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Shallow holes for meoisture measur=ments

Twenty-three holes were drilled on the mesa surface in TA-49
(fig. 20) end two in Water Canyon (fig. 6) for the purpese 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 contaminants would be left in the
ground as a result of the experimental work in these areas. Thecse
holes were drilled with a wegon drill end are 2.5 lnches in diameter.
They were cased with 2-inch plastic pipe.

A rough visual log was made at the time the holes wvere cdrilled
by cbserving color changes of the air-returned cuttings and the
general drilling conditions. These logs are plotted beside the
graphs of moisture content. (See rfigs. 21-43.)

Boles WCM-l1 and WCM-2, in .ater Canyon, were drilled with =
wagon drill using air es a cubtings carrier. These borings penctrated
water in the thin zlluvium at the level of water in the nearby streen,
and air drillipng could not be continued. The holes were drilled
about 2.5 inches in diameter and cased with 2-inch plastic pipe;

WCM-1 was cased to a depth of 9.9 feet with perforations the entire

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

6 feet.
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Geolog; and hydrology of Technical Area 49
Frijoles Mesa, Los Alamos County, NHew Mexico
By

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

Abstract

Frijoles Mesa is a part of the Pajarito Plateau, a dissected
ash-flow field that laps onto the Sierra de los Valles to the west
and terminates in cliffs along White Rock Canyon to the east.
Technical Area 49 (TA-49) occupies about 2 square miles on the
northern segment of Prijoles 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 a@ge. Subsurface rocks of the Santa Fe Group
of Middle(?) Miocene to Pleistocenél%ge and the Tschicoma Formation
of Pliocene and Pleistocene(?) age were penetrated by three deep
test holes. The rocks of the Santa Fe Group, in ascending order,
are: tihe undifferentiated unit, the Puye Conglomerate, and the
vasaltic rocks of Chino Mesa. Interbedded with the rocks of the

Santa Fe Group are rocks of the Tschicoma Formation.



The undifferentiated unit consists cf sediments laid down as
alluvial-fan and flood-plain deposits. Above the undifferentiated
unit is the Puye Conglomerate, which consists of two nembers. The
1ower member is a poorly consolidated channel-fill deposit called
the Totavi Lentil. Overlying the Totavi Lentil 1s the ?anglomerate
member that is made up of volcanic debris. Interbedded with the
fanglcmerate pember are the basaltic rocks of Chino Mesa and latite
and qpartz-laxite-f?gy:ggggg_of the Tschicoma Formation.

The Bandeller aff ovgg;;es the fanglomerate member. It consists
of ash~fall and esh-flow rocks that aie draped over the older rocks,
f111ing the lows and smoothing out the topography of the older rocks.
The Bandelier Tuff consists of three members. In agcending order they
are: the Guajle Member, an ash-tall pumice and waeter-laid pumiceous
tuff; the Otowl Member, & friable ash-flow tuff; and the uppermost
Tgshirege Member, & geries of ash-flow tuffs with one thin water-laid
bed neer the top.

The Tshirege Member forms the finger-like mesa at TA-4G. It
{8 the most important geologic unit vecause test operations will
place contaminants in these rocksAgfgggg-lOO feetgggygﬁe mesa surface.

There these contaminants could be removed by water and carried into

the zone of saturation.



The X-ra; and chemical analyses of the turf from the Tonirern
Member indicate that they are rayolitic in composition. Hydrolosic
analysis o the tulf indicated the Tollowing ranges: porosit:, 1.2
to 5L.7T percent: specific retention, 11.2 to 27.3 -mercent; specific

yield, 3.6 to 42.5; permeability, 0.0L 4o 22 wnd (zallons per day)
per square foot for consolidated camples, and 34 to 55 gpd per
square foot Ior unconsolidated samples. Meicture content ranged f}om
0.2 to 3.7 percent by volume beneath the meca, but molsture contents
oT tuff from a test hole in VWater Canyon north of the mesa ranged
fron 13.3 to 6.3 percent by volume, vhich indicates some
infiltration of wamter.

The soil cover on the mesa surface is characterized by a
weathered zone, a vwater-laid pumice zone, and a soll zone. The
top few feet of the Tshirege Member is composed of partly weathered
tuff fragments in a matrix of clay. The veathered zone grades up
into a brown clayey soil except along the northern edze of the

Tesa, vWnere a layer of water-laid pumice ccecurs between “he

weathered zone and the soll zone.
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Periodic moisture readings of the soil and underlying tuff, nede
by & neutron-scattering moisture probe, indicate little or no
infiltration of water from precipitation through the soil zone. Cther
data collected during drilling, mepping, and hydrologic analysis of
rocks of the Guaje, Otowi, and Tshirege Members of the pandelier Tuff
indicate that the soil forms & nearly perfect seal on the mesa
surface and that the Bandelier Tuff has & large bulk permeability.
Where the soil cover has been removed or disturbed, water in sufficient
quantities would move almost vertically through the Bandelier Tuff
into the Puye Conglomerate and eventually into the zone of saturation.

A NATIRAL STREAM CHawnEL OV

Stream flow in,en—aaroye—ea the surface of the mesa was measured
at two moisture test holes about 700 feet apart. There was very little
1088 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 a depth
of 3.5 feet in either of the test holes. The moisture content
1ncreased 16 percent by volume in the upper 3,5 feet while the stream
wes flowing. Six days efter the flow ended, capillary return to the
surface and evaporation had decreased this moisture content by as

mich as 13 percent.




The zone oI saturation, or raLln ajuiirer, lies 1,000 Lo 1,2uv
reet below the mesa surface at TA-4u in roclis or the banta Fe Group
and Tcchicoma Formation. lNo perched water vas found above e
zone of satvuration. ~he gradient on tae piezometric surface of
Ege main aguifer is east-soutiieastward woward the iilo Grande aopout
(o}
&& feet per nmile. Data indicaved that the recharge area To tile
main aquifer is west ol TA-L4y on the sicpes of the Sierra de los
Valles and the western part or the rajarito Plateau. The specirlic
cepacity ol three vells finisned ia e main aguifer range Iron
5.7 to 22 gpm (gallons per minute) per root of drawdown. Pumping
tests indicate an average coefficient of permeability of 130 opd
per foot per foot. The velocity of water in the main aquifer is
approximately 400 feet per year. The quantity of water passing
through the upper 650 feet of the aquifer beneath the test areas
at TA-49 is approximately 370 acre-feet per year.

Pritium analyses indicate that the water in the main aquifer
ranges in age from 13 to 20 years. 7The cause of dirferences in
age could be that the water deeper in the aquifer moves more
slowvly and is actually older, or that some young water is being

added to the acuifer Ly 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 Alemos Area Qffice, U.S. Atomic Energy Cammission,
requested support from the Geological Survey for a project at
Technical Area 49 (TA-49) informally in conference September 29,
1959. The request was confirmed by & copy of a letter (J0-162) from
Mr. William Ogle of the Los Alasmos Scientific Laboratory to Mr. Paul
Wilson, Manager of the Los Alamos Area Office.

The work of the Geological Survey was aimed at 1) providing
geological information to the ABC about the rocks that underlie the
area, and 2) defining the direction and rate of movement of water in
the zone of Aeration and the movement of ground water in the zone of
saturetion beneath the project area eastward to the Rio Grande.

Fleldwork began in late October 1959 and was campleted in

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



Location and setting

Much of Los Alamos County south of the city of lLos Alarmos is
used for test operations by the Los Alamos Scientific Lsboratory.
Various lnstallations and areas in the upland surface and the
canyon bottoms are designated "technical areas.”

Technical Area U9 occupies about 2 square miles on the northern
segment of Frijoles Mesa, 5 miles (about 10 road miles) south of

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

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
Slerra de los Valles (fig. 4) to the west and terminates in cliffs
along White Rock Canyon to the eaat. The area is in the former
Roman Vigil Grant, which is not sectionized, but projections of land
divisions into the Grant area indicate that TA-49 is mainly in

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

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



The northern segment of Frijoles Mesa slopes gently eastward

from an sltitude of about 7,200 feet near the western edge of TA-U49

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

is bounded on the north by Water Canyon, which has been cut 300 to 400
feet below the plateau surface, and on the south by Ancho Canyon, whose
floor is 100 to 200 feet below the relatively flat uplaend.

Frijoles Mesa and the adjacent canyons support moderate to dense
vegetative growth. Pinon pine and juniper are the predominant trees, .
and there is a sparse growth of ponderosa pine, mainly in the canyons.
Grames gress predaminates as surface cover, and a few scrub ocak, mostly
shinnery oak, grow in isoclated patches.

Water and Ancho Canyons drain eastward and are almost parallel.
They empty into the Rio Grande in White Rock Canyon. Water Canyon
heads on the slopes of the Sierra de los Valles. In the reach of
Water Canyon, north of TA-49, a samll intermittent flow of unknown
origin occurs. Ancho Canyon heads near the entrance to TA-49 (fig. 6)
1 does not contain & 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 1s drained by a rather well-developed dendritic system
of chamnels and canyons. Most ninor drainegevays empty runoff into

Ancho Canyon to the south.



Previous work

Geology and ground-water conditions in the los Alamos ares
have been studied by the Geological Survey and the Atomic Energy
Cormission under a cooperative program since 1949. An edministrative
report to the AEC by Grigges (1955) describes the gemeral aspects of
the geology of Los Alamos County. Surface geology on figure b is
taken mainly from Griggs' geologic map, and stratigraphic nomenclature
proposed by Griggs is used in this report.

The geology and ground-water conditions in Ios Alamos County
are described in a classified report by Baltz and others (1959),
vhich appraised several areas as to the Teagibility 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-4S was made to determine whether ground water,
either perched or in the zome of saturaticn, might be comtaminated .
by radiocactive materials that would be buried 30 to 120 feet below
the surface of the mesa. This report describes the geology and
hydrology of—the-meea 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 which they were
emplaced consisted of geologic mapping, subsurface geologic studies,
observing end 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
Geologicel Survey laboratories for petrographic description, chemical
and X~-ray analysis, and measurement of physical properties. Rock
sampling vas very intensive as as insurance against the possibility
of missing information that could not be obtained later. The gamples
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 1in TA-4G had previously been mapped as & single
unit; however, it was necessary, for the purpose of this study, to
subdivide the rock into seven informal stratigraphic units. Six of
these units are exposed in Water Canyon and are recognizable in the
subsurface beneath Frijoles Mesa on the basis of cores, drill cuﬁtings,

S8
or geophysical logs. The seventh unit is known only in theAsurface.



Information on the main wuuller of the Los Alaros aree, wvhich
is 1,000 to 1,200 {cet below the mesa surface, was cbtained rron
three deep test wells. (The main agquifer 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. BHowever, the water in the
upper part of the Santa Fe Group and the Tschicoma Formation may
be perched. The water in the main aquifer is under artesian
pressure.) Hydrologic characteristics of the aquifer were estinated
from drill cuttings, zeophysical logs, and a pumping test on each
of the three deecp wells. The data obtained from these deep wells
provide the basis for estimates of the average rate and direction
of ground-water movement in the principal aquifer.

The results of laboratory investigations of physical and
chemical characteristics of the rocks and chemical analyses of
Zround-vater samples are tabulated in order to make 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-54A,
DI-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-49 Amee. Los Alamos jrid locations, 0¥ frs? %eies,

(See figs. & and 20.)

Deep wells
DT-5P 111 + 32 south gh + 36 east
or-5 110 + 99 S3 + U3
DT-5A 111 + 47 93 + O3
Dr-9 142 + 31 171 + 27
DT-10 115 + 27 126 + ob

Exploratory large-diameter holes

Alpha 111 + 16 south 37 + 54 cast
Beta 83 + 63 o9l + 39
Gama and Garmma A" 133 + 20 104 + 00
Core holes
CH-1 104 + 98 south 8L + 37 east
CHE-2 105 + T0 97 + 85
CE-3 114 + 9k 82 + U6
CH-4 120 + 33 95 + 63

Shallow holes for moisture measurements

1M-1, 2, 3, and 34 105 + 00 south 84 + 00 east
M-1, 2,and 3 106 + 00 98 + 00
M-1, 2, and 3 115 + 00 82 + 20
M-1, 2, 3, and b 120 + 00 96 + 00
SM-1 111 + 32 ok + 26
5M=2 111 + 05 g2 + 3}
EM-1 ‘ 102 + 15 68 + 53
OM-1 116 + 67 83 + L4

;_



Los Alamos grid locationc - Contiisued

chailow holes for moisture neasurenments - Continued

M2 113 + <0 38 + 15
M3 117 + 02 104 + 57
M= 4 113 + 93 100 + W
10M=-1 104 + 6 110 + 21
1UM-2 104 + 54 103 + 69

Large-diometer holes used for experimental purposes by the Los Alamor
[&) & &

Scilentirlic Laboratory. Layout cf lwles in areas shown cn figure 2.

Area 1 105 + 20 south 34 + 00 east
Area 2 106 + O 96 + 00
Area 3 115 + 00 82 + 00
Area &4 120 + 00 G6 + 30
Ares 10 105 + 00 106 + 00
WM~ /11 +30 73 +0
Wem- g /48 + 00 [0d + Qo

-t
-



L—ouf"'\ of wo/(lu
The Los Alancs ares, Ly secticrn, township, range

N

{See Tig. -.)

T-l, la sec. 20, T, 19 H., R. 7 E.

T-2, & 4 sec. 14, T. 15 M¥., R. 6 E.

T=3 sec. 13, T. 13 N., R. 6 E.
7.4 sec. 16, 7. 12 N., R. 6 E.
H-19 sec. 17, 7. 13 i., R. 6 BE.
-3 sec. 14, T, 15 M., R. TE.



Surface pappirg

Geologic mapping on aerial photographs was begun early in December
1559. Stratigraphic relations were established in the ares of maximun
exposures on the south wall of Water Canjyon.

The exposures were examined about every 4C0 to 500 yards to make
certain of adequate control. Contacts wvere referred to the many vertical
control points established in the field by Laboratory personnel engaged
in mapping TA-49 topogrephically. Control points were located on the
aerial photogrephs,and geologic comtacts were drawn on the photographs

(scale 1:7,000) in the field by stereoscopic methods.
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The unit contacts an the photographs did not completely agree with
the topographic comtours. Therefore, the geologic contacts were
adjusted toc 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 mey not be exact. The areas
of best exposure are along the road leading fram the mesa just east
of Area 10 into Water Camyon, the northern walls of canyons, and a few

places 1n the bottoms of arrcyo channels.
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Tast driliing

Tairty-seven exploratory holes were drilled ranging in depth
from [ to 1,821 feet and in diameter from 2 inches to 2 feet. The
five deep test wells azre designated by "DT" and the number of =
nearby area. These test wells include the pilot hole, DT-5P, and
the wells DT->, DT-5A, DT-9, and DT-10. Three holes, arbitrarily
called Alphe, Beta, und Gamma, were drilled with a bucket auger
cn top of the mesa, in Water Canyon and in Ancho Canyon. & core
Zole was drilled in Areas 1 through 4 (fig. 2). These holes are
designated by "CH" and an area number. Twenty-five shellow test
holes were drilled with a wagon drill. These are designated by

the number cf the nearby area, a "M"for "moisture' to indicate

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



Deep wells

Five wells were drilled to obvtain hydrologic and geologic
information about the main aquifer. The wells were located to
3ive the widest distribution of subsurface geologic control and
the best hydrologic control (fig. 6). Consideration wms given to
choosing the best sites‘for monitoring ground water for possible
contanination.

Well DT-5P, just east of Area 2, was an air rotary hole
drilled to determine the presence or absence of perched water
(saturated zcnes above and separated from the main aquifer). It
was completed at a depth of 692 feet as a dxry 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 fronm
nearby well DT-SP had already been described. Three side-wnll
samples were taken from depths of 390, 490, and 500 feet to
obtain undisturbed samples from that interval to supplement

unsuccessful vertical coring in Areas 1 and 2.



Well DT-5A, 50 feet south of —ell DT-5, wms drilled with rotary
equipment, using mud as a drilling rluid. Circulation was very poor
in tne upper 520 feet or the hole. Twelve-inch casing was installcd

(1A8u¢ 1)
and cemented at thils depth. Below 520 feet, circulation was
maintained and cuttings samples were obtained to the total depth of

1,321 feet.
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Well DT-v (fig. G) was begun as a 2)-inch hole using cable-tool
equipment. The hole was reduced to 16 inches at a depth of 335 {eet,
and drilled at that diameter to a depth of 1,300 feet, at which point
it was logged geophysically and then cased with 1l2-inch pipe. An 11-
inch hole was drilled from 1,200 to 1,501 feet and an C-inch liner was
installed (table 2).

Well DT-10 (fig. 6) was drilled with cable-tool equipment 16
inches in dimmeter to a depth of 1,125 feet below the land surface, at
which 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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Description Depth below Lerngth Altitude of
la?glf%ﬁ;ace (Peet) top %gei?S;ion
Top Botton Slotted Blank
12-inch I. C. casing
Blani +0. 347 519.7 520 7,1k3.82
8-inch I. D. casing
Blanx +.5*L’ 1,171.5 1,172 7,143,052
Slotted 1,17%.5 1,191.5 20 5,971.52
Rlank 1,191.5 1,279.5 38 5,951.82
Slotted 1,279.5 1,289.5 10 5,063.32
Blank 1,289.5 1,335.5 L6 5,853.82
Slctted 1,335.5 1,331.5 L6 5,807.52
Blank 1,331.5 1,415.5 3 5,761.82
Slotted 1,415.5 1,Li45.5 30 5,727.32
Blank 1,4k5.5 1,535.5 90 5,097.32
Slotted 1,535.5 1,555.5 20 5,607.22
Blank 1,555.5 1,591.5 36 5,587.832
Slotted 1,591.5 1,615.5 ok 5,551.52
Blank 1,615.5 1,£35.5 20 3,527.52
Slotted 1,635.5 1,655.5 20 5,507.32
Blank 1,855.5 1,703.5 5% 5,437.52
Slotted 1,708.5 1,723.5 20 5,434.32

/S See ootnote at end

-
[

-
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Descriptica T Lerzza Altvivude of
~and curvace: . Zeet) LoD oI cecticn
—ee T _ree
ToD Bottom Slcoctzed Blank
B-inch I. D. casing - Conatinued
Blank 1,728.5 1,740.5 12 5,414.32
Slotted 1,740.5 1,750.5 10 5,u02.32
Blank 1,750.5 1,768.5 18 5,392.82
Slotted 1,768.5 1,788.5 20 5,374.82
Blank 1,788.5 1,819.5 31 5,354,32

Bottonm of hole

[\
&3

Total 8-inch I. D. casing

1
*“/Extension of casing above land surface.

