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

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

Abstract

Frijoles Mesa 1s a part of the Pajarito Platemu, a dissected
ash-flow field that laps onto the Sierra de los Valles to the west
and terminates in cliffs along Yhite Rock Canyon to the east. o
Technical Area 49 (TA-49) occupies about 2 square miles on the
northern segment of Prijoles Mesa 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 Pleistocenéi%ge and the Tschicoma Formation
of Pliocene and Fleistocene(?) 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
basaltic rocks of Chino Mesa. Interbedded with the rocks of the

Santa TFe Group are rocks of the Tschicoma Formation.
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The undifferentiated unit consists of sediments laid down as
alluvial-fan and f1ood-plein deposits. Above the undifferentiated
unit is the Puye Conglomerate, which consists of two members. The
lower member i1s a poorly consolicdated charmel-fill deposit called
the Totavi Lentil. Overlying the Totavi Lentil is the ganglanerate
member that 18 made up of volcanic debris. Interbedded with the
)ff‘anglanerate rember are the vasaltic rocks of Chino Mesa and latite
and quarbz-latite ,_f‘f_xg_\_a-_—?ggif?_of the Tschicoma Formation.

The Bandeller muff ov;re'.\ies the fanglomerate member. It consists
of ash-fall and ash-flow rocks that aj'e draped OVer the older rocks,
f£411ing the lows and smoothing out the topography of the older rocks.
The Bandeller Tuff consists of three members. In ascending order they
are: the Guajle Member, &n ash-fall pumice and water-laid pumiceous
tuff; the Otowi Member, & frisble ash-flow tuff; and the uppermost
Tghirege Member, & geries of ash-flov tuffs with one thin water-1sid
bed near the top.

The Tshirege Member forms the finger-like mesa at TA-LG. It
i the most 1mportaent geologic unit veceause test operations will

pBouT BeLew
place contaminants 1in these rocks Av.r}.-ﬂ&n- 100 feet of the mesa surface.

There theee conteminants could be removed vy weter and carried into

the zone of saturation.



The X-ray and chemical analyses of the tuff from the Tshire~
Member indicete that they are rhyolitic in composition. Rydrolegic
analysis of the tuff indicated the following ranges: porosity, 1$.3
to 5L4.7 percent; specific retention, 11.3 to 27.3 percent; specific
yield, 0.6 tc 42.6; permeability, 0.0k to 22 gpd (zallons 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 Oy 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 3.3 percent by volume, which indicates some
infiltration of water.

The soil cover on the mesa surface is characterized by a
weatherea zone, a vwelter-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 brovn clayey soil except along the northern edge of the
mesa, vihere a layer of water-laid pumice cccurs between the

wveathered zone and the soil zone. .
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Periodic moisture readings of the soil and underlying tuff, made
by & peutron-scattering moisture probe, indicate little or no
infiitration of water fronm precipiﬁation through the soll zone. Cther
data collected during drilling, mepping, and hydrologic analysis of
rocks of the Guaje, Otowi, and Tshirege Members of the Bandelier Tuff
indicate that the soll forms & neerly perfect seal on the mesa
surfgce and that the Bandelier Tuff has a large bulk permeabllity.
Where the soll cover has been removed Or disturbed, water 1n sufficient
quantities would move almost vertically through the Bandelier Tuff
into the Puye Conglomexate and eventuelly into the zone of saturation.

Stream flow 1nw ql(xi”:urcf:'g&”&"theo :esa was measured
at two moisture test holes about 700 feet epart. There was very little
loss of flow between the two test holes after the channel and bank
material had become saturated. No change in moisture content in
the channel material or underlying tuff was detected below 8 depth
of 3.5 feet in either of the test holes. The moisture content
increased 16 percent by volume in the upper 3.5 feet while the stream
was flowing. Six days after the flow ended, capillary return to the
surface and evaporation had decreased this moisture content by as

mch as 15 percent.



The zone of saturation, or wain aguirfer, lies 1,000 to 1,200
feet below the mesa surface at TA-4y in rocks or the Santa Fe Group
and Tschicoms Formation. Uo perched water \as found sbove the
zone of saturation. The gradient on toe piezometric surface of
gge main agquifer is easi-southeastward toward the Rio Grande apout

o
& feet per mile. Data indicated that the recharge area 1o the
mein aquifer is vest of TA-Ly on the siopes oi the Sierra de los
Valles and the western part of the Pajarito Plateau. The gpecific
‘capaCity oI three wvells finisned in the main aguifer range Ircm
5.7 to 22 gpm (gallons per winute) per root of drawdown. Pumping
+ests indicate an average coefficient of permeability of 180 gpd
per foot per foot. The velocity of water in the main aguifer 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-49 is approximately 370 acre-feet per year.

Tritium analyses indicate that the water in the main aquifer
ranges in age from 15 to 20 years. The cause of differences in
age could be that the water deeper in the aquifer moves more
slovly and is actually older, or that some young wvater is being
added to the acuifer by local recharge from canyon sources such

as Water Canyon to the north or Frijoles Camyon 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
Technical Area 49 (TA-4G) informally in conference September 23,
1959. The request was confirmed by e copy of a letter (JO-462) from
Mr. Williem Ogle of the Los Alamos Scientific Laboratoary to Mr. Paul
Wilson, Manager of the Los Alamos Area (Office.

The work of the Geological Survey wes aimed at 1) providing
geological information to the AEC about the rocks that underlie the
area, and 2) defining the direction and rate of movement of water in
the zone of éeration and the movement of ground water in the zone of
saturation beneath the project area eastward to the Rio Grarnde.

Fleldwork began in late October 1959 and was completed in

September 1960/although the most intensive part of the fieldwork
was finished br May 10, 1960.



Location and setting

Much of Los Alamos County south of the city of Los Alamos is
used for test operations by the Los Alamos Sclentific Laboratory.
Various installations and areas in the upland surfece and the
canyon bottoms are designated "technical areas.”

Technical Area 19 occupies sbout 2 square miles on the northern
segment of Frijoles Mesa, 5 miles (about 10 road miles) south of

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

Flgure l.--Index map of part of Los Alamos and adjacent
counties, New Mexico, showing the location of Technical
Area 49 (TA-49).

Plateau, which is a dissected ash-flow field that laps onto the
Sierra de los Valles (fig. 4) to the west and terminates in cliffs
along White Rock Canyon to the east. The ares is in the former
Roman Vigil Grant, which is not sectionized, but projections of land
divisions into the Grant area indicate that TA-49 is mminly in

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

secs. 33 and 34, T. 19 K., R. 6 E. and sec. 2, T. 18 N., R. 6 E.



The northern segment of Frijoles Mesa slopes gently eastward
from an altitude of about 7,200 feet near the western edge of TA-49

+o0 an altitude of about 7,000 feet at ite 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 adjacent canyons support moderate to dense
vegetative growth. Pinon pine and juniper are the predominant trees, .
and there 18 a sparse growth of ponderosa pine, mainly in the canyons.
Grama gress predaminates as surface cover, and a few scrub oak, mostly
shinnery oak, grow in isolated patches.

Water and Ancho Canyons drain eastward and are almost parallel.
They empty inmto the Rio Grande 1n White Rock Canyon. Water Canyon
heads on the slopes of the Sierra de los Valles. In the reach of
Water Canyon, north of TA-49, a sdmll 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 channels 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 is drained by a rather well-developed dendritic system

of chamnels and canyons. Most minor drainageways 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 studied by the Geologicel Survey and the Atomic Energy
Commission 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 as to the feasibility of the experimental

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

The study at TA-I9 vas mede to determine whether ground water,
either perched or in the zone of saturation, might be conmtaminated
by radlocactive 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 leached from the rock in vhich they were
emplaced consisted of geologic mapping, subsurface geologic studies,
observing and advising on drilling operations, interpreting geophysical
logs of holes, conducting pumping tests, and making water-level
measurements in wells. Rock samples were collected and sent to
Geological Survey laboratories for petrographic description, chemical
and X~-ray analysis, and meesurement of physical properties. Rock
sampling was very intensive as es insurance against the possibility
of missing information that could not be obtained later. -Fhe samples
have been catalogued and are stored in ﬁhe Geological Survey A;fice
at Los Alamos and are available to interested parties for future

study.



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

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



Infoermotion on the main cuuifer of the Los Alamos area, vhich
is 1,000 to 1,200 fcecet below the mesa surface, was obtained fron
three deep test wells. (The main aguifer in the Los Alamos area
is the zone of saturation in 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 Tschicoma Formation. However, the water in the
upper part of the Santa Fe Group and the Tschicoma Formation nmay
be perched. The water in the main aquifer is under artesian
pressure.) Hydrologic characteristics of the aquifer were estinated
from drill cuttings, geophysical logs, and a 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-wvater samples are tabulated in order to maske them readily
;vailable for future study, but a detailed interpretation of these

data is beyond the scope of this report.



Techniques used and data collected

Most phases of the project were carried on similtanecusly.
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,
DT-9, and DT-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-L9 Amee. Los Alamos grid locations, ¥ lest” keles,

(see figs. 6 and 20.)

Deep wells
DT-5P
-5
DT-5A
DT-9

DT-10

111 + 32
110 + 99
111 + &7
142 + 81

113 + 27

Exploratory large-diameter holes

Alrha

Beta

Geuma and Gamma "A"
Core holes

CH-1

CHE-2

CE->

CH-4

111 + 16
8% + 63

135 + 20

104 + 98
105 + T0
114 + 9b

120 + 33

south

south

south

Shallow holes for moisture measurements

1M-1, 2, 3, and 3A
M-1, 2,and 3
M-1, 2, and 3
M-1, 2, 3, and b
5M-1

5M-2

6M-1

OM-1

105 + 00
106 + 00
115 + 00
120 + 00
111 + 32
111 + 05
102 + 15

116 + 67

south

lia

94 +
S3 +
93 +

131 + 2

125 +

9T +
gl +

104 +

8L +

97 +
82 +

95 +

84 +
98 +
82 +

9k +
92 +
68 +
83 +

36

Q0

W8 8

&

(2]
W

east

cast

east

east



SM-2
=3
M-
10M-1

1OM-2

Seientiric Laboratory.

Area 1
Areg 2
Areg 3
Area 4

Ares 10

wem-

wem- g

Los Alamos grid locatione -~ Contiaued

Shailow holes for moisture measurements - Continued

113 + &0
117 + 02
113 + 93
104 + 96
104 + 54

Layout of holes in arees shown on figure

105 + O30 south

106 + 00
115 + 00
120 + 00

105 + 00

/1l +30

/4S+ 00

98 + 15
104 + 57
100 + 40
110 + 21

108 + 69

38k + 00 east
g8 + 00
82 + 00
G6 + 00

109 + 00

93 +0

[O0A + do

Large-diameter holes used for experimental purposes by the Los Alamoc

o

o



Loestlon of well in
The Los Alamos area, by section, township, range

{See fig. =.)

T‘l, l A sec. m)

3

.19 H., R. TE.

™2, QA sec. 14, T. 19 N., R. 6 E.
T-3 sec. 13, T. 19 N., R. 6 E.
T-4 sec. 16, 7. 19 N., R. 6 E.
H-12 sec. 17, T. 19 H., R. €6 E.
L-3 sec. 14, 7. 1 N., R. 7 E.

lhe



Surface mapping

Geologic mapping on aerial photographs was begun early in December
1959. Stratigraphic relations were established in the area of maxirunm
exposures on the south wall of Water Canyon.

The exposures vere examined about every 400 to 500 yards to meke
certain of adeqpaﬁe control. Contacts were referred to the many vertical
control points established in the field by Laboratory personnel engaged
in mepping TA-49 topographically. Control points were located on the
aerial photogrephs,and geologic contacts were drawn on the photographs

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

Y



The unit contacts on the photographs did not campletely agree with
the topographic contours. Therefore, the geologic contacts were
adjusted to agree with the topographic base map. The geologic mep
is sufficiently accurate for all purposes anticipated. Segments of
many contacts were drawn through areas where rock exposures are poor,
and in these areas the contact alinement may not be exact. The areas
of best exposure are along the road legding from the mesa just east
of Area 10 into Viater Canyon, the northern walls of canyons, and a few

places in the bottoms of arroyo channels.
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Test drilling

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 designsted by "DT" and the number of s
nearby area. These test wells include the pilot hole, DT-5P, and
the wells DT-5, DT-5A, DT-9, and DT-10. Three holes, arbitrarily
called Alphe, Beta, and Gamma, were drilled with a bucket auger
on top of the mesa, in Water Canyon and in Ancho Canyon. A core
hole was drilled in Areas 1 thrcugh & (fig. 2). These holes are
designated by "CH" and an area number. Twenty-five shallow test
holes were drilled with a wagon drill. These are designated by
the numﬁer cf the nearby area, a "M"for "moisture" to indicate

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



Deep wells

Five wells were drilled to obtain hydrologic and geologic
information about the mein aquifer. The wells were located to
give the widest distribution of subsgrface geologic control and
the vest hydrologic control (figz. 6).’ Considération vas given to
choosing the best‘sites.for monitoring ground water for possible
contanmination.

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 DT-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
abandoned 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-wall
sazples were taken from depths of 300, 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 -vell DI-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
and cemented at this depg:q&geg.ojv 520 feet, circuiation was

maintained and cuttings samples were cbtained to the total depth of

1,821 feet.
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Well DT- (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 dismeter to a depth of 1,300 feet, at which point
it was logged geophysically and then cased with 12-inch pipe. An 1ll-
inch hole was drilled from 1,300 to 1,501 feet and an J-inch liner vas
installed (table 2).

Well DI-10 (fig. 6) was drilled with cable-tool equipment 16
inches in diameter to a depth of 1,125 feet below +he land surface, at
vhich point 12-inch casing was installed. An ll-inch hole was drilled
from 1,125 feet to 1,408 feet, and an 8-inch liner was installed

(table 3).
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Table 1.--Casing schedule for well DT-5A

Altitude of land surface 7,143.32 feet

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

12-inch I. C. casing

Blank +0. 347 519.7 520 7,1h3.62

8-inch I. D. casing

Blank +.5¢/ 1,171.5 1,172 7,143.82
Slotted 1,171.5 1,191.5 20 . 5,571.82
Blank 1,191.5 1,279.5 88 5,951.82
Slotted . 1,279.5 1,289.5 10 5,865.82
Blank 1,289.5 1,335.5 U6 5,853.82
Slctted 1,335.5 1,381.5 k6 5,807.82
Blank 1,381.5 1,45.5 3L 5,761.82
Slotted 1,415.5 1,L445.5 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 24 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 5% 5,487.82
Slotted 1,708.5 1,728.5 20 5,454,862

/ See Tootnote at end of table
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Table 1.--Casing schedule for well DP-5A - Continued

Description Depth below Length Altitude of
land surface- (feet) top of section
:—\-ee +) Jgee )
Tep Bottom Sletted Blank
8-inch I. D. casing - Continued

Blank 1,728.5 1,7k0.5 12 5,414.82
Slotted 1,740.5 1,750.5 10 5,u402.82
Blank 1,750.5 1,768.5 18 5,392.82
Slotted 1,768.5 1,788.5 20 5,3T4.82
Blank 1,788.5 1,819.5 31 5,354.82
Bottom of hole 5,32%.82

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

/
*’/Extension 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
land surface (feet) top of section
($ceT ) (Scect)
Top Bottom Slotted Blank

12~-inch I. D, casing

Blank 42,08 819.0 821.0 6,939.3%2
Slotted 819.0 878.8 59.8 6,118.32
Blank 878.9 903.2 244 6,058.52
Slotted 903.2 93k.5 31.3 6,034,112
Blank 93k4k.5 958.5 2k.0 6,002.82
Slotted 958.5 982.6 2k.1 5,978.82
Blank ; 982.6 1,002.4 19.8 5,954.72
Slotted 1,002.4 1,036.4 34.0 5,93k4.92
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 by, 3 5,671.12
Blank 1,310.5 1,333.0 22.5 5,626.82
Bottom of 12-inch I. D. casing 5,604, 32
Total 12-inch I. D. casing 295.9 1,0%9.1

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

Deccription Deptin welcw Length Altitude of
land surface (feet) top of section
(feet (feet)
Top Bottom Slotted Blank
8-inch I. D. casing
Swage 1,313.1 1,317.2 L1 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 12-inch casing.

/
‘”j'Extension of casing above land surface.
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Table 3.--Casing schedule for well DT-10

Altitude of land surface 7,01G.41

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

12-inch I. D. casing

Blank +1.98/ 1,078.4 1,080.3 7,021.31

Slotted 1,078.4 1,128.0 4.6 5,341.01

Bottom of 12-inch I. D. casing - : 5,891.41
Total 12-inch I. D. casing b9.6 1,080.3

8-inch I. D. casing

Swage 1,096 1,097 1 5,92%. 41
Slotted 1,097 1,118 21 5,922.41
Blank 1,118 1,196 78 5,901. 41
Slotted 1,196 1,206 10 5,823. 41
Blank 1,206 1,228 22 5,813.41
Slotted 1,228 1,258 0 5,791.41
Blank 1,258 1,268 10 5,T6L. 4L
Slotted 1,268 1,278 10 5,75L.41
Blank 1,278 1,302 24 5,Th1. b1
Slotted 1,302 1,322 20 5,717.41
Blank 1,322 1,332 10 5,697.41
Slotted 1,3%2 1,342 10 5,687. 41
Blank 1,342 1,368 26 5,67T7.-41
Slotted 1,368 1,408 4o 5,671, 41
Bottom of hole 5,631.41
Total 8-inch I. D. casing 141 171

I/ See footnote at end of table 25



‘ 7able 3 .--Casing schedule for DT-10 - Continued

Top of 8-inch casing swaged out to 1l inches O. D. and run as liner to
a total depth of 1,408 feet, which extends the B-inch casing 32 feet

into the l2-inch casing.

/
"/Projecting above land surface.
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Exploratory large-diameter auger holes

The large-dicmeter hcles Beta, in Vater Canyon, and Gamna,
in Ancho Canyon {fig. &), were drilled with & bucket auger, mainly
to determine whether nerched water was present beneath tThe canyon
beottoms. The large-diameter hole Alpihie was drilled on tiie mesa
surface primarily for seologic information.

