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Re Le Gfiﬁg’
Ve 8. Geological Survey

ABSTRACT

This report describes the zeolosy end the occur-
rence and availability of ground water in an area sur-
rounding Los Lliéés, ¥eow Mexico. The study on which
the report is based was made by the Cround ¥Water Branch
of the Geological Survey with funds furnished by the
Atonmic Enerpgy Commission.

The Los Alamos arsa 1s in north-centrsl Hew lexieo,
approximately 60 miles north-ncrtheast of Albuquerque
and 25 niles northwest of Santa Fe, As used in this
report, the nrea is about 20 niles long in an east-
west direction and about 10 miles wide in a north-
south direction. The town of Los Alsmcs is near the

center of the area.



The rocks of the area are of late Tertiary and
Quaternary age.' They consist of volcanic gnd sedimen-
tary.rockn that accumulated at the western side of the
Rlo Grande depression. For the most part; the area
lies on the eastern flank of the Jemes Mountains , a
volcanic eruptive center that stands #thmnrt the sone
of faulting at the western margin of the Rio Grande
depression. 7The westerm edge of the area is near the
center of these volcanic rocks and from thers ths area
extends eastward across g segment of the interlor mass
of flows and an outlying apron of tuff that liss on the
sedimentary and volcanie rocks of the Rio Grande depres-
sion.

The volcanic rocks of the Jemex Mountains consist
mainly of the Tochicoma mnd Tewa groups with the former
represented by two map units which consist of {1) latite
and quarts latite and (2) pyroxene andesite} and the
latter group represented by the (1) Bandelier tuff,

(2) Cerro Toledo rhyolite, (3) Cerro Rubio quarts latite,

and (4) Valles rhyolite. The Tschicoma group forms the

interior mass of flows of the voleanic center. The

Bandelier tuff forms the outlying apron of tuff. The

' Cerro Toledo rhyolite, the Cerrc Fubio quarts latite, and

Valles rhyolite are volcanic domes associated with the

collapsed interior of the volcanic center. In sddition,

an unnamed body of sediments occurs in the Valles caldera,

a portion of the collapsed interior of the volcanic center,
12



The suits of rocks of the Eio Grande depression
are referred to the Santa Fe group. ¥ithin the grea this
group is represented by three main map units., One is an
undifferontiated sequence of arkosic sandstone and silt-
stone with some Included basalt. Another; the Puye con-
glomerate, is composed mainly of latitic debris derived
from the interior mass of the Jemes volcanic area, but
it also includes some interbedded basalt and a lentil of
arkosic eonglomerate. The third unit is a thick sequence
of basslt.

Mapping and subsurface work indicate that the
stratigraphic units are complexly interralated. The
mapping shows thet the units of the Santa Fe group inter-
finger with sach other., The subsurface work indicates
that two units of the Santa Fe group, the undifferentiated
sequence and the Puye cohglomarata; interfinger with the

Tschicoma group of the Jemeg Mountains volcanic area.

13



Adsquate water resources for the town of'Loa Alamnos
are not available in the imnediate vicinity of the town.
Howevar, water in guantities sdequate for the preasent
populatien (14,000) occurs st both the esstern and western
margins of the earea. 1In both places ths surface waters
camnot be used because of legal restrictions. Vater of
the streams in the Valles caldera, in the western part
of the area, is utilized by James Indians who have pri-
mordial rights to the flow. The flow of the Rio Grande,
at the east =argin of the area, alsc is completely appro-
priated by downstress users. Grouﬁd water in the sediments
of the Valles caldera is unavailable as the present investi-
gation has indicated that the small water bodlies prsicnt ars
in close connection with the adjacent streams, and pumpage
would decreass the stream flow. Oround water in the undif-
ferentiated saquence of the Santa Fe group in the eastern
part of the area represents the only source of supply avail.
able. Between 1946 and 1952 sleven supply wells were com-
pleted in these sediments. The study on which this report
is based indicates that these wells are capable of supply-
ing one billion gellons of water annually, the amount neces-

sary for the town,

Th



IRTEODUCTION
PURPGSE AND SCOPE OF THE REPORT

This repert is based on ground-water investigations
requested in the early part of 1949 by the Atomic Energy
Commission. Prior to that time the water supply for the
los Alamos project had been developed piecemeal, both as
a result of numerous changes in plans for the sise of the
project and as a result of an absence of information con-
cerning the occurrsnce of water in tha area.

From the early part of 1943, when ths project was
started, through 1945, & vater supply was obtalned from
small springs and small spring-fed streams that emerge on
ths mountain slope west of the town, Thess sources wers
developed one Ly one as the town grew during the war years.
At ths end of the war in 1945, however, all available sur-
face water on the mountain slope was being utilised, and
the water requiremsnts of the project exceeded that avail~
eble from the mountain sources. Shortly thareafter, in the
early part of 1546, Black and Veatch, & consulting {firm ,
Xansgs City, ihitiated & test drilling program about 10
miles east of the project. Thie program led to ths com=-
pletion of six wells by the end of 1948 in Los Alamos
Canyon, a tributary to the Pio Crande. [y the time these
vwdls were cempleted; plans for a larger project demanded
additicnal water by the beginning of surmmer, 19513 and
Black and VaatchAsuggested\development of rround water in

a8 large volcanic depression mome 10 miles west of the project.

15

—~

i st



Zhortly thereafter the Geoléggéil Survey was
requested by the Aﬁomic Energy COmmission:to uﬁécrtako
& detalled study of the ground weter of that area and
to prepars a report describing the availability of water
and its relation to the geology in order to provide a
basis for solving the water problems. Later, the study
area was enlarged tc cover alsc the ares east of the
volcanic depression. Some work on basic data is still
in progress (1955), and some sdditional work probably
will need to be done on a continulng basis, but the fol-
lowing report contains sufficient information needed to
,G/ivn untor--upply problems that may arise.

7

-
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PREVIOUS WORK IN THE LOS ALAMOS AREA

A nuvber of brisf memoranda and several reports as
eitad below and listed at the end of this report have been
written on the water supply for Los Alamos. Other reports
were corpleted while this investigation was in progress.
Thess memorands and reports have not been published, and
only a relatively srall amount of the results of the work
on the basic geclozy of the srea has bsen pudblished.

¥ost of the brief memoranda were writtsn by Army
personnel during the war years when Los Alamos was oxpand-
ingz rapidly. These described the small spring-fed surface
water supplies whick are still in use. One of these sources
was being developed by the construction of a small dam when
Los Alamos was selected in late 1942 as one of the projsct
sites for the development of the atomic bomb. H. W. !eo;
(1542) of the Corps of Engineers, who prepared the earliest
memorandum on avallable water in the ares, visitad the site
in Fovember 1542, and describad a 28 acre-foot reservoir
that was being built by the Los Alamos Fanch School for Boys
whose plant was taken over shortly therssfter by the Govern-
mont. Yeo sstimated that the reservoir, fed by a minirum
flow of about 100 gallons per minute; would supply the water
needs of a town of over 1,LCC. He also noted the presence
of water in canyons to the north and south, When a water
shortage developsd in the early spring of 1943, D. C,
Bondurant (1543 and 1943a) twice visited the project and
prepared two memoranda on streanm flow on the mountain slope

17



wast of the town., Later that apring and again in the sum-
mer K. %, Lawrence (1543 and 1943a) examined the arsa and
wrote two memoranda which led to the construction of pips
lines that tap practically all of the small surface sources
presant in the immediate area. In late 1943 the Albuquerqus
District of the Corps of Rngincers wrote a brief summary of
exinting facllities and recommended some improvenents
(Puble, 1543).

| The firm of Black and Veatch began water-supply investi-
gations in the area in the early part of 1946. Their work
lasted through 1951 and in part was made in conjunction with
work of the Geologlical Survey. Formal reports discuasing
existing and future supplies were prepa ed by Black and
Veatch in 1946 (Lawrsnce, 1946) and in 1548 (Brown, 1948).
In 19#8'B§rald T. Stearns described bricfly the geology and
ground water of the Valles caldaru; the large volcanic
depression at the top of the mountains west ét Los Alamos.
Plack and Veatch prepared a rceume of their work in 1951
(Brown; 1951), a lengthy report prasenting an engineering
anslysis of the existing water supply and distribution
facilities, the uss of water at the town, the capacity of
existing sources, and asone posaible sites for additiongl
sourceg, As a pért of tho investigation by the U. S,
Ceolorical Survey three asemiformal reports, concerned
hainly with guiding ground-water development, were released
to the Atomic Energy Commission during 1950 and 1951,

18



The memoranda written during the war years are of
interest mainly for their record of the water-supply
difficulties that harassed the town during that period.