22

1,600

5,%23.82



Tavle 2.--Casing schedule For well DT-9

Altitude of land surface

_
C oz
2,837,322

Description Deptiz below Length Altitude o7
laﬁghigﬁface (feet) top fgcgssfion
Top Bottom  Slotted Blank
12-inch I. D. casing
Blank +2.047 819.0 821.0 6,939. 32
Slotted 819.0 878.8 59.8 6,118.32
Blank 878.9 903.2 24,4 6,058.52
Slotted 903.2 93k.5 31.3 6,034.12
Blank 934.5 958.5 24.0 6,002.82
Slotted 958.5 982.6 24,1 5,978.82
Blank 982.6 1,002.4 19.8 5,954. 72
Slotted 1,002.4 1,036.4 34.0 5,93k4.52
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
3lank 1,208.4 1,266.2 57.8 5,728.92
Slotted 1,266.2 1,310.5 Ly, 3 5,671.12
Blank 1,310.5 1,333.0 22.5 5,626.82
Bottom of 12-inch I. D. casing 5,604, 32
Total 12-inch I. D. casing 295.9 1,0%9.1

1/ See footnote at end of table
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Ior well DT-3 - Ceontinued

Deccrizzic: Dewt elow Lenztin Altitude of
land surface (feet) top of ceciion
(feat ({ée1/
Top Bottom Slotted Blank
8-inch I. D. casing
Swage 1,313.1 1,317.2 L1 5,602k.22
Slotted 1,317.2 1,500.0 182.8 5,620.12
Bottom of 8-inch I. D. casing 5,437.32
Total 8-inch I. D. casing 182.8 4.1

Top of 8-inch casing 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.

/
a”/Extension of casing above land surfsce.
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Table *.--Casing schedule for <well DT-10

Altitude of land surface T,019.41

Description Depth below Length Altitude of
langﬁffiface (feet) top ﬁgeiiition
Top Bottom Slotted Blank
12-inch I. D. casing
Blank +1.9&/ 1,078.% 1,080.3 7,021.31
Slotted 1,078.4 1,128.0 45.6 5, 41.01
Bottom of 12-inch I. D. casing - : 5,091.41
Total 12-inch I. D. casing 49.6 1,080.3
8-inch I. D. casing
Swage 1,096 1,097 1 5,523. k1
Slotted 1,097 1,118 21 5,922, 41
Blank 1,118 1,156 78 5,901. 41
Slotted 1,196 1,206 10 5,823, L1
Blank 1,206 1,228 22 5,013, 51
Slotted 1,228 1,258 30 5,791. 41
Blank 1,258 1,268 10 5,761. 41
Slotted 1,268 1,278 10 5,751. 41
Blank 1,278 1,302 2L 5,Thl. L1
Slotted 1,302 1,322 20 5,717. 41
Blank 1,322 1,332 10 5,697.41
Slotted 1,332 1,342 10 5,687.4L
Blank 1,3k2 1,368 26 5,67T.41
Slotted 1,368 1,408 Lo 5,671, 41
Bottom of hole 5,63L.41
Total B-inch I. D. casing 14l 171

I/ See footnote at end of table 25



e

7Table 3 .--Casing schedule for DT-1

()]

Top o
a total depth of l,hOB feet, which extends

into the 12-inch casing.

/
4'/ Projecting above land surface.
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Continued

3-inch casing svaged out to 11 inches O. D. and run as liner to

3-inch casing 22 feet




Exploravory large-diameter auger holes

~

The large-dicmeter bcles 3eta, in Vater Canyon, and Gamag,
in ancho Canyon (fig. ©), vere drilled with a cucket auger, :ainly
Lo datermine whether nerched water was prrecent beneath the zanyon
vettoms. The large-dianeter nole Alpna wac drilled on tiie mesa
surface primarily for zeologic information.

Beta nole was drilled 2 feet i1a diameter o a depti of 10
feetl., The hole wos dry. Gamma hole was drilled 2 feet i dianmeter
but was abandoned at & depth ¢f T feet because of the hardress cf
the waff, ard a nearty --inch hole called Camma A was drilled to
a depth of 54 feet with the wagon drill. The nole was dry.

Alphe ibwle wvas drilled 2 feet in diameter to a depth of 1235 ieet

to obtain ;eologic Information. The hole -as dry.



Core holes

Four core holes vere drilled, one in each of Areas 1 throush
L in TA-49, mainly to obtain 2-inch diameter core samples for
geologic ctudy. Air was used as a cuttings carrier in order to
obtain cores free of drilling mud and to detect zones of perched
wvater.

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

the cores are in tables 10 through 13.



Geophysical logs

Electrical, radicactivity, temperature, and sonic logs were
run in wells DT-5, DT-5A, DT-9, DT-10, Sipha hole, and in core holes
in Areas 1 througa 4. (See figs. S4A-62B.)

Most of the logs were run by Schlumberger Well Surveying
Corporation. Gammae-ray logs in the completed core holes were run
with equipment of the Geological Survey because of the small hole
" ‘diameter. The Survey zlsc gamma-rey lozged the lower 307 feet of
well DT-9.

prineipal walembeosiiy

The electrical logs were used primarily topselect zones -ef
sreatest—permeshility for setting perforated casing. To 2 lesser
extent these logs vwere used to select stratigraphic contacts.

Induction logs and laterologs were run on wells DT-5A cnd DT-9.
Induction logs were run on well DT=10 and Alpha hole. The induction
logs wvere not useable because of the very high resistivity of the
rocks penetrated and the large diameter of the bore holes (especially

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

The radioactivity logs, mainly gamma-ray, were the most useful o:
the logs for picking geologic contacts. The gamma-ray log ylelded
useable results in holes that contained no liguid or were only partly
filled and holes with casing installed. 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 radiatl
sufficiently well to aid in accurately choosing contacts between
stratigraphic units penetrated by the well.

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

Sonic logs were run only in holes or parts of holes containing
1liquid; consequently, these logs were run in only DT-5A, DT-9, and
D7-10. The sonic logs were used to a limited extent in corroborating
the upper and lower boundaries of hard layers of volcanic rocks in
the aquifer. The sonic log for DT-5A elso was used to estimate valuc.

of porosity.



Data cn the interval betwsen 200 and 500 feet velow the mess
surface was almost entirely determined {ram the zecphysizei logs.
The logs were elso used to make more preclse determinations of

stratigraphic contacts.



Down-uole mapring

A large number of holes in Areas 1 through 4 and in Area 10
were dug with a bucket auger as tart of the experiments ccnducted
o) the Los Alamos Scientific Laboratory at TA-L4J. These holes were
2 to 6 feet in diamever and 49 to 133 feet in depth. Thirt,-nine
of the noles were inspected in the course of this investigaticn and
detalled geologic maps were riade in Ly of the 3. This provided an
opportunit; to examine the structure and lithology of freshly
exposed tuff and provided information on the poct-depositional
nistory of the turf z2s well as a basis for interpretations cf
water movement.

Figures 15-13 contain the geologic mape of the holes, and
table 26 includes reconnaissance notes on the holes that were
inspected but not mapped. The systen of designating the holes

and tae location cf the ones that were inspected are shown cn

Lece holes are numbered according to area and are

Figure 2.~-La-cut of large-diameter noles in Areas 1, 2, 2,
4, and 10 showing holes mapped and described. (Areas are

showvn on figure 6.)

alphabetized within each area (except Area 10). Hole l-A was
napped earl  in the stud, as a 3foot diameter hole and later

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



The down-hole meps wvere plotted in the rield 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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IPmerous enslyses were run on e sandlew that were coliecoed
at TA-iv to cbtain data cn the phocical characteristics of tae T
and coil, Sampling was most intensive lu the irterval between s
ard 120 reet beneath the surtace oo the uesa. faysical-prorertlss
tests and mineralogic and chemical anal,ces Ol IOCKS were <ade Do
Buchanan snd Associates laborascries. Lamvles of roci were
analyz mineralosicall. and caemicall Dy lavoratories oL She
Geological sSarve, (tables 14, 13, and 10).

Hydrclczic anal.ses vere run L, the geologlcal Surve; cn 26
rock samples to aid in evaluating vater movement in the zone of

aseration (table 17).
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Tests and analyses of rock sarmples

Spencer J. Buchanan and Associates

About 150 samples of rock from TA-4O were tested under the
direction of Buchanan and Associates, consulting engineers, Bryan,
Tex. Tests performed included strength tests, thermal conductivity,
specific heat, particle-size distribution, density, specific gravity,
moisture content, porosity, and permeability. Molsture content
was determined Tor about 70 samples and porosity for about 30
samples, mostly 5-inch cores from the walls of the large-diameter
holes. Permeabllity to air was determined for 10 samples of core
from the & 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, maximum stress, moisture content, density, and specific gravity
determinations were made on these samples. The results of the tests
and analyses were transmitted to the University of California Laboratory

at Los Alamos.

Health Division - Group H-T

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

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

Siiten-—mnt drill-cuttings samples from hole DT-5P, wells DT-5A,
DT-9, and DT-10 -were studied with g binocular microscope and described.
The air cuttings from hole DI-5P were washed and described wvet,

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 s and
descriptions were made of the damp samples without further processing.

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

Mineraslogic and chemical analyses were run on 16 samples by the
Geochemistry and Petrology Branch. Two of the 16 samples analyzed
chemically by the rapid-rock method (Shapiro ang Brannock, 1556)
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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Tuble 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
Chemical Chemical Mineralogic
Mineralogic Rapld rock classical (spectrographic) (diffractometer)
155572 (282125 ) 2-U 52 X X X X
Gis (1o Xy l-A 85 X X X X
s7h (125 ) oy e X X X X
2y CH-1 5.5 X
950 2-H 30 X X X X
951 CH-2 65 X
yz2 CH-2 1350-132 X ) X X X
T 935 CH-3 54 X
o 93l CH-3 100 X
955 by 78 X X X X
436 CH-3 L6.5 X
udf CH-L 83 X
156050 CH-1 33-40 X X X X
057 >-Y 105 X X X .
058 5-C 58 X X X X
U59 2-H 58 X X X X

1/ Number assigned only for spectrographic analysis.




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

Approximate pH was determined on 9 samplea. Molsture tension was
determined on 10 samples and pore-size distribution was determined for
S5 of those samples.

Permeability determinations were made on consolidated tuff and
some of the unconsolidated samples. Uhconsolidated samples were packed
into ‘bg permeameter cylinder.

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

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

chemical differences in water from different depth intervals in the

aquifer.



Tritium concentraticn os determined in two samples Irom

well 27-5 and cne cample from well 27-3A.  One saxnle

was collected Prom tiaz hailer when the well -ms 1,325

the otner vazsle was collected arfter the well was completed s

whe end of tie umpiay tect, The zarmple from well DT-SA -a
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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 Iimportant 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 ege are exposed at the
surface; however, three deep test wells have been campleted in rocks
of Tertiary age that are exposed elsewhere in the Los Alamos area.
In TA-49, rocks of Quaternary age are not less than 1,000 feet thick
and probably are not more than about 1,300 feet thick. The thickness
of the rocks of Tertiary age is unknown. The distribution of rocks

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

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

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

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

Figure 5.--Geologic cross section through Frijoles Mesa fram the
Pajarito fault to the Rio Grande. Location 18 shown on figure L,

Descriptions of units are shown on figures ! and 6.

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

geologic map.
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The rock units descrited 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 &ge, and

the alluvium of Pleistocene and Recent age.
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Santa Fe Group

d
At TA-49, the Santa Fe Group of M{ddle(?) Mioccene to Pleistocene(?)

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

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

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

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

and andesite, which crop cut on the Sierra de los Valles to the west.
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The Totavl Lentlil of the Puve Conglomerate égéonformably overlies
the undifferentiated unit along the Rio Grande and éézzonformably
overlies it in Los Alamos and Guaje Canyons. In the Los Alamos
area, the Totavi Lentil crops out in Guaje and Los Alamos Canyons
and southward along the Rio Grande to a point below the mouth of
Ancho Canyon, where 1t wedges out between the underlying undifferentiated
unit and the overlying basaltic rocks of Chinc Mesa. It is found in
the subsurface under most of the Pajarito Plateau.

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

This mixed zone represents a change in source of the sediments from
igneous qnd metamorphic terrane to volcanic terrane. The fanglomerate
member interfingers with the eastermmost flows of the Tschicoma Formation
beneath the Pajarito Plateau and with the lower units of the basaltic
rocks of Chino Mesa. The sediments of the upper part of the fanglomerate
member were derived from the 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 Alamos Canyons, the fanglomerate member consists of angular
boulders and grades to silt, sand, gravel, and rounded boulders eastward.
The fanglomerate member is exposed in the Los Alsmos area 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

slde of the Ric Grande north of its Jjunction with los Alamos Canyon.

47



The basaltic rock of Chino Mesa consists of five meppable units,
which originated from volecanic vents near Chino Mesa to the southeast

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

along the Rio Grande south of Otowl Bridge. Unit 1 rests unconformai.y
on the undifferentiated unit south of Ancho Canyon and to the north
interfingers with the Totavi Lentil along the Rlio Grande, with the
upper flow of the unit conformable to the Totavi. To the west beneath
the Pajarito Plateau the unit 1 interfingers with the fanglomerate
member and the Tachicoma Formation.

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

Unit 3 of the basaltic rock of Chino Mesa crops out in lower
lLos Alamos, Sendia, and Mortandad Canyons west of the Rio Grande and
on Chino Mesa east of the river. It consists of baselt flows on &
dissected surface. Unit 3 rests d4sconformably on unit 2 and unconformably

on the Puye Conglomerate. It is equivalent in part to the 0ld 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 mumbered fram oldest to youngest, in conformance with accepted

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

Unit 5 of the basaltic rock of Chinoc Mesa consists of cinder
cones and local basalt flows. It overlies with unconformity all oclder
rock in which it is in contact. Where the Bandelier Tuff overlies tl;e
begaltic rock of Chino Mesa the contact is an unconformity.

Only the two lower units, 1 and 2, of the basaltic rock of Chino
Mesa have been penetrated at TA-49. These were found in well DT-10.
Basaltic rockg of Chino Mesa 388 not present in other wells that
penetrated the seme stratigraphic sequence.

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

It wvas 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
alluvium west of Totavi. At the north end of Chino Mesa it is overlaid
unconformably by the flows of unit 4. As the old alluvium ﬁa not

“Her
present at TA-49, it is not discuss’g‘cf <
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Physicel charecteristics

The undifferentiated unit of the Santa Fe Greup is composed of
frisble to moderately well-cemented beds of light-pinkish-gray o
iight-brown siltatones and sendstones with some conglomerate and ciay
lenses. Bedding is generally pcorly developed except for norizonta. bedding
found locerly in the fine-grained material. The sand-size detritus is mace
up dominently of yuertz and feldspar and minor zmounts cf chalcedcny,
piotite, muscovite, and magnetite. Rocx fragments consist of rhyolite,
.atite, gneiss, schist, limestone, and quartzite. The fragments cof
guartz, feldspar, gneiss, schisv, quartzite, and limestone were derivad
from the east side of the Rio Grande vallay and areas LO the north.
The fragments of volcanic origin, consisting of latite, rhyolite,
tuff, and pumicey were derived from the w#est and occur meinly in the
upper part of the unit.

CuttingsVerom e undifferentisted unit Gecoversd)in wells DI-3A,

DT-G, and DT=10 (tables 3, o, and 7) are a mixture of easterly and

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

rhyolite, and pumice.
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Av PA-uS three wells, DT-3A, DT-9, and DT-10, are oottomad in
the unit. Jell DT-3A penetrated 294 feet, DI-9 penetrated 1+4 feet,
and DT-10 penectrated [ feet. In well DT-10 the lower [ feet of the
boring was assi.ned to the unit by interpretaticn of electricel and
sanma-ray-neutren logs. The total thickness of the unit in the region
<xceeds 2,400 feet, based on well informaticn and exposures in lower
Los Alemos Canyon (fig. 4).

The undifferentiated unit prcbably thins vo the east =nd wesv
coward the macgins of Rio Grande trough in the region. The west
toundary of the trough is nct well xnown but may pass through tae
approximate longltude of Valle Grande. The upper surface of the
undifferentiated unit apperemtly siopes about 1 degree southward in

the TA=-49 zrea.
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Puye Conglomerate
Totavi Lentil

Physical characteristics

The Totavi Lentil is a gray, poorly consolidated conglomerate
made up of fragments of quartzite, ;chispg; gnelsgs, 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-4y samples from DT-5A, DT-9, and DT-10
indicate that the Totavi Lentil consists of massive quartz, quartzite,
and granitic debris. Sand-size particles consist of quartz, vhite
feldspar, pink microcline, biotite, magnetite, tourmaline, and
chalcedony, partly subrounded to well rounded.

At TA-49 the thickness of the lentil in wells DT-5A, DT-3, and
DT-10 are 52, 33, and L6 feet respectively, indicating a southeastward
thinning. Regionally the thickness of the unit ranges from O to 89
feet. It wedges out eastward in the vicinity of Canada Ancha and also
wedges out in the subsurface westward (TiE—%3. It is thickest
(89 feet) at well T-2 in upper Pueblo Canyon and thinnest (10 feet)
at hole H-19. At wells T-1 and T-3 there is 37 and 62 feet,
respectively, ?fkTotavi. Well T-4 was too éhallow to penetrate the

' e
unit. The ::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.