Beta hole was drilled 2 feet in diameter to a depth of 130
feet. The hoie wes dry. Gamme hole was drilled 2 feet i diameter
but was abandoned at & depth cf T feet because of the hardness of
the tuff, and a nearty -~inch hole called Gamma A was drilled to
a depth of 54 feet 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 vere drilled, one in each of Areas 1 through
4 in TA-49, mainly to cobtain 2-inch diameter core samples for
geologic study. Air was used as a cuttings carrier in order t
obtain cores free of drilling mud and to detect zores of perched
water.

The parts of the cores not used in the tests are stored in
the Gealogical 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 moisture measurements

Twenty-three holes were drilled on the mesa surface in TA-49
(fig. 20) end two in VWater Canyon (fig. 6) for the purpcse of measuring
moisture content and the changes in moisture content with time end
depth. Areas 1 through 4 and Area 10 were of special interest
because potential ground-water contaminents would be left in the
ground as a result of the experimentel work in these areas. These
holes were drilled with a wegon drill end are 2.5 inches in diameter.
They vere cased with 2-inch plastic pipe.

A rough visual log was made at the time the holes wvere drilied
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-1 and WCM-2, in water Canyon, were drilled with =
wagon drill using air as a cuttings carrier. These borings penetrated
water in the thin alluvium at the level of water in the nearby stream,
and air drilling could not be continued. The holes were drilled
about 2.5 inches in diasmeter and cased with 2-inch plastic pipe;

WCM-1 was cased to = depth of 9.9 feet with 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-SA, DI'-G, DT-10, iflpha hole, and in core holes
in Areas 1 through 4. (See figs. S4A-62B.)

Most of the logs were run by Schlumberger Well Surveying
Corporation. Garme-ray logs in the completed core holes vere run
with equipment of the Geological Survey because of the small hole
"‘Giameter. The Survey clso gamma-rey logged the lower 207 feet of
well DT-SG.

prineipel weltermbeoniny

The electrical logs were used primarily topselect zones -of-
Seeetest—permeehility for setting perforated casing. To =z lesser
extent these logs were used to select stratizraphic contacts.

Induction logs and laterologs were run on wells DT-5A z2nd DT-9.
Induction logs were rin 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 diameter of the bore holes (especially

Alpha hole).

U
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Laterologs were run in wells DT-5A and DI-9 because of their
petter definition of units in rocks of high resistivity. The laterolog
strixingly indicated the position of volcanic flows interbedded in the
Sante Fe Group (figs. 55D and 56D); however, in the Bandelier Tuff at
well DT-5A, the lateroclog 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 radioactivity logs, mainly gamma-ray, were the most useful of
the logs for picking geologic contacts. The garma-ray log ylelded
usesble results in holes that contained no liquid or vere only partly
filled and holes with casing jnstalled. The only geophysical log of
the lower 307 feet of DT-9 was the gamma-ray log run with Geological
Survey equipment. A study of this log showed changes in gamma radiati: -
sufficiently well to aid in accurately choosing contacte between
stratigraphic units penetrated by the well.

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

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

of porosity.



Data on the interval between 300 and 500 feet belcw the mess
surfece wes almost entirely determined from the geophysical logs.
The logs were also used to make more precise determinations of

stratigraphic contacts.



Down-hole mapping

A large number of holes in Areas 1 through 4 and in Area 10
were dug with a bucket auger as part of the experiments conducted
by the Los Alamos Scientific Laboratory at TA-43. These holes were
3 to 6 feet in diameter and 45 to 108 Feet in depth. Thirty-nine
of the holes were'inspected in the course of this investigaticn and
detailed geologic maps were made in 195 of the 39. This provided an
opportunit; to examine the structure and lithology of freshly
exposed tuff and provided information on the post-depositicnal
history of the Tuff as well as a basis for interpretations of
vwater nmovement.

Figures 15-13 contaln the geologic nape of the holes, and
table 26 includec reconnaissance notes on the holes that were
inspected but not mapped. The system of designating the holes
and tae location cf the ones that were inspected are shown cn

Tigure 2. theze holes are numbered accordinz to area and are

-
-

Figure 2.--La-ocut of large-dianeter holes in Areas L, 2, 3,
4, and 10 showing holes mapped and described. (Areas are

shovn on figure 6.)

alphabetized within each area (except Area 10). Bole 1-A was
mapped earl:; in the stud, as a >-foot diameter hole and later

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

W
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The down-hole maps were plotted in the field on tubes covered
~ with ruled cross-section paper at a scale of 1 inch equals 2 feet.
The maps were reduced to 1 inch equals 6 feet for inclusion in this

report.
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Carples were collected gt S-fcet intervals in the boles that
were mapped for possible future study. The samples vere hand-
specimen size and were collected at random from the hole walls.

Cuttings samples of cach 5-Ffoot interval aiso were obtained Irom



Laborator; inveutlgaiions

Humerous enslyses were run on itne samplec that vere coliected
at TA-lu to obtain data on the ph;sical characteristics of the il
and soil. Sampling was most intensive in the interval between U
ard 120 feet beneath the surrace ol +he mesa. rhysical-Dropertics
tests and mineralogic and chemical anaijyses of rocks wvere made b
Buchanan end Associates laboratories. Carvies cf rock were
analvzed mineraslogically and chemicall . by lavoratories ci Lhe
Geological Survey (tableslh, 15, and 16).

Hydrologic analyses vere run by the Geologlcal Surve; on %6

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

eseration (table 17).



Tests and analyses of rock samples

Spencer J. Buchanan and Associates

About 150 samples of rock from TA-LO were tested under the
direction of Buchanan and Associates, consulting engineers, Bryan,
Tex. Tests performed included strength tests, thermal conductlvity,
specific heat, paiticle-size distribution, density, specific gravity,
moisture content, porosity, and permeasbility. Molsture content
was determined for about 70 samples and porosity for about 30
samples, mostly S-inch cores from the walls of the large-dlameter
holes. Permeability to air was determined for 10 samples of core
fron thevh core holes, and particle-size distribution was determined
on 9 crushed specimens of the 10 samples analyzed for permeability.

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

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

at Los Alemos.

Health Division - Group H-7

About 12 samples, including cores fram the core holes, 5-inch
diameter side-wall cores end unconsolidated samples from the large-
diameter holes, and air cuttings from the core holes were analyzed

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

Sattes—of drill-cuttings samples from hole DT-5P, wells DT-54,
DP-9, and DI~10 -were studied wvith a binocular microscope and described.
The sair cuttings from hole DT-5P were washed and described wet.

Rotary mud-returned cuttings from well DT-5A and cable-tool cuttings
from wells DT-9 and ~10 had been washed when they were collected, and
descriptions were made of the damp samples vit'rbut 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 available, were examined. Some friable intervals
in these holes did not Yield chunk samples.

Mineralogic and chemical analyses were run on 16 samples by the
Geochemistry and Petrology Branch. Two of the 16 semples analyzed
chemically by the rapid-rock method (Shepiro and Brannock, 1956)
also were analyzed by the classical method (Hillebrand, 1900) as a
check on the relative accuracy of the rapid-rock analyses. Table &

lists the samples and types of analyses made of each.
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Table 4.--Rock samples for petrographic, chemical, spectographic, and x-ray analysis by the Geological Survey.

Laboratory Serial No. Hole No. Depth Washington, D.C. Denver, Colorado
Chenical Chemical Mineralogic
Mineralogic Rapld rock classical (spectrographic) (diffractometer)
155572 (282123 l/) 2-U 52 X X X X
55 (124 ) I-A 85 X X X X
st (125 ) o-Y 78 X X X X
929 CH-1 45.5 X
930 2-1 30 X X , X X
931 CH-2 65 X
932 CH-2 130-1%32 X X X X
N 933 CH-3 54 X
O gz CH-3 100 X
935 hoy 78 X X X X
$36 CH-3 46.5 X
937 CH-4 83 X
156056 CH-1 33-40 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

T Moavtmon nemaderrad anlvu FAar enecrtrocranhicec analveia.,



Determinations of permeability, porosity, specific yield,
specific retention, and moisture content were made on most of the
36 samples analyzed by the Hydrologlc 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 O samples. Moisture tension was
determined on 10 samples and pore-size distribution 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 ‘bgé permeameter cylinder.

A water ssmple from each deep test well was analyzed to obtain
radio-chemical and chemical background concentrations in ground water.
Samples from DT-5A, DI~9, and DT-10 were collected neer the end of
pumping tests. ) A bailed sample was collected from DT-10.

Water samples were collected during drilling end development from
wells DT-5A, DT-9, and DT-10 to determine whether there might be
chemical differences in water from different depth intervals in the

aquifer.



Tritius concentration was deteimined in two samples Irom
well DT-5 and one cample from well DT-5A. One sample froa D2-2
was collected from the hailer when the well wms 1,325 feet deer and
the otner sazrple was collected after the well was cenmpleted and near
the end of tae pusping tect. The‘sanplc from well DT-5A s

collected near the end of the pumping test.



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).
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A detalled study of the geology and hydrology of TA-49 was made.
The most important deposits in respect to the occurrence of ground
water are volcanic and sedimentary rocks of Tertiary and Quaternary
age. In TA-49, only rocks of Quaternary age ave exposed at the
surface; however, three deep test wells have been completed in rocks
of Tertiary age that are exposed elsewhere in the Los Alamos ares.
In TA-49, rocks of Quaternary age are not less than 1,000 feet thick
and probably are not more than 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

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

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

hydrclogic importance are shown on a geologic cross section (figg:a 5)

Figure 5.--~Geologic cross section through Frijoles Mesa from the
Pajarito fault to the Rio Grande. Location is shown on figure 4.

Descriptions of units are shown on figures 4 and 6.

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

geologic mep.

44



The rock units described in this report are (ascending): the
Santa Fe Group of )ﬁddle(?) Miocene to Pleistocene(?) age, the volcanic
rocks of the Jemez Mountains of Pliocene and Pleistocene &age, and

the alluvium of Pleistocene and Recent age.
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Santa Fe Group

P
At TA-}9, the Santa Fe Group of M{ddle(?) Miccene to Pleistocene(?)

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

The undifferentiated unit is a sequence of light-colored sediments
laid down as coalescing alluvial-fan and flood-plain deposits in the
Rio Grende depression. These sedimentary rocks seem to have bveen
derived from the highlands to the north but may have been derived, in
part, from the Sangre de Cristo Mountains to the east. The undifferentiated
unit crops out along the Rio Grande and in Los Alamos and Guaje
Cenyone. It is present in the subsurface under most of the Pajarito
Plateau.

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

These gravels were deposited on the broad flood plain and channels
of a large river, and they wedge out eastward and westward at the
1imits of the old riverbeds. The fan deposits that lep onto the
Totavi Lentil are called the ;anglomerate mermber and are composed
of debris derived from volcanic rocks, mainly latite, quartz latite,

and endesite, which crop out on the Sierra de los Valles to the west.
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The Totavi Lentil of the Puye Conglomerate égéonformably overlies
the undifferentiated unit along the Rio Grande and éé;éonformably
overlies it in los Alamos and Guaje Canyons. In the Los Alamos
area, the Totavli Lentil crops out in Guaje and Los Alamos Canyons
and southward along the Rio Grande to a point below the mouth of
Ancho Canyon, where it 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 & change in source of the sediments from
igneous gnd metemorphic terrane to volcanic terrane. The fanglomerate
member interfingers with the eastermnmost flows of the Tschicoma Formation
beneath the Pajarito Plateau and with the lower units of the basaltic
rocks of Chino Mes&. The sediments of the upper part of the fanglomerate
member were derived from the Tschicoma 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 member
consists mainly of latite, quartz latite, and andesite. In upper

Guaje and Los Alemos Canyons, the fanglomerate member consists of angular '
boulders and gredes to silt, sand, gravel, and rounded boulders eastward.
The fenglomerate member 1s exposed in the Los Alemos aree in Guaje, |
Rendija, 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.
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The basaltic rock of Chino Mesa consists of five meppable units,
vhich originated from volcanic vents near Chino Mesa to the southeast

of the Los Alamos area.f'/
The lower two units of the vasaltic rock of Chino Mesa crop out

along the Rio Grande south of Otowi Bridge. Unit 1 rests unconformably
on the undifferentiated unit south of Ancho Cenyon and to the north
interfingers with the Totavi Lentil along the Rio Grande, with the
upper flow of the unit conformeble to the Totavi. To the west beneath
the Pajarito Plateau the unit 1 interfingers with the fanglomerate
member and the Tschicoma Formation.

Unit 2 of the basaltic rocks of Chino Mesa conformably overlies
unit 1 and interfingers with the fanglomerate member and Tschicoma
Formation west of the Rio Grande. Bast of the Rlo Grande unit 2
interfingers with the upper unit of the undiffefentiated unit and
vedges out beneath flows of unit L,

Unit 3 of the basaltic rock of Chino Mesa crops out in lower
Los Alamos, Sandia, and Mortandad Canyons wvest of the Rio Grande and

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

dissected surface. Unit 3 rests d4sconformedbly 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 mmbered from oldest to youngest, in conformance with accepted

stratigraphic practice.
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Unit It of the basaltic rock of Chino Mesa consists of basalt
flows capping the mesas south of los Alamos Canyon west of the Rlo
Grande and on the eastern side of the Rio Grande south of Otowi Bridge.
Unit 4 rests unconformably on the Puye Conglomerate and the undifferentl-
ated unit and butts egainst 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
veseltic rock of Chino Mesa the contact 18 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 &% 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 1n Los Alamos
Canyon, lover Mortandad Canyon, and at the north end of Chino Mesa.

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

unit 3 of the basaltic rock of Chino Mesa, tongues out into the old
elluvium west of Totavi. At the north end of Chino Mesa it is overlaid
unconformably by the flows of unit 4. As the old alluvium v’gs not

present at TA-49, it is not discussfé‘é Ther
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Paysicel charascteristics

The undifferentiated unit of the Santa Fe Group is composed of
frisble to moderately well-cemented beds of light-pinkish-gray to
light-brown siltstones and sendstones with some conglomerate and ciay
lenses. Bedding is éenerally pcorly developed except for norizontel bedding
found locaily in the fine-irained material. The sand~-size detritus is made
up dominently of yuartz and feldspar and minor amounts cf chalcedony,
biotite, muscovite, and magnetite. Roci fragments consist of rhyolite,
iatite, gneiss, schist, limestone, and yuartzite. The fragments of
guartz, feldspar, gneiss, schist, guartzite, and limestone were derivad
from the east side'of the Rio Grande valley and areas to the north.
The fragmenfs of volcanic origin, consisting of latite, rhyolite,
tuff, and pumice, were derived from the west and occur mainly in the
upper part of the unit.

Cuttingsgomfthe undifferentiated unit :Ln wells DT-5A,

DT-9, and DT-10 (tables 3, ©, and 7) are a mixture of easterly and

westerly derived sediments containing quartz, feldspar, guartzite, latite,

rhyolite, and pumice.
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At TA-49 three wells, DT=-3A, DI-9, and DT-10, are bottomed in
the wnit. Well DT-5A penetrated 294 feet, DT-9 penetrated 144 feet,
and DT-10 penetrated 7 feet. 1In well DT-10 the lower [ feet of the
bvoring was assigned to the unit by interpretation of electrical and
ganma-ray=-neutren logs. The total thickness of the unit in the region
exceeds 2,400 feet, bas=d on well information and exposures in lower
Los Alemos Canyon (fig. 4).

The undifferentiated unit prcbably thins to the east end west
coward the margins of Rio Grende trough in the region. The west
boundary of the trough 1s not well known but may pass through tae
approximate longitude of Valle Grande. The upper surface of the
undifferentiated unit apparEntly slopes about 1 dexree southward in

the TA=-49 =rea.

5§90



Table 5.--Sample log of well DT-5A
Drilled by rotary with rmd for carrier
Total depth 1,821 feet
Completed pilot hole January 25, 1960

Altitude of land surface 7,143.78 feet

Thickness Depth

(feet) (feet)

Bandelier Tuffl
Tshirege Member:
Sidewall cores from hole DP-5:
Unit 1B
Tuff, Mght—grey-te light-pinkish -

gray, highly friable; greenish
glass shards; rhyolite rock
fragments ------------s-sssos=os 370

Unit 1A

pumiceous -----------=--=--m-c-- Lgo

Tuff, light gray to pinkish gray,

pumiceous, apparently friable -- 500
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Table 5.--Log of well DT-5A - Continued

Thickness
(feet)
No samples recovered due to lack of circulation --- 520
Unit 1A
Tuff, light-gray to 1ight-pinkish-gray;
quartz and sanidine crystals and
fragments; mafic minerals in fine-grained
ash matrix; light-yellowish-gray pumice
with cellular structure; light-red
rhyolite rock fragments occur from
560 to 641 feet; light-gray rhyolite
rock fragments occur from c80 to 641
feet; fragments of light-gray siltstone

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

52

Depth
(feet)

520

641
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Teble 5.--Log of well DI-5A -Continued

Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Otowl Member:
Tuff, light-gray, pumiceous; quartz and
ganidine crystals and fragments with
minor amounts of mafic minerels in a
fine-grained ash matrix. Light-off
dark-gray and light-red rhyolite;
light-red and gray latite; white to
Jight-gray' pumice fragments throughout
mEMbEY -—~—m-em~mmmme-mecece-mmmenossoo= 198 839
Guaje Member:
Pumice, light-gray, contains scme rhyolite
and latite rock fragments -----~-=----=- - 91 930
Santa Fe Group
Puye Conglomerate
Fanglomerate zgember:
Conglomerate composed of rhyolite,
latites, andesite(?), and light-
colored ignecus debris. Other rock
fragments inciude light-red sandstone,
pumice, and light-tan clays. Some

gravels appear well rounded -------- 237 1,167
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Table 5.--log of well DT-5A - Continued

Thickness
(feet)
Tschicoma Formation
Undifferentieted latite and quartz latite:
Latite flow rock, light-gray to dark-
gray; interflows of greenish-gray
siltstone, rhyolite, and tuff fragments
and clays occur from 1,221 to 1,225
feet and from 1,259 to 1,264 feet ----- 126
Santa Fe Group
Puye Conglomerate
Fanglomerate gember:
Conglomerate camposed of rhyolite,
latites, andesites(?) and light-
colored igneous debris. Other
rock fragments include light-
gray end white siltstone; light-
grey and greenish-gray sandstone.
Some fragments eppear well rounded.
Light-gray ash containing same of
the above rock fragments occurs

from 1,415 to 1,431 feet --------- 138

59

Depth

(i:eet)