The reports written after the war give additional infor-
mation which has been of considerable value to this investi-
gation.

Although =much previcus work has besen done on the
basic geolozy in the surrounding region and several reports
mention a few of the geclogic units that occur at Los Alamos,
little material dealing spacifically with the area has been
published,

feveral geologists attached to the early armies of
exploration and geologic and geographic surveys of the
West visited the reglon between 1850 and 1875. Reports
of these early surveys were published 4in the 1270%s and
deal largely with the broad geologic character of the
country; however, they incluie Hayden's origingl descrip-
tion of the Santa Feo formation (Hayden, 1873), and Copa's
(Cope, 1877) description of the fauna from this unit which
had been collected by himself and by the Wheeler Survey
party of 1873. Oraton (Lindgren, Graton, and Gordon, 191C)
vizited the Bland mining district, some 15 miles southwost
of Los Alamos, in 1905 and wrote a brief description of the
geology xnd occurrence of the ores of that district. C. S.
Ross made a preliminary investigation of the Valles Mountains

19



in the 1520%s. At that time base maps for geologic work
were inadequate and Foss postponed work after a briefl
study. Kirk Bryan probably made a2 number of axcursions
into the arsa from about 1510 through the 1930%s. A

few of his observations on the eastern part of the area
ars incorporated in a report on the geology and ground-
water conditions of the Rio Grande depression (Bryan, 1938).
Two of Bryan's students, H, T, U, Smith and C, S, Denny,
worked in neighboring areas. DBetween 1932 and 1935 Smith
studied and mapped the geclogy of the Adiquiu gquadrangle
whose southarn boundary lies a few miles north of Los Alamos.
In this work he dealt briefly with some geologic units that
also are present in the Los Alamos area (Smith, 1938);
Denny spent six weeks in the Espafiola Valley, about 1939.
His paper {Denny, 1940) describes the Sants Fe formation
of the Fgpafiola area and covers sediments exposed at tha
north end of White Rock Canyon. V. C. Kslley, in con-
naction with pumice studias for the Atomic Energy Commis-
sion, prepared & planimetric map and a brief geologic
report on the lLes Alamos arses in 1942, This work (Kelley,
1948) has not been published,

20



Contemporary work on the basic gsology of the region
has been extensive. C. S. Foss and F. L. Smith have been
angaged since 1946 in a detailad stuly of the Jemes volcanic
seriss, representgtive units of which immediately underlie
the greater part of the Los Alamos area. Fleld work on
their project is essentially complete. Zans Spilepel and
Brewstar Paldwin {Spiegol and Baldwin, 1955) recently
studiied the gsolory and ground ua;ef of the Santa Fe area,

sore 2C niles to the southeast.
FICLD WORK FOR THIS REPORT

‘ ‘The fie)d work for this report was started in June
of 1949 and was largely completed by April 1952. During
this paricd, the Survey's work was divided between two
projects that wars separated in many reepects dut which
overlapped to a largs oxtent as both projecte deslt with
the geclogy and hydrolegy of the area. The main project
concerned ths water supply with ihich this report deals.
The other project concerned the underground movement of
uaaté products discharred by the Los Alarmos labcrntorf.
Both projecte were atsrtad within a few days of each
other, and during the course of events work was cormonly
shifted from tho one project to the cother in order to
coordinate activity with explorstory drilling that was
carried on intermittently as an important phase of both

projects,
21



The exploration for the watsr supply was centered
wainly in two areua; ths eastern ﬁart of the Valles caldera,
some 10 miles west of the townsite, and in Cuaje Canyon,
some 10 miles northeast of the townsits., Vork on the wasts
project extended from the townsite eastward and southward
to the limits of the accompanying geolegic map (Flate 1).
An additional report is to be written orn the latter project,
but the work is mentioned herein as some of the basic data
collected are pertinent to the geology and hydroelogy of the
entire area and must necessarily be included in a report on
water supply. |

At the time the projects wers started, 1949, the need
for additional water for Los Alsmos was acuta, and little
was known of the occurrence of ground water in the area.
The view was prevalent locally that ﬁhe well field in Los
Alamos Canyon developed betweon 1946 and 1948 was baing
depleted rapidly, and there was an inclination to attempt
to locats a sepsrate source of supply. Previous work
(Stearns; 1948) had indicated ths presence of ground water
in the Valles caldera. Also; sn ides existed that availe
able water might be present besnesth deep canyons adjacent
to the townsits areca. The Atonic bEnergy Commission had
awarded a contract for extensive drilling in the Valles
caldsera and for one deesp hole in Los Alamos Canyon, in the

‘town area. Anmother contract had also boen awarded for
exploratory 4drilling to locate waste products baneath the
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Pajarito Platsau. A part of the Survey's work was the
selection of sites for the drill holes, the description
and intarpretation of materials collected from tham, and
the selection of sones for the placesent of sections of
wall screen, Another phase of the work consisted of run-
ning punping tests to determine the hydraulic coefficients
of water-bearing sones snd svaluation of the supply. VWhen
in the fall of 1949 purping tests in the Valles caldera
showed that the removal of water f{rom that area would affect
the flow of nearby streams, sxploration for s weter supply
wag shifted to GCuaja Canyon, where {ive production wells
wore eventually completed. This shift entailed studles of
geologic units alongz the east edpge of the Pajarito Platesu
and included a number of pumping tests,

Concomitantly with these axploratory programs for
water, additional drilling and hydrclogic studies ware
carried on in connection with the waste project. During
periods of relstive guiet in the drilling procrans, a
goologic map of tha Los Alemos rgaervation and vicinity
was prepared. The mappiﬁgfuasfd;ﬁé#bnwééfialfpﬁotoa hav;f -
ing & scale of approxirsately 1331,620., The data were then
transferred with a Kall plotter and by visual inspection
to a manuscript topographic map having a scale of 1:2C,60C,.
This map was later reduced to a scale of 1:24,C00 and

accompanies this report,
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To Messrs. C. 8. FRoss and K, L, Smith of the
Geolozic Division of the Survey the writer feols a par-
ticular indebtedness. Thesae men were engaged in a study
of the geolozy and petralogf'of the Jemes volcanic seriess
from 1946 to 1952;'and they were never hesitant in exchang-
ing information with the writer on the geology of the region.
To G, H. Wood of the Ceologic Division the writer is indebted
for advice on the late Tertiary sediments and the regional
structure of the Eio Orande depression, Mr. ¥ood alsc alded
the writsr in compiling the geolozic map.