Water-cearing caaracteristics

The Totavi Lentil is saturated at TA-49. It has a moderately
high porosity and permeability, and readily transmits wvater. A
pumping test of well DT-10 indicates a relatively high transmissibility
for the Totavi andagierlying}ﬁu@&omerate zmember and included basalt.
The basalt probably has a disproportlonate effect on the trancmissibility
of the composite cection of rocks. Transmissibilities for the Totavi
Lentil alone were obtained elsevhere in the Los Alamos area from vells
7-1, T-2, and T-3. (See £ig. L4.) Pumping tests of these wells
indicate coefficients of transmissibility ae follows:

Wells Transnissibility

(gnd per foot)

T-1 160
T-2 7,000
T"5 7:&30

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
corrobcrated by interpretation of tritium analyses discussed in &

later section of this report.

71



—-=52

The heterogereity, crcse-beddin:, and interlayering or csilt and
sand with conglomerate should result in a nighly dispersive flow

pattern in the Totavi.



Physical characteristics

7éng¢ow rohe perber 1s a gray conglomerate, camposed of
petbles, rothles, and beoulders ol rhyollte, latite, quartz latite,
. . . . WERE
and pummce iz a matri:n of s51ilt and sand. These rocks aee- derived
from flows asscclated witl the velcenic recke ¢f the Jemez Mountains.
Sorting is pcor Lat therz are toagues and lenses of fairly well-

. : s i . . 2
sorted pumicectic siltotone and water-lail punice in the %langlcmerate.
The degree of cementoticn varies freom Irichle to well cemented. The

englorerate werber contains large angular boulders in upper Cuaje
R &1 o J
and Puetlo Ccayeons gradirs into iner and rounded material to th
east.

In the wostern kel? of tlhe Tajarits Pleteau, the ’lufg?eehs cf
the Tschiccra Formation ore interbedded with the Z%nglome* te merter
Ly replacemert cni in tle zostorm fall oo the ~loteau saxe of the
casaltic rocks oI {hinc Mesa are interbedldled witl the I%nglczerate

nexmber. The F%nuloneratc maner Jces nct :rop out at TA-4G. It is

(SN

nterbediad vitl the Tschicoma Formation in the subsuriface. At

well ZT-1C 2% 1z interizlded clso with units 1 and 2 of +the hasaliic
rocks of Ciino Mesz. The Piye, Tschicemn. nd the tasgaltic rocks

Fo&n [ 0
apparentl; vers

% 8hallew trooih trernding soutiward

- S SO, P - ] R ) FN i {02 =
ceneatl: toe vestern sidz o7 Tojarito Plaotezu (150 o).

73



At TA-48 welil - s penetrated 353 Leet ol tue }’%/.nglcmerate
mermber. 'Wells DT-9 and IT-1C penetrated Gil Teet and 183 leet of the
member, respectively. Xnown thickness ranges irom 20y feet exposed
in lower Guaje Canyon to ¢37 feet peretrated in well T-2 in Pueblo

Canyon.
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vater-bearing characteristics

At TA-4C the lower beds of thie Fansicmerate member are satureted
where they are interbedded with the Tschiccma Formetion and “asaltic
w»ocks of Chino Mesa. Elsewhere in tae Los Alamos area, wells T-1lA
and T-2A in Pueblo Canyon penetrated perched water in zones of
relatively low permeability in the yanglomerate member. At TA-LO
the unit probably has a moderate to low permeability; however, some
teds may have high permeabilities and may readily transmit water.

In general, permeability and tramnsmissibility in the Fenglomerate

member are less than in the underlying Totavl Lentil.

-
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= T ed, P AT A
nasaltic reocks o Thiung Mesa

Physical characteristics

Units 1 acd 2 of the basaltic rocks of Chino Mesa were “ound at
TA-L4G in well DT-1C. Unlt 1 consists nainly ou a reddisn-brovn to
tlack, dense basalt containing olivine. 1In well D7-10 1t is 1735 leet
thick and overlies the lower layer of the Eﬁnglomerate uember ol e
Puye Conglomerate. Unit I is mostly a dark-red sesiculiar basali. At
well DT-10 it overlies unit 1 and 13 50 Jeet talck. It is oreriald ty
2 latite flow of the Tschicoma Formation.

n the basis of the sonic log (flg. 57D), several inmtervals in
the basalt units penetrated by well DI-1C are noderately to strongly
Jointed. These intervals are: about 1,125 to 1,130 feet, which may
be an interflow zome; 1,175 to 1,210 feet; and 1,254 to 1,284 feet,
which may be the most strongly Jjointed tut may be partly a brecciated
interval at the base of unit 1. These zones drilled somewhat Ilaster
than other intervals in the basalt. A 22-foot interflow or brecciatecd

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,/areA%he zone ;g
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 apyer&Sdey are vesicular and thus nay have a high porosity
but largely a low interstitial vernmeability. Cracks and joints
formed as a result of shrinkage commonly transmit water very
readily. The movement of water through a labyrinth of interconnected
Joints would be almost as free and unimpeded as flow through small
channels., Dispersion might be limited locally within the basaltic
rocks by dense relatively impervious parts ogfgasalt flows. Thus
contaminants entering a strongly jointed zone might tend to stay
in this zone for some distance downgradient. Elsewhere in <he
Los Alamos area, the basalt units appear to be gbove 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 rociis of the Jenez Mountains

Volcanic rocks of the Jemez Mountains along the eastern rlanks
of the Sierra de los Valles and cn the Pajarito Plateau are composed
of the Tschicoma Formation of Pliocene and Pleistocene(?) age and
the ;ounger Bandelier Tuff of Pleistocene age. The Tschilcoma
Formation cconsists ol undifferentiated latite and guartz latite
that are {low rosks and pyroclastic rocks associated with the
volcanic rocks of the Jemez Mountains. They are highly Cractured
and jointed and some intervals contain weathered zones and
interflow breccias. The latite 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 were
penetrated by wells DI-5A, DT-9, and DT-10 at TA-49 (figs. 5 and 6)
and by test well T-U4 in the city of Los Alamos and hole H-19y in
upper Los Alamos Canyon. The lower part of this 2;;;;;¢is
interbedded with the fanglomerate 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 ¢liffs, steep slopes, and as f£illing in buried canyons cut in
basalt along the Ric Grande. The tuff is composed of ash-fall

e
pumice, ash flows, and water-laid volcanic ash and punmice.

‘-1 . - land
7u ana o
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Phooicael characteristics

e undifferentiated latite and quariz latite of the Tochicome

Tormetion ceomtains lorge phenocrtts of nplagioclase and omaller

greined matrix of plagioclase, orthoclase, augitle, magnetite, ond
rarsing amounts of glass. Interilow zones ccontain greenisut-gray
siltstone, «lay, and rock rogments of tuff, rhyclite, end latite.

At TA-L2 well DT-5A penetrated two layers cr latite and quartz
latite of the Tschicoma Formaticn. The upper layer 1s 106 Jeet thick
oend contains two interzlov zones ¢ and 5 feet thick (Emtim—ild composed
cf clay, latite, tuf?, and rhyolitic fragments. The lower layer is
26 feet thicl. ell DT-O penetrated £33 Teet of umdifferentiated

te 2nd quartz latite intervtedded with the Fanglomerate member.

Well DT-10 penetrated 0 feet of the undiiferentiated letlte and
guortz latite unit or the Tschic Tormation. Severel interflow
zones corposed of dark-red silt and clay were penetrated. it well
DP-10 the undifferentiated latite and quartz latite of tle Tscidcome
Permation lie on unit © of the baszltilc rocks o1r Chino Mesa ond are
overlain iy the upper puart of the Zénblame*u,e nerbexr of the Puye

Conglomerate

30



The larite and quartz lat

—errevi/f

lava flovs, andfasgaii%

shrinrkage and flow deformation.

v )

or more joint cr Iracture systems that intercecs.

——— L
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viater-cearing charzctericilze

At TA-L49 the uppermost nart of “he Tcchicoma Formaticn is in
the zone o caturation in the vicinity of wellz DT-5A and DT-9.
The joints and fractures in these rocdks Drovide space Tor water
storage and pvenues of great permeabilit: and the interflow zones
commonly contain some breccia that iz permeable.

Elsewvnere in the Los Alanos area wvater wms found in the i
Tschicoma in vell T-k and hole H-15 (fig. 4). Several springc .
issue from- interflcw and contact zones between layers in the
undiflerenticted latlite and quertz latite unit. Some of these

sprirgs are lccated in Guaje, Los Alamos, Pajarito; and Vater

Canycns, and Carnon de Valle.



Bandelier 2ure

The Zandelier Tuf?f consists chiefly or esh-fall and ash-flow
tuff. OSome thin sater-laid sediments are included in the Bandelier.
The unit is divided into three members: Guaje, Otowi, and Tshirege,
fron 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 topogreph:. The Otowi Member is
conformable to the underlying Guaje Member and consists of unmiceous
tuff of ash-flov origin and locally near the top contains a few
generally thin layers of water-laid cediments. The Tshirege Member
unconformably overlies the Qtowi and forms the cap of the Pajarito
Plateau. In this report it is subdivided into seven units,
composed mainly of ash-flow tuff at least one of which is water-
laid. The units of the Tshirege are numbered 1A, 1B, and 2

through 6 rom bottom to top.



Guaje menmcer

The Guaje member consiste of ash-fall pumice and water-laid
. - . . . . - Qa M IGn a2
pumiceous tuff. lear the base gray lump-pumice Iragments wpSo-

2 inches in length coceur. Fragments of glass shards, and quartc
and sanidine crystals are found in a cellular structure oI the
partly devitrified pumice. Some rounded, peoble-size fragments
of light-red riyolite are found near the top of the unit. -
, vesew !
At TA-49 the Guaje member is{%gaﬁd in the subsurface in all

N

three deep test wells. I* is LB feet thick in DT-9, 35 feet thick
in DT-10 and 91 feet thick in DI-ZA.

At TA-L49 the Cueje gember is above the main zone of saturation
and the unit contains no perched water. Elsewhere in the Los Alamos
area the Guaje contains perched water locally, as at hole H-19 in
upper Los Alamos Canyon. The interstices and intercellular spaces
in tae oumice are small. The porosity of the Guaje averages about
Lo percent but permeabLiliiy generally is low. Fractures and jcinzts

are 1ot pronounced in the Guaje gewber, and barely perceptible

joints apparently cre closed or filled by alteration material.




Qtowi Memper

The Otowl Member ccmsists of 2 lijat- roy pumicsous raoyc.its
tLff that is rriable and weathers =0 a2 g2ntle s5iope a2nd dd teepos ~L/KE
shepes. wuartz crystals, xlass shards, and minor amewnts of merli:
minerels and varin, emounts of rhyclite, atite, and pumices Iru n

are included in a finz-srained ash. The rock fra,ments are soundad
&

The Otowi is =an ash flow and contains several vater-laid teds o =3

o
and pumice near the top. ‘here the wnit is exposed, sime <l a2
. u:Th
joints are hair-iine cracks thant era filladpbrovm ciay contoining
rcots, end some curvilinear jcintes are cpen and enlargsd by wsatlering.

At TA-49 the Otowi i3 present c¢nly in the subsur

L)

eCe DUl LY

crops out in ater znd Ancho C-nycns abeut 0.0 mile east of TA--9.
CowThAcT BETWEEN THE

Theﬂptowi and overlying Tshirege Member 1is arosicnal.

At TA-4Q the top of the Otowi is from 441 to oTo feet below uae
gurface in the deep test wells. The unit is 157 fret thica in DT-.y,
126 feet in DTG, and 193 feet in DT-pA. Well DT-5P peneuwrated i f2el
of the Otowi Member (table 3).

The Otowl Member may yleld water to springs in upper Guaj=z Cany-n
but it does nct contain perched water at TA-49., Porosity of the

Otowi Member renges from 47 to 50 percent. Intersticas in the

Otowi are small and permeability probably is Llow.

N



Teble S.e=Sample .o, of well ZT-7

[t
H

Driiled by rotars, with 2ir for carrd
Tctal depth 092 fzet
Completed N vember 21, 1959

Alticude of land surface 7,144 feet

Thicuness Depth

(reet) faet)

Bandelier Tuff:
Tshirzge Member:
Unit O
Tuff, lichtegray, pumicecus; contains
dipyramidal quartz crystals, some of which
are ciear with waite inclusions; sanidine
cr,stals and fragments; white and yellow
pumice fragments; latite ena guartz latite
rock fragments =ese-==---s-c-<scscao=ocoos '3 )
Unit o:
Not recognizad in cuttings =-=-==w-===--sc==-- < i
Unit 4:
Tuff, light-purplish-gray; consists mainly
of quertz and sanidine crystals and
fregments; Light-red rhyolite fragments -- G 1
Unit 2
Tuff, light-purplishe-gray, pumicecus; includes
lsgite and rhyclita rocz frogments;
guarts is very coarce sana sizs, clear,

iip,ramidal crystalcs; sanidine fragments



Thic:ness

—~~
4
W
[
ct

~

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 2:
Tuff, light-pinzishegray; _Jroundmass 1s

very Tine sand to sili-size ash with
abundant sanidins pnenccrysts and some
UABTLL ==wwemeccccccccreccccnceccamnaecew= (]

Unic 1B:

uff, li ht-ten, pumiceous; guartz aand

sanidine crystals and frzgments; light-
tan pumi:e fraogments; gsray and light-red
rhyolite end gray latite rock fragments;
pumice fragments have daru-sray streauns
along cellular structure from 279 to «+le
feet; llght-tan pumice; very fine-size
quartz and sanidine crystals and fragments;
95 percent of sample was lcst when washed
from 448 to 485 emccmcmmmomccccncmcccaeeaas 203

Unit 1A:

Tuff, iight-pinkish=-gray, pumicecus; light-

e o s

= (9

and vellowish-c:zonge pumice fragments;

qtartz and sanidine fregments and crystals;

- . “Tae . - - -
ruen fragments; roc. fraguents increase from

o

ol



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

Thickness Depth

(feet) (feet)

Bandelier Tuff - Continued
Otowi Member:
Puriice, light-tan, some welded tuff fragments;
light-gray and light-reddish rhyolite: 20

to UC percent of camples lost when washed --- 51 092

Note: Hole was drilled with a 4,-inch rock bit using air to cool “he
bit and clean the hole. Perched water was not present. Color
determination was made {rom dry samples. Samples were washed
and described while wet. Correlationsare based on drill
cuttings {rom hole 5P and on gamsa-ray log of hole DT-5

which is about 50 feet Lo thie northeast of 5P.
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Tshirege Member

The Tshirege Member forms the finger-like mesas of the
Pajarito Plateau. It is composed of a series o?ésh flows of
rhyolite tuff and 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 wvaries from friable to
welded. The thin wvater-laid bed is composed of material derived

RS

from the underlying ash flow.

The tshirege Member is entirely above the main zone of
saturation at TA-49, and it contains no perched water. Adjacent
to and beneath the canyons it probably contains perched water.

The Tshirege Member is the most important geologic unit
in Area 49 insofar as test operations are concerned and this unit
1s treated in detail in a special section following the discussion

of the alluvium.

Rq



siliwvinm

AT
Alluviim in water Canyon pof the

ivei Trom tae Tachaicoma

A

)

nertaern edge of

TA--y 2

Formacticn thet formsuva

f et a
LR LA Ve

e

Slerra de oo Valles and from the Bandellar Tuff of Frijcles Mesa
invo walzh Jater Canyoun Lls cut.

The zlluvium is a poorl, sorted mixtura of silt, :lzy derivad

SAND

Iram veathared tgfgszna l@=me=ee particlas derived from the L-ouiv:zs
wnd quartss Latite: posmes of the Tschiccma Tormation., Thae Land-stoo—
particles ceasist o juarts, canlddioe, dars minsrels, and oo menso
¢l tu.rl, pumice, lotite, .artz latite, and rayollite.

The allaviaw Iz ater Canyun san_2: 1o Shizxness Srom ¢ 3o sbout

wes -/
L T2ei, Tesu Lolec MBes znd 2 penetroted cocut 1 fesl T oclay,
ad Ty e a4t~ . ~ Y e D } At -~ i oAt
3127, cod mianer zmeunts of grevel overl ing 2 to % fat -0 .ravel at
the tose o e clliovium. Mt Boia holz che 2lluvium ccnsists of
O fzel of cilt oand grzvel, Th2 streanm chomnel [o man; plzze:s i3
SWl oo Ty AL Trot into the ilovium.
~

Cla,s cnd siles are almost impermeable when saturated ous
sravals or revels with uilnor amounts of clay and silos will
resdil, cransmit .ater. In test holes «CM-l and 2 water .es (temporarily)

perched in the all

-
-

Tshirage Member <f tae Bandeller Tuf

lowest exposed ualt of

indicating the permeebi

of the aliuviim is greater taan thzt of the underl; ing tuf:.

-1 tae southern zdge of Th-+9, heads in Frijol

the

Y3 e,
11¢;

Anche Canycn, 25
Mesa w~hich is underlzin by the Bandelier Tuli. lluvium is very tzin

=
o

aps=nt in Anciho Canyon.

90

¢r thls reason 17T was not mappad




Geology and water-tearing properties of the IZshirege Memter

of the 3andelier Tuif

The Tshirege Memver 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. ©). Unit 1A is the oldest and known only in the subsurrace.

Figure C.--Jeologic map and cross section showing locaticn of

" exploratory drill holes, TA-L9, Los Alamos County, . Mex.