1,295

1,431
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Table 5.--Log of well DT-5A - Continued

Thickness
(feet)
Tschicoma Formation
Undifferentiated latite and quartz latite:
latite flow rock, dark-gray, same of
appeers glassy --------m--cccccmccan-a- 26

Santa Fe Group
Puye Conglomerate
Funglameratelﬁember:
Conglomerate consisting of rhyolite,
latite, and other igneocus debris;

light-gray sandstone and brown

Totavi Lentil:

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

brown sandstone fragments -------
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Depth

(feet)

1,457

1,575

1,527



Table 5.--Log of well DT-5A -~ Continued

Thickness Depth

(feet) (feet)
Undifferentiated unit:

Siltstone and sandstone, light-pinkish-
gray, yellovw and brown with lenses of
conglomerate; arkosic is some zones but
containing much volcanic debris. Light-
gray and brown siltstones 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

1,820 feet —----mmmmme e ee 294 1,821
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Table 6.--Sample log of well DT-9
Drilled by cable tool
Total depth 1,501 feet
Campleted February 19, 1960

Altitude of land surface 6,937.3 feet

Thickness
(feet)
Bandeller Tuff
Tshirege Member
Unit &
Tuff, light-brownish-tan, welded;
composed of quartz and sanidine

criystals and fragments; light-gray

glassy and gray rhyolite in an ash
rix; dark-green mafic minerals;
light-yellowish-gray pumice fragments
wiith dark mafic minerals parallel to
the cellular structure of the pumice;

minor amounts of clay weathered from

punice fragments occur from 48 to 58

ST

Depth
(feet)

58



Table 6.--Log of well DI-S - Continued

“ Thickness

(feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
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 nmatrix. Sanidine crystals

increase in quantity from 7! to

Tuff, light-purplish-gray, welded,

dense; composed of sanidine crystals
and fragments up to granule size;

a few quartsz crystalsMggd Tragments;
light-gray to gray rhyolite fragments;
matrix is gray glassy ash; green

mafic minerals coated with an iron

S

Depth

{feet)

116

214



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

Thickness
(feet)
Bandeller Tuff - Contimed
Tshirege Member - Continued
Unit 1B:

Tuff, light-gray to reddish-orange,
pumiceous, containing some rhyolite
rock fragments. ILight-gray tuff
fram 280 to 308 feet contains
sanidine; iron-stalned quartz
crystals and fragments; gray glassy
rhyolite fragments; light-gray
punice fregments. Light reddish-
oranze 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 stresks of dark-gray
glass along the cell structure;
and a few fragments of dark-gray
rhyolite. Light-gray pumice fragments

occur from 390 to 62 feet =--e-momena 248

59

Depth

(feet)



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

Thickness Depth
| (feet) (feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 1lA: |
Tuff, gray, friable, pumiceous;
sanidine and quartz crystals in
equal amounts; light-gray and
gray glassy rhyolite fragrents;
scme yellowish-orange pumice
fragments included. Iarge light-
gray pumice fragments occur from
609 to 618 feet -----=~-==-==-===--- 21k 676
Otowl Member:
Tuff, light-gray, friable; containing
light-gray and light-pink pumice
fragments; quartz and sanidine crystals
and fregments 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 bands occur from 756

to 766 feet =---==mmmmm-c-=smm-ooooe- 126 8oe

£Y¢)



J Tatle £

Z.--Log of well DT-9 - Continued

Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Guaje Member:
Pumice, light-gray ~-----cecmececcanccaa- L8 850

Santa Fe Group
Puye Conglomerate
Fanglomerate %ember:

Conglomerate, gray; composed of
rhyolite, latite, and light-colored
igneous debris; some particles are

“%m) fine to very coarse and appear to
te subrounded. BPBrown clay up to
60 percent occurs from %18 to S24
feet -~--v-cmmmcmmm e Th Gh
Tschicoma Formation
Undifferentiated latite and quartz latite:
Latite and quartz latite fiew—rcels,
dark.gray. Inter-flow zomes 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
mllky quartz fragments. Water encountered

, ’ at approximately 1,0C5 feet ---------- 238 1,162
hﬁ”ﬁei‘h 4

&5



Table ¢&.--Log of well DT-9 - Continued

Thickness Depth

(feet) (feet)

Santa Fe group:
Puye gonglomerate:
Fanglomerate member:
Conglomerate, gray; 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 ======-=-- 157 1,319

Totavi %entil:

Co;glomerate, gray; rhyolite, latite,
and quartzite rock fragments; minerals
noted were quartz, white orthocfgée,
pink micré?Eline, biotite, magnetite,
tourmaline, and chalcedony; sand-size
particles appear subrounded to well
rounded ----=-===-css-ememececaecoee—o————- 38 1,357
Undifferentiated unit: '
Siltstone, silty sandstone, and sandstone
with occasional conglomerates light-brown)
composed of rhyolite, latite, quartzite, and

SOME PUNLCE.mmmmm ;e c e e - 14k 1,501




Table 7.--Sample log of well DT-1C
Drilled by ceble tool
Total depth, 1,40S feet
Completed March 13, 1560

Altitude of land surface 7,019.5 Teet

Thickness

(feet)

Bandelier Tuff
Tshirege Memper
Unit C:

Tuff, light-gray; rredium to very coerse;
prominent sanidipe phenccrysts with
larger phencerysts containing white
globular inclusions; black marfi
pinerals; large assortment of
volcanic rock fregments ------==-=-< 29

Unit .
Not noted in samples.
Unit b

Tuff, lignt-gray to light-red, welded;

carposed of sanidine, quartz, and

paric minerals with some rock

fragoents of white and gray glassy
rhyolite and brown latite =-==-===== 52

Depth

(feet)

n)
\O

a1



Table 7.--Loz of well DT-1C - Coxiinued

Thickness Depth
(feet) (feet)
Bandelier Tuff{ - Continued
Tshirege Member - Continued
Unit 35
Tuff, light-reddisn-brown; containing
sanidine, quartz, and black end
green nafic minerals with some rock
fragments of gray glassy and reddisn
rhyolite and latite. Light-yellow
devitritied pumnice cccurs from 128 to
128 feet ~------=mmsemmemmeoceooo-oo 57 138
Unit 2.
Tuff, reddish-brown to llght-gray;
contains sanidine, quartz, pink
orthoclase, and a few fragments of
chalcedony and sand-size rock freg-
ments of gray glassy rhyolite and

latite =-m=m--mmmmmcmmmmmmmme——————oe a0 228

)
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of well T7-1C0 - Continued

Thickness Depth
(feet) (feet)
RBandelier Tuff - Continued
Tshirege Memper - Continued
Unit 1B:

Taff, light-gray to very lighi-orange;
puziceous, contains senidine, gquartz,
dork mefic ninerals, and feldspar

wvith prominent altercotlion rings; rock

fragnents of rhyclite and latite.

.

oceur fron

2]

arze punice {ragment
zh8 o 37C feet. Vhite to light-
grey pumice with reddish-orange
rhyclite oceur from HC8 to 478 feet - 48 L76
Unit 1&:
Tuff, white to light-gray, pumiceous;
trown stains on sanidine Iregments;
orange purice fragments with streaks
of dark-brown glass along cellular
structure; dark-green ralic minerals;
an abundance of latite and rhyolite

rock Sragments ------- R i -~ 196 €72

LS
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jo.ble 7.--Log of well DT-10 - Continued

Thickness Depth

(feet) (feet)

Bandelier tuff - Continued
Otowi gember:
Tuff, light-reddish-tan; vhite, very light-
gray, and bright-orange pumice fragments;
dark-green mafic minerals; latite, and
light-gray rhyolite »oeie fragments.
Various volcanic rocks with layered
structure occur from T5L4 to T65 feet ----- 157 829
Guaje gember:
Pumice, light-gray ----=======--======-=---- 35 864
Santa Fe group:
Puyeﬂgonglomerate:
Fanglomerate member:
Conglomerate; samples from 864 to 972
feet contain medium-gray, gray, and
brown latite and rhyolite fragments
and pebbles; subangular to subrounded;
large vesicular fragments of black
basalt. Sand-size fraction contains

sanidine and white pumice fragments - 108 g72




Teble 7.--Log of well DT-10 - Continued

Thickness

(feet)

Tschicoma Formation
Undifferentiated latite and guartz latite:
Latite flow,weel, dark-gray, vesicular,
very fine crystalline; mafic minerals
appear to be altered; unweathered

basalt fragments are included in

Sante PFe Group
Basaltic rocks of Chino Mesa
Unit 2:
Basalt, Pbys dark-red, vesicular ---- 96
Unit 1°
Basalt, reddish-brown to black, dense,
containing clivine, and drusy green
ninerals on same basalt fragments -- 173
Puye Conglormerate
Fanglomerate %sember:
Conglomerate, consistingo:dark-gray
latite, red glassy rhyolite; and brown

clays and silts --------r---o-oomceoan [

6l

Depth

(feet)

1,012

1,108

1,356



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

Thickness Depth

(feet) (feet)

Santa Fe group - Continued
Puye Songlomerate - Continued
Totavi &entil:
-Co;glomerate, consisting cf feldspathic
quartzsite, gray and brown latite,
and red and light-gray rhyolite ------ 46 1,402
Undifferentiated unit:
Siltstone, sandstone and occasional

conglomerate; no samples recovered,

interpretation from gamma log --------= T 1,409
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liater=-bearing cheracteristics

At TA-49 the undifferentiasted unit is saturated, but inasmuch
as it is overlain by much more permeable saoturated rocks, little
could be learned about the water-bearing characteristics of the
vndifferentiated unit from the pumping tests on wells DT=-5A, DT-9,
and DT=~10. Severel inferences can be made, however, sbout 1its
water-bearin; props=rties on the basis of its lithologic characteristics,
and by extrapoleticn of conditions in the Los Alamos Canyon well ri=ld.
Pumping tests cn city supply well L3 indicated & transmissivility of
about 2,500 gpd (gallons per day) per foot for espproximately the
upper 1,000 feet for the unit (Theis and Conouver, l9£%$. Tnerefore,
a moderate t¢ lovw pe:mesbility for the undifferentlated unit 1is
indiceted. Variations in iithologic character both laterally ana
vertically in the undifferentiated unit probably result in differences
in permeability and differences in velocity within the ayuifer.
Movement through beds having relatively higher permeability would

be more rapid than through less permeable beds.



Puye Conglomerate
Totavi Lentil

Physical characteristics

The Totavi Lentil is a gray, poorly consolidated conglomerate
made up of fragmenis of quartzite, ;chistﬁﬁ gnelse, and granite. It
consists mainly of subrounded 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-SA, DT-9, and DT-10
indicate that the Totavi Lentil consists of massive quartz, quartzite,
and granitic debris. Sand-size particles consist of quartz, white
feldspar, pink microcline, biotite, magnetite, tourmaline, and
chalcedony, partly subrounded to well rounded.

At TA-49 the thickness of the lentil in wells DT-5A, DT-9, and
DT-10 are 52, 38, and 46 feet respectively, indicating a southeastward
thinning. Regionally the thickness of the unit ranges from 0 to 89
feet. It wedges out eastward in the vicinity of Canada Ancha and also
wedges out in the subsurface westward {T3g=%3. It is thickest
(89 feet) at well T-2 in upper Pueblo Canyon and thinnest (10 feet)
at hole B~19. At wells T-1 and T-3 there is 37 and 62 feet,
respectively, ?fkTotavi. Well T-L wvas too éhallow to penetrate the

hThe
unit. The z:ntil beneath TA-49 dips southward about 1 degree, a dip

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

the unit was deposited.
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Water-vearing cnaracteristics

The Totavi Lentil is saturated at TA-43. It has a moderately
high porosity and permeability, and readily transmits vater. A
pumping test of well DT-10 indicates a relatively high transmissibility
for the Totavi an&&gierlying)ﬁumﬂomerate member and included basalt.
The basalt probablj has a disproportionate effect on the transmliassibility
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 transmissibllity as follows:

Wells Transmissibillty

(gpd per foot)

T-1 16C
T-2 7,000
T"5 7:800

The differences may be due, in part, to a smaller thickness of the
unit at T-1, but they also reflect differences in lithologic character.
It is inferred that velocity of water movement in the 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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The heterogeneity, crcss-bedding, and interlayering of silt and
sand with conglomerate should result in a highly dispersive flow

pattern in the Totavi.



Physical characteristics

?énglowe*ate merber is a gray conglomerate, composed of
ebbles, cortles, and boilders of rhyolite, latite, quartz latite,

WE
and pundce in a netrix o and sand. These rocks aéz-derived

Ik
Us

:.:;
<

from flows assoclated witl: the valcenic recks of the Jemez Yountains.
Sorting is pcor Lul there are tongues and lenses of fairly well-
sorted pumicecu:z siltctone end water-laild punice in the éignglomerate.
The degree of cementoiion varies from friable to well cemented. The
i@:glcmerﬂte vezmver contains large angular boulders in upper Guaje
and Puetlo Conyons gradirge into Tiner and rounded material to the

In the vestarn helf of tle Fajaritc Platen:, the Iloidmeoks of
the Tschiccmo Formation are interbedded witk the,zﬁnglcmerate oember
ty replacemernt cni in tre zastert hall ol the sloteau soxe of *the

vasaltlc rocks of Thinc Mesa are interbedled witlh the I%nglcmerate

nember. The thglomerate rmamter Joes not 2roy out at TA-4%. It

XN
[7]

interbedded itl the Tschicoma Formatior in the subsurface. At
well T7-1C 1t iz interiedded ulso with units 1 and 2 of “he basaliic
rocks of Ciino Mesz. The Pive, Tschicomn, and the basaltic rocks

Fo&n ED
apparently wvers

& shallew trovsh treonding southward

- fte den - - FalR o VN 3 FFS PL . o
ceneath the western sidz o DPofariitc Plesteau {(fiz. 5).
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At TA-49 weil DT-5A penetrated 595 Teet of the Fanglomerate
member. Wells DT-9 and DT-10 penetrated 2;%1 feet and 183 feet of the
nmember, respectively. Xnown thickness ranges irom 209 feet exposed
in lower Guaje Canyon to 637 feet penetrated in well T-2 1n Pueblo

Canyon.
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Water-bearing charecteristics

At TA-4O the lower beds of the Fanglcmerate member are satureted
where they are interbedded with the Tschicoma Formetion end wascltic
rocks of Chino Mesa. Elsewhere in the Los Alamos area, wells T-1A
and T-24 in Pueblo Canyon penetrated perched water in zones of
relatively low permeebility in the yanglomerate member. At TA-40
the unit probably has a moderate to low permeability; however, some
teds may have high permeabllitles and may reedily transmit water.

In genersal, permeability and transmissibility in the ,F@.nglonerate

member are less than in the underlying Totavi Lentll.
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Rasaltic recks of Chino Mesa

Physical characteristics

Units 1 and = of the basaltic rocks of Chino Mesa were found at
TA-49 in well DT-1C. Unit 1 consists mainly oi & reddish-brown to
tlack, dense basalt containing olivine. In well DT-10 it is 175 reet
thick and overlies the lower layer of <the Z&nglomerate member of tue
Puye Conglomerate. Unlt 2 is mostly & dark-red +esicuiar basalt. At
well DT-10 it overlies unit 1 and is % feet taick. It is overiaid by
2 latite flow of the Tschicoma Formation.

on the basis of the sonic log (fig. 57D), several intervals in
the basalf units penetrated by well DT-10 are moderately to strongly
jointed. These intervals are: about 1,125 to 1,130 feet, which may
be an interflow zone; 1,175 to 1,210 feet; and 1,254 to 1,284 Yeet,
which may be the most strongly Jjointed but mey be partly a brecciated
ipterval at the base of unit 1. These zones drilled somewhat laster
than other intervals in the basalt. A o2-foot interflow or brecciated

zone at the base of unit 2 1s shown by the gamra-ray log also.
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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,/arek%he zone 9#
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 6hino

Mesa apper®rEde are vesicular and thus may have a high porosity

but largely a low interstitial permeability. Cracks and joints
formed as a result of shrinkage comuonly transmit water very
readilyi 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 ebove the main zone
of saturation and contain perched water locally, as along White Rock
Canyon where several small springs and seeps occur that apparently

issue from partly saturated interflow zones.



Volcanic rocks of the Jemez Mountains

Volcanic rocks of the Jemez Mountains along the eastern flanks
of the Sierra de los Valles and on the Pajarito Plateau are composed
of the Tschicoms Formation of Fliocene and Pleistocene(?) age and
the younger Bandelier Tuff of Pleistocene age. The Tschicoma
Formation consists of undifferentiated latite and guartz latite
thot are flow rocks 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
interflow breccias. The letite and quartz latite rocks are widely
exposed on the Sierra de los Valles (fig. 4) and are present in the
subsurface beneath the Pajarito Plateau (fig. 5). These rocks vere
penetrated by wells DT-5A, DT-9, and DT-10 at TA-L49 (figs. 5 and 6)
and by test well T-b in the city of Los Alamos and bole B-19 in
upper Los Alamos Canyon. The lower part of this ;;;;;;‘is
interbedded with the rfanglomerate member of the Puye Conglomerate
and also with the basaltic rocks of Chino Mesa.

The Bandelier Tuff forms the Pajarito Plateau. The Bandelier
Tuff laps on to the undifferentiated latite and quartz latite
along the western edge of the plateau and terminates to the east
in c¢liffs, steep slopes, and as filling in buried canyons cut in
basalt along the Rio Grande. The tuff is composed of ash-fall

pumice, ash flows, and water-laid volcanic ash and rumice.
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hiysical characteristics

~ERa ¥

e undifTerentiated latite and quertiz letite ¢f the Tschicana
Sormetion comtains Iurge phenocrots of plagioclase and smaller
phencerysts cf quartz, biotite, horntlerde, and augite in o {fize-
greined rairix of plagioclase, orthoclase, augite, magnetiie, cnd
rarying crmounts of glass. Interilow zones contain greenish-gray
siltstone, clay, and rock Iregments of tuff, rhyclite, end latite.

At TA-L$ well DT-5A penetrated two layers cf latite and quartz
latite of the Tschicoma Formaticn. The upper layer 1s 126 feet thick
end contaeins two interilow zones ¢ and 3 feet thick Emsie—i) corposed
ci clay, latite, tuf?, and rhyolitic fragments. The lower layer is
26 feet thick. %ell DT-9 penetrated 238 Feet of undifferentiated
latite and quartz latite interbedded witlk the Zanglomerste rember.