CEQCRAPHY ;'
LOCATION AND ACCESSIBILITY '

The Los Alamos area 1is in north-central Hew Maxico,
‘approximetely 60 miles north-northeast of Albuguerque and
25 miles northwest of Santa Pe {see figs. 1 and 2). As
used in this report, the doundaries of tha area are coln-
cident with the boundaries of the accompanying geologic
map which essantially covers Los Alamos County created in
1549 and overlaps on the west into northeastern Sandoval S e
County and at the northeast extends into northwestern B
Santa Fe County. The Los Alamos area trands northwesterly
and 1s approximately 20 miles long and 10 miles wide with
the geographical center lying closs to longitude 106%20'%.,
and latitude 35953%H,

25



The area is relatively inaccessible, in part because
of security resulations that protact the town of Los Alamos
and in part because of the gparsity of good public roais
through the isolated mountainous region. State Highway &,
the only improved public road, sxtends through the eastern
and southern portions of the area, croasing sn unimportant
part of the Los Alamos reservation. This Sighuny is asphalt
surfaced 15 places and is generally considered a good road,
but 4t 1s impassabls through the mountains in wintsr. An
improved access road leads from State Highway 4 into the
Frijoles Canyon monument at the south edge of the ares,
and a few unimproved roads, most of which reach dead-ends,
also branch frox this highway. The loa Alamos reservation
can bs crossed on Hizhway &4 without re:trietion; but the
main parts of this ares may b§ entared only through specieal
' ‘perwiésion on acceas roads leading fromvthia hirhway.
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The town of Los Alamos with approximately'lk.OOO
people (1952) is the only large cozmunity. The village
of White Eock was duilt by the Atomic Energy Commission
to accommodate the employeea of construction contractors.
The villaze has a widely varying nuzber of inhabitants fron
tizme to tire, but the population seems to rangs from about
1000 to perhaps 2000. Totavi, a contractor's cawp, has a
population of about 100, The Frijoles Canyon Monument at
the south edge of the area has about 10 permanent rezidents.

PHYSIOCRAPHIC SETTIRO

The Los Alnmop area lies in a region whers four main
physiographic provinces are represented. (See fig. 2.)
Two of these; the Southern Rocky Mountain and Basin and
Range provinces, are of significance to tha regional seot~
. ting of the area. The Southern Rocky Mountains extend
southward from Colorado as two separate north-gouth prongs;
one of which lies eaat; the other west of Los Alamos. Both
prongzs die out a short distance south of the peneral latitude
of the area. The 2astern pronr is reprssented by the proze
inent Sangre de Cristo kange whose abrupt west front is about
2C miles to the east. ({See fir. 3.} The range dies out about
5C miles to the southeast. The wastern prong is represented

by lesa distinet, discontinuous units, the most southerly of
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which is the Sierra Nacimiento. The axis of this range is
somoe 20 miles west and its indefinite eastern front lies

a few miles beyond the western margin of the area. The
range dies out adout 40 miles to the southwest. Extending
northward from Mexico and separating these mountain msases
north of their southerly terminations is the llio Grande
depression, one of the iarge rift valleys of the Basin and
Fange province. The Los Alamos area is in the Rasin snd
Range province and esientially adjacent to the western
prong of the Southern Rocky Mountains,

In a more limited perspective, the area lies mainly
on the eastern flank of the Jemes Fountains volcanic center.
(See fig. 3.) The volcanic center stands as a circular
mountalnous element athwart the boundary between the Rio
Crande depression and the western prong of the Southern
Focky Mountains. In part, the volcanic rocks ovarlap the
Rocky Mountain structure on the west and in part it extends
eastward into thas Eio Grande depression. The volcanic
center consists of a steep-sided interior mass which con-
tains a central area of collapse and discontinuous apron-
like plateaus which surround the interior mass. 3Specifically,
the Los Alamos area occuples a parallelogzram-shaped strip
axtending from the center of the collapsed portion of the
Jemeg volcanic center eastward scross a2 segment of the
steep-sided interior mass and one of the adjacent platesus
onto plains and mesas in the central part of the Fio Crande

depregsion,
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TOPOCRAPHY AND DRAINACE

At the eastern margin of the Los Alamos ares is the
Rio Grande; locally bordersd by plains and in part following
¥hite Rock Canyon. Jmmedistely west of the plains ani the
west wall of White Fock Canyon there is & high plateau whose
surface rises gently to the west, HNear the medial line of
the area this platesu abuts apainst the Sierra de los Vallcl;
the interior mass of the Jemes Mountains volcanic center., This
mountain rises abruptly from the plateau and culminates in a
group of serrate peaks and saddles west of which lies the
Valles caldera, ths conspicuous portion of the collapsed
interior of the volcanic center. |

The narrow belt of plains that fringe the Eio Crande
through the Espanola Valley barely extend into the Los
Alamos area. For the most part they lie north of the Otowl
bridge, in the extraome northeast cormer of ths area where
they are present on both iides of ths Rio Crande. These
Plains alsc occupy a small area to the sast of the river
betwsen Mesita Mesa and the northern tip of Chino Masa.
Horth of Otowi bridge the plains sre relatively flat to
gently sloping, thourh commonrly entrenched by shallow
arroyos and surmounted by low hills. As White Fock Canyon
is approachsd from the north the plains are surmounted by
high buttes and mesas such as Mesita Mesa. At their west
rmargin they are sharply separated from the plateau esrea by
the Puye escarpment, a steep sinuous cliff from whose lower
levels a fringe of hills extends eastward onto the plains,
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Although the west wall of White Rock Canyon cxtends
northward to Ctowl bridpe, the canyon‘proper starts at the
north end of Chino Yesa, immedistely south of cld Buckman,
where the Pio Crande sntere a narrow gorge that sepsrates
Chino Fesa frox the platesu to the west. Froam hers the.
river fol ows the gorpe southwestward for l4 =miles, the
entire length of Chino Mesa. Through this distance the
sheer canyon walls are about one thousand feet hizh. A
very f&w slde canyons, short anxi abrupt, breach the wall
on the sast side, and aimilar breaks by larger canyons
are falrly numerous in the west wall. The sastern bound-
ary of the nap ares overlaps Chino Mesa for about 3 miles
and then follows the axis of the canyon southwestward for
an additional 3 miles.
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Lying between the plains or the west u?ll'of Khite
Rock Canyon and the Sierra de los Valles is a high plateau
which Hewitt (1938, p. 34) called the Pajarito Plateau. He
applied the name to "the platesau. extending frdn the Chama
River to Cafiada de Cochiti and lying between the Jomes
Yountains (Sierra de los Valles) and the Rio Crande®,
This plateau, cappad by volcanic tuff for the most part,
covers a stretch of more than 3C miles parallel to the
Rlo Grande andi is one of the prominent volcanic plateaus
that surround the Sierra de los Valles. Ite surface which
originally was continuous is digsected by numsrous narrow
canyons that entrench and cut through the tuff cap as they
pass from west to east gcross the high plateau. As a
result the country is characterixed by long finger-like
mesas, whose upper surface rise gently to the west and
abut against the mountains. These elongate mesas with steep
walls are known locally as potrsros. The rugged terrain,
difficult of access bacause of the narrow entrenching can-
yons between the potreros, was found inviting by sarly
Indians who apparently liked the natural protection afforded
by the rouch country. Cliff-dwellingz ruins in the canyon
wslls and house ruins on tha tops of the potreros are numer-

ous, an:d the plateau and ita ruins were nade famous by the

ethnologist, Adolph Bandelier.
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Steep, irregular slopes, immadiately west of the
Pajarito Platesu, are a segment of the creacent-shaped
rmass of the Sierra de los Valles. This mass, after having
baen aevéraly eroded and decapitated, is not a text-book
example of a voaleanic cons, but ita dark slopes, ending in
grass~crested peaks, form an impressive nnit, 7To set gpart
this physiographic unit the name Sierra de los Valles,

(Range of the Valleys) the terminology of the early Spanish,
is ussd herein instead of the term Jeﬁe: ¥ountains inasouch
as the latter designation i{s used commonly to include both
the interior mass of the volcanic complex, its surrcunding
apron of plateaus, and even the adjacent Nacimiento Moun-
tains and San Pedro MHountains.