1

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

Canyon and are described in a measured section (table 9).
Correlation of the units in the subsurface wvere made by gamma-

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

and wells DT-5P, DT-5, DT-5A, DT-9, and DT-10.
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ng; concheldal joints; fermes cliffs,

ceps mesa. Lover contact 1o lrregular e----- pivas
Uni+s =
nit =

Sand, light-gray with intormixed llmonitic
staing, water-laid; mcstly medium-grainsd but

[

contoins fragments up to pabble sice; composad

- e

of roworked suff conmining streame-worn .uarts

gnd sznldine criystals and tuff fragments;
croset and topset beddinz is vell

develcpad; forms nstch nenr top of mesa;
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wlar. Jeints of
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Table 9.=--TWpe seciien of univs in the Tsairege Member - Continved
nic:ness

(feet)

Bandelisr Tuff - Continued
Tshirege Member - Continued
Unit &:

Turf, light-pinkish-gray; fine-grained;
10 percent quartz cr,stals; small light-
ping to darkegray rhyclite framents; small
pumi;e fragments up to 3 inch in length; no
bedding present but lenses of disk-shaped
pumice up to 6 inches in langth and 2 inches
thick in dense pinkish-gray matrix; weather-
ing groades up into sand of units; forms
1180, Llower contact is gradsticnal =-—eec-e-eaa 41

Unit 3:

Turr, ilght-zray, very pumicecus, frisble;
20 tc 20 percent granule size guartz and
sanldine crystals; pumice fragments up
to i inch in length; this descriptiocn
applies to lower J feet. Remainder of unit,
axcept for upper 2 feei, 15 covered and
forms slope. 3&mall valley cut into this

unit. Lower contact is covered =-eeeme-=e ———— 50
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Table 9.--Type¢ scction of units in the Tshirege Member - Continued
Thicimess

(feet)

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 2:

Tuff, iizht-pinkish-gray, weathering lignt-
brownish-gray; dense, .elded; 20 to 20
percent coarse-zrained quartz and
feldspar crystals and fraguents; 10
percent pebble-size pumice fragments;
gray rhyolite rock fragments; matrix
crystals of fine-grained glassy material;
forms cliffs consisting of two beds
separated by a slight noteh; lower
contact with unit 1B is concealad but

on north wall of canyon 1s irregular =====--=- 100

9%
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Table 9.-~Tope secticn of units in tae Tshirege Member - Ccntinuea
Thickness

(feet)

Bandelier Tufif - Continued
Tshireze Memper - Continued
Unit 18:
Tuff, gray to piaxish-grey, weathers
pinz to light-orange; cobble-size Jray
rhyolite; yuartz and feldspar‘crystals
end fragments; pumice fragments in ash
matrix; waathering around guart:z
crystal and fragments are yeliow stai&?
pumice weathers to brown clay; internal
stratification lacxing but rock fragments
and pumice are in lenses; maybe twWG or more
ash falis with irregular contacts; weathers
to steep slope pitted by weathering out
of pumice fragments in places. Probab.y

is an explosive breccia ====-=-- —————— mmmmmee 134+

Qs



Toble 12.=--Log ¢f 20re hale 1
Cered by rctary with zair for carrier
Tctal depth 501 fz2et

Ccmplated December ©, 1959

Altitude of land surface /,170

Thicknes

(feet)

Teff, light-sray to purplishe-cray pumiceous;
zencliths of sray, red and dark-gray rock
fregments; medium-size quartz and
sanidine crystals and fragments; darke
gray devitrified pumice up tc % inch in
length; sand-size brownish-jyellcw mafic
ninerals. Tuff is dense from 38 to 71

7

feat; 42.0 feet of core reccvered e-=eeea=e 1

Unit 5:

No recovery, interpretation from Gamma-ray

s

o

los - o e o . D P S S n - .  a -- — - . .

Unit &
Tuff, light-gray to light-ton; medium- to
grenule-sice quartz and sanidine crystals

end fragments; devitrified pumice up to

5

e

nca in length; jrarisa-blue latite
& I

o

rocx fragments; 5.+ feet of core recovered - <l
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Table .1.--Log of core hole 2 - Continued
Thicknes:z Depth
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Mazbor - 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; zenolith:z of light

grayish-green dense rock; L0 feet of

core recovered -=~e-cecccccccccacacaa 56 1%6
Unit 3.

No recovery -=----cceecccccecccccncacacx 55 191
Unit 2:

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

core recovered —=-ccocrcacccncccnaa- 101 292

99



Table 1l.-~Log of core hole 2 - Continued
Thickness Depta
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Meuber - Contlnued
\Unit 1B
Tuff, light-pinkish-graey, pumiceous;
quartz 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---- 195 187
Unit 1AL
NO IecOvVery =~=emeceecccecneccomec—ceees 14 501

Correlation based on recovered core and gwma-ray logs.

/100



Table 1..--Log of c¢ore hole 2 - Continued

Thickness

(feet)
Bandelier Tuff - Continued
Tshirege Maxber - Continued
Unit 42

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

grayish-green dense rock; L0 feet of

COTe recovered ----venememcccccneee= 56
Unit 3:

NO recovery --=weececcrcccocccecarnonan 55
Unit 2:

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

core recovered w-eeccccccmccncmecnaa- 101

99

Depth

(feet)

191



Table 1ll.--Log of core hicle 2 - Continued
Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Tcshirege Maaber - Contlnued
Unit 1B.
Tuff, light-pinkish-grey, pumiceous;
quartz and sanidine crystals up to
granule size; devitrified pumice 3/ 4

inch in length and 3/0 inch wide;

3.8 feet of core recovered ~-eem---= 195 487
Unit 1AL
NC recovery ~-meeecaccmcaceccccecceeas 14 501

Correlation based on recovered core and gumma-ray logs.

/00



A sarple from it 5 of the Tshirese Merber of +the Randelier
Tuff was analyzed petrogrephicall, t; C. 3. Ross cof the Geclogical
Survey (written communication, July 7, 19GC). Ross recelculeted
tae proportions cf pherocrysis to represent propertion iy welzi,

The following is the result of the enal;sis.
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“hysical characteristice

Unit 5 is friable water-laid medium to coarcse sand ccmposead
of worn quartz and sanidine crystals and fragments of reworked
tuff as larme as boulder size.

Topset and foreset bedding is well developed. Some lincribte
stains and a few stringers of brown clay are oriented with the

cross-bedding in the unit (£ig. 11). Unit 5 weathers to rorm a

Figure 1ll.--Vater-iaid sand of unit ,bts of the Tshirege
Member of the Bandelier Tuff underlain by weathered iron-
stained unit *bth’ southeast wall of west hole in Area 10,

TA-L49, Los Alamcs County, N. lMex.

notch on cliffs between the underlying and overlying units.
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Joirnts in ocutereps of unit & contein veatherced trovmdsh clar.
Joints in the unit in lorme diameter holeg varied “rom closed to
open. In the upper part of the unit, ‘cints are Iilled vwith sand

‘frcm unit 5, indicating that these jJjoints and Iractures wvere cpen
durins the depositlon of uxnit 5. 1In some cf the iarge-diameter
noles (figs. 15, 17, and 18) the tuff of urit % is friable and
weathered below the contact with unit 5.

If water were transcitted by percclation tc unit 5, 1t would

further percolate downward through the permeable sand-illled joints

to the open joints.
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Water-btearing characterisiics )

Unit &4 was dry at TA-45. HNatural 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 *2.7 to S4.3 percent by voluxe,
and specific retention ranged 11.6 to 21.3 percent by volume.

The porosity decreased vith depth due to the denser welding within
the flow. The specific retention increaced with a decrease in
porosity due to a decrease in pore size which would tend to hold
water under tension. Vertical permeabilities ranged frem 12 zpd
per square oot for the more porcus turf to 0.3 gpd per square
foot for the less porous tuff found lower in the section.
Horizontal permeabilities ranged from 0.4 to 13 gpd per cquare
foot and decreased with depth. The horicontal permeability in
one sample from hole 3-A was 3, and vertical permeability was 5
gpd per square foot (table 17). This difference of permeability
may be releted to possible near horizontal orientation of

interstices in the ash-flow roek.™
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Somple srom fore hole 2, depth

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

Quartz 12 percent

Magnetite 1+ percent

Pyroxene 0.5 percent

The groundmass i1s a typical devitrified welded tuff, the
devitrificaticn product being cristotalite and feldspar. Gas-
vhase reaction has resulted in secondary growths on the sanidin
and develcpment of tridymite and feldspar in vesicules. Plate-
like crystals of tridymite are unusually large as are the gas-

phase and devitrification minerals.
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gampze

Groundmass contains abundant trid;mite and gas-phase, secondary

growth on sanidine. Devitrification products are uausuzlly coarseﬁ

grained.

m o ‘ .
fg;f fore nole 3, depti 100 feet

Pore space about 30 percent
Phenocrysts about 28 percent by weight
Sanidine 24 percent

Quartz 12 percent

Pyroxene (largely clino) 1 percent
Magnetite 1 percent

No zircon observed

Sample contains inclusions of andesite.
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Hole u4-4, deptn 55 “aet
gamp)a Q\'Om . 3 & P

Pore space about 30 percent

Pnenocrysts about 32 percent by weight

Sanidine 22 percent

Quartz 11 percent

Pyroxene 0.7 percent (orthe, dominant; clino, present)

Magnetite 1.0 percent

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

an unusually large proportion of pumice grains.
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Gample gfom Hole bL-Y, depth T3 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

Groundnass 1s typical devitrified, welded tuff showing usual
submicroscopic intergrowth of cristcbalite and feldspar. Gas-phase
reaction resulted in additions to sanidine phenocrysts, and
tridymite and feldspar in cavities. Dark porous areas up to ljmn
in diameter represent pumice fragments. A few small areas of

andesitic rock are present.
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Unit L

Physical characteristics

Unit 4 1s & light-gray to light-pinkish-gray rhyolite tuff
that contains phenocrysts and fragments of medium sand- to gramule-
size quartz and sanidine erystals in a moderately welded ash matrix.
Also present are fragments of Pink to light-gray rhyolite and dark-
gray pumice. Some of the pumice fra@nenis are devitrified. Ynit L
is not bedded at the measured section in Water Canyon; however, lenses
of disk-shaped dark-gray pumice fragments as much as 6 inches long and
2 inches thick are present in a dense Pinkish-gray tuf?.

In the cutcrop the moderately welded tuff contains clay filled
Joints and fractures. In the large-diameter holes, joints are open
as mich as > to 2 inches. Air blowing from open joints in response
to declining barometric pressure indicates that the joints are
interconnected in hole 4-U. Parts of this unit form oliffs 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 (vritten communication, July 7, 1960). Ross recalculated the
proportions of phenoarysts to represent proportion by weight. The
folloving are results of these analyses.

128



o
o]
=)
c
18]
[
[¢]
r
rJ
&)
3]
0
]
51
ot
w
-3
3
(1]
o~
T
i)
[}
s}
(1)
'—.‘
-
~

The few Jo

witk bLrown clay, vroduced by weathering of the wurf. Joinh:o

CRTer- 08Iy LNRALCTerLoULCE

Th-Le,  latuwnl ooistare content ranged

wercent by volume and a rermeability cf

-

can he ceen on the outerop are f

denth presuabl; are omen hecause drillinc fluid was lost

by &

wae recovered from

cpen ,cintcs.

narce of cireculation of either sir or ool

ac GLLficalt., Only o snell wwunt of cu

5, the rect vere orobtably carricd

e

Cae chunk cample



Table 15.--Cample log of Alpha hole - Continued

Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 4:

Tuff, light-gray; medium to coarse quartz
and sanidine crystals and fragments:
gray devitrifled pumice; light-oray
rhyolite r3ek fragments, subrounded;
frieble zone T8 to 35 feet; moderately
welded 85 to 120 feet =—wemococmcaeacacaa. 50

Unit 3:

Tuff, light-gray, friable: nmedium-size
quartz and sanidine crystals and
fragments; gray and white devitrified
punice fragments up to & inch in length;
gray rhyolite reei fragments, pebble
size; coating of yellow weathering
stain around quartz fragments; large
amount of very lisht-zray punmice;
samples frem 166 to 129 are pinkish-

gray and moderately velded ~-ew—wevececaceoo 61

Depth

(feet)
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Table l15.--3ample 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 Depth

(feet) (feet)

Bandelier Tuff
Tshirege Member
Unit 6:

Tuff, light-gray, moderately welded;
contains fine- to medium-size gquartz
and sanidine crystals and fragments;
yellowish-tan to gray pumice and gray
devitrified pumice ffagments; light-
red latite and gray rhyolite roak
fragments in a fine-grained light-gray
ash matrix. Hard layer was encountered at
54 feet emmmcomecmcemmmcnacccem—————————— - 76 76

Unit 5:

Sand, light-gray, friable; fine- to
coarse-size quartz and sanidine fragménts
subrounded; quartz has coating of yellow
weathering stain; fragments of tuff and

PUMLCE ~ewemcecmcmme—c————— mmemme——————— 2 73
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Jnit 3

Physical characteristics

Unit 5 ic a Zriable and Pumiceous light—gray rhyolite ture
that contains nediuwa g very coarse sand-szize pnenocrysts of
sanidine and juartz Crystals and fragments, gray and white

3

devitrified ranice fragments up to -inch in iengtn, an adundance
rock

of Light-gray mumice, and Zray rhyolite and latiteAfragments in
a fine-ygrained 8lassy asn matrix. 3Sone Quarvz Cragnments are
coated with & yellow veathering stein ang otaers are clear,
Sanidine fragments appear Lo be pitted. Sarface exposures ol ynit
2 are very poor. The anit wegatihers to g slope on which scil has
developed. The vest description of wiit 35 1s pased on cutiings
from Alpha hole (table 13). Core recovery Irom the unit wes
poor.

At TA-+5 the Wilckness or 40ll 3 ranges rrom L feet ac the
neasured section in Water Canyon to 7o feet in core hole 1.

Thicknesses of the unit penetrated in cther borings are ag

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



Althougzh the nermeability ol unlt 2 1 low, the open jointc
and fractures in it would transmit wmiter rapidly. Columnar
jointing is oresent 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, vhich is a fluvial sand. The low moisture content

indicates that water presently is not moving through unit 2.



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 five
samples from core holes 2, 3, and 4, The porosity of the five
samples from unit 2 that vere tested range from 19 to 37 percent
by volume and specific retention ranged from 11 to 21 percent by
volume (table 17). Permeability was 0.0L4 to 2 gpd per square
foot.

The f111 used in building the leveled area where Garma and
Gamma “A" holes are located is composed of broken tuff and coil.
Gamma hole penetrated about 6 feet of £1ll, and Camma A" hole
penetrated about 10 feet of £i11 overlying unit 2. Spring
snowmelt percolated into the fill, and perched above welded tuff
of unit 2. This perched water ran into Carma and Gamma A"
holes. Gamma hole is 2 feet in diameter and T.15 feet deep. It
was dry when drilled on February 26, 1960, but on May 2, 1360
the water level was 5.35 feet. Camma "A" Lole is U4 inches in
diameter and Sh feet deep. It was dry when drilled on
February 26, 1960, and on March %0 the water level was 43.6 feet.
The hole was dry on May 2, 1960. Gamma "A" hole is cased with 10
feet of L-inch steel casing wvhich extends 1.90 feet above land
surface. The water gained entry into the well ihrough 1.90 Teet

of uncased fill above uait 2.
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Physical characteristice

Unitv 2 is a light-winkish-gray o purplish-gray rhyol-oce
tuff. It is hard, welded, and contains coarse sand- to granule-
size phenccrysts of cuartz and sanidine crysiais and Iraguents,
light-gray to gray rayolite and latite rock iragments, and sray
pumice rragments up Lo s-inch long in a {ine-grained, jslassy ach.
The outcrop of unit 2 stands as ¢lilfs, wnich weather to a li.nt
brownish gray, and consists of “wo beds of about equal thickness
separated by a slight notch. Unit 2 exnibits columnar Jointing
in the form of hexagonal pinnacles standing 10 to 20 feet in
height and Irom 5 to & feet in diameter, wesi oI Beta hole in
Water Canyon.

Unit 2 ranges in thickness from 52 feet in core hole 3 to
11l feet in core hole &4 at TA-4y. Thicknessec of wait 2
penetrated in olher core holes and well: are as cllows: core
hole 1, yk reet; core hole 2, 1Ul feet; well DT-5, 130 feet;
well DT-9, y3 reet; and well DT-1J, vO feet. I the neasused
section in Vater Canyon unit 2 is 10O [eet wuick. Structure
contours on the top of unit 2 indicate a gentie 1- w 2-degree dip

southeacterly with aun undulating surtace (i ig. 7).

Figure 7.--Structure contours on unit wbt2 Tshirege Member

of the Bandelier Tuff, TA-40, Los Alamos County, HN. iex.
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Water-bearing characteristics

Free water was not found in unit 13 at TA-49, but cuttinge
fronm unit 1B from Beta hole contained considerably more moisture
than samples fronm lithologically sicilar units higher in the
section.

Interstices in the matrix of unit 1B probably are small and
+is permeability is low, although locally the Dorosity may be
relatively high. Clay nodules in cuttings from Beta hole in
Wiater Canyon contained 45 to 60 percent moisture by volume, butb
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 renetrated by the Beta hole is
veathered and highly altered due to water infiltrating from the

canyon floor.
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Jnit 13 weathers to a lizhi rink or orange and is pitted Ly

the veathering out of large pumice Iragments. On the north wall

of Water Conyoa wilt B is cheracierized = a steep clope lhot is

~e
broken by a bench about 20 feet below the coniect with wais O.

)

This vench cxtends {rom TA-4y eastward to Jighway &.

