.
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Moisture distribution in the uplend soil

<:fz;d underlying tuff

Twenty-three test holes were drilled for use in studying the
soil thickness and distribution of moisture in the soil and under-
lying tuff of unit 6 of the Tshirege gember of the Bandelier tuff.
The test holes were located around test areas, roadside drainage
ditches, and stream channels (fig. 20). Meesurements were made of
the moisture content of the soil and tuff at various depths by a
neutron-scattering moisture probe. Moisturé content determined
by the probe apfgg;i%c~be 1 to 2 percent higher than those made
in the laboratory.

Measurements were made at least twice during the period from
March to June 1960 and are depicted on graphs of moisture content

and lithologic logs (figs. 21 +arough U43).

Figures 21-43.--Graphs of moisture content and lithology in
CO un fj
test holes, TA-49, Los Alamos, N. Mex.




Percoiation of water through the soll zone is small where

the soil is relatively undisturbed and would take place only

during exceptionally lcng wet periods, vhich ere rare in the

region.