The Valles caldera, with only its asstern half included
in the map area, lies difectly west of tha high peaks thst
flank the Pajaritoc Plateau, This depression is the surface
expression of a portion of the collapsed interior of the
Jemex Mountains volcanic center. The sntire depression is
an almost circular, bowl-shaped sink about 12 miles in diam-
eter with an outer margin marked by a steep, inward facing
escarpment whose upper limit is marked by a ssrrats arrange-
ment of peaks and saddlees along the curving crest of the Sierra.
The floor of the sink is prass-covered and lies from about 50C
to nearly 2,000 feet below the surrounding rim, This floor is
studded with numercus mound-like velcanic domes that divide

the depression into 2 network of valleyse.
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Altitudes in the area rangs from about 5,360 to
10,920 feet above sea level. The lowest altitude I1s at
the extrame southeast corner of the area, in the bottom
of White Rock Canyon, PFarther north; &t the east-central
. part of the =map, the river is near 5,500 feet. To the
west, the Pajarito Plateau, with a southesasterly alope,
gtands mainly between 6,400 and 8,000 feet. Above the
platean, peaks along the Sierra de los Valles range to
more than ten thousand leet. Pajarito pesk west of lLos
Alamos extonds to 10,04) feet and Caballo peak to the
northwest resaches 10;&69."Cerro Toledo on the north rim
of the Valles caldera reaches 10,CL9 feet and Turksy
Fountain to the north of Cerre Toledo reaches 10,920 feet.
Within the caldera elevations range from about 8,500 feet
on the floor to 10,332 at the top of Cerrc de Abrigo, one
of the central domes, A short distance beyond the western
part of the area some peaks rise sbove 11;000 feet. Thﬁa,
the total relief is more than 5,500 feet.
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Local relief is pronounced throughout the area. A1l
along Yhite Fock Canyon the walls are nearly perpsndicular,
and approximately 1,000 fost high, Fumcrous canyons of the
Pajarito Plateau comonly are 200 to 40C feet doep with
walls that are in part vertical. The canyons on the east
flaok of the Slorra de los Valles alsc are rupged althoush
the walls are not as steop as those of ¥hite Bock Canyon or
thosa of the canycns of the Pajarito Platesu. lowever, ele-
vation diffarences of over 1,000 faet occur in places between
canyon floors and adjscent paaks of the Sierra. ¥ithin tho
Valles caldsra steep sidad voleanic domes stand as much as
1,5C0 foet sbove the floors of the adjacent valleys.

All of the mm-off of the area goes to the Ric Crande,
and the rin ef the caldera acts as a loca) divide and gives
rise tc a unigue drainare pattern. X of the rim the
canyorns that originate on the Slerra and on ths Pajarito
Platemau follow a =ore or less direct sasterly course o tha
Tio Crandee The surflsce watars of the Valles caldera drain
westward from the depressicon and follow the cirewitous course
of Jormez TDiver arund the south eplde of the volcano before
entering the Rio Cronds scomo 40 nmlles south of the area. Cf
the streans eapt of the rix, only onz, the Fito de los I'rijoles,
carriss water te the flo Crande throushout the year. (ther
main cazyons of the eastern part of the area hgve Iin recent
timss contained a perennial flow for short distances beyond

thz east margin of ths Sisrra, but since the advent of los Alazce
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the small flowe of those canyons have been intercepted
on the lower slopes of the mountain by the town's water
systan. The btase flow of these streams, at points imnedi-
stely above thelr interception, ranpges from aboat 25 gxl-~
lone psar minute in Pajarito Canyon to sbout 15C gallons
per minute in Cusje Canyon. ¥Wwith the axception of

Fito de los Frijoles, only after heavy sumer storms do
the east slops canyons carry water to the Rio Grande.

Two main streams, the Fast Fork of Jemes River and
the Rito San Antonic, drain the Vailez caldoera. The Fast
Fork drains the southern and the REito San Antonlo the
northarn part of the depression. The two streams unite
about @ miles west of the area to form the zain stem of
Jomex Niver which, after following an arcuate course
around the southern side of the Jemes volcanie pile,
loing the Rio Crande.
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CLIVATT AND VEGETATION

The clizate is semigrid with a wide range of cone
ditions from the sasteorm t¢ the western part of the area.
The plains adjacent to the Rio Grande receive an aversge
anmal precipitation of about 10 inches. Uastward, the
precipitation increases fanirly rapidly with altitude, The
Frijoles monument station, in a deep canyon of thae Pajarito
Plnteau; receives sdout 15 inches, and the west margin of
the plateau receivas sbout 18 inches. Little information
is available for the high parts of the mountains or the
caldera ares, but theso lecslitics are from 1,000 to 3,0CC
fest higher and prodably receive an averags of about 20
inches or more annually.

The hzavisst praclpiintion occurs during the warm
months from local thunderstorms that pensrally occur in
the middls of tha day. Approximately three-fourths of the
snnual precipitation comes during the six-month périod
April throurh Saptember, and about one~third ¢f the anoual
precipitation generally falla during a definite rainy scascn
in July snd August whan the local thunderstorm activity is
greatest, In goms yzars more than half of the precipitation
falls during these two ronths. In winter the snowfall is
1lirkt on the plains, but it increasses to gbout 30 inches at
the west edge of the plateau, and it may approach 100 irches
in the hizher parts of the mountains, where Hichway 4 rone-
erally is blocked by snow from the latter part of Hovember
throuch February or March,
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Tonperatures vary with altitude, For example the
average July temperaturs at the lower elevations is about
75 degrees while at Los Alamos it is adout 67 dezrees. The
average January tempsrature on the plains 1s sabout 29, and
at Los Alamos it is 27. A one-year record (1949-1950) of
temperatures in the Valles caldera indicated an avarage
July temperature of about 54 degrses snd an average Janu-
ary temperature of about 15 degrees.

The types of vegstation vary with gltitude and expo-
sure, and a general changze takes place from east to west
with cerresponding increase in»nltitudc. The plains of the
northeastern part ef the area ars a seni-desert grassland
with vegetation of the upper Soncran type. The grasses are
three - aunn; some sacaton and ralleta, and lesser amounts
of gramma. Sage and rabbit brush are fgiriy abundant and
eane cactus and prickly pear are locally common, The trees
include scattered pifion and juniper with cottonwoods and
willows present along the Rio Orande. The Pajarito Platesu
has & woodland pasture type of cover. Elue yrarms 1is the
main rrass throughout the plateau and the trees are pinon
snd Juniper to the east and Ponderesa pine to the west.

The latter tree is abundant rainly above about 7,000 feet,
but alons canyons of the plateau, particularly on north
slopas, it cxﬁcnﬂs downward sz low as 6,200 fget, The
slopes of the Slerrs de los Valles have a pine~fir forest.

Ponderosa pine s abundant from the base of the slopes up
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to approximmtsly 9,000 fest, and Douglas and White fir

ars abundant sbove about 8,000 fest. Spruce is adundant

on the highest parts gt these slcpes and dense groves of
aspsn occur in places, particularly whare forest firea

have removed the conifcra in times psst. The wide val-
leys that form the floor of the Valles caldera are lush,
unforested grasslands with fescuss, bunch grass, and some
sedges present. Blud rrass has been notsd locally. The
bounding sscarpment and the steep-sided interior domes of
the calders have some Ponderosa pine which is commonly con-
spicuous along the south and east margin of volcanic domes,
but thess areas are covered mainly by dense forest of spruce

and fir that contain numercus Eroves of uipon.
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CEOLOCY
CENFRAL SUMMAEY

The rocks that crop out in the Loz Alamos ares are
of lats Tertiary and Cuatermary age, but older rocks crop
out in neardby ereas. Rocks of Precarbrian age are expossd
in the Sangre de Cristos to the east, in the Prasmes uplift
to the north, and in the Sierrs Racimiento area to the west,
(See fig. 4.) These Preceambrian rocks, consisting of granite,
gneiss, schist; &nd quartsite, have beén downfaulted to
great depth in the Fio Grande depression bensath Los Alamos
where their upper surface mnj lie below sea level, FEesting
unconformably on the Precambrian in the Sangrse de Cristo
Hountains end the FRacimiento area is the Magdalens group
of Pennsylvanian sge. This group, consisting mostly of
limestone with subordinate shale and sandstans; is exposed
a fow miles weat of the Los Alamos area; Just beyond the
western margin of the Rio Crande depressiong hence, at loast
part of the group probably is present beneath the Los Alsmos
area, The same may be sall of sandstone of the Abo formation
of Pennsylvanian (?) and Permian age. BSediments ranging in
age ffom lste Parmian throuch Cretaceous and occurring in
the Nacimiento area and around the northwestern part of the
Jemee Mountains probably are not prasent bensath the area.
They probably were rermoved by erosion prior to mid- Tertiary

time., Howaver, there is reason to bolieve that some early
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Tortiary sediments and possidly soms early Tertiary
1gnaoﬁs rocks occur beneath the Santa Fe group in the
Los Alamos area.