Well DI-10 penetrated O feet of the undifferentiated latite and
guarts latite unit of the Tschicama Formetion. Severel interflow
zones composed of dark-red silt and clay were penetrated. it well
DT-10 the undifferentiated latite emd quartiz latite of tie Tschicome
Permoation 1ie on urit Z of the basaltlc rocks oi Chino Mesa and are
overlain Ly the upper part of the Zénglcmerat merber of the Puye

Cenglomerate.
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The latite and quartz latite rocks were emplaced as viscous
qerrevi//
lava flows, and’z v are highly jointed and fractured owing to
shrinkage and flow deformation. Normally, these rocks have two

or more Jjoint cor fracture systems that intersect.



Vater-bearing charzcterisiics

At TA-49 the uppermost part of the Tschicoma Formaticn is in
the zone of caturation in the vicinity of wells DT-SA and DT-9.
The joints and Pfractures in these rocks provide space Tor water
storage and avenuec of great permegbility and the interflow zones
commonly contain some breccia that is pernenble.

Elsewvnere in the Los Alamos area water was found in the
Tschicoma in well T-1 and hole B-19 (fig. L). Several springs
issue from-interflcw and contact zones between layers in the
undifferentiated latite and quartz latite unit. Scme of these
springs are lccated iIn Guaje, Los Alamos, Pajarito, and Vater

Can,cns, and Canon de Valle.
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Bandelier Tuff

The Bandelier Tuff consists chiefly of ash-fall and ash-flow
tuff. Some thin smter-laid sediments are included in the Bandelier.
The unit is divided into three members: Guaje, Otowi, 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 topogrephy. The Otowi Member is
conformable to the underlying Guaje Member and consists of Tumiceous
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 forms the cap of the Pmjarito
Plateau.~ In this report it is subdivided into seven units,
composed mainly of ash-flow tuff at least one of which is water-
laid. The units of the Tshirege are numbered 14, 1B, and 2

through 6 from bottom to top.



Guaje nember
-r

The Guaje member consists of ash-fall puznice and water-laid

. ) . aa Mo
pumiceous tuff. Near the base gray lump-pumice fragments =

2 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 thgfﬁop of the unit.

At TA-49 the Guaje gember is égg;%;fin the subsurface in all
three deep test wells. -It is L8 feet thick in DT-9, 35 feet thick
in D?-10 and 91 feet thick in DT-SA.

At TA-L9 the Guaje gember is above the main zone of saturation
and thg unit contains no‘perched water. Elsewhere in the Los Alamos
area the Guaje contains perched water locally, as at hole H-19 in
upper Los Alamos Canycn. 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 jeints
are not pronownced iq the Guaje gember, and barely perceptible

joints apparently are closed or filled by alteration material.



Otowl Member

The Otowi Member consists of z light-gray pumiceocus rhyoiite
tuff that is friable end weathers to & gentle sicpe and odd teepee ~LIKE
shapes. wuartz crystals, glass shards, and minor emcunts of mefic
minerals and varin; emounts of rhyclite, latite, and pumice Iragients
are included in a fi e-greined ash. The rock fragments sre rounded.
The Otowi is an ash flow and contains several water-laid beds of ash
and pumice near the top. where the unit is expoegad, S0mS ol the
Jjoints are hair-iine cracks that are fill;glgrown ciay ccntaining
rcots, and some curvilinesr jolnts are open and enlarged by westiering.

At TA-49 the Otowi i3 present only in tne subsurfece odut 1t
crops out in Weter znd Ancho C=nyocns about 0.5 mile east of TA=%9.

CowTAcT BETUEEN THE
Th?AQtowi and overlying Tshirege Member is erosional.

At TA-4O the top of the Otowl is from 641 to 67O feet below the
gurfaece in the deep test wells. The anit is 157 feet thicz in DT-10,
126 feet in DT=-9, and 193 feet in DT=pA. Well DT-5P penetrated 51 feet
of the Otowi Member (table 8).

The Otowl Member may yleld water to springs in upper Guaje Canycn
but it does nct contain perched water &t TA-49. Porosity of the

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

Otowi are small and permeability probably is low.
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Peble G.--Sample 1oy of well DT-»P
“aa) Drilled by rotary with air for carrier

Total deptn 092 fzet
Completed N.vember 21, 1959

Altitude of land surface 7,14%4 feet

Thickness

(reet)

Bandelier Tuff:
Tshirege Member:
Unit G:
Tuff, light-gray, pumicecus; contains
dipyramidal quartz crystals, some of which
'q‘) ' are clear with waite inclusions; sanidine
h rystals and fragments; white and yellow

pumice fragments; latite end gquartz latite

roci fragments --==---=-=< B L TP - 73
Unit 5:
Not rescognized in cuttings =--==--=-=--= ————— 2
Unit #:

Tuff, liéht-purplish-gray; cunsists mainly
of yuertz and sanidine crystals and
fregments; light-red rhyolite fragments -- Ly

Unit 2:

Tuff, light-purplish-grey, pumicecus; includes

latite and rhyolits rocz fragments;
»»J guertz is very coarse sand size, clear,

dip,ramidal crystals; sanidine fragments

sre pitted. Cemples dscrease from 30 w

Q0 .:ociil tii TEY mmmcmemm-e-scsmsswe Q3

- lasw PRS- S

o7

Depth

(feet)

13

119

18



T ble &.--Log of DI=-5P - Comtinued

Thicimess
(feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit <:
Tuff, light-pinkish-gray; groundmass 1s
very fine sand to giltesize ash with
sbundant sanidine prenccrysts end some
QUErTZ ====-—==mmee-cocssscoscosoossSoSoso 100

Unit 1B:

Tuff, light-ten, pumiceous; guartz and

sanidine crystals and fragments; light-
tan pumlce fragments; sIRY and light-red
rhyolite end gray latite rock frayments;
pumice fragments have darg-groy streeis
along cellular structure from 379 tc 412
feet; light-tan pumice; very fine-size
quartz and sanidine crystals and fragments;
95 percent of sample wWes lost when washed

from 448 to 4835 ememceccmccmememeeeoooooa- 203

Unit 1A:

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

sroy end yellowlsh-crange pumice fragments;
quarts and sanidine fregments and crystals;

Sray iatite, light-red and giey rhyolite

-~
-

e fragments; roca fraguents increase frcm

Depth

(feet)

4l



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

Thickness Depth

(feet) (feet)

Bandelier Tuff - Continued
Otowi Member:
Puniice, light-tan, some welded tuff fragments;
light-gray and light-reddish rhyolite: £0

to 9¢ percent of samples lost when washed --- 51 632

Note: Hole was drilled with a 43-inch rock bit using air to cocl the
bit and clean the hole. Perched water was not present. Color
- determination was made from dry samples. Samples were vashed
) and described while wet. Correlationsare based on drill
cuttings from hole 5P and on gamme-ray log of nole DT-5

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



Tshirege Menber

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 contains 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 Eeneath the canyons it probably contains perched water.

The Tshirege Member is the most important geologic unit
in Area 49 insofar as test operations ere concerned and this unit
is treated in detail in a special section following the discussion

of the alluvium.
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Alluvium

AT

Alluvium in Water Canyon pnf the northern edge of TA-45 cunsists
of materizi derived from the Tschicoms Formaticn that fiormsthe
Jilzzrz de les Vallas and from tie Bendeller Tuff of Frijcles Mesa
into waizh later Canyon is cut.

The ziluviin is a poorly sorted mixture of egilt, clay derivad

SAND
from weathered tqf5 and le=—ee particles derived from the latites
and Quarvz leLitzs roets of the Tschiccoma Formation The zand-size—
particles coasist of Luartz, sanidice, dars mircersls, and Iraoments
cf tufl, puamice, Leitite, yuzrtz latite, and rhyolite.

The zlluviar iz ater Canyon cenges in thicxness Srcm © to zbout

- Wesm—/ ‘
L T2ec. Tesu Acizg MBedr znd 2 penetroted cocut 14 fest oI clay,
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Clays z=d silts are almost impermeable vhen saturated out

v '

gravels or .revels with minor amounts of clay and silts will

reedil, transmit .ater. In test holes wWCM-l and 2 water was (temporarily)

perched inm thz alluvium ca tcp of the lowest exposed unit of the

y

Tshirage Member ¢f the Bandeller Tuff indicating the permeability

The aliuvium i

[¢H]

creater than that of the underlying tufi.
Anche Canyon, on the southern =dge of TA-49, heads in Frijoles
Mese which is underlizin by the Bandelier Tuff. Alluvium is very thin

or absznt in Ancho Canyon. For this resason it was ncot mappsd on

qo0



Geology and veter-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-L9 the Tshirege Member has been divided into seven units

(fig. 6). Unit 1A is the oldest and known only in the subsurface.

Figure €.--Geologic map and cross section showing location of

"exploratory drill holes, TA-L49, Los Alamos County, N. Mex.

S o~y Fal FE s : 1

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 the subsurface were made by gammsa-
ray-neutron and lithologic logs of the four core holes (tables 10-13)

and vells D7-5P, DT-5, DT-SA, DT-9, and DT-10.

Q/



f,'cu‘
¢ 9.-=Typ¢ section of waits in the Tshirege Member of the Bandelier Tuff

South wall of Water Canyon - NWiNEL sec. 3 (progjected) T. 12 ¥., R. o E.

Measureé by £. H. Baltz and W. D. Purtymun

Thickness

(feet)

Bandelizr Tuff:
Tshireze Member:
Unit S

TSP, Light-grayish-ping, weatlers brownish-
pink, rhyoliztic, moderstal, welded; fine-
greined ash matrix; small pumice fragments;
senttered guartz and sanidine crystals;
spproximete horizontzl sheeting that nay

ke bedding; conchcldal Jjoints; ferms cliffs,

seps mesa. Lower contact is irregular =----- 5o+
Unit 52
Sand, light-gray with intermixed limonitic
staine, water-laid; mcstly medium-~crainad but
ccntoins fragments up tc pebtle sice; composed
of roworked tuff conning stream-worn (usrtc
cnd sanidine crystalc and tuff fragments;
foroset snd topset bedding is well
developad; forms notch nesr top cf mesa;
lcuwer contact ic irrezular. Jolnts of
wnderlying unit 4 are [illed with S810d =e===- 3.8

92



fres! -
PTable 9.--Type secticn of units in the Tshirege Member - Continued S

Thickness
(feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit &:

Tulf, lighte-pinkishe-gray; fine-gralned;
10 percent gquartz crystals; small light-
pini to darke-gray rhyclite fragments; small
pumi;e fragments up to 5 inch in length; no
bedding present but lenses of disk-shaped
punice up to 6 inches in length and 2 inches
thick in dense pinkishegray matrix; wedther-
ing grades up into sand of units; forms
11£f; lower contact is grodsticnal —-eeeceaaw- 1

Unit 2:

Turs, Light-grey, very pumicecus, friable;
20 tc 30 percent granule size qusrtz and
sanldine crystals; pumice fragments up
to 1 inch in length; this description
applies to lower 3 feet. Remainder of unit,
except for upper 2 feet, 1s covered and
forms slope. Swell valley cut into this

unit. Lower contact is covered e---ceeccec=« -e— 50
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Table 9.--Type section of units in the Tshirege Member - Continued
Thiclkness

(feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 2:

Tuff, light-pinkish-gray, weathering light-
brownish-gray; dense, welded; 20 to 0
percent coarse=-grained quartz and
feldspar crystals and fragments; 10
percent pebble-size pumice fragments;
gray rhyolite rock fragments; matrix
erystals of fine-grained glassy materisl;
forms cliffs consisting of twc beds
separated by & slight notch; lower
contact with unit 1B is ccncealed but

on north wall of canyon 1s irregular -====-=-=-- 100
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Tabls 9.--Type section of units in the Tshirege Member - Con

Th

Bandelier Tuff - Continued
Tshirege Member = Continued
Unit 1B:
Tuff, gray to pinkish=-grey, weathers
pinz to light-orange; cobble-size gray
rhyolite; yuartz and feldsparicrystals
end fragments; pumice fragments in ash
matrix; weathering around quartz
crystal and fragments are yellow staiﬁg
pumice weathers to brown clay; internal
stratitication lecxing but rock fragments
and pumice are in lenses; maybe two or more
ash falis with irregular contacts; veathers
to steep slope piltted by weathering out
of pumice fragments in places. Probab.y

is an explosive breccla ===-=-====--=< -————————

Q5

tinued

ickness

(feet)

134+



Teble 10.--Loz of core hole 1
Cored by rctery with air for cerrier
Tctel depth 501 feet

Completed December G, 1959

Altitude of land surface 7,170

Thickness Depth

(feet) (feet)

Fondelier Tuff
Tshirece Member
Unit 6:
Tuff, lightezray to purplish-groy pumiceous;
zenciiths of zray, red and dark-gray rock
fragments; medium=-size quartz and
sanidine crystals and fragments; dark-
gray devitrified pumice up tc % inch in
length; send-size brownish-yellcw maefic
minerals. Tuff is dense from 58 to 71
feet; 42.0 feet of core recovered ===-e=---- 7l 71
Unit 5:
No recuvery, interpretation from gamma-ray
log ==—me=—= mmememecenn——— cemm——— cmmcmmeneae 2 }5
Unit b
Tuff, light-gray to light-tan; medium- To
grenule-size quartz and senidine crystals
ond fragments; devitrified pumice up to
L inca in length; dréyish-blue iatite

rocy fragments; 5.4 feet of core recovered - 4l 1k

9%



Table _C.-=-Log of core icle L = Sontinued

Thickness
(feet)
Bandelier Tuff - Continued
PTshirege Member - Continued
Unit 3:
Tuff, ligat-red, arkosic; abundant

sanidine and quertz phenocrysis; same

~enolithic material of latite(?) up to

pebtle size recovered in the interval

Pram 134 to 130 feet; O.u root of core

TeCovVered =--~m----=-=-= cecmmemmm—emmm—m=ee (O

Unit 2:

Tuff, purpiisa-gray, welded, dense;
zanoliths of medlum~.iay latlte; cosrse=~
size yuartz and sanidine crystals and
fragments. Near vertical fracture brown
clay plated 20l to 2o feet; 3. feet
of core recovered ememe-—-ssse---sse—e--- 9k

Unit 1B:

Tuff, light-pinkish-graoy; zenoliths of
medium-gray latite(?); verticel fracture
brown cley plated avcut 315 feet; 5.6 feet

of core recovered ==e---s=ssssmcoossom-ssos 217

Correlations based on recovered core and gamma-ray logs.

Depth

(feet)

190
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Table 1l.--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 7,137

Thickness

(feet)
Bandelier Tuff

Tshirege Member
Unit 6:

Tuff, very light-gray to light-
pinkish-gray, pumiceous; very fine-
grained ashy matrix; quartz crystals
are clear with well developed faces
and range from very fine-grained to
large-granule size; zenoliths of
light-red dense igneous TOCK;
pumice fragments up to 3/4 inch
in length; limonite stains on

fractures; 4.8 feet of core

Unit 5:

a8

Depth

(feet)



Table 11.--Log of core hole 2 - Continued
Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Mcuber - Continued
Unit 4°
Tuff, light-gray with slight lavender
cast; 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 =--cccmmmeccccecmee—- 56 136
Unit 3:

No recovery ---e-ecemwecces-- c——————— 55 . 191
Unit 2:

Tuff, light-purplish-gray, dense,
welded; quartz and sanidine crystals
up to granule size; devitrified
pumices up to 3 inch in length;
zenoliths of dark-gray rock fragments
up to ; inch in length; 67.9 feet of

core recovered -<ves—ccrcccmmcnnea-- 101 292
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Table 1ll.--Log of core hole 2 - Continued
Thickness
(feet)
Bandelier Tuff - Continued
Tshirege Meamber - Continued
Unit 1B-
Tuff, light-pinkish-grey, pumicecus;

guartz and sanidine crystals up to
granule size; devitrified pumice 3/ 4

inch in length and 3,/3 inch wide;

3.8 feet of core recovered -—~=e----- 195
Unit 1A°
NO recovery =-emmeccecccemcccccmcmncaaaa 14

Correlation based on recovered core and gumme-ray logs.

Depth

(feet)

L37

501

{00



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

Completed February 3, 1960

Altitude of land surface 7,170

Thickness

(feet)

Bandelier Tuff
Tshirege Member.

Unit 6:

Tuff, light-gray to light-pinkigh-

gray; fine-grained groundmass with
medium- to very coarse-grained quartz
and sanidine crystals and fragments;
granule-size purplish-brown
devitrified pumice; granule to pebble-
size medium-brown latite; strongly
Jointed zone from 23 to 28 feet and
34 to 37 feet; L4L.3 feet of core

recovered ~weccccamucmcmevoncccmcnee—— 75

Unit 5:

No recovery, interpretation from gamma-

1o}

Depth

(feet)

75



Table 12.--Lcg of core holc 3 - Continued
Thickness Depth

(feet) (feet)
Bandelier Tuff ~ Continued

Tshirege Member - Continued
Unit L4

Tuff, light-purplish-pink; fine-grained
groundmass with 50 percent sanidine
and abundant very coarse-grained
nedium-gray rock fragments; elongated
devitrified pumice fregments up to 1l
inch in length; decrease in rock
fragments and pumice from 105 to 1lll
feet; 15.5 feet of core recovered ---- Ll 121

Unit 3:

Tuff, purplish-pink to gray, very
pumiceous; no core recovery; sample
taken with basket ---e-c-cccccceccnce- 72 195

Unit 2:

Tuff, light-gray to purplish-gray, welded,
dense; quartz and sanidine crystals
and fragments up to granule size; light-
gray phenocryste of rhyolite rock
fragments; devitrified pumice fragments
up to . inch in length and mafic
nineral stains occur from l9h to 200

feet; 77.5 feet of core recovered ---- 32 275

oy
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Table 12.-~Log of core hole ? - Continued
Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 1B
Tuff, light-purplisb-pink to gray, densé,
velded; granule-size quartz and
sanidine crystals and fragsents;
purplish-pink devitrified punmice
fregments; gray rhyolite rock Ifragments;
gray rhyoiite fregments increase from
,.J 295 to 300 feet; 23.2 feet of core
recovered ---cceccccmcaencrneeee—a e 25 30

Note: Correlation based on recovered core and gamma-ray logs.
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Table 13.--Log of core hole %
Cored by rotary with air for carrier
Total depth 303 feet
Completed February 5, 1960

Altitude of land surface 7,116 feet

Thickness Depth
(feet) (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; L4.1 feet of
core recovered ~mmmemmmmmcmcemmacacoo- 62 62
Unit 5:

No recovery, interpretation from gamma-

to~



Table 13.--Log of core hole L - Continued
Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Member -~ Continued
Unit &4:
Tuff, light-purplish-gray; very fine-
greined groundmass with about S0
vercent quartz and sanidine phenocrysts;
some purplish-brown devitrified pumice;
mediun-gray latite and quartz latite
rock fragments; tuff appears dense and
size of rock fragments increase from

104 to 109 feet; 28.6 feet of core

TECOVEred —seesmmecomemcem————e——————— 61 125
Unit 5!