[§]

Aat TA--9 unit 1B ranges in thickness from 195 Teet in core
”
hole 2 to 243 Zeet ia wells DT~y zud DT-1U. Core holes 1, 3, and
% are dottomed in the unit and renetrated 217 feet, 25 feet, and

1> feet, respectively. .wells DI-5, J2-5P, and DT-5A penetrazed

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

Thiciiness 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 mass a light-brownish-tan,

pumiceous, {riable tuff ---eecma- 172 180
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Completed TFebruary 25, 1460

Altitude cof land surface €,301 feet

Thiclkness Depta
(fcet) (ieet)

1
[

Recen®t alluviul --=cameacecaaaaa e — e ————
Bandelier Tuff
Tshirege Member
Unit 1B,

Tuff, lizht-pinkish-tan ¢ light-gray,
purmiceous, friable; quartz and
sanidine fragments and crystals up
to granule size; mafic nineral stains
and come mafic nminersls; Jdevitrified
pumice fragments up to : inch in
length; light-yellowish pumice; gray
glassy pumice; dark-gray pumice
Zragnentc; some rhyclite yeek-
fragments; samples from 61 to 31
feet are light red. Gamples from
105 to 120 feet contain brown
nodules of clay up to € inches in
length; these appear to be large
pumice fragments that altered to
clay; the clay appears piaty in
places and neer edge gredes intc
highly altered cellular pumice; some
gray rhyolite and light-red latite
reete fragments are found la this

interval -—w==-- m————————— —————— — <7 Eas o2
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Unit 1B

Physical characteristies

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 roel
fragments as much as cobble size. Unit 1B is an explosion breccia.
Cuttings, samples, and ocutcrops show yellow weathering stains around
quartz crystals and fragments. The pumice weathers to a brown clay.
Stratification is lacking, but rock fragments and pumice comaonly
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 fragmnents. The clay
nodules are platy and fibrous near the center and grade to highly

altered cellular pumice at the edges.

16



Vater-bearing characteristics

Unit 1A is dry et TA-kg. Little is known of its potential
water-bearing properties; however, mud circulation was maintained
through this unit in well DT-35A, and its fracture permeability
must be relatively low.

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

clay and would eventually seal them.
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Unit 1A

Physical characteristics

Unit 1A consists of light-gray to light-pinkish-gray, pumiceous,
friable rhyolite tuff that contains quartz and sanidine crystals
and fragments, and rhyolite and latite fragnents, and minor amounts
of dark-green maric minerals. Some of the sanidine fragments are
stained dark-brown.

Unit 1A overlies the Otowi Member and does not crop out at
TA-49. Unit 1A is 214 feet thick in vell DI-9, 196 feet thick in
DT-10, and 156 feet thick in DT-5P. It is an ash flow, the eastern
end of which is deposited in a depression in older rocks 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).



The following ronges in permeabllity were obtained by analysis of
samples (table 17) from units 1B, 2, 3, 4, 5, and & of the Tshirege
Member: 0.04-22 gpd per square foot for consolidated sempiles, 3he59
gpd per square foot for unconsolidated samples that were repacked Iin
permeemeter cylinders; specific yield 0.0-42.0 percent; porosity
19.3=54.7 percent; specific retention 1ll.3-27.> percent; dry unit
weight 1.17-2.05 grams per cubic centimeter; speciflc gravity (grain
density) 2.32-2.58 grams per cubic centlmeter; 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
unconsolidated samples from units 1B, 3, and 5 (table 2&) indicated
rather large ranges in particle sizes fram clay through medium
gravel. Samples from units 1B and 3 probably have little velue
as these are mostly bit-cut samples. Samples fram unit 5 are
unconsolidated samples obtained while mapping large-diameter holes.
Pore-size distribution of 10 samples fram unitsk4, 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 joints and fractures that are open probably

would transmit water rapidly.



The X-ray analyces of samples Trom units 4%, 5, and 6 of the
Tshirege Member indicate; that these rocks are 25 to‘éd percent
feldspar that is largely sanidine, O to 25 percent quartz, O to 25
percent tridymite, and 10 to 75 percent cristobalite. Some of %he
samples contain as much as 10 percent clay, probably montmorillonite
(table 14). Chemical analyses of samples from these units show the
following ranges in percentage of constituents analyzed: silica (8102)
72.0-73.2, alumina (A3.203) 11.2-13.3, ferric oxide (Feeoj) 1.1-2.1,
ferrcus 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 (KZO) L.2-4.7, water (HQO)égéﬁ-Z.B, titanium oxide (TiOe)
0.10-0.32, phosphorus oxide (PQOS) 0.01-0.07, manganese oxide (MnO)
0.00-0.03, and carbon dioxide (coa) 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.
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tpuble Lh.--Mineral constituents of the T

Results are coded according
10-25 percent, 5 = 0-10 pfent, 2-

to the following system:

shircge member of th

e Bandelier tuff at TA-LYy, Los Alamos County, N. Mex.—

1/

1 = 75-100 percent, 2 = 50-75 percent, 5 = 25-50 percent, L =
3 = 35-65 percent, -5 =

5-15 percent.

2/

Sunmple location Stratigraphic Mineral constituents—
HHole Depth Unit Feldspar Quartz Tridymite Cristobalite Clay fonries
(feet)

CH-1 58-140 Qoty 2 5 L in -

2-H 20 Qb 2-3 5 I i -

-1 58 Qb 2 i 5 i 5

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

2-Y 13 th5 3 45 5 % 5 Feldspar (sanidine?).

Cl-2 1%0-132 Qbt), 2 I 5 4 5

45-C 58 Qbtg 2 5 b N -

Y 105 Qbt), 2 5 i 4 5

L-A 85 Qut), p) 5 5 2 5 Feldspar (sanidine?). 01§y
(montmorillonitic).

b=y 78 Qut) 2 i 5 i 5

1/ Analyst: Theodore Botinelly of the Geoc

,\

hemistry and Petrology Branch of the U.S. Geological Survey

2y Quantities urc cstimated on the basis of peak heights
the clays was
pontmorillonite.

The feldspars probably are sanidine based on

of diffractometer patterns.
not made; on the basis ot bulk patterns

A precise jdentification of

and patterns of oriented samples the clays probably arc

sone minor shifts of pealk positions in the sauplo.
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e 3 Al
LaChLness

shireze Mexber - Contina

parplich-gray; sranule size quartz and
canidine size quartz and czanidine
crystals and {ragnents; light-gray
rhiyolitz rocl: Srogmentc: come mafic
staining; sebble-size devitrifiad
pwilice fragments; .7 feet ol cora

T2COVETA] emmmmmmcccmescenme e cmm—e 15

Note: Correlation based on recovered core and gamma-ray logs.
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Table 13.--Log of core hole & - Continued
Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit &4:
Tuff, light-purplish-gray; very fine-
grained groundmess with about 50
mercent quartz and sanidine phenocrysts;
some purplish-brown devitrified pumice;
pediun~-gray latite and quartz latite
rock fragments; tuff appears dense and
gize of rock fragments incresse from

10k to 109 feet: 28.6 feet of core

recovered —~eecccmcmncne e naaeaa €1 125
Unit 3¢

No recovery -=-e-emscmcommoaoomcnccaaa. 52 177
Unit 2:

£, light-purplish~gray, dense, welded;
quartz and senidine crystals and
fraguments up to granule size; medium-
gray to dark-grey rhyolite rock frag-
ments; a few light-gray devitrified

pumice fragments as much as = inch in

&

length; 79.0 feet of core recovered -- 11l 28

N



Table 1Z.--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

(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 nedium~gray
latite rock fregments; 44,1 feet of
core recovered ~-ememecmccccccemcccccan 62
Unit 5:

No recovery, interpretation from gama-

to~

Depth

(feet)

64



Table 12.--Log of core hole 7 - Continued
Thickness
(feet)
Bandelier Tuff - Continued
Tshirege Member - Continued
Unit 1B
Tuff, light-purplish-pink to gray, densé,

welded; granule-size quartz and
sanidine crystals and fraguents;
purplish-pink devitrified pumice
fregments; gray rhyolite rock fragments;
gray rhyolite fragments increase from
295 o 300 feet; 23.2 feet of core

TecovVered -ewe-mcmcnmcccmccccccccenana 25

Note: Correlation based on recovered core and gamma-ray logs.
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Table _2.--Lcg of core ncle 3 - Continued
Thickness Depth
(feet) (feet)
Bandelier Tuff - Continued
Tshirege Membter - Continued
Unit &4
Tuff, light-purplish-pink; fine-grained
groundmass with 50 percent sanidine
and abundant very coarse-grained
nediun-gray rock fragments; elongated
devitrified pumice fragments up to 1
inch in length; decrease in rock
fragments and pumice from 105 to 111
feet; 15.5 feet of core recovered ---- Ly 121
Unit 3:
Tuff, purplish-pink to gray, very
pumiceocus; no core recovery; sample
taken with basket ~-e-eecccccccaaacaa.. 72 153
Unit 2:
Tuff, light-gray to purplish-gray, welded,
dense; quartz and sanidine crystals
and fragments up to granule size; light-
gray phenocrysts of rhyolite rock
fragments; devitrified pumice fragments
up to ; inch in length and wmafic
nineral stains occur from 194 to 200

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

3
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Table 12.--Log of core hole 3
Cored by rotary with air for carrier
Total depth %00 feet
Completed February 3, 1960

Altitude of land surface 7,170

Thickness Depth

(feet) (feet)
Bandelier Tuff

Tshirege Member
Unit 6:
Tuff, light-gray to light-pinkigh-

gray; fine-greined groundmass with
medium- toc very coarse-grained quartz
and sanidine crystals and fragments;
granule-size purplish-brown
devitrified pumice; granule to pebble-
size medium~brown latite; strongzly
Joilnted zone from 23 to 28 feet and
34 to 37 feet; 4L.3 feet of core
recovered --e-- e L LT EET EE S o T5 15

Unit 5:

No recovery, interpretation from gamea.-

10}



Sample 1s about one-third ;

I

nenocrysts
Sanidine 22 percent

Guartz 11 percent

Magnetite l+ percent

Pyroxene 0.5+ percent

THE )fine fraction is devitrified glass composed dominantly o7
sub-microscopic intergrowths of cristobalite and feldspar.

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

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

have been formed.




At TA-LS the thicliiness of unit ranges iren O

1

n large-

diameter hole 4~Y (Fig. 18) to about L feet in & channel intercested

by large-diameter holes in Area 10.

——

Structure contours on top of

unit 5 indicate a din of about 1 degzree to the southeast (fis 13).

-~y

Figure 1Z.--Siructure contours on “he oz of unit ‘bti oF

the Tshirege Member of tlhe Dadelier Tuzf, TA-bLg,

Los Alamos County, . Mex.
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Water-bearing characteristics

Unit 5 was dry at TA-4G, and there is litile evidence to indicate
that the unit has transmitted water 1n recent times.

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

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

Unit 5 has 2 permeability of 34 to -9 gpd per square oot

table 17) and should transmit water readily. The abundance of sand-
f1lled and open fractures in the upper part of unit " would tend to

transmit the water downward rapidly.
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Phycical characterizstics

Unit 6 iz & light-gray to pinkisch-gray rhyolite tuff. It is
a moderately welded asn-flow tuff containing phenccrysts of quartcz
and sanidine that range in size from mediur to coarse cand, gray
devitrified pumice “ragments as much as 3; b-inch in diameter; and
gray to light-brown rhyolite and latite rock fragments. OSome cf
the quartz crystals are clear and nave vell developed crystal
faces and some are dipyranidal in crystal form and contain white
globular inclusions. Mineralogic analyses indicate a small
percent of magnetite and pyroxene and some clay waich 1s provably
montmorillonite (table 14). The sand-size mafic minerals are
brownish yellow as che result of weathering. Some norizontal
csheeting occurs at tlie outcrcps. Curviliinear jolunts were present
k). The

in the larze-diamecter holes and in the outcrops { iz

e

Firure Llh.--Outcrop of curved  oint face in unit qut. of

CN

the Tshirege Memver of the Bandelier Tuff. North side
0f New Mexico Highway 4, about 1.5 nilec west of the

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

unit unconfoimaply overlies «wnit 5 and forms cliffs. It caps Lle

mesa at TA-La.
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The Jjoints in unit & generally are of twe types: master soiuts,
2
T #A7 haviag northerly <rends and nearly vertical attitudes, and zinor
THAT 2
Joints (figs. 15, 16, 17, and 18) ,bavidg varying trends and dips

Figure 15.--Maps of walls oI selected large~diameter liolec i

ot

Area 1, TA-45, Los Alamos County, . Mex.

16.--Maps of walls of selected large-diameter holes i
Ares 2, TA-4, Los Alamos County, H. Mex.

17.--Maps of walls of selected large-diameter hcles
Area 3, TA-49, Los Alamos County, I. Mex.

13.--Mape of walls of selected lerge-diameter holes in

Area 4, TA-Ly, 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 Pajaritc fault vest of
TA-49. Almost every large-diameter hole intercected at least one
mester joint that is continuous through unit Q,and some that cut
through unit 5 into unit 4. Many minor Jjoints terminate at the master
Joints. Near the surface the master joints are filled with clay, nost
of which was formed in place by weathering of the tuff, but some of
the clay may have washed in from the soil zone above. At depth
these Joints commonly are open and many have a thin clay plate on toth
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 cpen Joints.
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The mincr joints protebly were :oused meinl;y v cooling of *ie
velcanic ash flow, although scme of them probably are related <o
faulting end gentle folding. A nearly horizontal brecciated zone
is present in unit 6 about 15 to 20 feet below the surface. The rocks
in this zone are broken by numerous irregular minor Jjoints, nost of
which are open.

Joints could not te projected from a “ole to another 25 feet
away beceuse cof the change in strike and dip and numerous intersections
cf cne 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
wves evident durlng various experiments in the area conducted by the
University of Californisa.

Seven samples from unit 6 of the Tshirege Member of the Bgndelier
Tuff were analyzed petrographicelly by C. S. Ross (written communication,
July 7, 1560). Ross recalculated the proportions of phenocrysts o
repregent proportions by weight. The following 1s a discussion of

each of these analyses.
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Semple from core hole 1, depzh 45.5 faet
Lk L DeD

Pore space about 20 percent
Phenocrysts about 20 percent b weight
Sanidine 12 percent

Quartz 6 percent

Magnetite 1+ percent

Pyroxene 0.5+ percen

Groundmass is typical devitrified welded tuf?. The deviitrilicotion
products are very Tine crained, but show the Typical criciobalite-
feldspar structure. Cavities contain radisl groups of Ifeldsnar and

7]

tridymite. The rock contains a few areas of altered andzsite.
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Sample rrom core Lole 2, depth

'
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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

Magretite 1 percent

Pink, well-rounded zircon

Feldspar and tridymite in cavities
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Sample from hole 2-T, depth -2 Teet

Pore space zbout 30 percent

Phenocrysts about 27 percent by weight

Sanidine 20 percent

Quartz 5 percent

Magnetite 1 percent

(clino, dominant: ovthe, present)

Pyroxene
The groundmass i1s made up of shards which have been partly

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

Minute minerals, probably tridymite and feldspar, have developed

: s : Rims s

in cavities and feldspar has been deposited on ewins of sanidine

grains. The rock contains very small amounts of altered andesite

grains.
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Sample from hcle 2-H, depth >

Pore space about 35 percent
Phenocrysts about 20 percent by weight
Sanidine 12 percent

Quartz U4 percent

Magnetite 1 percent

Pyroxene 0.5+ percent

Groundmase is in part devitrified shards (
cristobalite). Browm birefracting clay-like material is provably
zontrorillonite, 15+ percent of the groundmass. This is the onl;
sample in thefgroup which shows any alteration. All other changes

are deuteric ones comprising devitrification and gas-phase reaction.
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Sample jE&S@ 2-H, depth 53 feet
Pore space about 30 percent
Phenocrysts about 13 percent by weight
Sanidine 8 percent
Quartz 3 percent
Magnetite 1+ percent

- ortho sparse: clino, deminanT
Pyroxene 0.5+ percent ( J D ; chino, ( )

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

”

pore space. A little clay material has developed.
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Sampie gwm@ore hole 7, deptn 54 feet

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



Sample grom Hole 3-C, depth =

Pore space about 0 percent
Phenocrysts about 23 percent by weight
Sanidine 15 percent

Quartz 8 percent

A little secondary growth (gas phase) on the feldspar, but
other gas-phase materials are too fine grained to be conspicuouc.
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 co 10 mm in diameter

which occur as darker colored porous areas.
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The thicliness of unit 6 &b Th-wy ranged 2rveom zero near vell
DT-<, where it nas been stripped away Ly erosion, to 50 Teet near

core hole 2. An isorach map (fiz. 17) indicates that unit 6 is

Figure 19.--Isopach map of unit ubté of the Tshirege Member

of the Bandelier Tuff, TA-49, Los Alamos County, H. Mex.

thickest along the crest of the mesa at TA-49 where 1t has been
eroded the lesst.

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

about 150 feet per nile.



Water-bearing characterictics

Unit 6 vas dry at TA-45. Hatural moisturc content of samples
ranged from 0.8 to 3.7 percent by volume (table 17), and porosity
ranged fron 30 to 54 vercent by volume and specific retention from
15 to 27 percent by voclume. The higher porosities were found in
samples taken near the surface. Vertical permeability of czamples
ranged from 0.1 to 6 gpd per square fcot. The horizontal
perneability ranged frem 0.2 to 5 zpd per square foot.

Joints in unit 6 near the surface are filled with clay. At
depth many of these _joints are open. The open joint face nay appear
unveathered as 1f jointing has just taken place, or the open joint
face may contain a thin layer of clay, wvhich is the product of
weathering of the tuff. Tuff adjacent to these clay-plated jocint
faces are weathered to a light brown in zones from é tc 5 iaches
wide parallel to the Jjoint. The weathered zones also cccur above
horizontal and low angle Jjoints indicating that water moved from
the open joint into the tuff by capillarity. (See map of hole 24,
fig. 16.) Vater probably percolated through these joinats prior to
and during the development of the soil.

Percolation of water could occur through open joints where the
soil mantle has bheen stripped off leaving the tuff exposed.
Movement would be rapid in the large interconnected joints £illing
the smaller Jjoints where it would be absorbed by the tuff. Large
joints that transect the unit would carry water rapidly into the
underlying unit. Movement of water through the unjointed tuff

would be slow as indicated by the range of permesbilities of O.

*_J
[
(@]

5 gpd per cquare foob.



So0il cover and related material

The mentle rock at TA-49 is characterized by a weathered
zone, a water-laid pumice, and a soil zone. The top few feet
of unit © is composed of broken, partl; weathered tuff fragments
in a movrix of clay. The weathered tuff grades upvamrd into a
clayey solil, except in Areas 2 and 10, vhere a layer of water-
laid pumlce 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 materisl that vas washed into the area. The water-
laid pumice was washed in during the early stages of development
of the soll,and the overlying soil developed from it. The pumice
layer occurs only locally and was deposited in a low area on
Frijoles Mesa. The brown clay found throughout the soil mantle
and associated zaterials probably is largely montmorillonite

(table 1k).