The late Tertiary and Quaternary rocks that crop out
in the Los Alamos area are volcaniz and sedimentary rocks
associated with the Rio Crande depression, an extensive
fault trough which oripinated in mid-Tertiary time and
along which there has beon intermittent faulting ever
since, For ths most part the area lies on the eastern
flank of the volcanic rocks of the Jemeg Mountains, which
stand athwart and which were erupted from feeders within
the fault zona at the western boundary of tha Rio Orande
depression. Tho wastern edge of the Los Alamos area is
near the center of the collapsed interior of the volesnic
rocks and from there the srea stretches eastward across a
sezment of the Iinterior mass of {lows and an outer apron
of tuff onto a group of scdimentary and volcanic rocks
that accumulated within the west-central part of the Rio
Granie dapression.

The rocks of the Jemex Mountsins cover the greater
part of the grea. This suite of rocks is of late Tertiary
snd Tuaternery are and has been naned the Jemez Mountains

volcanic series-/. This series within the area consists of

—/rosa ey Smith, . L., and Cripgee, F. L.,

“omquiatura by nutua;_arreament.

L0



the Techicoma and Tewa proups. The Tschicoma group forns
the interior mass of flows of ths volcanic rocks (the Sierra
de los Valles) and is reprasecnted by twe units on ths geo~
logic map. The older of the two units is of Pliocene age.
This unit occupier the greater part of the rugred slopus
of the Sierra da los Valles. It is composed of thick
volcanic flows of pray to purplish-gray lstite and guarts
latits which are characterized by consplcucus phenccrysts
of plarioclase feldspar. The younger of the two units is
~of late Pliocene or early Pleistocene age. This unit crops
out in one local area on the Sierra de los Yalles, and it
is present in the subsurface bensath the Pajarito Plateau
in one locality. It ia composed of flows of dark gray
pyroxene andesite,

The Tewa group is of Pleistocene age. This group
includes four pap unitg: tha Bandelier tuff; tha Cerro
Toledo rhyolite, the Cerro Fubioc quartz latite, and the
Valles rhyolite. The Bandelier tuff, composad of three
distinct members, ths Cuaje, Ctowl, and Tshirsge menmbers,
i3 a lirht gray to buff-colorad tuff which forms the cap
rock of the Pajarito Plateau. This segquence of tuff ranges
from about 100 to necarly 1,000 feet thick, It is in part
of ash-fall but is largely of ssh-flow oririn. The Cerre
Toloado rhyolite; the Cerro Tublo gquartz latite, and the
Valles rhyolite ars the volcanie domee within and adjacent
to ths Valles caldera. In addition tc the above igneocus
rocks, there is a thick i1l of unramed lacustrine debris
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overlain by terrace and alluvial fan deposits in the Vallos
caldera, These caldera sediments ranye from Flelistocene to
Recent in ars.

The sulte of rocks that seccumulated in the interior of
the Eio Crands depression 1z referred to the Santa Fe group.
This group includes three main unitat an undifferentiated
sequance, the Puye conglomerste, and the basgltic rocks of
Chino Mesa, The mdiffersntiated unit iz a2 sequence of
galnon-colored sodimente that crop cut betwsen the Sangre
de Cripto Mountains and the Pajerito Plateau., These sedi-
mante are arkosliec sandstone and siltstone with some thin
beds of pinkish-colored claye Interbeddsd basalt occurs
locally. Tha clastic {rarments composing the sediments
were derived larcely from the Sangre de Cristo fault block
to the oast, but some frugments; preaent-mninly in the sub~
surface in the area, were derived from the 1§tihic flows of
the Toschicoma group. The thickness of the wnit is wiknown.
Wells drilled to a depth aof 2,000 feet did not reach its
hase. The entire unit is of locene and Pllocens age, but
the portion that is preeent In thas los Alamos area is '
bslieved to represent only the FPliocene part of the sequonce.

Tha Puye conglonerate is exposed along the Puye escarp-
ment and alony White Rock Canyecn. The formation conslsts of
two members, The basael member is a channsl fill which rangses
from a knifes gdgs to about 75 feest thick. This member, the

Totav{ lentil, is a poorly consclidated consliomerate corposed
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of fragments that were derived from a Prtc;mbrian terrans.
The upper member is a fanglnmaru&g'which ranges {rom a
knife edgs to about 6J0 foet thick. This wmenber i3 com~
posed of latitic debris derived from the latitic flows of
the Tschicoem group. The Puye probably is of late Pliocene
RES.

The basaltic rocks of Chinc Mesa are exposed on Chino
Hesa and along White Rock Canyen. This ssguence of rocke
is more than 1,000 feet in thickness and prodably ranges
from late Pliocena to Pleistocens in age. The seguence has
basn separated on a baels of ceoeposition and fbr@ of extru-
sion into five unnamed mozbsre,

A fourth unnamed sedimentary unit (fld alluvium) of
the Santa Fe group 1s closely associsted with one of the
maubers of the basaltic rocks of Chino Hesa.

The Santa Fe group and the Jemes Fountains voleanie
seriea sccumulated during the formation of the Rio Crande
depression, and the various stratigraphic units of the. |
area are complstely interrelated. Fipure 5 is a disgram-
matic sketch ;howing the relations of the main aep unita.
It is noteworthy that ths units of the Santa Fe greup intore
finzor with emch other and that the undifferentiated Santa Fe

and Puye conglomarate interfin-er with the Tachicoma group.
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STEATIGRAPHY

Eants Fe Group

The main pert of the fill of ths Espafiola-Santa Fe
Valley was oripinally called the Zfanta Fe marl by Hayden
whe referred to the "recent marls and sands which seen to
cccupy the greater portion of the valley of the Rio Grande
above and below Santa Fe® (Haydan, 1873, pp. 166-168).
Hayden, although describing materials as coarse as "puidinge
stone®, used the marl desipnation for the alluvial material
because the view was prevalent at the time that the sedi-
ments of all the fault-trouch basins of the West were lake
deposits. In years that followed, Johnson (1903, pp.313-332)
and latey workers showed the seifzments to be chiefly of allu-
vizl origin, and marl was dropped fron the name and formation
substituted. As more and more became known of the general
character of the sediments of the Rio (rande deopression, the
narie was extended to include the dulk of the ssdiments of the
fault-trourh ill, Iryan defined the Santa Fe formation as
"the main body of sedimentary deposits of the Rio Crande
depression, froam the north end of the San Luie Valley
[Colorado] to and beyond 71 Pa®Osecssessscsescasses™ {Bryan,
1538, pe 205). It now seems desirsable to raise the rank of
the unit to that of ;roup, as proposed by Zpldwin (1955),
and include in 1t other stratisraphic units which ars related
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to the filling of the nio Crande depression.