NO TeCOVery -=--memmemcommomccmcmccanaes 52 177
Unit 2:

Tuff, light-purplish-gray, dense, welded;
quartz and senidine crystals and
fraguents up to granule size; medium-
gray to dark-gray rhyolite rock frag-
nents; a few light-gray devitrified
punice fragments as much as = inch in

length; 79.0 feet of core recovered -- 111 286

—
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< B - . -~ R
Loe==105 0% COTC OCLC » - VOLivanld

Tricdkness

wf?, light-purnlich-pink to light-

purplich-gray; granule size quartz and

canidine

size quartz and canidine
and {ragments; light-gray

ool froguents; come nafic

- staining; »ebble-size devitrified
punice frazments; .7 feet ol core

TCCOVETE(Q mmmmmmm——aeesc e am o n—————— 15

Note:

Correlation based on recovered core and gamma-ray logs.
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Table Lh.--Mineral constituents of the Tshirege member of the Bandelier tuff at TA-49, Los Alamos County, N. Mex.—

Results are coded according to the following system: 1 = 75-100 percent, 2 = 50-75 percent, 3 = 25-50 percent, b =
10-25 percent, 5 = 0-10 pe®ent, 2-3 = 55-65 percent, 4-5 = 5-15 percent.

Sample location Stratigraphic Mineral constituentsg/
Remarks

Hole Depth Unit Feldspar Quartz Tridymite Cristobalite Clay

(feet)

CH-1 56-40 Qbty 2 5 4 L -

2-H 50 th6 2-3 5 L I -

o-H 58 Qbt 2 L 5 L 5

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

2-Y 78 ths 3 -5 5 p) 5 Feldspar (sanidine?).

CH-2 13%0-13%2 Q,thL 2 L 5 h 5

5-C 58 Qb 2 5 L L -

3-Y 105 thh 2 5 L Y 5

L-A 85 Qvt), 3 5 5 2 5 Feldspar (sanidine?). Clay
(montmorillonitic).

h-Y 78 Qbt), 2 b 5 b 5

1/ Analyst: Theodore Botinelly of the Geochemistry and Petrology Branch of the U.S. Geological Survey

2/ Quantities are estimated on the basls of peak heights of diffractometer patterns. A precise jdentification of
the clays was not made; on the basis of bulk patterns and patterns of oriented samples the clays probably are

montmorillonite. The feldspars probably are sanidine based on some minor shifts of peak positions in the samplc.



The X-ray analyses of samples from units %, 5, and 6 of the
Tshirege Member indicate;! that these rocks are 25 to 7‘;30' percent
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 (5102)
72.0-73.2, alumina (A1203) 11.2-13.8, ferric oxide (Fe203) 1.1-2.1,
ferrous oxide (Fed) 0.21-0.75, magnesium oxide (Mg0) 0.02-0.33,
calcium oxide (Ca0) 0.26-1.17, sodium oxide(Na,0) 3.5-4.5, potassium
oxide (K20) L.2-4,7, vater (HQO) g%é&e.s, titanium oxide (TiOa)
0.10-0.32, phosphorus oxide (P205) 0.01-0.07, manganese oxide (MnO)
0.00-0.08, and carbon dioxide (coz) 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.

0% ~ 172



The following ranges in permeabllity were obtained by analysis of
samples (table 17) from units 1B, 2, 3, 4, 5, and 6 of the Tshirege
Member: 0.04-22 gpd per square foot for consolidated samples, 34=59
gpd per square foot for unconsolidated samples that were repacked in
permeameter cylinders; specific yleld 0.6=-42.6 percent; porosity
19.3-54.7 percent; specific retention 11.3-27.3 percent; dry unit
weight 1.17-2.05 grams per cubic centimeter; specific gravity (grain
density) 2.32-2.58 grams per cubic centimeter; moisture content 0.2«
36.3 percent by volume, 0.1-43.2 percent of dry weight; and
approximate pH 7.5-7.9. Mechanical analyses made on seven
uncensolidated samples from units 1B, 3, and 5 (table 24) indicated
rather large ranges in particle sizes from clay through medium
gravel. Samples from units 1B and 3 probably have little value
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 fram units4, 5, and o are
shown on table 25.

The porosity and permeability of the Tshirege Member depends
upcn the degree of welding and amount of weathering of individual
ash flows. Joints and fractures are numerous, especially in the
welded units. The Jjoints and fractures that are open probably

would transmit water rapidly.



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 marfic minerals. 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
DT-10, and 156 feet thick in DT-SP. It is an ash flow, the eastern
end of vwhich is deposited in a depression in older rocks béneath
TA-49. 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).

11%
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Vater-bearing characteristics

Unit 1A is dry et TA-hg., Little is known of 1ts 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 fraciures are probably present in unit 1A, but
becasuse 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 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
pumice fragments, and gray subrounded rhyolite and latite roeit
fragments as much as cobble size. Unit 1B is an explosion breccia.
Cuttings, samples, and outcrops show yellow veathering stains around
quartz crystals and fragments. The pumice weathers to a brown clay.
Stratification is lacking, but rock fragments and pumice commonly
occur in lenses. The contact with the overlying unit 2 is irregular.

Beta hole, in Water Canyon, penetrated 172 feet of unit 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.
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Table 18.--Sample lcg cf Beta hole

Drilled Ly rotary bucket

~

Totel depth il feet
Completed February 25, 1560

Altitude of iand surface €,801 feet

Recent alluviun ~-wmoccmcccmmeem e e e e
Bandelier Tuff
Tshirege Member
Unit 1B,
Tuff, lizht-pinkish-tan to light-gray,
‘ pumiceous, friable; cuartz and
g%w/ sanidine fragments and crystals up
d to granule size; mafic mineral stains

and come maflc minerels; devitrified
pumice fragments up to  inch in
length; light-yellowish pumice; gray
glassy pumice; dark-gray pumice
Pragrents; some rhyolite seel—
fragments; samples from 61 to 31
feet are light red. JSamples 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 gredes inte
highly altered cellular pumice; some
gray rhyolite and light-red latite

”Wi) rooke fragments are found ian this
interval -~---eccmmmm e e <2

{(feet)

TS50~



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 breccia,
edges of fragments subrounded;
ground nass a light-brownish-tan,

pumiceous, friable tuff -e-cee--- 172 180

18
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Unit 1B weatherc to a light pink or orange and is pitted by
the weathering out of large pumice iragments. On the north wall
of Water Canyoa unit 1B is characicrized ) & sigep slope thoet is
broken by a bench about 20 feet below the contect with uwnit 2.
This bench extends from TA-45 eastward to Highvay b.

At TA-4%9 unit 1B ranges in thickness from 195 feet in core

P
hole 2 to 243 feet in wells DT-y and DT-10. Core holes 1, 3, and
% are bottomed in the unit and penetrated 217 feet, 25 feet, and
15 feet, respectively. dJells Dr-5, J2-5P, and DT-5A penetrated

205 feet of uait 13.



VWater-bearing characteristics

Free water 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.



Physical characteristics

Unit 2 is a light-vinkish-gray to purplish-gray rhyolice
tuff. It is hard, welded, and contains coarse sand- to granule-~
size phenocrysts of quartz and sanidine crystals and fragments,
light-gray to gray rayolite and latite rock rragments, and gray
pumice fragments up to y-inch long in a Jine-grained, glassy ash.
The outerop of unit 2 stands as cliifs, which weather to a light
brownish gray, and consists of “two beds of about equal thickness
separated by a slight notch. Unit 2 exhibits columnar Jointing
in the fofﬁ of hexagonal pinnacles standing 10 to 20 feet in
height and from 5 to & feet in diameter, wesi or Beta hole in
Water Canyon.

Unit 2 ranges in thickness from 82 feet in core hole 3 to
111 feet in core hole & at TA-49. Thicknesses of wait 2
penetrated in other core holecs and well:s are as follows: cove
hole 1, 9k reet; core hole 2, 101 feei; well DT-5, 100 feetu;
well DT-9, 43 feet; end well DT-10, 5O feet. In the wmeasuied
section in VWater Canyon unit 2 is 100 leet iuici. Structure
contours on the top of unit 2 indicate a gentie 1- to 2-degree dip

southeasterly with an undulating surface {fig. 7).

Figure 7.--Structure contours on unit %btz Tshirege Member

of the Bandelier Tuff, TA-40, Los Alamos County, H. Mex.
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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 £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 f11l used in building the leveled area where Gamme and
Gamma "A" holes are located is composed of broken tuff and soil.
Gamma hole penetrated about 6 feet of £1l1l, and Garma "A" hole
penetratéd about 10 feet of f£111 overlying unit 2. Spring
snowmelt percolatéd into the fill, and perched above welded tuff
of unit 2. This perched water ran into Garma and Cerma "A'
holes. Gamma hole is 2 feet in diameter and T.15 feet deep. It
was dry vhen drilled on February 26, 1960, but on May 2, 1960
the water level was 5.85 feet. GCamma "A" hole is U4 inches in
diemeter and 54 feet deep. It wvas dry vhen drilled on
February 20, 1960, and on March 0 the water level was 43.6 feet.
The hole was dry on May 2, 1960. Gamma "A" hole it cased with 10
feet of L-inch steel casing which extends 1.90 feet above land
surface. The water gained entry into the well through 1.90 Teet

of uncased f£ill above unit 2.
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Although the permeability of unit 2 ics low, the open Jjointo
and fractures in it would transmit water rapidly. Colunmnar
jointing is present locally in the outcrop. A core taken at 201
feet in core hole 1 contained a 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, wvhich is a fluvial sand. The low moisture content

indicates that water presently is not moving through unit 2.
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Unit 3

Physical characteristics

Unit 3 ic a friavle end pumiceous light-gray rhyolite tuff
that contains nmedium to very coarse sand-size vhenocrysts of
senidine and guartz crystals and fragments, gray and white
devitrified pumice fragments up to %uinch in length, an abundance
of light-gray puriice, and gray rhyolite and latigg:}tagnents in
& fine-grained glassy asn matrix. Saume quariz fragments are
coaved with & yellow veathering stein and others are clear.
Sanidine fragments appear o be pitted. Surface exposures of unit
2 are very poor. The unit weathers to & slope on which scil has
developed. The best description of unit 3 is pased on cuttings
from Alpha hole (table 19). Core recovery from the unit we.s
poor.

At TA-49 the thickness of unit 5 ranges Irom 4 feet at the
neasured section in Water Canyon to 76 feet in core hole 1.
Thicknesses of the unit benetrated in other borings are asg

follows: DI-9, 53 feet; and DI-10, 57 feet.



Table 15.--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;
yellowish-tan to gray pumice and gray
devitrified pumice ffagments; light-
red latite and gray rhyolite roek
fragments in a fine-grained light-gray
ash matrix. Hard layer was encountered at
54 feet mmmmmmmccmmaaaaae m—————————————- 76
Unit 5:
Sand, light-gray, friable, fine- to
coarse-size quartz end sanidine fragments
subrounded; quartz has coating of yellow

. weathering stain; fragments of tuff and

(25

Depth

(feet)

76



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

Thickness Depth

(feet) (feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit k4
Tuff, light-gray; medium to coarse quartz

and sanidine crystals and fragmentis:

gray devitrified pumice; light-gray

rhyolite x>ek fragments, subrounded;

frieble zone T8 to 85 feet; moderately p

velded 85 to 128 feet ===cmmcemccac—cacaae 50 128

Unit 3:

Tuff, light-gray, friable: medium-size
quartz and sanidine crystals and
fragments; gray and vhite devitrified
pumice fragments up to 5 inch in length;
gray rhyolite »eel fragments, pebble
size; coating of yellow weathering
stain around quartz fragments; large
amount of very light-gray pumice;
samples from 166 to 129 are pinkish-

gray and moderately wvelded ~--——=-eeaceaaa- 61 189
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Unit &

Physical characteristics

Unit 4 1s & light-gray to light-pinkish-gray rhyolite tuff
that contains phenocrysts and fragments of medium sand- to granule-
size quartz and sanidine crystals in a moderately welded ash matrix.
Also present are fragments of pink to light-gray rhyolite and dark-
gray punmice. Some of the pumice fragments are devitrified. Unit 4
is not bedded at the measured section in Water Canyon; however, lenses
of disk-ehaped dark-gray pumice fragments as much as 6 inches long and
2 inches thick are present in a dense pinkish-gray tuff.

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

Four samples from unit 4 of the Tshirege Member of the Bandelier
Tuff were analyzed petrographically by C. S. Ross of the Geological
Survey (written commnication, July 7, 1960). Ross recalculsted the
proportions of phenocrysts to represent proportion by weight. The
following are results of these analyses.
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Gample gtom Hole U-Y, depth 78 feet

Pore space about 30 percent
Phenocrysts about 27 percent by weight
Sanidine 15 percent

Quartz 10 percent

Magnetite 1+ percent

Pyroxene 0.5+ percent

Groundmass is typical devitrified, welded tuff 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 limn

Zw." in diameter represent pumice fragments. A few small areas of

andesitic rock are present.

—o9—
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Sample gcom Hole L-A, depth 85 feet

Pore space about 30 percent
Phenocrysts about 32 percent by weight
Sanidine 22 percent
Quartz 1l percent
" Pyroxene 0.7 percent (orthe, dominant; clino, present)

Magnetite 1.0 percent

Groundmass is devitrified shards containing unusual feldspar-
cristobalite aggregates. Vesicular cavities contailn gas-phase
tridymite and feldspar. The sanidine phenccrysts contain secondary
addition of feldspar (gas-phase) material. The sample contains

an unusually large proportion of pumice grains.

T2 /78



“'ﬂ) Qampl e f&f’" Zore hole 3, depth 100 feet

Pore space about 30 percent
Phenocrysts about 38 percent by weight
Sanidine 24 percent

Quartz 12 percent

Pyroxene (largely clino) 1 percent
Magnetite 1 percent

No zircon observed

Groundmass contains abundant tridymite and gas-phase, secondary
growth on sanidine. Devitrification products are umusually coarse#

grained. BSample contains inclusions of andesite.
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Sample §rom fore hole 2, depth 130 to 132 feet

Pore space about 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.

’;;/&XD



Water-bearing characteristics .

Unit 4 was dry at TA-49. Natural moicture 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 54.35 percent by voluze,

and specific retention ranged 11.6 to 21.3 percent by volume.

The porosity decreased with depth due to the denser welding within

the flow. The specific retention increased with a decrease in
porosity due to a decrease in pore size wnich would tend to hold
water under tension. Vertical permeabilities ranged from 135 gpd
per square oot for the more porous tuff to 0.3 gpd per sguare
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 square foot (table 17). This difference of permeabllity
may be releted to possible near horizontal orien tion of

interstices in the ash-flov »eek.™
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Joints in outecrops cf unit L ccntein weathered brownlsh clay.
Joints in the unit in lerge diameter holes veried from closed to
open. In the upper part of the unit, jcints are $41led with sand
.frcm unit 5, indicating that these joints and Iractures were cpen
durins the deposition of wnit 5. In some cf the iarge-diameter
holes (figs. 15, 17, and 18) the tuff of urit % is friable and
weathered below the comtact with unit 5.

If water were trensmitted by perceclation tc unit 5, it would
further percolate downward through the permeable sand~-71l1led Joints

tc the open Jjoints.
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Unit ©

hysical characteristicc

Unit 5 is friable water-laid medium to coarse sand composed
of worn quartz and sanidine crystals and fragments of reworked
tuff as larze as boulder size.

Topset and forescet bedding is well developed. Some lixcrnite
stains and o few stringers of brown clay are oriented with the

cross-beddinygg in the unit (fig. 11). Unit 5 weathers to fom a
2

Figure 1l.--Water-iaid sand of unit .bit. of the Tshirege

5
Member of the Bandelier Tuff underlain by wveathered 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.
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A sample from uxmit 5 of the Tshirege Member cf the Bandelier
Tuff was analyzed petrogrephically ty C. 3. Ross of the Geclogical
Survey (written commnicetion, July T, 19GC). Rossvrecalculated
the proportions cf pherocrysts to represent proportiorn by welgit.

The following is the result of the enalysis.
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““J Hole 2-Y, depth 73 feet

Semple is about one-third phenocrysts
Sanidine 22 percent

Quartz 1l percent

Magnetite 1+ percent

Pyroxene 0.5+ percent

THE )ﬁne fraction is devitrified glass composed dominantly of
sub-microscopic intergrowths of cristobalite and feldspar.

There are irregular zones around sanidine phenocrysts which
may represent an addition of material by gas-phase reaction. In

pore spaces, tridymite, sanidine,and slender needles of hornblende

. ,' have been formed.



At TA-LO the thickness of unit 5 ranges from O in large-
diameter hole i-Y (fiz. 18) to about 4 feet in & channel 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 1Z.--Structure contours on ~he tor ¢f unit ..,b't:5 of
the Tshirege Member of the Dazdelier Tuff, TA-LG
D 2 j:

Los Alamos County, N. Mex.




Water-bearing characteristics

Unit 5 vas dry at TA-IG, and there is little evidence to indicate
that the unit has transmitted water 1n recent times.

Unit 5 is a permeable sand composed mainly of well-sorted quartz
end sanidine crystals and crystal fragments. Joints 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 % where most of them are sand filled (fig. 18).