Weatnered turf

The weathered tuff is composed o angular =uff Sragrments
that are slightly veathered ia a matrix of brown clay, which
contains a ew roois. Thickness ranges from a few inches 4o 4
feet. The base of the weathered zone sredes inito ic Irregularly
disconformable with the top of the welded tuff of unit 6. Joints
and cracks in the upper part of unit 6 are clay filled. Come clay
filling is found in joints as deep as 65 feet below the land
surface and sone roots occur as deen as X0 feetu (£izs. 15, 16, 17,
and 182).

The rearly impervious clay of the weathered zone virtually
eliminates percoletion through the zone. weathered angular tuf?
fragnents usually are isolated in the clay matrix of the zcne and
contribute little to bLulk permeability of the zorne.

Where roots in the zore are decayel, some wmter night move
through the weathered zone via openings left by the roots.

However, these openings should tend to cloce as water is

introduced owing to the swelling properties of the clay.



Water-laid punmice

A layer of fairly well sorted, water-worn pumice fragmenis
occurs in Areas 2 and 10 at TA-45. The layer is 2 o L4 feet thick
and overlies the weathered tuff zone. The punice is brownish gray
to brown, nas a cellular structure of Frothy glass, and centains
phenoerysts of quartz and sanidine. & few layers of clay, some
intermixed brown clay,and roots are present in the pumice layer.

The layer or pumice probably is hizhly permeable because it
is loosely consolidated and the rragnents 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. Probably this water would
be perched temporarily on the underlying wveathered zone. The
pumice could also transmit some water laterally along the tep of
the weathered zone. A very small amount of water may percolate
through the weathered zone into the tuff of unit ©; however, most
of the water infiltrating the pumice layer probably is returned

to the eatmosphere by transpiration and evaporation.



Toil cover

A brown clay scil caps most of the mesa at TA-+9. Percentages
of varicus particle sizes in the scil zre eostimated as follows:

20 pegcent send, 30 percent silt, and 50 percent clay. Condesize particles
are crystals and fragments of quartz.

The soil thickness seems to depend on the amount of water
available for weathering the underlying tuff. The thickest soil
zones eare found alcng shallou, slow-draining ditches, sctreanpeds,
and relatively flat areas where water collects and stands. Soil
thickness ranges from U.> to 9 feet in the shallow test holes
drillied for coil-moistiure studies. The greatest known thickness
of soil (9 fecet) et TA-49 occurs on a relatively flat area ncrth

of Area 6 (fig. 20).

Figure 20.--Thickness of soll and location of moisturc=

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

The veathered zone could not be distinguished from the soil
in logging the cuttings during drilling so the soill and weathered
zone are logged as a single unit (figs. 21-43). The pumice layer
is shown in test holeswhere it was penetrated in Areas 2 and 1C.
The thickness of soil is closely related to topographlc slcpe; the
soll thins repidly away from the crown of the mesa, as indicatec
by the coantours on figure 20.
Tubes formed by the decay of roots may transmit water through the
soll zone. However, these openings would tena to close as they uers

wetted because of the swelling properties of the clay.



Percolation of water through the scil zone is small where
+ne soil is reiatively undisturted and would take ploce coaly
Juring exceptionally long wet pericds, which ere rore in the

regicn.



P Rl 3 e e 4 mem T e B e ——
Moisture distrituticon in e upLrand co3il

Twenty-three test holes were cdrilled for uce in studying ne

v

soil thickness and distribution of moisture in the soil znd waler-

dla Wl el

lying tuff of unit © of the Tshirege member of the Bandelier Turl

Uikl o~ e

Hy

The test noles were located around test areac, roadside draliace
ditches, and stream channels (fig. 2C). Messurements were rade of
the nmoisture content of the soil and <uff at arisus depthc by @

neutron-scattering moisture probe. Moisture content determined

ant
by the probe apsear—to—be
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in the laboratory.
Measurements were made at leact Twice during the pericd Iron
March to June 1960 and are depicted on graphs of moicture ccntent

and lithologic logs (fizs. 21 =sroush 43).

s e ~ m [ o - . RN —. -
Pigures 2L-43.--Graphs of moiclture content and _itacleosy o

:ounTj
test holes, TA-4G, Los Alamosg, M. Mex.
2 =2 .}
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Moisture content of the soll ranged Irom 4O percent oy voluze

near the surface in March to 8 percent &% depth. The moistur
) WHERE I TWAS
content of the near-surface tuf;Acovered bty a thin soi

27 percent b5 volume to less than b4 percent at depth in test holes

1, ranged frcm
7

in well-drained areas. Moisture content was highest in the upper
few feet of soil and tuff in March and April as a result of the
late winter snow; it decreased in June due to the higher evapo-
transpiration rates of early summer. Mocisture content of the tuff
at depth remained constent in the period March to June except in
test hole IM-3A where an increase of 1 to 3.5 percent by volume was

noted between 4 and 13 feet.
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A) N - By .. e 3 . ,. ~
Test hclaes i aile-droinec creos

Holes 1M-2; M-l and -c; M~l, -2, and -3; 4M-l, -2, -3, cnd
-4; 5M-2; 9M=-4; ond 10M-l end ~2 zre located in well-draiced oreas
and penetrated an aversge soil or soil and backfill thiciness of
3.5 feet (table 20). At the average depth of L.7 feet in these
holes,moisture content decreased from about 20 percent to 10
percent by volume. At the average depth of 3.3 feet,the moisture
content cecreased further to > percent.

The clay soil had retained most of the moisture that fell as
snovw or rein znd the moisture content in the upper part of this
soil varied due to evaporation, transpiration, and prevailing
wveather conditions prior tc and during moisture readings. Near
the base of the soil zone, no apparent change in moist re content
was noted during the period of March to June (figs. 21-34).

The tuff just below the soil zone contained as much as 37
percent moisture by volume. Mcisture content ia the “uff of unit 6
decreased to less than 10 percent o few reet below the soil. No
significant chenges in moisture content were noted in the tuff
during the period March to June.

The moisture content did not change in the pumice layer during
the period Merch to June. Measurements made in test hole 2M=-2 (riz. 23)
indicated = moilsture content of 29 percent in the pumice layer at
8 feet on May 3, 1900. This anomalously kigh reading probably is in

a thin clay layer in the pumice 2one.
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OM-4
JOM-1

10M-2

Average

Table 20.--3Swrmary o

fest Loles

Soil thickness
(feet)

located in well-drained

Depth at +hich
e Aty A
molstyrg decreases
to 10% by volume
Y feet)

2.5

4.0

1 oe -
=/ Backfill composed of soil and tuff.

2/

—

Soill overlies pumice.

(£ et§

10.

o

~hich
acregses
oclune
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THAT

Test holes in areasA;eceiviag roncfT

from well-drained areas

Test holes 1M-1 and -2A; 2M-3; SM-1; 6M-1; and 9M-1, -2, and
-5 are located on or near arroyos, drainage ditches, and flat sreas
THAT DRAVW SLowl'r.
ofstowdreinage. Graphs of moisture readings in these holes are
shovn on figures 35 %hr;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 sabove 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.
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able 21.--Sumary ol results of moisturs measurements in

-

test olec in areas that receive runo?? from well-drained aress

Depth at vhich Depth at which
Test aole Soil thickness ‘moigture decreases moistyre decreases
(feet) to 10% by volume w0 ;%-by olume
(feet) { feet)

1M-1 L.6 6.5 10

IM-7A 3.2 1L.0 4o+
M-3 5.0 8.5 19+
M-1 2.2 £.5 3G+
EM-1 9.0 9.0 19+
OM-1 6.9 19+ -

gM-2 6.9 3.5 19+
9M-3 4.2 4.0 19+

Average 5.3 9.5 -
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No significant change in moisture content in the Tuff was noted,

_THE
. 20), vhere moisture content increased

I
V3

except in hole IM-3A (71
1 to 2.5 percent by wvolume betveen 4 and 13 feet in the tuff Irom
May 3 to June 30, 19€0. Test hole IM-3A is located on the bank of
an arroyo, and the bank is about 5 feet above the bottom of the
channel. Construction near test hole 1M-3A caused water to pond

2 to bLrinches deep in the arroyo during wet perlcds. The thin soil
and sand in the channel of the arroyo may nave allowed the ponded
water no infiltrate dovmward 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 tetween 20 and 49 feet the
moisture content remained about £ to 8 percent.

The specific retention of samples of unit 6 ranges from 15~

to 27 percent by volume (table 17). On June 30, 1960, in test

)

hole 1M-3A the moisture content of the tuff ranged from 27.5
percent at 4 feet to 2§ percent at £ feet, suggesting that there
may have been some free water in that interval. The increase of
1 to 3.5 percent in moisture content z: various depths during the
period from May to June may indicate & slow downward movement of
moisture in the vicinity of test hole M-2A. This indicated

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

of water in an area where it was formerly allowed to drain.



InT:ltraticn Trom z<rean flow

Water discharged from well I T-5A during the pumping test was
measured Irequently in the natural stream channel near test holes
YM-2 and 9M-3 (fig. 20). The results of these measurements and
measurements of discharge from the well are shown graphically on

figure ub.

Figure 44.--Graph of measurements of flow downstream from well
DT-5A as compared to discharge at well during pumping test

April 20-May 1, 1960 at TA-49.

Moisture content of soil and rock penetrated in three test holes
adjacent to the stream channel was measured on April 30, May 1, 2, 3,
and 6, 160 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, ke, and

{0

43. From the discharge pipe at the well to near test hole 5M-1 the
water flowed in a natural channel partially f:lled and dammed by drill
cuttirgs from well DT-5A (fig. 20). Downstream from the partial dam to
test nole SM-3 the natural channel is cut into the soil. The tottom
of the channel consists mostly of silt, sand, and gravel, but some

tuff 1s exposed.
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Pumping started at 10:45 a.iz. on April J« From 10:45 a.m. <o
w115 p.m. f{low measurements in tae channel at test noles YM-2 and
SM-3 showed varying flow losses owing to iafiltration of water into
the drill cuttings, ponding of water near test n”le SM-1, evaporation,
and infiltration of water into the tuff and silty clay adjacent to
and beneath the stream channel. Flow losses during this first reriocd
of the test became rrogressively less with continued saturation of
more of the drill cuttings, stream-bed and stream-bank materials.
Flow measurements at test noles SM-2 and 9M-7 during the period 1recm
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 1G00 feet of
channel. The flow loss was 0.7 gpm per LO00 feet of channel between
test holes 9M-2 and 9M-3. The stream banks between test holes GM-2
and 9M-3 were saturated sometime between about 2 s.m. and 7 a.m. on
May 1, 1960, when flow in the channel measured at the test holes
became about equal. Flow loss Ircm the well DT-5A to test hole UM-2
increased to 1.9 gpm per 100 feet of channel from 5: 45 a.m. to
8:10 a.m. May 1, 1960.

The greater flcw loss in the upper reach ¢of the channel, both
during the period of equilibrium and the period of no apparent loss
in the lower reach, probably can be attributed to continued but
slightly changing percolation luto the drill cuttings. Additionsl
ver<ical infilirazicn from the pond at the head of the channel may
have cccurred during this period as alr bubbles rose to the surface of

the pond at different timec during and after the pumping test,

53
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The moisture content measured in test nole SM-1 did no

Juring the test. Thic indicates no lateral movement ¢ vater

est nole (F£iz. 3@) althcugh vert
infiltration from the pond probably cccurred.

-

In test nole 9M-2 at a depth of 1.5 feet i1

[

the soil,

moisture content incressed 16 percent from April 20 to May

Prom May 1 to May 6, 1960, capillary return to the surface
evaporation decreased this mcisture content by 13 percent.

depth of 2.5 feet the molsture content increased 2 percent
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April 30 to May 2. 1960. Belcow 2.5 feet there wes nc significant

change in moisture content cf the tuff.

In test hole 9M-3 the moisture content increased 6 percent at

1.5 feet from April 30 to May 3, 1360 (fiz. 143). At a depth of 2.3

feet the moisture content increased 8 percent during the same pericd.

At a depth of 3.5 feet and below there was no significant change Iin

moisture content.

In the lower reach ¢ the channel 17 1s apparent that
r

there

very little loss of flow after tie channel and bank material was

wWa

o

saturated. No change in moisture content was detected below 3.5 feet

in depth in either of test holes 9M-2 or 9M-3. ny laterzal filtration

1

of water from the pond near test hole JM-1 was not detected

indicating that any infiltration would have been downward probably

alo vertical and rear vertical Jjoiints into the underlying tuff.
o
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Data cbiteinec durin, the ianvestigation indicate that Irijoles

Mesa 1s act part ol the ground-water reciarge area in the regicn.

Perched water was not founa veneath TA-+5.
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Tne =cil cover con the nesa at TA-+0Q prevents most of thae
precipitasicn from infiitrating iatc the underiying rocxs. The
cloy-iige scil forms an almost perfact seal over the mesa surface
and the near-surface joints. This is evidenced by open jolnts in
units 4% end ¢ waich blow air (figs. 13, 17, and 10) in response
tc declining carcmezric pressure. A very low moisture content
(table 17) was found in the upper 30C feet of the Tshirege Memver.
The moisture-ncter surveys indlcste little ¢r no increase in
melsture content below the undisturbed soil zone. Where the soil
cover nas been disturbea, removed, or water & lowed to pond,

- 1 - += -
infiltraticn

[ )

ato the underlying tuff takes place slowly (fig. 37).



Decreasing Tlow downstream in perennial streams in Water Canyon
to the north and Frijoles Canyon to the south indicates t..at scme
recharge may cccur beneath the deeper canyons oI the Pajarito Platesu.
Available data do not show how ruch of the decrease in flow in the
canyons is caused by evapotranspiration and ow much is recharge
to the bedrock.

The general shape and slope of the piezometric surface (fig. 43)

.

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

the main aquifer, Los Alanmos area, New Mexico.

indicate the main source of recharge to the aquifer is west of rrijoles
Mesa. The Pajarito fault zone and the slopes of the mountains, which
receive relatively high precipitation, probably are part of the main
gource of recharge.

Some recharge from Frijoles Canyon can te inferred because of

the configuration of the comtours on the piezametric surface (fig. 45)

in that area.
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Water-level changes

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

Figure 46.--Hydrograph of water levels measured and from

recorder charts at well DT-5A, TA-U9, Los Alamos County, N. Mex.

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

The water level in well DT-9 (fig. L47) declined about 3 feet

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

charts at vell DT-3, TA-49, Ios 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 a recorder was operated at DP-9 and a microbarcgraph
was operated at TA-49. Changes in water level in the well correlate
qualitatively with changes in barcmetric pressure, but the amplitude ;,M7
of the water-level fluctuations indicates an additional effect that

probably is caused by something other than barcmetric pressure.
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Pumping tests approximately 10 to 24 nours in lengtk were rmun
on wells DT=-5A, DT-9, and DT-10. The pump used for the tesis was
a 40-horsepower submersible turbine. Discharge vas measurad bty
means of parshall flumes set near the well. Measurements of water
levels were made with an electricel water-level indicator inside
a l-inch plastic tube banded to trhe pump. Drawdown and reccvery
were read directly on a steel tape Tastened to the elzcurical
lead for the prove. Recovery cof water level arter pumping in voth
wells was analyced by the method Jeviced by Theis (1927) and later

described by Yenzel (1942).



Tests at well DI-SA

Well DT-5A was pumped at a rate of 81 zpm fo

b

slightly more than

18]

25 hours April 30 and May 1, 1960. The pump in*ake was set at 1,287
feet below the land surface for the test. Maximum drawdown during
pumping was 1l4.1 feet indicating a specific capacity for the well of
5.7 gpm per foot of drawdown. Discharged water had a small amount or
sand in it during the first 10 minutes of pumping, after which it

cleared and remained clear. Temperature of the water pumped was T7O°F.

Analysis of water-level recovery after pumping (fig. 51) indicates

Figure 51.--Semilogarithmic graph of reccvery of water level in

well DT-5A May 1 and 2, 1960, after pumping 25 hours at an

rate
averagerof 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

field permeability should e L%éggg or %0 gpd per foot per foot. 4

comparison of this field permeability with that of well DT-9 suggestis
that only 20 percent of the potential water-bearing bteds is ylelding
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 speciilc
capacity probably could be improved further by surging and by use of

mud-cutting chemicals.
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Tests at well DT-C

A pumping test was run on well DT-9 May 6?7/, 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 was 3.95 feet, giving a specific
capacity for the well of 22 gpm per foot of drawdown. The discharge
vas free of sand and sediment throughout the pumping test, and the
vater temperature was 70° F.

Recovery of water level was analyzed to determine tramsmissibility

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

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

well DT-G May 7 and 8, 1960, after pumping 24 hours at an

£

average rate of 88 gpm.

Onrn
the transmissibility, T, is 61,000 gpd per foot. PFruomr geophysical logs

IMRICATE
and examination of drill cuttings,-it—tsestimabed that about 300 feet
of a total of 500 feet of saturated aquifer penetrated will readily
yield water. Thus, field permeability should be -6%.0—0, or approximately
200 gpd per foot per foot. dee
The coefficient of permeability as determined at well DT-9
is more representative of the aquifer in the Santa Fe Group than the

transmissibility determined at well DT-SA.
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Tests at well DT-10

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

A l6-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 78 gpm with a drawdown
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, when a foamy, detergent-like
substance came out with the water. Some rusty plpe scale was included
in the water during the first few minutes of pumping, but this cleared
up in 8 very short time. The temperature of the water during pumping
wvas 67°F, which was 3 degrees cooler than water from the wells DT-5A
and DP-9. Well DT-10 i3 finished in the upper part of the main
aquifer, and the lower temperature of water from DT-10 tends to corroborate
the stratigraphic analysis that indicates there may be a hydraulic
separation between the Puye Conglamerate and the underlying undifferentiated
unit of the Santa Fe Group. The cooler water suggests that there may

be recharge into the aquifer nearby, possibly along Water Canyon.
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Tranamissibility of the Puye Conglamerate, as determined from

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

Figure 53.--Semilogralthmic 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.