The Santa Fe proup of this report includes three
main unitst (1) an undifferentisted unit, larpely arkosic
debris derived from the Sangre de Cristo massj (2) the Puys
conglomerate, larrsely a fanglomerate derived from ths
T#chicoma groups and (3) the basaltic rocks of Chino Masa.
In addition, the group also includes a local unit of old

alluvium,

Undifferentiated Unit

The undifferentiated unit of the Santa Fe group is
represented by the body of salmon-colored sedimants that
crop out from the Sangre de Crigto Mountalins to thavPaJarito
Platean. The great dbulk of tha sequence was laid down ss
coalescing alluvial fans and associated slluvial plain depos-
its in the Rio Crande depression and is compeosed mainly of
arkosic clastics derived from the Sanzre de Cristo bdblock.
Hence,}in genéral, the sadiments are coarsest near the
Sangre de Cristos and beseome finer westwsrd. The rocks
are mainly silty sandstones and sandy siltstones. Con-
rlomerates, usually silty to sandy, are fairly well Eep-
resented, particularly towarl the east sice of the depres-
sion. Beds of clzy are not uncommon; but they are thin anl

in most cases not more than a few feet thick.
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In the Los Alarmos area a& maximum of aboni 500 feot
of the seguance, representing the uppermost part, 1s
exposed on the surface. An additional 1,500 feet is known
from well cuttings. The exposed portion extends nag;hward
along White Fock Canyon from near the mouth of the gito de
los Frijoles. As the top of the uailt rizes nortﬁ;ard.
exposures extend high on the slopss of the Puye escarpment
and westward into the lower reaches of los Alamos and Cusje
Canyons. ¥Within this bdelt cof exposures, rood outcrops are
more or less discontinuous. They arebeat in the lower
parts of lLos Alamcs and Cuaje Canvons end in the fringe of
hills along the Puye escarpment to the north., Talus and
landalide dsbris ecover much of the unit in White Rock Canyon
and along the edges of basalt-capped mesas. The rocks bslong
mainly to the easterly derived suits of sediments which occur
ell the way east to the Sangre de Cristo Mountains. There is,
howsver, some westerly derived material, particularly in the
subsurface, and there is some included baselt which also 1is
bast developo@ in the subsurface. |

The rocks that may b; referred entirely to the easterly
derived suite are mainly silty sandstone snd sandy siltstons
that are poorly to moderately cemented. They range in color
from pinkish gray to grayish piﬁk to pinkish buff. CSorting
is poor and there are fairly rapid varfaticna in texture, both

vartically ani horisontally. In the coarsest typas, bedding
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is poorly develcped, A faint or irregular stratification
is fairly gsneral although some sones show no horisontal
bedding. Cross-lamination, however, is falrly common,
particularly in soms better sorted sandstones, and a
lenticular arrangenment of coarse siges in beds of finer
material is common. In the finer-grained rocks, the clay,
sandy siltstona, and somc fine-grained very silty sand-
stone, horisontal bedding is cbvious. At soms axposures
this bedding is poorly developed, in others it is fairly
well developed. Cross-lamination is generally absent. Ths
bedding and the fine-grained character indicate that depo-
sition took place on flat-lying aurfacei. It seems probable
that these finer-grained rocks were laid down on a flat-
lying alluvial plain, beyond the margin of alluvial fan
deposition.

The sand of the easterly derivsd rocks consists mainly
of quarts and feldspar. Individual cquarts particles are
colorless to yellowish to pinkish., The feldspar is mainly
pink microcline, but sone colorless feldspar, at lesast scne
of which is plarioclase and at least some of which is
agnidine, has been notedi. The sand siges also commonly con-
tain some yellowish to pinkish chalcedanic sllica. Dark
ninerals are nearly absent from the finer sandstones, but
they are present in small guantity in the finer fraction of
many of the coarser sandstone, They consist mnainly of biotite

and hornblende. Soms clinopyroxene alsc has besn noted. In
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the gravel sizes quartg, pink mierocline, and granitie
rocks are most abundant. Pebbles of volcanic rocks that
range from andssits teo rhyolits are not uncommon, and soms
pebbles are composed of quartzite and schist, A few are
limeptone. Particles of silt and clay size have not been
examined, The cement of all thess rocks is calcite.
Yesterly derived materisal has been noted on the sur-
face in only one locality. !Hear the mouth of Ancha Canyon,
irmadiately west of White Rock Canyon, there is a sequence
of beds that shows an inter=mixing eof casterly and weaterly
derived fan elemants. This sequence, sbout 200 feet thilck,
directly underlies the Totavi lentil of the Puye conglomarate.
The westerly derivel material consists of gravel and boulders
of latitic porphyry derived from rocks of the Tschicoma group.
Viesterly derived materials are more prominent in ths sudbsur-
face in Guaje Canyon where they are Iintermixsd with ceasterly
derived materials in conrlomsrates and conglomeratic sand-
stones. These westerly materiasls are most abundant at
well G5, the westernmost well in the canyon, and least gbun-
dant at well Gl, the cashernmost well in this canyon. At
wall ©5 pebtles of porphyritic cuarts latits and white to
pale pink pumice of the same compésition are very abundant
in the uppsr 455 feet of the unit, abtove the highest basaslt
flow in the well, This latitic debris is identlical with
rocks of the Tachicoma group which crop out about 2 miles
to the west. For an additional 192 feet or to 171 feet

balow the hirhest basalt flow in the well, there are\additional
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smount of pebbles of porphyritic rocks that sust have
bean derived from the Techicoma group, All of these
wasterly derived materials decrease in amount to ths east,
and in well CGl, two and one~half miles eastward, there is
only & small amocunt although ssquences of beds containing
pebbles of latitic material are present in the upper 560
feet of the unit, (Sse fig. 6.)

‘Basalt flows and bresccia are present in the undiffer-
entiated Santa Fe and are most prouminent in the subsurface.
(See fig. 6.) V¥Well C5 in Cuaje Canyon penstrated 346 feet
of flows and breccia between the depths of 595 and 1327 or
betwsen 468 and 120C feet below the top of the unit. These
basalts thin out and disappear sastward, None is repreo-
sented In well G2, ons and cne-half miles east., Two miles
castward, however, 250 feet of basaltic breccia was pane-
trated in a single sequence in well 1. This sequence,
lying between 1L65 and 1715 feet below the top of the unit,
is bellieved to be from a nearby buried vent. A single
basalt flow is exposed in White Rock Canyon where it lies
about 200 feat below the top of the unit. All of theme
bgealts are very much alike. They are very dark gray to
almost black where fresh and range to reddish brown where
they are brecciated and somewhat altered., All of the speci-
rnens exanined microscopically show tiny phenocrysts of

olivine, moe or less completely altered tb iddingsite or a



combination of iddingsite and a hirh iron saponite,~ in a

koas, C. f., Informal cormunication.

fine~rralned groundnass of calcic rlagioclase, clinopyroxsne,
olivine {?7), ani magnetite. Tha coarsest plagioclase is close
to Ansg, but some of ths finest-prained material and some of
the outer parts of soned crystals sesm close to Anjyg. Xene-
crysts of plagioclase that have a "mothesten® appearnnc; are
present in the two highsst flows penetrated by well G5, Thase
xenoccrysts of platicclase are identical with renocrystas that
occur in the latitic flowas of the Tschicoma group.

The rocks beneath ths undifferentiated unit in the
araas are a matter of conjecture, In ﬁhe Ahiquiu quadrangle
north of Los Alamos the Abiquiu tuff underlies the "Santa Fe
formation® of Smith (1938, p. 955). Cabot found the Picuris
tuff at a gimilar position et several places along the com-
plexly faulted esst margin of the depression, at the wast
front of the Sangre de Cristo Mountains (Cabot, 13738,
PPe. 91-33). The Plcuris tuff and the Abiguiu tuff, bslieved
to be correlative, may form an essentially continuous unit at
the base of the Zanta Fe group in the Hioc Grande darression
in the latitude of the lLos Alamos area. In turn the "iAbticquiu-
Picuris tuff% is probably separated from the Frecambrian in
placee in the depression by Paleozoic and early Tertiary sedi-
ments snd by early Tertisry irneoue rocks. (See Gaolory,

General Summary, Pe. 39 )
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¥ithin the Los Alamos area, the upper pert of the
uniifferentiated unit cf ths Santa Fe group is eomplexly
related to the Puye conglomerate, the basaltic rocks of
Chino Hasu; and the Tschicoma groupe. The Totavi lentil
of the Puye conglomerate overlies the undifferentiated
unit unconformably along the Puye escarpment and along
part of ¥White Rock Canyon. Along part of White Rock Canyon,
however, the undifferentiated unit is overlain unconformably
by Unit 5 of the basaltic rocks of Chino Mesa. And, two
miles south of the northern end of Chino Massa, the upper~
most part of the undifferentiated unit Interfingers with
Units b and 5 of the basaltic rocks of this mesa. Irmedi-
ately north of this particular area the uppermost part of
the undifferentisted unit overlies for a distance of about
two miles, the Totavi lent{l of the Puys conglomerate.
(Ses pl. 1.) This part of the undifferentiated unit proba-
bly is at least a partial time equivalent of the Ancha for-
mation of Paldwin (1955), but because of its identical
lithology it eannot be ssparated {rom underlying sediments
along the rnorth edge of Chino Mesa, beyond the point where
the Totavi lentil wedres out. The portion of the undiffer-
entiated unit which contains debris from the Tschieccma
group undoubtadly interfingers with flows of the Tschicoma
in the subsurface in the western part of the los Alamnos ares.