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

Unit 5 has a permeebility 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 dowrward rapidly.
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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 quarta
and sanidine that range in size from medium to coarse cand, gray
devitrified pumice fragments as much as 3/4-inch in diemeter; and
gray to light-brown rhyolite and latite rock frezgments. OSome of
the gquartz crystals are clear and have well developed crystal
faces and some are dipyramidal in crystal form and contain white
globular inclusions. Mineralogic analyses indicate a small
percent of nmognetite and pyroxene and some clay wanich is probably
montmorillonite (table 14). The sand-size mafic minerals are
brownisn yellow as the result of weathering. Some norizontal
sheeting occurs at tlie outcrops. Curviiinear joints were present

in the large-diameter holes and in the outcrops (fig. 1b4). The

j%d

Fisure 14.--Outcrop of curved joint face in unit <big of
the Tshirege Member of the Bandelier Tuff. North side
of New Mexico Highway 4, about 1.5 nilec west of the

entrance to TA-49, Los Alamos County, U. Mex.

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

mesa at TA-LJ.
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The joints in unit 6 generally are of two types: mnaster joints,

2
{#pT havirg northerly trends and nearly vertical attitudes , and minor

THAT o
Joints (figs. 15, 16, 17, and 18) ;bavidg varying trends and dips

Figure 15.--Maps of walls of selected large-dianeter holes in
Area 1, TA-43, Los Alamos County, N. Mex.
16.--Maps of walls of selected large~diameter holes in

Area 2, TA-L49, Los Alamos County, N. Mex.

(K
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17.--Maps of walls of selected lerge-diameter holes i
Area 3, TA-L9, Los Alamos County, H. Mex.
18.--Maps of walls of selected large-diameter holes in

Area L, TA-LUg, 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 Pziaritc fault west of
TA-49. Almost every large-dizmeter hole intercected at least one
master joint that is continuous through unit §,and some that cut
through unit 5 into unit 4. Many minor joints terminate at the master
Joints. Near the surface the master Jjoints 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 joints cormonly 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.
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The mincr joints provebly were caused mainly by coollng of the
volcanic ash flow, although socme of them probably are releted to
faulting end gentle folding. A nearly horizontal brecciated zone
is present in unit 6 about 15 to 20 feet below the surface. The rocks
in this zone are broken by numerous lrregular minor joints, most of
which are open.

Joints could not be projected from a ole to another 25 feet
away because of the change in strike and dip and numerous intersections
cf one joint with others. 1In some cases it was impossible to match
Joints on opposite walls of a hole due to the change in strike and
intersections. However, interconnection of joints between holes
wes evident during various experiments in the area conducted by the
University of Celifornie.

Seven sarples from unit 6 of the Tshirege Member of the Bgndelier
Tuff were analyzed petrographically by C. S. Ross (written communication,
July T, 1960). Ross recalculated the proportions of phenocrysts to
represent proportions by weight. The following is a discussion of

each of these analyses.
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Sample from core hole 1, depth L45.5 feet

Pore space about 30 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 Tine grained, but show tae typical crictobalite-
feldspar structure. Cavities contain radizl groups of feldspar an

tridymite. The rock contains a few areas of altered andecsite.
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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, well-rounded zircon

Feldspar and tridymite in cavities

14/



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: erthe, present)

The groundmass is made up of shards which have been partly
devitrified. There is some indication of gas-phase nmineralization.
Minute minerals, probably tridymite and feldspar, have developed
in cavities and feldspar has been deposited on gz;;g of sanidine
grains. fhe rock contains very small amounts of altered andesite

grains.
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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 groundmass. This is the only
sample in th%roup which chows any alteration. All other changes

' are deuteric ones compricsing devitrification and gas-phase reaction.
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) Samele :%’;]‘.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, dominant)

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

’

" ﬂ' pore space. A little clay material has developed.
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Sample sromgore hole 3, depth 5L feet

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

/45
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‘%J Samp)e grom Hole 3-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-phaese 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

;«“‘l which occur as darker colored porous areas.

/46

54



The thickness of unit 6 at TA-4y ranged from zero near well
DT-G, where it has been stripped away by erosion, to 80 feet near

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

FPlgure 19.--Isopach map of unit \cbts of the Tshirege Member

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

thickest along the crest of the mesa at TA-49 where it has been
eroded the least.

The base of the unit dips about 1 degree in a general
southeasterly direction. The eroded upper surface of the unit
along the crown of Frijoles Mesa slopes generally eastward ai

about 150 feet per nmile.



vater-bearing characteristics

Unit 6 wvas dry at TA-45. Natural moisture content of samples
ranged from 0.8 to 8.7 percent by volume (table 17), and porosity
ranged fronm 38 to 54 percent Dy volume and specific retention fronm
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 gpd per square foot.

Joints in unit 6 near the surface are filled with clay. Ab
depth many of thece _ oints are opeu. The open joint face may appear
unweathered as if jointing has Just taken place, or the open joint
face may contain a thin layer of clay, which is the product of
veathering of the tuff. Tuff adjacent to these clay-plated Joint
faces are veathered to a light brown in zones fron %5 to 5 inches
wide parallel to the joint. The weathered zones also occur above
horizontal and low angle Jjoints indicating that water moved from
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 soil.

Percolation of water could occur through open joints where the
soil mantle has been stripped off leaving the tuff exposed.
Movement would be ropid in the large interconnected joints £illing
the smaller joints where it would be absorbed by the tuff. Large
joints that transect the unit would carry wvater rapidly into the
underlyingz unit. Movement of water through the unjointed tuff
would be slow as indicated by the range of permesbilities of 0.1 to

5 gpd per square fool.



S0il cover and related materisl

The mantle rock at TA-49 is characterized by a weathered
zone, a water-laid pumice, and 8 soii zone. The top few feet
of unit 6 is composed of broken, partly weathered tuff fragments
in 2 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 composed of materials
weathered in rlace from the underlying tuff. The soil zone nay
contain some nmaterial thet wvas washed into the area. The water-
laid pumice vas washed in during the early stages of development
of the soil,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 1L4).



Weatnered tuff

The weathered tuff is caomposed of angular tuff fragrentis
that are slightly weathered in a matrix of brown clay, which
contains a fev roots. Thidrness ranges from a few inches o 4
feet. The base of the weathered zone grades intc and ic irregularly
disconformable with the top of the welded tuff of unit 6. Joints
and cracks in the upper part of unii 6 are clay filled. Saome clay
£i1ling is found in joints as deep as 65 feet below the land
surfece and some roots occur as deen as X0 feet (figs. 13, 16, 17,
and 18).

The rearly impervious clay of the veathered zone virtually
eliminatés percolation through the zone. Weathered angular tuf?
fragments usually are isolated in the clay matrix of the zcne and
contribute little to bulk permeebility of the zone.

Wnere roots in the zone are decayec, some water might move
through the weathered zone via openings left by the roots.
However, these openings should tend to close as water is

introduced owing to the swelling properties of the clay.



Water-laid pumice

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

The layer of punice probably is highly permeable because it
is loosely consolidated and the fragments are well corted 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 perched 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 estmosphere by transpiration and eveporation.



foil cover

A brown clay soil caps most of the mesa at TA-4Q. Percentages
of varicus particle sizes in the soil are estimated as follows:

20 vercent sand, 30 percent silt, and 50 percent clay. OSand-size psarticles
are crystals and fragments of quartz.

The soil thickness seems to depend on the amount of water
availeble for weathering the underlying tuff. The thickest soil
zones ere found alcng shallow, slow-draining ditches, streenmbeds,
and relatively flat areas where water collects and stands. Soil
thickness ranges from O.> to 9 feet in the shallow test holes
drilled for soil-moisture studles. The greatest known thickness
of soil (9 feet) et TA-49 occurs on a relatively flat area north

of Area 6 (fig. 20).

Figure 20.~--Thickness cf soll and location of moisture=-

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

The weathered zone could not be distinguished from the soil
in logging the cuttings during drilling so the soil and weathered
zone are logged as £ single unit (figs. 21-43). The pumice layer
is shown in test holesﬁhere it was penetrated in Areas 2 and 1C.
The thicikness of soil is closely related to topographlic slope; the
soil thins repidly away from the crown of the mesa, a2s indicated
by the contours on figure 20.
Tubes formed by the decay of roots may transmit water through the
soll zone. However, these openings would tend to close as they were

wetted because of the swelling properties of ihe clay.
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Percolation of water through the soil zone is small where
the solil is relatively undisturbed and would take place only
during exceptionally long wet periods, which ere rare in the

region.



Moisture distribution in the upland soil

and 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 noles were located around test areas, roadside drainage
ditches, and stream channels (fig. 20). Measurements were made of
the moisture content of the soil and tuff at variocus depths by a
neutron-scattering moisture probe. Moisture content determined

ane
by the probe appear—to—be 1 to 2 percent higher than those nade
in the laboratory.

Measurements were made at least twice during the pericd from

o

March to June 1960 and are depicted on graphs of moisture content

and lithologic logs (figs. 21 %areush 43).

Figures 21-43.~--Graphs of moisture content and lithology in

a Ty
LounTy

test holes, TA-%9, Los Alamos, N. Mex.




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

) WHERE ITWAS
content of the near-surface tuff,covered by a thin soi%’ranged from

A
3T percent by volume to less than U4 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 summer. Moisture content of the tuff
at depth remained constent in the period March to June except in

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

noted between 4 and 13 feet.
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Test holes in well-drained areas

Holes 1M=2; 2M-1 and -2; M-1, -2, and -3; 4M-1, -2, -3, cnd
-4; 5M-2; 9M=-4; and 1OM-1l end -2 are located in well-drained areas
and penetrated an average soil or soil and backfill thiciness of
3.5 feet (table 20). At the average depth of 4.7 feet in these
holes,moisture content decreased frcm 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 clay soil nad retained most of the moisture that fell as
snow or rein end the moisture content in the upper part of this
soil varied due to evaporation, transpiration, ana prevailing
weather conditions prior to and during moisture readings. Near
the base of the soil zone, no epparent change in molst. re content
was noted during the period of March to June (figs. Z1-34).

The tuff just below the soll zone contained as much as 37

rcent moisture by volume. Mcisture content in the tuff of unit 6
decreased to less than 10 percent a few feet below the soll. 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 iayer during
the period March to June. Measurements made in test hole M-2 (fig. 23)
indicated a moisture content of 25 percent in the punice layer at
8 feet on May 3, 1960. This anomelousiy high reading probably is in

a thin clay layer in the pumice zone.



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

test holes located in well-drained aereas

Depth at which Depth at which

Test hole Soil thickness moistyprg decreases moisture, decreases

(feet) to 10% by volume ‘ to 5% by volume
X feet) (feet)
1M-2 1.0/ 2.5 7.9
M-1 52/ 5.5 7.0

M-2 5;51—5/ 6.5 H+

M-1 .9 2.5 4,5
M-2 2.6 6.0 9.0
M-3 7.0y 2.0 14.0
LM-1 1.9 5.0 7.0
LM-2 .1.2 Lo 13.0
-3 3,05/ 4.0 7.0
hYS 2.9 4.0 10.0
5M-2 3.3 6.5 9.0
OM- 4 12,44/ 9.0 12.0
10M-1 2.1%'-2-/ 3.0 5.0
10M-2 402/ 6.5 10.0
Average 3.5 b, 7 8.8

L packfill composed of soil and tuff.
2/

Soll overlies pumice,.
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THAT
Test holes in areasA;eceiving runcff

from well-drained areas

Test holes 1M-1 and -3A; 2M-3; 5M-1; 6M-1; and 9M-1, -2, and
-3 are located on or near arroyos, drainage ditches, and flat areas
THAT DRAIVW SLowl™\.
of—stowdreinage. Graphs of moisture readings in these holes are
shown on figures 35 %hf;agh L3,
The average soil thickness of this group of test holes is
5.3 feet (table 21). At an average depth of 9.5 feet, the moisture
content decreased to 10 percent by volume, but the moisture
content was above 5 percent to depths of more than 19 feet in all
but one of the holes. In test hole 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.



Table 21.--Surmary 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 wmoisture decreases moistyre, decreases
(feet) to 10% by volume o 3% by volume
feet) (feet)
IM-1 4.6 6.5 10
IM-3A 3.2 14.0 Lo+
M-3 5.0 8.5 19+
5M-1 2.2 6.5 29+
EM-1 9.0 9.0 19+
9M-1 6.9 19+ -
9M-2 6.9 8.5 19+
QM-3 L2 4.0 19+
Average 5.3 3.5 -



_No significant change in moisture content in the tuff was noted,
except in hole 1M-3A (fig. 20), wherZX;gisture content increased
1 to 3.5 percent by volume between 4 and 15 feet in the tuff from
May 3 to June 20, 1960. Test hole 1M-2A 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
5> to Lrinches deep in the arroyo during wvet 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 13 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 igf—
to 27 percent by volume (table 17). On June 30, 1960, in test
hole lM;ﬁA the moisture content of the tuff ranged from 27.5
percent at 4 feet to 29 percent at 5 feet, suggesting that there
nay 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 movement of
moisture in the vicinity of test hole "M-2A. This indicated

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

of water in an area where it was formerly allowed to drain.
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Infiltration from stream flow

Water discharged from well I'T-5A during the pumping test was
measared frequently in the natural stream channel near test holes
gM-2 and 9M-3 (fig. 20). . The results of these measurements and
measurements of discharge from the well are shown graphically on

figure Ui,

Figure 44.--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-L49.

Moisture content of soil and rock penetrated in three test holes
adjacent to the stream channel was measured on April 30, May 1, 2, 3,
and 6, 1960 thus monitoring infiltration from the stream during and
after the pumping test. Results of moisture measurements in these
three holes, 5M-1, 9M-2, and 9M-3, are shown in figures 39, 42, and
L3. From the discharge pipe at the well to near test hole SM-1 the
water flowed in a natural channel partiglly filled and dammed by drill
cuttings from well DT-5A (fig. 20). Downstream from the partial dam to
test hole 9M-3 the natural channel is cut into the soil. The bottom
of the channel consists mostly of silt, sand, and gravel, but some

tuff is exposed.
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Pumping started at 10:45 a.m. on April M 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 periocd
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 9M-35 during the periocd 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 SM-2 was 1.5 gpm per 1C0 feet of
channel. The flow loss was 0.7 gpm per 100 feet of channel between
test holes 9M-2 and SM-3. The stream banks between test holes 9M-2
and 9M-3 were saturated sometime between about 2 a.m. and 7 a.m. on
May 1, 1960, when flow in the channel measured at the test holes
became about equal. Flow loss from the well DT-5A to test hole CM-2
increased to 1.9 gpm per 100 feet of channel from 5:L45 a.m. to
8:10 a.m. May 1, 1960.

The greater flow lccs in the upper reach of the channel, both
during the period of equilibrium and the period of no apparent loss
in the lower reach, provably can be attributed to continued but
slightly changing percolstion into the drill cuttings. Additionsl
verzical infiltration from the pond at the head of the channel may
have occurred during this period as alr bubbles rose to the surface of

the pond at different times during and after the pumping test.
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The moisture content measured in test hole 5M-1 did net change
during the test. This indicates no lateral movement of water from
the pond 22 feet from the test hole (fig. 59) 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 increased 16 percent from April 30 to May 1 (fig. k2).
From May 1 to May 6, 1960, capillery 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-3. Any lateral filtration
of water from the pond near test hole 5M-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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Recharge tc the maip aguifer

Data cbtzined durin. the investigation indicate that Frijoles
Mesa is act part o the ground-water recharge ares in the regicn.

Perched water was not found beneath TA-LG,

. -

0%



The soil cover on the mesa at TA~49 prevents most of the
precipitation from infiltrating into the underiying rocks. The
cley=-like scil forms an almost perfect seal over the mesa surface
and the near-surface joints. This is evidenced by open Jjoints in
units 4 and & waich blow air (figs. 15, 17, and 10) in response
%o declining ovarcmetric pressure. A very low moisture content
(teble 17) wes found in the upper 300 feet of the Tshirege Member.
The moisture-meter surveys indicate little or no increase in
meisture content below the undisturbed soil zone. Where the soil
cover has been disturbed, removed, or water &!lowed to pond,

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

el
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Decreasing flow downstream in perennial streams in Water Canyon
to the north and Frijoles Canyon to the south indicates that some
recharge may occur beneath the deeper canyons of the Pajarito Platesu.
Available data do not show how much of the decrease in flow in the
cenyons is caused by evapotranspiration and how much is recharge

to the bedrock.

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

.

Figure 45.--Generalized contours on the piezametric surface of

the main aquifer, Los Alemos 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 rélatively high precipitation, probably are part of the main
source of recharge.

Some recharge from Frijoles Canyon can be inferred because of

the configuration of the contours on the piezametric surface (sig. u5)

in that ares.



Dapia Lo the piszzometric surface cf the main agulifer ‘weneath
TA-49 ranged from zbout 1,004 feet below the lend surface at DT-9
to 1,172 feet at IT-5A. Muca cf the difference in water levels in
@ifferent wells iz due to topographic position; however, tiae aititude
of the piezomsiric surface of the water is almosi L0 feet higher in
well DT-54 thaan in wells DT-9 ané DT-10, valch are crespectively
mile

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

The grodient on the plezometric surface is eest-southeastward

So

tovasd the Dic Grende at abcut 85 Zcet per mile (fig. 49).

-
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Water-level changes

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

Figure li6.--Hydrograph of water levels measured and from

recorder charts at well DT-54, TA-U49, 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
lov owing to residual drawdown after the aguifer test run on the well.

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

Figure L47.--Hydrograph of water levels measured and from recorder

charts at well DT-G, TA-49, Los Alamos County, N. Mex.

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

represents difference of head in successively deeper water-bearing

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

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

qualitatively with changes in barcmetric pressure, but the amplitude

of the water-level fluctuations indicates an additional effect that

probably is caused by something other than barometric pressure.
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Measurements of water level at well DT-10 (fig. 48) show a decline

Figure 48.--Hydrograph of water levels measured and from recorder

charts at well DT-10. TA-49., Los Alamos County, N. Mex.

of slightly more than 1 foot during drilling. The change apparently
represents a slightly lower head in the lower beds of the Puye
%pnglomerate aquifer. A recorder was operated for 1 week on well
DT-10, and daily fluctuations, though barely perceptible, correlate
with barometric pressure changes. The water level in this well was

about 1,085 feet below land surface during 1960.
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Pumping tests

Pumping tests approximately 16 to 24 nours in lengtk were run
on wells DI'-5A, DT-9, and DT-10. The pump used for the tesis vas
a 40-horsepower submersible turbine. Discharge was measurad by
means of parshall flumes set near the well. Measurements of water

N
levels were made with an electrical water-level indicator inside
a l-inch plastic tube banded to the pump. Drawdown end reccvery
were read directly on a steel tape fastened to the elactrical

lead for the prove. Recove of water level afte wnping in voth
(=]

H
Lol

wells was analyzed by the methoé Jevised by Theis (1933) and later

described by Wenzel (1942).