DATNH
from geophysical logs and examination of the drill

“/MPICATE
cuttinggAthat about 200 feet of the saturated section penetrated by
DP-10 readily ylelds weter to the well. Therefore, field permeability
is about 180 gpd per foot per foot, a figure that compares favorably

with the field permeability of 200 determined at weli DI-G.
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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) ='g%
wherein: P = fleld permeability, gpd per foot per

foot (gallons converted to cubic feet)

I

gradient, feet per foot
p = porosity of the aquifer, percent
The average permeabllity of the aquifer, as determined by
pumping tests at wells DI-9 and DI-10, is approximately';nggpd per
square foot, which is more representative of the aguifer than the

value obtained at DI-S5A. The gradight on the plezcme face

between wells DT-SA and DI-10 is ahout.60 feet per mile. Porxosity is
estimated to be 25 percent, an average
determinations for meny materials of the same character as those cormon

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

180 60
above equation, the velocity is . = 1.098 feet
? (7.58) C.25 (5,280)

per day, or roughly 100 feet per year.
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Quantity of water moving through the aquifer

The quantity of ground water passing'through a given cross-

sectlonal area of the aquifer can be estimated from the equation
Q in gpd = PIAp |
where A is the cross-sectional area of the aquifer. The average
estimated thicknesses of beds reedily 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 bepeath TA-49
at right angles to the east-southeast direction of movement of the
ground water is about 2,000 feet. Then: \ ;
Q.= (180) * 880 * (3bs) (2,000) 0.25
= 331,440 gpd

or approximately 370 acre-feet per vear pessing through the cross-

section of the aquifer beneath the test areas at TA-k4Q,



Quality of water

Water samples were collected while wells Pr-9 and ~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
analyses, though possibly contaminated, indicate that there is

a small difference between chemical camposition of the water within
the Tschicomae Formation and members of the Senta Fe Group.

Water samples were collected at the end of the pumping tests
on wells DT-SA, -9, and -10, and a single bailler sample was collected
from well DT-10 upon completion. Water from the three wells is
soft and is low in dissolved solids (table 23). The specific conduc-
tance is low, and the pH 1s near 7. Calcium, magneaium, and sodium
are the principal cations, while more than 90 percent of the anions
are bicarbonate. The silica content is high. The high silica
concentrations are typical of water that is recharged or moves through
extrusive felsic rocks, such as those which occur in the Los Alamos

area.
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Table 2}.--Partisal chemical analyses of water sempies from deep wells at

TA-49, Los Alamos County, New Mexies

(Analyses by U.S Geslogicil Sumvey, Faslity ot Weler Brane h, Albugurrgue, N Mex,
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Age of ground water in the principal aquifer

Tritium cantent in ground water 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 te used as a tracer to obtain direction and rate of movement of
ground wvater. The rate of movement of ground water may be determined
by referring anomalously high tritium concentrations in ground water
to recharge occurring soon after the hydrogen-bomb experiments. At
the time of the explosion, large quantities of tritium were released
into the atmosphere and returned to the earth's surface in precipita-
tion. The first hydrogen-bomb experiment, in November 1952, released
same 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).



Samples of rainfall at Los Alemos taken in June 1554, after
the second hydrogen-tamb explosion, had 1,160 to 1,550 T.U. A tritium
unit (T.U.) 1s defined as one atom of tritium in 1018 atoms of
hydrogen. A sample collected Feb. 7, 1354, from Rito de los Frijoles,
a stream that drains an area typical of recharge area to the north,
at Bandelier National Monument, had 27.2 *0.4 T.U. (von Buttlar and
Libby, 1955) and is thought to be representative of rain and snow
that fell on the recharge area between hydrogen-bomb explosions
1 and 2, in November 1952 and March 1554, respectively. Water
from this era of recharge may appear in wells in TA-49 in about
1975 as water having an epproximate tritium concentration of about
7 T.U. Average pre~bomb tritium content in precipitation is thought
to bave been asbout 8 T.U., based on analyses of Chicago precipitation
by Kaufman and Libby (1954) and von Buttlar and Libby (1955). The .
only pre-hydrogen-bamb tritium anslyses evailable are those made at
Chicago. Assuming that water in the aquifer at TA-49 has not been
enriched with tritium by local recharge, the age of water in the

aquifer can be determined from samples collected from deep test

wells, provided the samples contain detectable quantities of tritium.
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Three samples of water from two of the deep test wells contained
detectable quantities of tritium. As the half life of tritium is
12.26 years, the ages of samples could be computed. The following

table includes the results of tritium analyses and computed ages of

samples:
Well Date Date Depth of Tritium Computed ages of
well when units samples
No. collected enalyzed collected (T.U.) (years)
DT-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~ 7-60 11-60 1,501 3.5 14.6 or 15

The significance of apparent differences in age cannot be fully
assessed; however, 1t seems reasonable that water deeper in the
aquifer moves more slowly and 1s 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 added to the aquifer by local
recharge from canyon sources such as Water Canyon. Thus, samples
may be mixtures of a very small amount of local recharge 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 tre 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 analyzed are undiluted and unenriched water from
the recharge area, then

20,000 feet (distance to recharge area)

= 1,260 feet per year,
15.9 years (averege age of samples analyzed )

or about 1,300 feet per year is the approximate velocity of ground-
water movement. This computed velocity 1s considerably greater than
the velocity (400 feet per year) computed from pumping-test data and
gradient of the piezometric surface. This line of reasoning does
not allow any appreciable period of time for the movement of water
from the surface in the recharge area down to the equlfer, which
probably is a valid concept if open fractures are the route of downward
movement.

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

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 ofher nearby
canyons east of the Pajarito fault zone. Relegating any apprecisble
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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Conclusicns and susrestlons

pata ovtained LJrom Ttue ilarge-dicmever holes indicates taat iittle,
if any, recharge to itle ground water presently cccurs &t Frijoles
Mesa. Clayey soil amd clay 1illing wie near-surriace parcs of joints
are a varriey to infiltration of water iuto Jointas. The effectiveness
of this impervious seal is indicated by blowing of air from open
joints at depth in response to declining barometric pressure. At
some time in the past, joints in the Bandelier Tur? have carried
percolating water, as indicaved by alteration of joint faces in the
rock. This percolation presumably occurred berore the soll mantle
was developed.

The molisture readings in the test noles indicate that water
rarely infiltrates the mesa surface to depths greater than the
thickness oI the soil and that a soil cover as much as 2 feet thick
seemingly prevants notural infiltration vo the underlying bedrock.
Locally, where the soil cover is thin or absent and in some places
on the mesa that receive runoif from well-drained areas, some sxcall

amount of infiltration into the tuff doces occur.
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Molsture determinations made in test holes adjacent to a natural
channel that carried water discharged from well DI-SA during a pumping
test indicate that infiltration took place laterally into the soil
and related weathered materials. Moisture measurements in the holes f
made after flow stopped in the channel indicate that water %hat hagd
moved laterally from the stream was returned to the surface ty capillarit:y
and evaporated. Scme wvater was lost contimually from a disturbed
part of the channel in the upper reach throughout the period of flow.
A part of this loss could have gone downward into the tuff,

The large loss of drilling mud and water into the 930 feet of
Bandelier Tuff pemetrated 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
being absorbed bty the tuff adjacent to the joints.

Ro perched water was observed In the interval between the mesa
surface at TA-49 and the main zone of saturation at & depth of
somevhat more than 1,000 feet. The absence of perched water and the
lerge bulk permeability of the Bandelier Tuff indicate that it
would transmit water rapidly. Water that has access to the tuff and
Joint systems, if in sufficient guantities, 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 awvay from testing areas as possible because wherever natural
soil 1s scalped, chences are increased for infiltration of water into
the tuff. Adequate drainage on the mesa should be maintained O
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
carried to the ground water beneath TA-49. However, if contaminants
should reach the main ground-water body, several conditions, mainly
hydrologic, exist that temd to decrease hazards resulting from such

contanination:

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

2. Scme dilution of the contaminated water would occur
in the aquifer and further dilution would occur in
the Rio Grande as the conmtaminants were slowly discharged
into it.

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

L. TIon exchange or adsorption of dissolved contaminants
onto materials through which the contaminated water
passes will reduce the concentration of radioactive
contaminants. This was investigated by the Health
Division of the Los Alemos Scientific Laboratory for
the upper part of the Bandelier Tuff at TA-49. 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
amually from wells DT-5A, 2, and 10 to determine whether contamination
is taking place. If well DT-5A could be pumped steadlly and the water
used at TA-19, it would be advantageous to monitoring because & slightly
greater part of the agquifer could be sarpled in this way. Samples from
the other wells could be obtained with a bailer. The well that is
pumped should be provided with an air line to record lts water level
and a measuring tube (about 1 inch in diameter) should be provided
also so that air-line recordings can be checked periodically by
direct meesurement. A continuous water-level recorder should be

forwarer Svspy

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

Molsture 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 same of the

holes when data indicate that the results are not significant.
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Compacted scil should be used to seal the abandoned test areasg,
and the casings of the core holes in these areas should te 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 angular
drift by means of porous cups or drip-catching jugs. Injection
water could be spiked with a raedloactive tracer. Radionetric
analyses of water samples should indicate whether contaminants

will pass through tuff or Joints 1in the tuff.
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Appendix

Data contained lerein was ccllected 3during the course or

investigation of TA-49, Los Alamos County, N. Mex. It is not

specifically considered in this report and is appended for possible

use by future investigators.
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Pable 2F.--Particle-size distribution in percent by weight for samples from TA-49, Los Alamos County, N. Mex.

Stratigraphic Diameter of particles in millimeters
Lab. Source |Depth aun?t B P Sand Gravel
o Sa;fle (foet) in Z0.00h 0.00b4-]0.0625- 0.125-
‘ P Pshirege Mbr.| clay 0.0625| 0.125 0.25 .25-.5 .,-1 1-2 2-L L8 8-16
silt |v. tfine fine medium coarse v. coarsejv. #ine fine medium

6UNMIO LU 61 5 2.7 10.2 7.0  20.y 27.0 25.2 6.4 0.5 0.1 -
5oNM1yy LA 66 5 3.y 11.0 7.3 9.6 17.9 2k4.3 20.1 4.9 .8 0.2
6ONM2Lh  Beta 10 1B 30.0 11.h 3.2 6.8 242 14.6 9.8 - - -
GolM2:,  Beta 64 1B 8.0 3,.0 11.5 14.3 12.5 14.6 2.8 LT .2 -
60NM26  Beta 139 1B o, 7 20.2 9y.7 13.1 6.3 L. L .6 Lhoo1.3 0 1.3
6UNM27  Beta 180 1B 13.0 28.8 8.7 10.4 12.5 16.9 6.0 3.1 .6 -
6UNM28  Alpha 17H 3 5.9 243 10.4%  11.4%  14.6 16.k 1.0 - - -
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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 atrflosphere
No. sample (feet) unit - . " . o ( ;Z?iéﬁﬁ)
60NME 2-0 30 Qbt, - ho.05
OUNMT 1-A 30 Qbt, - Lo .86
6ONML LU Lo bt 45.80 43.81  41.5h  41.88  L4o.U46 38,7k
HGONM 2-F 56 Qbte - 29.60
60MMS 1-A 58 (bt - Lo.55
GUNM2 L.y 6V Qbt, L8. ks 46,18  Lh.06  bh.T2 4341 L2.62
6UNM10 h-u 61 bt - iy
6UNM 3 L-u o7 bt 35.51  38.22  L.oy  3,.18  22.%0 20.68
GUNMS LU 82 Qbt), 36.95 3470 533.11 33.17  29.90 2h. 54
Cotib Ly 104 Gbt) 33.57  32.23  30.38 30. .40 51.22 2u.1h
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Table 2y .--Reccnnaissance nc-es tor lLarge-d

Tor lLarge-Jdlameer holes 1o

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

Hole 1l-A

Depth
(feet)
0-2

2-1.

1>

Area 1

Diameter - 6 feet

Soil
Vertical joint in west wall 1s 2 incnes clay rilled. In
southwest wall vertical jcint I1s ;5 Inch clay I_lled.

Northeast wall has vertical jo.nt 1;8 Inch clay £:1lad.

South wall has vertical Jjoint % inch clay filled. DNorctuh

(9288

wall has two joints that are L inen clay filled.

+

Northeast wall has horizontal joint open ¢ inch.

)

Vertical joints are open & %o 3 Inch. Large fracture zone

on northeast wall has Juint openings i to 1 _nch.

Fraczure zone con east wall contains joint openings & o

inch.

Joints on north and west walls Jjoin at apex and are cgpe

1 .
i inch.

== /7S
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Table &5.--Reconnaissance nctes or larze-diameter holes -

EECN-

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 jeint system around hole has openings up to
% inch.
3y Apex of near vertical joint on northeast wall. Joint s
open 1/8 inch.
52 Flat-lying joints are open 1/8 to & inch.

2t //67(2
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Table R;.--Reconnaissance nctes for larze-diameter holes - Ccnuinued

Hole 1-P
Tepth
(feet)

0-2

16

25

50-35

Aree 1 - Conztinued

Soil, 2 feet thick on nortn wall, thins to 6 inches on the
south wall.

Two vertical joints on north wall are 1 foot apart and ccntain
% inch of clay Tilling. East wall shows vertical jcint
which is 1 inch clay filled. Vertical joint on sout wall
is 1/16 inch clay filled. Vertical joint on west wall is
complemnent of Joint on rorth wall.

On northeast wall apex of joint dips steeply to the scutheast.

Fraccure zone.

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

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

3 -

Vertical joints on north and northeast walls split and 4

£
}4‘
]

out.

rof-

Well-develcped joint system on north wall is open f pe]

inch.

== /97
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Table 2u.--Reconnaissance nctes Yor large-diameter ncles - Continues

Area 1 - Continued

Hole 1-T

Depth

(feet)

0-3 Soil, flat-lying joints under €01l zene are clay f:lled.

3 Vertical jcint on northwest wall is % inch clay filled.
Northeast wall shows a vertical joint which is 1 iren
clay filled with white altered tuff % inch cn each jcint
face. Vertical joint on south wall Is 1 inch clay filled.

17 Joint system exposed cn east wall ceontains joints that are
open 1/8 to L inch.

21 Flat-lying joints extending around hole are cpen é inch
lccally.

20 Vertical jcint on south wall s open % inch.

Lo Apex of joint on northeast wall dips steeply to scuthesst
and is open % inch.

58 North-northeast wall contains Joint which is open 1 inch.

Trace of joint across hole on west wall is open é to 1
inch. This is the same :;oint that has an apex at 40

feet.

Zin /78
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Table 2.

Hcole 1-W

10

1

--Reccrnnaiscance ncwes

r

or iarge-cdlameler acles - Continaed

Area 1 - Ccnt_.nued

s 7
OoxrL

163}

Northwvest wall has vertical joint 5 inch clay filled.
Ver<ical Jjoint cn norvieast wall is ﬁ inch clay Tilled.
Vertical jolint cn east waill .5 & inca clay Tilled.
Southwest wall nas vertical joinv L;8 inch clay and

root filled.

B . . . . I3 ’ o
Southeast wall shows vertical jolint with 1 to 3 1nch:c1

o3

white alterat.on material in joint. Joint continue
down hcle to a depth of 2, feet.

Intersection of curved joint on west wall and jociznt on
rorthwest wall. Intercection of joint is open i 0
5 inch. Joint continues iown hole on northwest wall.
Flat-lying joint is open 19 inch.

Joint on southeast wall is open 1/3 inch passing tarcugh
as intensely fractured zone. Joint on east wall is

open 1/8 inch passing through intensely fractured cone.

Note: Below 40 feet most joints are open slightly.
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Table 2y.--Reconnaissance notes for large-diameter holes - Cont nued
Area 2
Hole 2-D Diemeter - 6 feet; depth - 57 feet
Depth
(feet)
0-1 Soil
1-5 Pumice, water-laid.
5=6 Weathered zone, tuff fragments in matrix of brown clay.
1> Joints on northeast and west wall are clay filled 1 to
15 inches.
20 Horizontal joints arcund hole are clay filled % to j inch.
23 Joints mentioned at 1Y 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 lccally
up to % inch.

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

L2wL3 Apex of joints mentioned at 27 and 32 feet strike east and
dip steeply southward. Hole is strongly jointed.
Northeast and southeast walls have large plucked zones.
Joints on northeast wall are flat to steeply dipping
northward and are open 1/8 to &+ inch with some alteration
lining.

L3.57 Northern half of hole has many joints striking northwest

and dipping steeply to the northeast.

= Q00



Hole 2-F

Depth
(feet)

0-1.L4

1.4-5

16

16-18

o
N

28

29
3k

Soil, containing roots.

Pumice, water-laid, some clay, roots up to B/M inch thick.
Bottom of pumice zone dips slightly “o the norzh.

Weathered zone, tuff Ifragments 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 :chat dip

M
Py

steeply to the northeast and are clay filled 1/3 to

-

inch. Large medium grey devitrified pumice frague

3
v
¢
T

)

N

to J inches in length are found to a depth of 22 feet.
Irregular joints strike east-wes: and dip about 4.° %o :the
north. These joints circle the nole and are open locally
. -
up to ¢ inch.
Joints on southeast wall are clay filled. West wall contains
irregular joints that are cpen 1/8 to Z/8 inch.
Hole diameter now 6.k feeb.

Flat-lying Jjoints are open 1/8 to ¢ inch.

=

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

= L0/
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Table 2s.--Reconnaissance notes for large-diameter hcles ~ Cont aucd

Area 2 - Continued

Hole 2~F - Continued

Depth

(feet)

35-38 System of low angle joints around the hele. Joints strike
east-west and are cpen locally up to 1/8 inch.