The total thickness of the undiffersntiated Santa Fe
is unknown. The pilot hole at well €l in Cuaje Canyon was
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bottomed in the unit at a depth of 2)}00 feet after pene-
trating a thiciness of 2,025 feet. It may extend a great
deal decpar than this.

The first fossils sollected from the sediments of
ths Esparicla-Santa Fe Valley were sent to the Smithsonian
Institution by W, F. M. Arny in 1872 {Cops, 1877, p. 24).
The vertebrate ramains aroused interest, and in the summer
of 1273 members of ths Wheelsr survey party collected a
numbar of spscimens from near San Ildefonso, a mile north-
east of the Los Alamos area. Cope made a trip to the region
in 1874 and collected material representing thirty-ons
spaclies of vertebrates. The faunal descriptions were pudb-
1lished irn 1877 {Cope, 1277), when Cope concluded that the
fauna [of the sediments of the Espaficla Valley] “more nearly
resombles the upper Ficcene of Turope than the Fliocene of
that continent® {Cope, 1277, p. 364). Osdorn gave tha age
of the same sequencs as upper Hiocens in 1909 (Osborn, 1909,
Pe 65) but in 1912 decided that the lowar part of the
sequencs 1is transitional into the Pliocene and the upper
part is lowsr Pliocene {Osborn, 1918, pe 34). Frick in
1633 stated that ®recent investization indicates thst the
accunulations of this portion [Zapaficla Valley area] of ths
Fio Grande basin range from the mid-liocene to Plelstocene.
The Pleistocene occurs in remnants of aeolian origin that
here and there cap the irregular Plioccene-Miocene surface®
(Friek, 1933, pe 549). Still morse recent investirations by



Prick apparently indicate that the undifferentiated Santa
Pe of the immedlate region ranges in age from about middle
Miocene to about middle Plioccene (Frick; 19373 ¥Wood, &t al,
1941, p. 31).
Puye conglomerate

The ngme Puye gravel has been used by H. 7. U, Smith
as s formation name in the explanation of his nmap of the
Abiquiu gquadrangle which lies a few miles north of the Los
Alamos area (Smith, 1938, Pe 937). Smith stated in the
text of his paper {p. 949) that the new formation which he
had mapped would be described in g forthcoming publication.
This description has not appeared,but during the course of
the Los Alamos work a prominent conglomerate was traced
northward and found to ba equivalent teo the Puys gravel as

mapped by Smith, In this report, however, the name Puye
conglomarate-/ is used inasmuch as tha formation is

Fosgs, Cs 8., Smith, K. L., and Griggs, E. L.,
Nomenclaturs by mutusl agreement,

sufficiently consblidatad to stand in vertical cliffs. The
type locality is the Puye egcarpment and the deep canyons
that breach this oscarpment,.

The Puys conglomerate is a formation of very local
extent., It occurs only on the east side of the Siarra de
loz Valles where it liass adjacent to the latitic rocks of

the Techicoma group. The strip occupied by the formation
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is adout 10 miles wide, and 4in the north-south directicn
sxposures extend over a distance of about 15 miles, from
the latitude of Zspanola scuthward inte the Los Alamos
area. South of 1ts sxposuree it probably exists in the
subsurface for a numnber of miles, although here its sast-
west extent probably is falrly narrow. South of Los Alamos
Canyon the depesition was rultrietid or the east by lower
units of the basaltic rocks of Chino Mesa.

The Puye conglomerate has been divided inte two sub-
units., A thin basal mermber is a sandy conglomerate composed
of fragments that were derived larrely from rocks of Precam~
brian aze. This pember, herein named the Totavi lentil; is
a broad channel fill., The thick ovarlying me=zber is a fan-
glonerate composed of frasments derived from the latitic
rocks of the Tschicoma group, but it also includes some
basalt flows, water-washed pumice, tuff, and some laharic
(rud flow) beds. ‘

Totavi lenti}, - -~ The Totavi lentil v is ngmed for

JR”,’ C. S.' Smth, R’O It.. m G!‘igg‘, R. LQ’
fiomenclature by mutual agreement,

the comunity of Totavi in the eastern part of the area

whore this part of the formation is excavatei for concrete
arrregate. The lentil ranges fron a knife edye to about 75
feet thick and is a poorly consolidated conglomerste composad
of naterial renging ros fine sand to bouldera cover one foot
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in diameter. The sand, composed chilefly of qnirts and
microcline, oceurs s lenses and as an interstitial f1lling
between the larrer sises. The gravel and boulders are mainly
quartsite, sranite, and permatitic rocks derived from Precan-
brian sources, to the north and sast, Soma fragments are
volcanic rocks that are for the most part fordin to the area,
and only a few boulders are compossd of rocks froa the
Tschicoma £TOUp.

Enown exposures of the Totavi lentll extend from sev-
eral miles north of ths Los Alamos area southward to the
Junction of White Rock and Ancha Canyons in the southeastern
part of the area. Good exposures are ssgentially continuous
along the Puye escarpment and in Los Alamos and Cuaje Canyons
whars the lentil occurs along a topographic break between
relatively steep slopes formed on the underlying undiffer-
entigted Santa Fe gnd the vertical ¢liffs formed by the over-
lying cemented part of the Puys conglomerate. In the west
wall of Whita fock Canyon the lentil is continuocus, thouch
poorly exposad, to immecdiately south of Ancha Canyon wheore
it interfingers with basalt and sediments of the lowest
unit (Tf.-‘bs) of the basalts c¢f Chino Nesa. Boyond thie point
it could not be separated in mapping from enclosing basalt
flows. On the east side of the Rio Crande the lentil has a
very limited extent, but it is represented there by thin

wadree that pinch cut ecastward,



In the subsurface west of the outéfop areas the
lenti] was recormniszed in asecveral wells and test holes, It
occurs in four wells in Guaje Canyon but pinches out between
wells Gb and G5 in this canyon. It also 1s present in well
L4 in los Alamos Canyon and in test holes T1l, T2, and T3
farther west in Los Alamos and Pusblo Canyons. In hole H19
in Los Alance Canyon it is interbadded botwesn two guarts
latite flows of the Tschicoma grcup.

The Totavi lentil lies unconformably on the undiffer-
entiated unit of the Santa Fe group. In places the relation
is one of disconformity and in other places a sligsht angular
unconformity may be noted. In the northessternm part of the
area the lentil is overlain conformably by the maln body of
Puye conglomerate. At the northwest tip of Chino Mesa it is
overlain conformably by arkosic sedimentsg of the undiffer-
entiated Santa Fe. In White Rock Canyon it is cverlain by
and interfingers with the basaltic raocks of Chino Yesa. For
the nost part 1t is overlain conformably by Unit S of thase
basalts, but south of Ancha Canyon it interfinrers with this
unit, and in places the lentil is overlain conformably by
Unit 4 of the bassltic rocks of Chinoc l'cgsaes To the west, in
the subsurface, the lentll interfingers with quarts latite
flowa of the Tschlicoza rroup as shown by the los of hole H1©
in Los Alamos Canyone.
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Fanclomerate membor. - - The main body of the Puye-
the fanglomerate memder - is composed of dsdris that has
heen washed sastward from rocks of the Tschieoma Eroupe.