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*eke was set at 1,287
feet below the land surface for the test. Maximum drawdown during
pumping was 1h.l 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 81 gpm.

a transmissibility, T, of 11,000 gpd per foot for the aquifer here.
Approximately 350 feet of the saturated beds penetrated should readily

yield water to the well, as indicated by the electrical log. Thus

11,000
250

comparison of this field permeability with that of well DT-9 suggests

field permeability should be or 30 gpd per foot per foot. A
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
cgpacity probably could be improved further by surging and by use of

mud-cutting chemicals.
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Tests at well DT-9

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--maximum discharge for the pump--for 24 hours.

Maximm drawdown during pumping wvas 3.95 feet, giving a specific
capacity for the well of 22 gpm per foot of drawdown. The discbgrge
was free of sand and sediment throughout the pumping test , end the
water temperature was 70° F.

Recovery of water level vas analyzed to determine transmissibility

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

Figure 52.--Semilogarithmic graph of recovery of water level in

well DI-S May 7 and 8, 1960, after pumping 24 hours at an

&

aviarage rate of 88 gpm.

Dnrn
the transmissibility, T, is 61,000 gpd per foot. Fromr geophysical logs

/MY ICATE
and examination of drill cuttings ,it—ts—estimated that about 300 feet

of & total of 500 feet of saturated aquifer penetrated will readily

yield water. Thus, field permeability should be éé&.o—o, Oor approximately

300
200 gpd per foot per foot.

The coefficient of permeabllity as determined at well nr-9

is more representative of the aquifer in the Sante Fe Group than the

tranamissibility determined at well DP-5A.
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Tests at well DT-10

An attempt was made (May 1960) to install & pump in well DT-10.
An obstruction was found in the well at 1,100 feet, where the casing |
is reduced with a liner from 12 to 8 inches in diameter. (See table 16.)
The obstruction was later gswaged 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 was set at 1,185 feet below the land surface, and
the average rate of pumping during the test was T8 gpm with a drawdowm
of 4.8 feet. The specific capacity of the well is 16 gpm per foot of
drawdown. The discharge was free of sediment and clear in appearance
except during the first minute of pumping, vhen a foamy, detergent-like
substance came out with the water. Some rusty pipe scale was included
in the vater during the first few minutes of pumping, but this cleared
up in & very short time. The temperature of the water during pumping
was 67°F, which was 3 degrees cooler than water from the wells DP-5A
and DP-9. Well DI-10 is f4{nished in the upper part of the main
aquifer, and the lower temperature of water from DT-10 tends to corroborate
the stratigraphic analysis +hat indicates there mey be a hydraulic
separation between the Puye Conglaomerate and the underlying undifferentiated
unit of the Santa Fe Group. The cooler weter suggests that there may

be recharge into the aquifer nearby, possibly along Water Canyon.
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Transmissibility of the Puye Conglomerate, 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 DT-10, September 22 and 23, 1960, after 16 hours of

pumping at an average rate of 78 gpm.
DATA
. It—is—estimaded from geophysical logs and examination of the drill

C/M0ICATE
cuttingsAthat about 200 feet of the saturated section penetrated by

DT-10 readily ylelds water to the well. Therefore, field permeability
is about 180 gpd per foot per foot, & figure that compares favorably

with the field permeability of 200 determined at weli D9,
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Velocity of ground-water movement

Velocity of flow in an aquifer can be computed by the following

equation:
V (in feet per day) ='2%
wherein: P = field permeability, gpd per foot per

foot (gallons converted to cubic feet)

I

gradient, feet per foot
_ p = porosity of the aquifer, percent
The average permeability of the aquifer, as determined by
pumping tests at wells DI-9 and DI-10, 1s epproximately /lggogpd per

_ square foot, which is more representative of the aquifer than the

value obtalned at DI-S5A. The gradight on the pilezame

between wells DT-5A and DT-10 is akout.60 feet per mile. Porosity is
estimated to be 25 percent, an average ity
determinations for many materials of the same character as those common
in the Santa Fe Group. If these values are substituted 1n the

180
above equation, the velocity is

60
* m 1.098 feet
-* * 5’2 o
per day, or roughly 00 feet per year.
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Quentity of water moving through the aquifer

The quantity of ground water passing'through a given cross-
sectlonal area of the aquifer can be estimeted from the equation
Q in gpd = PIAp. |

where A 1s the cross-secticnal area of the aquifer. The average

o

estimated thicknesses of beds readlly yielding water to the deeper
wells DT-5A and DT-9 are 350 and 300 feet, respectively, or, averaged
together, 325 feet. The width of the affected area beneath TA-49

at right angles to the east-southeast direction of movement of the
ground water is about 2,000 feet. Then: .

) _ 60 m — &
Q = (180) ° 5,BBU * (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.
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Quality of water

Water samples were collected while wells Dr-9 apnd ~10 were
being drilled to determine whether there was a change in chemical
constituents at depth’ (table 22). A single field conductance was
mede on a sample from well DT-5A at the end of the development period.
Analysis of water from verious depthsin wells DT-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 mud of the water sampled. The e
analyses, though possibly conteminated, indicate that there is
a small difference between chemical composition of the water within
the Tschicoma Formation and members of the Santa Fe Group.
Water samples were collected at the end of the pumping tests
on wells DT-SA, -9, and -10, and & single bailer sample was collected
from well DT-10 upon completion. Water from the three wells 1s
soft and is low in dissolved solids (table 23). The specific conduc-
tance is low, and the pH is near 7. Ccalcium, magnesium, and sodium
are the principal cations, while more than 90 percent of the anions
are bicarbonate. The silice content is high. The high silica
concentrations are typicel of water that 1s recharged or moves through
extrusive felsic rocks, such as those which occur in the Los Alamos

aresa.
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The water from wells DT-5A, 9, and 10 is similar to water found
in the test arnd supply wells in the area. The water is of goed quality
S//’}C'Q
for domestic and most industrial use, but the/\scale produced vhen the
water is heated may be objectionable for certain industrial uses.
Radiochemical anzlyses from wells DT-5A, 9, and 10 are shown on
o>
table 2R. The anzlyses indicnie that the concentration of radicmiclides

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

bazkground study.
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Table St.--Partisl chemical analyses of water semples from deep wells at

TA-49, Los Alamos County, New Mexies
( AMI\{"I by U-‘,Glolozlul Sunrvey, Kaslity o+ Weter Brene ‘\J Albuguregue, N Mex,

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

Depth Specific
Dute of Tempor- Ricar- Crr- Hew e s:s Specilic | eondurt-
Well ol Stratigrapldc R IR REY e (Sl ,)) corduct- ance,
c.1lec~ abie Broaote Lo cube pme—eo e ge B icacaoe o Pl
o p well it LT Coul rivmaead ymicro- i field
Lion Y ' CHCO ) c Ty, - mh oo oat fmicro-
(teet) d ' citum 257 7 mh g at
25° C)
DT-5A 1,821  3-25-60 Santa Fe Group 420
DT-10 1,120 3- 8-60 Puye conglom- 65 5h 202 15 103 617 520 8.9
g g 1,221 3~ 8-60 erate €6 ) 157 3 56 506 8.4
1,248  3- 8-60 : 67 L3 154 9 17 1488 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
1,4%0  3-13-60 65 180
pr-9 1,048 2- 2-60 Santa Fe Group 68 68 98 0 3D 260 8.2
1,060 2- 3-60 72 76 0 26 157 8.0
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Age of ground water in the principal aquifer

Tritium cantent in ground vater sometimes can be used to
determine the age of the water (von Buttlar and Libby, 1955, and
von Buttlar and Wendt, 1958) and, with sufficient sampling, sometimes
can be used as & tracer to obtain direction and rate of movement of
ground water. The rate of movement of ground water may be determined
by referring enomalously 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. fhe first hydrogen-bomb experiment, in November 1952, released
some tritium to the atmosphere, but the first experiment to release
large quantities was in March 1954. Several series of tests were

made between March 1954 and October 1958 (Telegadas, 1959).
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Samples of rainfall at Los Alamos taken in June 1954, after
the second hydrogen-bomb explosion, had 1,160 to 1,550 T.U. A tritium
unit (T.U.) is defined as ome atom of tritium in 10°° etoms of
hydrogen. A semple collected Feb. 7, 1954, from Rito de los Frijoles,
a stream that drains an area typical of recharge area to the north,
at Bandeller National Monument, had 27.2 #0.4 T.U, (von Buttlar and
Libby, 1955) and 1s thought to be representative of rain and snow
that fell on the recharge area between hydrogen-baomb explosions
1 and 2, in November 1952 and March 1954, respectively. Water
fram this era of recharge may appear in wells in TA-49 in about
1975 as water having an approximate tritium concentration of about
7 T.U. Average pre~-bomb tritium content in precipitetion is thought
to have been about 8 T.U., based on analyses of Chicago precipitation
by Kaufman and Libby (1954) and von Buttlar and Libby (1955). The,
only pre-hydrogen-bomb tritium analyses available are those made at
Chicago. Assuming that water in the aquifer at TA-49 has not been
enriched with tritium by 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.
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Three samples of water fram two of the deep test wells contained

detectable quantities of tritium.

12.26 years, the ages of samples could be computed.

As the half life of tritium is

The following

table includes the results of tritium analyses and coamputed ages of

samples:
Well Date Date Depth of /Tritium Computed ages of
well when units samples
No. collected enalyzed. collected (T.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 13.1 or 13
-9 . 5= T-60 11-60 1,501 3.5 14.6 or 15

The significance of apparent differences in age cannot be fully

assessed; however, it seems reasonable that 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

data would be needed to determine which zones contribute most of the

water in order to evaluate differing concentrations with depth in the

aquifer.

Moreover, some young water may be edded to the aguifer by local

recharge from canyon sources such as Water Canyon.

Thus, samples

may be mixtures of a very small amount of local recharge water with

older water coming from major areas of recharge on the mountain slopes

to the west.
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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 about 3.7 miles, or
20,000 feet, up the ground-water gradient from TA-49. Assuming that
the fault zone and vicinity are the main area of recharge and that
the three samples enalyzed are undiluted and unenriched water from
the recharge area, then

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

= 1,260 feet per year,

or about 1,500 feet per year is the approxinmate velocity of ground-
water movement. This computed velocity 1s considerably greater than
the velocity (L4OO feet per year) camputed from pumping-test data and
gradient of the piezometric surface. This line of reasoning dees
not allow any apprecieble period of time for the movement of water

from the surface in the recharge area down to the aquifer, which

probably is a valid concept if open fractures are the route of downward

movement .

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

40O feet per year x 15.9 years = 6,300 feet

Thus, a part of the area of recharge may be nearer to TA-49 than the
Pajarito fault zone, probably along Water Canyon and other nearby
canyons east of the Pajarito fault zone. Relegating any appreciable
time to vertical movement in the zone of aeration would have the
effect of making the recharge area closer to the point of sempling

or increasing velocity of movement in the zone of saturation,
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Conclusions and suggestions

pata ovtained ircn the iarge-diameter holes indicates that little,
if any, recharge to tie ground water presently occurs &t Frijoles
Mesa. Clayey soil and clay Tilling tne near-surface parts of joints
are & barrier to infiltration of water iuto joints. The effectlveness
of this impervious seel is indicated by blowing of air from open
joints at depth in response to declining barcmetric pressure. At
some time in the past, joints in the Bandeller Tuff have carried
percolating water, as indicated by alteration of joint faces 1in the
rock. This percolation presumably occurred verore the soil mantle
was developed.

The moisture readings in the test noles indicate that water
rarely infiltrates the mesa surface to depths greater than the
thickness of the soil and that a soil cover as much as 2 feet thick
seemingly prevents netural infiltration to the underlying bedrock.
Locally, where the soil cover is thin or absent snd in some places
on the mesa that receive runoff from well-drained areas, some srmall

anount of intdiliration into the tuff does occur.
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Molsture determinations made in test holes adjacent to a natural
channel that carried water discharged from well DT-5A during a pumping .
test indicate that infiltration took place laterally into the soil
and related weathered materials. Moisture measurements inAthe 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 evaporated. Scme water was lost contimually from & disturbed
part of the chanmel 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 DI-5 and DT-5A probably was into
open Joints. Data are not available to determine whether the water
lost in drilling the two wells moved downward through the Bandelier
Tuff and into the Puye Conglomerete. It is likely that this liquid is
entrapped in the labyrinth of intercommected Joints and is slowly
belng absorbed by the tuff adjacent to the Joints.

No perched water was observed in the interval between the mesa
surface at TA-49 and the main zone of saturetion at a depth of
somewhat more than 1,000 feet. The absence of perched water and the
lerge bulk permeebility 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.
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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
s0ll is scalped, chances are increased for infiltration of water into
the tuff. Adequate drainage on the mesa should be maintained to
prevent infiltration from ponded water.

Recharge to the ground water from Frijoles Mesa is very small

or nonexistent; thus, no contaminants in solution are likely to be

ce.rried' to the ground water 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 i1s naturally discharged, is
the nearest polnt of hazardous contamination of water
supplies.

2. Some dilution of the contaminated water would occur
in the aquifer and further dilution would occur in
the Rlo Grande as the contaminants were slowly discharged
into it. '

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

L. Ton exchange or adsorption of dissoclved contaminants
onto materials through which the contaminated water
passes will reduce the concentration of radloactive
contaminants. This was investigated by the Health
Division of the Los Alemos Scientific Laboratory for
the upper part of the Bandelier Tuff at TA-43. The
aquifer materials also presumably will absorb some of
the contaminants.
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Suggested contimuing study

Water samples for radiometric analysis should be collected
anmmually from vells DT-S5A, 2, and 10 to determine whether contamination
is taking place. If well DT-5A could be pumped steadlly and the water
used at TA-49, it would be advantageous to monitoring because a slightly
greater part of the agquifer could be sampled in this way. Samples from
the other wells could bte obtained with & bailer. The well that i1s
pumped should be provided with an ailr line to record its water level
and & measuring tube (about 1 inch in diammeter) should be provided
also so that alr-line recordings can be checked periodically by
direct measurement. A continuous water-level recorder should be

forwarer Suspy
installed in the well DI-9. The wells that are not usedashould be
pumped once every 5 to 10 years for a period of 1 to 3 months and
sampled for radiochemical analyses.

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

holes when data indicate that the results are not significant.
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Compected soil should be used to seal the eabandoned test areas,
and the casings of the core holes in these areas should be extended
through the soil cover. The core holes could then be used for
measuring the moisture content of the compacted soil cover and
underlying tuff and for gamma-ray logging.

It would be informative to sink an angular drift to a point
& few feet beneath a large-diameter hole and inject water into the
large-diameter hole to sample the water filtering into the engular
drift by means of porous cups or drip-catching jugs. Injection
water could be spiked with a radiocactive tracer. Radiometric
analyses of water samples should indicate whether contaminants

will pass through tuff or joints in the tuff.
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Appendix

Data contained herein was collected during the course of

investigation of TA-L49, Los Alamos County, N. Mex. It is not

specifically considered in this report and is appended for possible

use by future investigators.
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Table 27.--Particle-size distribution in percent by weight fo

r samples from TA-49, Los Alamos County, N. Mex.

Lab. Source |Depth Straﬁ;izaphic Diameter of parté:igs in millimeters cravel
No sa;fle ( feet) in 20.00% 0.00b-[0.0625~ 0.125-
) P Tshirege Mbr.| clay 0.0625| 0.125 0.25 .25-.5 .O-1 1-2 2-4 4.8 8-16
silt |v. fine fine medium coarse V. coarsejV. fine fine medium

60NMM10  L4-U 61 5 2.7 10.2 7.0 20.9 27.0 25.2 6.4 0.5 0.1 -
59NM19Y)  b-A 66 5 3.9 11.0 7.3 9.6 17.9 2k.3 20.1 k.9 .8 0.2
60NM2L4  Beta 10 1B 30.0 1l.h 3.2 6.8 2h.2 1L4.6 9.8 - - -
6UNM2, Beta 65 1B 8.0 3.0 11.9 1k.3 12.9 14.6 2.8 T .2 -
60NM26 Beta 135 1B 2.7 20.2 9.7 13.1 6.3 L. L .6 Ly 1.3 1.3
60NM27 Beta 180 1B 13.0 28.8 8.7 10.4 12.5 16.9 6.0 3.1 .6 -
60MM28  Alpha 175 3 3,9 2h.3 10.4 11.4 146 16.4 19.0 - - -
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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 Qbt, - ko.05
60NMT 1-A 30 Qbte - 40.86
6ONML LU Lo Qb 45.80 43.81 L41.54 L1.88 Lo.k6 38.7h4
60NMY 2-F 56 Qbt, - 29.60
60NM8 1-A 58 Qbt, - 40.55
60NM2 L-u 60 Qbt, 48.45 46.18 Lh.06 Lh.T2  h3.11 42.62
60NM10 4y 61 Qbt, - 4o hy
60NM3 h-u 67 Qbt), 39.51  38.22  L0.09 3»,.18 22.3%0 20.68
60NM5 h-U 82 Qbt), 36.95  34.76 33.11  33.17 29.96 2.5

LOTMb heu 104 bt) 33 57 32,23 30.3%38  30.46  351.22 29.14



L

Table 2{.--Recomnaissance notes for large-diametver holes in

aresas

Hole 1-A
Depth
(feet)
0-2

2-1

15

50

1, 2, 3, 4, and 10, TA-L49. Los Alamos County, N. Mex.

Area 1

Diameter - 6 feet

Soil

Vertical joint in west wall is 2 inches clay filled. In
southwest wall vertical joint is 5 inch clay Tllled.
Northeast wall has vertical joint 1/8 inch clay filled.
South wall has vertical Joint % inch clay filled. DNorth
wall has two joints that are % ineh clay filled.

Northesst wall has horizontal joint open % inch.

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

Fracture zone on east wall contains joint openings y to o
inch.