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

northwest, dipping steeply east that are open % to 5
inch. There is a large plucked zone on the north s:de
of the hole from 4y to 58 feet. Hole is belled to 7

feet in diameter from 52 to 8 feet.

L+ Q0
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Table 2§.--Reconnaissance notes Cfor large-diameter holes - Contio

Hole 2-H

Depth
(feet)

13

18-22

22-26

30- 3%

35-42

Area 2 - Continued

Diameter - 6 feet; depth - 358 feet

Fill, brecken tuf?f.

Soil, clayey, brown.

Pumice, water-lald, about 3 feet thick on north and e
wall, thins to 1 Foot ¢a southeast wall.

Weathered zone, tuff fragments in a brown clay matrix.

North-noriheast striking joint dips to the west 30° o

and is clay [{1lled 1 inch.

st

g.°

West-northwest striking joints on northwest side of hole

dip with a slight angle and are clay filled.

East-west striking joints are clay and root filled ur v

& inch. Apex on north side of hole.

East-west striking Jjoints dip to the northwest at .3°
30° and are open 1/8 to % inch, clay linegd.

Several west-northwest striking joints dip 45° to the
north and are clay filled 1/8 inch.

Intersecting near flat-lying joint systems circle the
hole. Above the joints tuff is light pinkish trowm
and is evidently altered bv water. Below the Joints

the tuff is light gray.

X203



Hole 2-H - Cer

Depth
(feet)

L3 Bast-west striking joint dips 80° to 85° north ar

Lo

T inch.

I

open 1/¢ to

50-18 Northwest striking joint

is tangent to hole on ncrtheast

wall causing bad pluck from 50 to =8 feet.

om0 Y
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Table 25.--Reconnaicsance notes for large-diameter noles - Cortinued

Area 2 - Continued

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

soil near bottom.

2-5 Pumice, water-laid.
5 Northwest striking joint on west wall of hole caucsed tlucic
out.
11 Broken zone on south wall of hole.
11-19 Light gray tuff contains dark gray devitrified punice

fragments up to 1% 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° ang ‘s
open up to % inch. Northwest striking joint now
striking north and drifts to center cf hole at Lottom
dipping about 80° east. Light pink alteration in
Joints that are open locally,

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

L5-58 Small pluck out on north wall btetween 45 ang 58 feet.

Bottom of hole is in relatively unjointed rock.
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Table 23.--Reconnaissance rotes for large-dismeter holes - Contine

L£C RS

3
0%

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

rilled 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.

o Joints are clay and root f£illed.

sS4 Most joints are closed. Some are open locally up to
1/16 inch.

2 2Ar06
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Table 2s.--Reconnalissance notes Tor larue-diameter noles - Conti-led
&

Ares 2 - Conuinued

Hole 2-0 Diameter - © feet; depth - -3 feet
Depth
{ feet)
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=T7 Weathered zone composed of large, angular pieces of tuff
in a matrix of brown clay.

T-15 Master joint on northeast and south walls striking north-
northeast, dipping steeply, is clay filled % ineh with
a few roots. Joint on northwest wall strikes north-
northwest and is 1 inch clay filled but is open
locally. Joint on west-southwest wall strikes north
and is % inch clay filled. On south wall is a system
of vertical joints striking east-west.

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

2%-26 Badly oroken zone dipping slightly north-northeasct.

&:7‘5\’07




Table 2§.--Reconnaissance notes for Larse-dlanever holes - Continued

Hole 2-C

Depth
(feet)

21

>7

L1-50

55

Aresa 2 - Continued

- Continued

Master join® on northeast wall is clay filled and locally
open 3 inch. On west wall a system of vertical joints
originates in a broken zone at 26 feet. Joints in systen
strike north-ncrtheast and are clay filled and open
locelly up to % inch.

Pluck out of master Jjoint on northeast wall where joint
is open 5/4 inch; cpening extends 1.5 feet intc 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 joint on west wall with master join<t.

Large triangular pluck from intersecting joints cn
southwest wall. Master joint on northeast wall is now
hair line. West-northwes= striking Jjoint, complement of
plucked out Joint at 4 %o 41 feet. This joint has roots
and brown clay at 45 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

I3

is at 35 feet.

AN
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Table éé:--Reconnaissance notes for larce-diameter holes - Contirued

Area 2_ - ovc,,r.‘/"lJC é

Hole 2-5 Diameter - & feet; Depth - 58 feet

Depth

(feet)

D=3 Soil, clayey, brown.

3-5 Pumice, water-laid.

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

Vertical joint on southwest wall is % inch clay Tilled.

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

1 Joint system, clay filled triancular pluck 8 inches across.
22 Eegt wall shows Joint 8triking northeast.
24 Vertical joint on west wall becomes irregular with rarious

branches that are clay filled.

32-35 Vertical Jjoint on west wall splits and dies out at 35 :?eet.
Joints are clay and root filled 1/8 inch. Horizontal
Joints at 35 feet ar: open up to % inch.

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

boas7 Joints and pluck on east wall. Southwest wall has vertical
Joint. Joint trendinc east dips 45° west. Joints are

clay filled and open locally up to 1 inch.

Q09
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Tatle 25.--Reconnaissance notes for larce-dleameter holes - Continued

Area 2 - Continued

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

Depth

(feet)

Ca4 Soil, brown with pumice pockets on southwest wall.

h-5 Weathered zone, tuff fragments in a matrix of brogfd clay.
1¢ Master joint on northeast wall strikes south-southwest

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

tangent joint on northwest wall at this depth.

o= /0
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Table 2§.

Hole 2-V
Depth
(feet)

38

5C

--Rec nnaiscence nctes for large-dismeter holes - Continued

Area 2 - Continued

- Continued

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

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

except 50 to 58 feet.

= ] //
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Tatle 25%.--Reconnalissance notes for larze-diameter holes - Continued

Area 2 - Continued

Hole 2-W Diameter - 6 feet; depth - 38 feet

Depth

(Teet)

0-3.6 Soil, brown.

h Master Joint on west side of hole is 1 ineh clay filled.
12 Master Jjoint dips to north and is clay and root filled

up to 1 inch. Tuff is light gray and dense. Small
joints are clay filled.

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

2€ Northeast striking joint is tangent to hole on south

wall. It causes pluck out “rom 26 feet to tottom.

3C Two joints dip 45° into master joint 2.7 feet west of
north.

37 Roots in plucked zone in south edge of hole.

L Master Jjoint 2.2 feet west of north 1s open locally up
to % inch.

51-58 Roots in pluck zone on south wall. Joints appear to strike
northeast.

bl ;l/cl
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Table 25.--Reconnaissance notes for larce-diameter holes - Ceontinmmed

Area 2 - Continued

Hole 2-X Diameter - £ feet; depth - 56 <eet

Depth

(feet)

C-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 & matrix of
brown clay. Cne system of vertical joints occurs telow
the weathered zone on the northeast wall. A few flat-lying
Joints found on southwest wall are about 1/8 inch clay
filled.

10 Major vertical joint strikes north-northeast and is 1/8
inch clay filled. One joint dips steeply east.

2C Major joint on northeast wall dips to the northwest at
a low angle. A few irregular minor Joints, which dip
to the east and south, are found on the north wall.
Irregular minor joints found on the south wall are
flat-lying.

30-41 Hole is badly troken tetween major joints on west wall,

southward around hole to major joint on northeast wall.

= A(3
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Table 23.--Reconnaissance notes Tcr large-diameter roles - Continued

&

Area 2 - Continued

Hole 2-X - Continued

Depth

(feet)

L5 Major joints on north-northeast and southwest walls
strike southwest and apparently are same system. Intersecticn
on southwest wall open up to 5/& inch locally, but
intersections on northeast wall are open 1/8 inch. South
and east walls;;ffadly croken between these major joints.
Vertical joints are found on the north wall from 42 feet to

the tottom of hole.

> A/ 4



v
Table 25.--Recornnaissance notes for large-diameter holes - Conztinved

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

0-3 Soil and £ill.

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

7 System of flat-lying joints.

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

21 Joint mentioned at 3 feet now dipping about 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 ncrth at
28 feet. South wall shows joint that strikes northeast.
Pluck along joint which is open up to 3 inch.

33.45 Joint in southeast wall that is clay filled & inch. At bL°
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 mentiocned at 53 feet terminates against apex of

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

plucks along each fracture.

=7 A5
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Table 2;.--Reconnaissance notes for large-diameter holes - Continued
Area 3 - Continued
Hole 2-C - Continued

Devth
(feet)

63 Southwest limb of Joint that showed apex at 58 feet :g here
& hair line. Northeast Joint plucked out, has clay
filling. Joint con southeast wall strikes east, dips 835°
south, and is open Z inch. West wall contains north
striking vertical Joint that is clay lined and is open
1/8 inch. North wall contains vertical,/ north striking
Jjoint.

72 Joint on southeast wall terminates,

78 Water-laid sand on north wall is 2.5 feet thick. Two joints
belov sand are 2 and 6 inches wide and extend to bettom c¢f
hole at 87 feet. Sand is 0.35 feet thick on west wall,
0.5 feet thick on east wall, and 0.4 feet thick on south
wall.

78-87 Joints beneath sand strike northeast and are closed. Joints
on north wall are filled with sand and range from 2 inches
to over 1 foot wide. Some pieces of tuff are found :n the
sand filling. Tunnel drift to the nortﬁ is about 2 feet
in diasmeter. It intersects two northeast-striking/ sand-
filled joints about 2 inches wide, 2 feet apart,
approkimately 8 feet from the wall of the large-diametver

hole.

we 4/6



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 botiom 8 feet of
hole was oxamined. The sand-filled join%s on the north
wall were open as much as 1 foot from the hole face wvhere
+he sand was cshaken ocut by the concussion of the shot.
Partial collapse of *the 2k-inch drift occurred about 3
feet from the hole between the two northeast-siriking

<

joints. The drift was partly filled with rubble at this

ietr A/ 7
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Table 2{.--Reconnaissance notes for large-diameter holes - Continued

Hole 4-K

Depth
(feet)

15

18

26

33

-

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 70° northeast. East wall has Joint which strikes
north-northeast with apex upward at 1C feet. Joint is
2 1nches clay filled. Northwest wall ehows vertical joint
8triking northwest, clay filled up to 6 inches near
top and 2 inches at © feet.

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

Pluck out at Joint on southwest wall. Joint on northwest
wall eplits. Northermmost Joint strikes northwest, is
clay filled % inch, and terminates at 4O feet. Westermmost
Joint dies out at 22 feet.

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

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

and dipping 8C° south-southeast.

= 3/8
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Table 23.--Reconnaissance notes for lar-e-diameter holes - Continued

Area 4 - Continued

Fole 4-X - Continued

L]

7 Tuff is less stronsly jointed bvelow this depth.
Lo On the northeast wall is a system of vertical north-northwest

striking joints that are clay filled.

I
(0]

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

is now vertical and strikes northeast.

__ /9
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Table 2%.-~-Reconnaissance nctes {or lar-e-diareter holes -~ Continued

Area 4 - Continued

Hole L-M . Diameter - & feet

Depth

{feet)

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

Joint that strikes northwest and is 1 inch clay filled.
North wall has 3/4-1nch clay-rilled joint that strikes
northwest. Southwest wall has 2 vertical joints that
are one foot apart and are 1 inch clay filled. South wall
has vertical fracture striking north which is 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 wall now
£ inch clay filled.

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

Flat-lying joints at 24 and 28 feet.

3C Joint on south wall is now open + inch.
35 Pluck out aleng Jjoints. on southwest wall.
Lo Joint splits at 33 feet on south wall, dips eastward

at 45°, and both branches are open up to 1/16 inch.

5¢ Vertical joints still persist and are 3 to 1 inch clay filled.

AN
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Tatle 33.--Reccnnaissance notes for larze-diareter acles - Continued

Arez 4 - Continue?

Hole L4-C Diameter - 7 feet; Depth - 58 feet

Depth

(Teet)

C-2 Soil and weathered zone.

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

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

26-32 Northeast wall of hole contains apex of Joint. West limn
dips at 45° to 30 feet and intersects vertical northwest
striking joint on northwest wall. BEast 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.
by Northwest striking Jjoint is 1 to 3 inches clay filled and

contains a few roots.

L8 Southwest wall has northwest striking joint that shows
apex with limts 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
Jjoint strikes northwest, persists to :ottom of hole, and

is 1 inch clay filled.
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Table 25.--Reconneissance notes i'or larze-dlameter holes - Continued

Area 4 - Continued

Tole =-Y Diameter - O feet; Depth - 5% Teet
Depth

(feet)

C=2 So0il zone 1s thin on weathered tuff zone.

Southeast wall has Joint that is clay filled and strikes

northwest, dips 8C° northeast.

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

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

2% Northwest wall shows apex upward of joint. This Joint strikes
east-northeast and dips 8C° to the northwest. Also
on the northwest wall is a vertical joint that strikes
south-southeast.

32-45 Southeast wall of hole is badly broken along upward apex
at Jjoint.

46 Hole badly broken on southwest wall. Master Joint 1s vertical

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

51 Very few jolnts except master joint mentioned at 46 feet.
57 Southeast wall contains a system of hich angle joints.
) Water-laid sand, lé feet thick cn north wall and very

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

S R a2



oy
Tatle 2&.~-Reconnaissance notes for larce-diameter holes - Continued

Area 4 - Continued
Hole L4-Y - Continued
Depth
(feet)
f2-6C Wall of hole contains -ery friable tuff below sand. West
wall contains joint striking north-northeast, dipping 85°
north. West wall has Jjolnt which is vertical and strikes

north-northeast. These two Jjolnts apparently are not the same.

=57 A3
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Table 2%.--Recennaissance nates Tor lar-e-diameter holes - Continued
Area 10
Area 1C contains two 4-rfoot diameter holes 25 feet apart and drilled
to a depth of about &C feet. The two holes are conmnected at the bottom

by a horizontal drift, Only the westernmost hole and the drift were

examined.
West hole Diameter - 6 feet
(except for tottem 12 feet, which is 13 feet)
Depth
(feet)
0-1 Back-f111, broken tufs. Most of goil is stripped off.

1-3.5 Pumice, layered, light gray with brownish clay lenses included.

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

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

10 Broken zone.

17 Joint mentioned at 5 feet persists through “roken Zone,
out i1s only 1/8 inch clay rilled. Joint on east-northeast
wall originates in broken zone, strikes northeast, and is
% inch clay filled.

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

north strikins joint on northeast wall.
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Table 25.--Reconnaissance notes for larce-diameter holes - Continued

Area 10 - Continued

West hole - Continued

Depth

(feet)

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

L8 Top of 13-foot diameter hole. Joint striking south-southwest.
Joints on north-northeast wall are % 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. Jeints found about 2 feet below
sand are sand filled and open from % to 2 inches. Tuff btelow
sand 1s weathered, highly pumiceous, and friable. Joint in

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

Area 1C
The drift extends east-west tetween the two larce diameter vertical
holes. (m enterinz 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 of the portal to west hole.
The tuff is about O feet thick on the north side of the drift and contains

an abundance of quartz and irregular brownish iron-stained streeks,
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Figure 21.--Graph of moisture content and lithology in test
hole 1M-2, TA-L9, Los Alamos County, N. Mex.
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Figure 23.--Grzph oI mOisiare contend ANd LiThOiwgy il weo v soas
oM-2, TA-49, Los Alamos County, N. Mex.
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Figure 2%.--3raph of moisiure content and lithology in test
hole M-1, TA-L9, Los Alamos County, IN. Mex.
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Figure 25.--Graph of moisture content and lithology in test hole
M-2, TA-49, Los Alamos County, N. Mex.
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Figure 26.--Grapz of moisture content and lithology in test hole
3M-3, TA-49, Los Alamos County, N. Mex.
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--Graph of moisture content and lithology in test hole
4UM-1. TA-49., Los Alamos County. N. Mex.
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Figure 28.--Graph of moisture content and lithology in test hole
4M-2, TA-49, Los Alamos County, N. Mex.
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Figure >.=-Graph oi moisture content and lithology 111 test hole
M-s, TA-4y, Los ALlmizos County, N. Mex.
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Figure 51.--Graph of moisture content and lithology 1in test hole
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Figure 32.--Graph of moisture content and lithology in test hole
M=%, TA-LS, Los Alawcs Counly, N. Mex.
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Fipure 33.--Graph of molsture content and lithology in %test hole
10M-1. TA-49, Los Alames County, N. Mex.
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Figure 34.--Graph of moiszture content and lithology in test hole
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Figure _5.--Graph of moisture content and lithology in test hole
IM-1, TA-49, Los Alamos Counbty. N. Mex.

m.lolu.uo.;s 85 + L8.24 E Pmplenet! of log
e 49 feet o 2 Daskfill, wmff NN Puff, tam
prilled.- 2/27/60 [C—_ | 8eil, Brewa, clayey | Taff, gray or vhite
Altitede.- 7,162 £t 7777 Puff, browm s 4| Pemise
hyan X728 and 30/60 573760 6729760

(foet) 1020305 | 1020308 | 1020 30 b | 19 20 0 %0

==nag" —

——

Wote: Is
Hofle |is |24 |inchep in diameter.

grid on figure 20 {to |locate testy hale.

EEE S P SRR E RS RN R PR BB ELREFEREBvov o run -

X .
> o @@ —— & —— o




Figure 3.--Graph of moisture content and lithology in test hole
1M-3, TA-49, Los Alamos County, N. Mex.
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Figure 37.--Graph of moisture content and litholegy in test hole
1= 9. Ta=49, Los Alowos Couaty, li. Mex.
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Figure 38.--Graph of moisture content and lithology in test hole
M-3, TA-L4G, Los Alamos County, N. Mex.
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Fi. v M —-=Grop fomedictore conbent, md Vithology in test teele
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Figu.re 4l.--Graph of moistur=s content and lithclogy in test hole
OM-1, TA-49, Los Alemos County, N. Mex.
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Fizure 4i,--Graph of measurements of flow downstrsam from well DT-5A as compared to discharge at well during pumpin-

test April 30-May 1, 1960 at TA~-49.
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