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

+ inch.
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Table 2$.--Reconnaissance notes for large-diameter holes -

Continued

Area 1 - Continued

Hole 1-J
Depth
(feet)
0-3 Soil
3 Near vertical joint on southeast and southwest walls meet in
apex down hole at 28 feet.
5 Horizontal joint is open 1/8 inch.
15 Low dipping joint system around hole has openings up to
% inch.
35 Apex of near vertical joint on northeast wall. Joint is
open 1/8 inch.
52 Flat-lying joints are open 1/8 to & inch.
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Table Ry.--Reconnaissance notes for large-diameter holes - Continued

Area 1 - Continued

Hole 1-P
Depth
(feet)
0-2 Soil, 2 feet thick on north wall, thins to 6 inches on the
south wall.
2 Two vertical Jjoints on north +all are 1 foot apart and contain
% inch of clay filling. East wall shows vertical jeint
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. e
b On northeast wall apex of joint dips steeply to the southeast.

16 Fracture zone.

25 Apex with limbs upward 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.

%) Vertical joints on north and northeast walls split and die
out.

50 Well-developed joint system on north wall is open % to %
inch.
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Table 24.--Reconnaissance notes for large-diameter holes - Continued

Hole 1-T

Depth
(feet)

0-3

17

o

21

30

58

Area 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 Jjoint which is 1 inen
clay filled with white altered tuff % inch on each joint
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 L 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 Joint that has an apex at 40

feet.
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Table 2u.--Reconnaissance nctes for large-diameter noles - Continued

Area 1 - Continued

Hole 1-W

Depth

(feet)

0-3 Soil

3 Northwest wall has vertical joint L inch clay filled.

Vertical joint on northeast wall is % inch clay filled.
Vertical joint on east wall is % inca clay rilled.
Southwest wall nhas vertical joinv 1;8 inch clay and
root filled.

10 Southeast wall shows vertical joint with 1 to 5 inch:%f
white alteration material in joint. dJoint continued
down ncle to & depth of 25 feet.

1o Intersecticon of curved joint on west wall and joint on
northwest wall. Intersection of Jjoint is cpen % Lo
4 inch. Joint continues down hole on northwest wall.
Flat-lying joint is open 1/8 inch.

2-5-40 Joint on southeast wall is Open 1/3 inch passing through

as intensely fractured zone. Joint on east wall 1is ,

open 1/8 inch passing through intensely fractured zone.

Note: Below 40 feet most joints are open slightly.
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Table 2%.--Reconnaissance notes for large-diameter holes - Continued

Area 2
Hole 2-D Diameter - 6 feet; depth - 57 feet
Depth
(feet)
0-1 Seil
1-5 Pumice, water-laid.
H-6 Weathered zone, tuff fragments in matrix of brown clay.
15 Joints on northeast and west wall are clay filled 1 to
5 inches.
20 Horizontal joints around hole are clay filled % to % inch.
23 - Joints mentioned at 15 feet come to apex on southwest wall,
strike southeast amd dip steeply southwest, and are 1
inch alteration filled.
27 Joint on north side of hole is open and clay filled locally
up to % inch.
32 Joint on south wall terminates against a joint system which
dips to the northwest at about 30 feet.
LaoL3 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 % inch with some alteration
lining.
Y357 Northern half of hole has many joints striking northwest

and dipping steeply to the northeast.
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Table 25.--Reconnaissance notes for large-diameter holes - Continued

m

Hole 2-F

Depth
(feet)
0-1.4

1.45

5-1
16

16-18

ro
N

28

29
3k

Area 2 - Continued

Diameter - 6 feet; depth - 58 feet

Soil, containing roots.

Pumice, water-laid, some clay, roots up to 3/h inch thick.
Bottom of pumice zone dips slightly to the ncrzh.

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 joints that dip
steeply to the northeast and are clay filled 1/8 to %
inch. Large medium gray devitrified pumice fragments up
to 2 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 % inch.

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

5 L0/
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Table 25.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-F - Continued

Derth

(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 afe 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 %2 to 48 feet.

D e DA



i
Table 2§.--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, browmu.
2-5 Pumice, water-laid, about 5 feet thick on north and west

wall, thins to 1 foot on southeast wall.
5-7 Weathered zone, tuff fragments in a brown clay matrix.
7 North-northeast striking joint dips to the west 80° to 8:°
and is clay f1lled 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 lined.
30-34 Several west-northwest striking joints dip 45° to the
north and are clay filled 1/8 inch.
35-42 Intersecting near flat-lying Jjoint systems circle the
hole. Above the joints tuff is light pinkish trowm
and is evidently altered by water. Below the joints

the tuff is light gray.
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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.
50-48 Northwest striking joint is tangent to hole on northeast

vell causing bad pluck from 50 to 58 feet.
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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 ciayey

scil near bottom.

2-5 Pumice, water-laid.
5 Northwest striking Jjoint 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 14 inches in length.

22-29 Northwest striking joint on west wall of hole is clay
and root filled.

33-36 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.

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

4s-58 Smell pluck out on north wall between 45 and 58 feet.

Bottom of hole is in relatively unjointed rock.
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Table 83.~--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

Tilled 5 inch to a depth of 10 feet. Below 10 feet

this joint is open. North-northwest well 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.
Ly Joints are clay and root filled.
sS4 Most joints are closed. Some are open locally up to

1/16 inch.
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Table 2$.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-0 Diameter - 6 feet; depth - ,8 feet
Depth
{Teet)
0-1 Soil, brownish, clayey.
1-5 Pumice, water-laid, pieces up to 1 inch in length,

subrounded with some clay interlayered. Base of pumice
dips slightly to the northeast.

5«7 Weathered zone composed of large, angular pieces of tuff
in a matrix of brown clay.

7-l5A 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 1is % inch clay filled. On south wall is a system
of vertical joints striking east-west.

15-21 A flat-lying Joint dips at a low angle to the north-
northwest and is open up to 1/8 inch. Several minor
joints terminate against this flat-lying joint. At
17 feet tuff appears more dense than above.

23-26 Badly broken zone dipping slightly north-northeast.
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Table 2{.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-0 - Continued

Depth
(feet)

21

L1-50

Master joint on northeast wall is clay filled and locally

open 3

inch. On west wall a system of vertical Jjoints
originates in a broken zone at 26 feet. Joints in system
strike north-northeast and are clay filled and open
locelly up to % inch.

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.

Joint on northeast wall, dipping moderately to the north,
and connecting Jjoint on west wall with master Jjoint.

Large triangular pluck from intersecting joints on
southwest wall. Master Jjoint on northeast wall is now
hair line. West-northwesz striking Jjoint. complement of
plucked out joint at 40 to 41 feet. This joint has roots
and brown clay at b5 feet.

Apex of north-northwest striking joint on west wall.
Rock has considerable amounts of granule to pebble-size
devitrified pumice fragments.

Joint on northwest wall dips moderately to southeast. Apex

is at 55 feet.
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Table 25;-—Reconnaissance notes for larce-diameter holes - Continued

Area 2_— Jn-ng"\-tCL

Hole 2-8 Diameter - 6 feet; Depth - 58 feet

Depth

(feet)

0-3 Soll, cleyey, brown.

3=5 Pumice, water-laid.

5 Vertical Joint north-northeast wall clay filled 1/32 ineck.

Vertical joint on southwest wall is % inch clay Tilled.

Vertical joint on west wall is 1 inch cley and root filled.

17 Joint system, clay filled triensular pluck 8 inches across.
22 East wall shows joint striking northeast. -
2k Vertical joint on west wall becomes irregular with various

branches that are clay filled.

32-35 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 ars open up to &+ inch.

4o Joint system about 1 foot east of north line is open %
inch. 8Small irregular closed fractures are found at
varlous places around hole.

Lo-57 Joints and pluck on east wall. Southwest wall has vertical
Joint. Joint trending east dips L45° west. Joints are

clay filled and open locally up to 1 inech.
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Table 25.--Reconnaissance notes for large-diemeter holes - Continued

Area 2 - Continued

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

Depth

(feet)

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

4-5 Weathered zone, tuff fragments in a matrix of brayf clay.
10 Master joint on northeast wall strikes south-southwest

and is 1 inch clay filled.
?-15 Vertical joint tangent to north-northeast wall strikes
east-southeast and intersects master joint. Joint on
» . southwest wall strikes northwest and ceuses pluck at 15
*M) feet, where joint is tangent to hole.
18 Flat-lying brecciated zone around hole. Devitrified
pumice fragments in tuff are as much as 1 inch in length.
Joint on southwest wall strikes northeast and is open % inch.
28 Southwest striking Jjoint intersects tangentlial joint on
northeast wall. Southwest wall has badly broken zone
from 18 to 28 feet. Joints in this zone are open.
Joint originating in broken zone at 26 feet strikes northeast
and apparently 1s the same as the Joint that intersects

tangent joint on northwest wall at this depth.

2= q/0
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Teble 25.--Rec.nnaissence notes for large-diemeter holes - Continued

Area 2 - Continued

Hole 2-V - Continued

Depth

(feet)

38 Tangential joint now single trace near north wall striking
southeast. Joint that originates in broken zone at
26 feet dips steeply southeast, and trece on wall of
hole is drifting eastward.

50 Roots in joints on west wall.

57 Northeast striking joint has roots at 57 feet. Bottom

- of hole strongly Jjointed. Hole belled to 6 feet 8 inches

from 50 to 58 feet.

Geperal note: Hole is in moderately Jointed rock.
Tuff penetrated is fairly dense and not strongly Jointed

except 50 to 58 feet.



Hole 2-W

Depth
(feet)

0-3.6
L

12

)
O

26
30

37
Ly

51-58

Table 2%.--Reconnaissance notes for larze-dlameter holes - Continued

Area 2 - Continued

Diameter - 6 feet; depth - 58 feet

Soil, brown.

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

Master Jjeoint 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 U45° north at 18 feet. Joint
on southwest wall, 2.5 feet from master joint, is clay
filled £ inch.

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

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

Roots in plucked zone in south edge of hole.

Mester joint 2.2 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 25.--Reconnaissance notes for large~diameter holes - Contirued
Area 2 - Continued

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

Depth
(feet)

0-2.5 Soil zcne; 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 sbout 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
Tlat-lying.

30-41 Hole is badly broken between major joints on west wall,

southward around hole to major joint on northeast wall.
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Table 23.--Reconnaissance notes for large-diameter holes - Continued

Area 2 - Continued

Hole 2-X - Continued

Depth

(feet)

4s Major joints on north-northeast and southwest walls
strike southwest and apparently are same system. Intersection
on southwest wall open up to 3/4 inch locally, but
intersections on northeast wall are open 1/8 inch. South
and east wallsgéfﬁadly troken between these major Joints.
Vertical joints are found on the north wall from L2 feet to

the bottom of hole.

Lo o/ 4
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Table 25.--Reconnaissance notes for large-diameter holes - Continued

Ares 3
Hole 3-C Diameter - 6 feet; depth - 87 feet
Depth
(feet)

0-3 Soil and fill.

3 Joint striking south-scuthwest dips north and is + inch clay
filled.
T System of flat-lying joints.

15 System of joints striking north-northeast dip about 20° west.
Joint mentioned at 3 feet now vertical and open 1/16 inch.

2l - Joint mentioned at 3 feet now dipping about 80° south.

28-30 Brecciated zone, system of joints striking east-northeast
dipping from 10° to 20° north.

33 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 5 inch.

3345 Joint in southeast wall that is clay filled & inch. At 45
feet joint mentioned at 3 feet is here closed.

53 Southeast wall is badly broken. Northwest wall contains
vertical joint striking west-northwest and is 1/8 inch
clay filled.

58 Joint mentioned at 53 feet terminates against apex of

northeast striking Jjoint which is tangent to hole on
northwest wall. Clay filling up to % inch thick. Several

plucks along each fracture.

=Tt A5
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Table éi:--Reconnaissance notes for large-diameter holes - Continued

Area 3 - Continued

Hole 3-C - Continued

Depth
(feet)

~

03

78

78-87

Southwest limb of Joint that showed apex at 58 feet is here
& hair line. Northeast Joint plucked out, has clay
filling. Joint on southeast wall strikes east, dips 85°
south, and is open % inch. West wall contains north
striking vertical Joint that is clay lined and is open
1/8 inch. North wall contains vertical/ north striking
Joint.

Joint on southeast wall terminates.

Weter-laid sand on north wall is 2.5 feet thick. Two Joints
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 O.4 feet thick on south
wall.

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 drif+t 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 noles - 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 2h-inch drift occurred about 8
feet from the hole between the two northeast-striking
joints. The drift was partly filled with rubble at this

point.
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Table 2§.

Hole 4-K

Depth
(feet)

15

18

26

33

~--Reconnaissance notes for large-diameter holes - Continued

[

Ares 4

Diameter - & feet; Depth - 58 feet

Soil and weathered zone are covered with casing.

Southwest wall shows apex of joint, which is clay and
root filled up to 1 inch, and strikes west-northwest,
dips 7C° northeast. East wall has Joint which strikes
north-northeast with apex upward at 10 feet. Joint is
2 inches clay filled. Northwest wall shows vertical joint
striking northwest, clay filled up to 6 inches near
top and 2 inches at © feet.

Joint on southwest wall is clay and root filled. Joint
on northwest wall is here clay and root filled about
1 inch. Tuff has devitrified pumice fragments up to
1l inch in length.

Pluck out at Joint on southwest wall. Joint on northwest
wall splits. Northernmost Joint strikes northwest, is
clay filled 3 inch, and terminates at 40 feet. Westermmost
Jjoint dies ocut at 22 feet.

Dip of the joint on southwest wall at 8 feet is now 80°,
northeast several marked plucks from this joint, which
1s clay and root filled 1 inch.

Joint described at 26 feet is here trending vertical reverses
in dip farther down. Tt 1s now striking west-northwest

and dipping 8C° south-southeast.

I BRI o
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Table 85.-~Reconnaissance notes for larze-diameter holes - Continued
Area 4 - Continued

Hole 4-X - Continued

37 Tuff is less stronzly Jointed below this depth.
L2 On the northeast wall is a system of vertical north-northwest

striking joints that are clay fillled.

w
(0]

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

is now vertical and strikes northeast.

__a/9
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Tabtle 2%.--Reconnaissance notes for lar;e-diareter holes - Continued

Ares 4 - Continued

Hole L-M - Diameter - 6 feet

Depth

(Teet)

0-5 Soll entirely stripped off. Zast wall shows large vertical

Joint that strikes northwest and is 1 inch clay filled.
North wall has 3/4-inch clay-rilled 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 l% ineh

clay filled.
1c Brecciated zone on northeast wall.
15 Joint system on north-northeast wall contains joints that are

open up to % inch.

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

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

Flat-lying joints at 24 and 28 feet.

3C Joint on south wall is now open i inch.
35 Pluck out along Joints. on southwest wall.
Le 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.
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Table 25.--Reccnneaissance notes for large-diameter holes - Continued

Arez 4 - Continued

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

Depth

(feet)

Cc-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. Cn
southeast wall a joint strikes north, is near vertical, and
contains clay filling up to 3 inches. Hole walls appear
to me tight except for the above-mentioned joints.

26-3%2 "Northeast wall of hole contains apex of Jjoint. West limb
dips at 45° to 30 feet and intersects vertical northwest
striking joint on northwest wall, East limb of Joint is

vertical and 1 to 3 inches clay filled.

32 Northeast wall is brecciated.
35 Hole reduced in diameter about 4 to € inches.
b1 Northvwest striking joint is 1 to 3 inches clay filled and

contains a few roots.

48 Southwest wall has northwest striking joint that shows
apex with 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 rottom of hole, and

is 1 inch clay filled. e
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Table 25.--Reconnaissance notes Tor large-diameter holes - Continued

Area 4 - Continued

Hole L-Y Diemeter - & feet; Depth - 59 feet
Depth

(feet)

C=2 Soil zone 1is thin on weathered tuff zone.

Southeast wall has Jjoint that is elay fllled and strikes

northwest, dips 8C° northeast.

22 South wall has north-northwest striking joint which dips
west at 85°,
28 Pluck out from abeove Joint, which appears to be % inch

clay filled. Joint mentioned at 7 feet is here open
1/16€ inenh.

26 Northwest wall shows apex upward of Joint. This Jjoint 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.

L6 Hole badly broken on southwest wall. Master Joint is vertical

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

51 Very few Joints except master joint mentioned at 46 feet.
57 Southeast wall contains = system of hizh angle joints.
£2 Water-laid sand, 13 feet thick cn north wall and very

thin or stripped away on the other walls of the hole.

S
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Table 2§.-~Reconnelssance notes for larce-diameter holes - Continued

Area 4 - Continued

Hole 4-Y - Continued

Depth

(feet)

62-6C Wall of hole contains very frieble tuff below sand. West
wall contains Jjoint striking north-northeast, dipping 8s5°

north. West wall has joint which is vertical and strikes

north-northeast. These two jolnts apparently ere not the same.

DD

i\
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Table 25.--Reconnaissance notes for larce-diameter holes - Continued
Area 10
Area 10 contains two 6-foot diameter holes 25 feet apart and drilled
to a depth of about &0 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 feet, which is 13 feet)
Depth
(feet)
0-1 Back-fill, broken tuff. Most of soil is stripped off.

1-5.5 Pumice, layered, light gray with brownish clay lenses included.

3.5-5 Weathered zone containing partially weathered tuff fragments
in a matrix of brown clay.

5 Jolnt on south wall is % inch clay filled and strikes
north-northeast. Muff hag pebble-size, purplish devitrified
pumice fragments.

10 Broken zone.

17 Jolnt mentioned at 5 feet persists through hroken 20ne,
out is only 1/8 inch cley filled. Joint on east-northeast
wall originates in broken zone, strikes northeast, and is
£ inch clay filled.

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

north strikings joint on northeast wall.



s
Table 2§.--Reconnaissance notes for large-diameter holes - Continued

Area 10 - Continued

West hole - Continued

Depth

(feet) |

33 Joints strike northwest and north and ere open 1/8 to 1% inches.

48 Top of 13-foot diameter hole. Joint striking south-southwest.
Joints on north-northeast well are i+ ineh clay filled.

5C Top of weathered zone in tuff above sand dips to the northeast.

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

stripped away on southwest wall and thickens to about 2 feet
on east wall near drift. Joints found about 2 feet bvelow
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.

A¥ea 10
The drift extends east-west between the two large diameter vertical
holes. On enterins 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 éf the portal to west hole.
The tuff is about O feet thiek on the north side of the drift and contains

an abundance of quartz and irregular brownish iron-stained streeks.
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