In the Los Alamos arsa sxposures of this member extend
from a point just scuthwest of Ctow!l bridge northwsatward
‘along canyons incised in the Pajarito Platesu and northe
ward along the Puys escarpment. Here the member stands in
grayish buff colored c¢liffs which have been intricately
fluted by erosion. |

Light gray punice bads ranging from a thin film to
a few feet thick have bsen noted at several localities
on the surface, and such bteds are very well developed in
the fanglomerate in two tost holes. There is 90 fest of
punice in the lower part of the unit in test hole T3 in
Los Rlamos Canyon and 320 fest of pumice lies directly on
top of the Totavi lentil in test hole T2 in Pueblo Canyon.
These punice beds ars composed of angular to subangular
frapnents a8 much as two inches across, Locally they con-
tain abundant fragments of porphyritic latite. Ash-sige
materis]l commonly fills the interstices., The pumice is
letitic and tiny phenocrysts of blotite end plagioclaée
are common. Tiny hornblende ard pyroxene phenccrysts
have been noted also. For the nost part thess beds seenm
to be water-washed, but some show well developed horlszontal
bedding, and these may be of ashfall origin. At the ecastern

mar;in of the unit, slong the Puys escarpment, there are
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commonly a few thin beds of very fine-grained white tuff.
These beds, ranging from about 1 foot to 3 feet thlek, rest
directly on the Totavi lentil and rapresent water-laid ash.
Other thin bsds of tuffacecus material have also been noted
at this stratizraphic position a2t places near the eastern
mergih of the fanglomerate mamber. Alsc represented at scus
exposuras ara beds in which larpe isclated bouldere occur in
8 matrix of sandy silt or ailty sand. EReds of this character
probably represent laharic-type material.

Most of the fanglomerate mamber is silty, sandy con-
clomasrats in which two types of beds commonly can be rec-~
omnized. These alternating beds, differing from esch othar
only in the relative abundance of fines, grade into each
other in places and small lenses or tongues of the one occur

in the othar. In one type of bed silt and sand siszes are a

relatively minor constitusnt, occurring mainly in ths interstices

between larrer fragments. In the other there is a hizh propor-

tion of sand and silt and these grair sizes commonly predomi-
nate over gravel and boulders, ZSorting is more or less
chaotic in both typas of beds. HNear the western margin of
the mémbar, where it is coarsest, boulders and angular blocks
a8 larre as five feet across occur in a matrix that ranges
downward to silt gsise. 7Ten milas eastward, at the easterm
margin, where the membar is finest, gravel, sand, andi silt
are intimrtely associated. Dedding is poorly developed
throughout the member, but a layering that dips one or two

degrees castward can be sson at most localitlies.
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All of the detrital fragnents arotlatitic. The
pebbles, cobbles, and boulders are comp;-cd of gray to
purplish gray to reddish quartz latite and latite, Both
types of fragments have a very conspicuous porphritic habit.
Phenocrysts of plagloclase, ranging to more than one-hzlf
inch leng, form some 25 percent of the rocks. Other phenc-
crysts, much less conspicuous, are augite, biotite, and
hornblends. The quarts latite fragments also contain small
phenocrysts of quarts. 7he sand is composed of fragments
of these rocks and their phenocrysts. The silt is latitic
debris that is commonly partially glassy to glassy.

Flows of basalt occur in the fanglomerate in the sub-
surface. The flows between 176 and 255 feet in test hole
Tl in Puedlo Canyon and theose between 2£5 and 388 fest in
test hole T3 in Los Alamos Canyon are medium gray to dark
gray in their finer grained portions. Thin sections show
small phsnocrysts of plagloclase and tiny phenocrysts of
olivine and clinopyroxene in a fine-~to madiun-gralned
groundmass of semi-felted plagloclase, clinopyroxene,
colivine (?7), and magnetite. These flows are identical
with some of those of Unit L of the basaltic rocks of Chino
Mesa and are so correlated. Tha basalt between 41C and 510
feet in test hole Tl is similar to those described above
and i» tentatively correlated with the same unit,
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The upper surface of the Puye is an erosion surface,
hence the original thickness of the fanglomerate member can-
not be determined., As it now exists, the thickest known sec-
tion is 637 feet in test hole T2 in Pusblo Canyon. It is
thinnest along the east edre of the Pajarito Plateau where
about 200 to 250 feet of the unit commonly 1s present, but
it thins to a knife edge just southwest of Otowi bridge
where it abuts against basalt of Unit 4 of the basaltic
rocks of Chino Fesa.

The fanglomarate menbsr rests conformably on the Totavi
lent$]l and along its eastern and western margins relations
indicate that the fanglomerate is contempcoraneous in age with
parts of the Tschicoma group and the basaltic rocks of Chino
¥esa. Ross and Smith -, have noted that it interfingers with

-/ﬁoaa, Ce 8., and Smith, R, L., Infurmel communication

the latitic flows of the eastern margin of the Tschicoma, and

in hole H1% in los Alamos Canyon it is overlain by flows of
pyroxaene andesite of ths Tschicoma group. Alcng ¥hite Kock
Canyon the interfinrering of the Totavi lentil with the

lowest flows of Chino i‘esa (TGbS) indicates that the irmediately
overlying basalt of this unit is equivalent in age to the lower
part of the fanglomerate. The occurrence within the fanglomer-
ate of basalt that is identical in appearance and minerslogy
with some of the flows of Unit 4 of the basalt of Chino ¥esa

indiicates contemporanecus accumlation of this tasalt unit
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with higher parts of the fanglomerate. Rocks that overlie
the Puye diseconformably includes (1) Units 2 and 3 of the
basaltic rocks of Chino Yesa, (2) ths o0ld ailuvium, and
(3) the Bandelier tuff.

Although tha age of the Puya conglomerate has not
been established 1t ia believed to be late Pliccens., Fos-
gils found immediately sbove the Totavi lentil have not been
studied,

Dasaltic Rocks of Chino Megs

The rocks of Chino Mesa consist of a thick sequence

~ of basaltic to andesitic rocks with minor arounts of
ineluled sedimants that form Chino Yeesa and cap some out-
lying mesas snd buttes to the north. The rocks belong to
the interior ¢f the Rio Crande daprsaaion; and only the
northarn and western extensicns are present in the Los
Alamos area. Hsre outcrops occur on mesas and in thes walls
of White Fock Canyon. In order to detarmine the relations
of various parts of the unit to the Puye conglomerate; five
sub=-units were scparated in the area.

Unit 5, the oldest of the sube-units, consists of
btasalt, basaltic tuff, and locally some associated sedimonts,
The individual basalt flows are gonsrally thin and cormonly
not ovser 25 fest thick; and they generally show wall-
developod columar jointing. They range in c¢olor from dark
rray teo almost black and there commonly iz a faint rrsenish

hue. All z@ porphyritic. ©mall phenocrysts of olivine,
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ranging to almost one-quarter inch across are present in all
specimens though in many places they sre highly altered. The
alteration is variable. In some spacimens it is a mixture of
ssponite and celadonite -/3 in others it is iddingsite. A

-/Smith, Re L., Informsl cormunication.

nurber of specimens contain s=mall xenocrysts of quartz sur-
rounded by a rim of radiating crystals of augite. The ground-
nass is sodic labradeorite, clinopyroxens that probably is
pigeonite, scme olivine that commonly shows the same altera-
tion as the phenocrysts, and some magnetite. The baalltic.
tuffe of the unit are very distinctive and in the southern
part of the exposure belt they are very conspicuous. Thess
tuffs are very thinly bedded and weather to a drad color.
They grade to tuff dbreccila in places, and they commonly con-
tain some pebbles that have been derived from Prscambrian
sources and some that have been derived from the Tschicoma
group. The associated sediments ars present near the north
end of the unit, At the =outh of Mortandad Canyon they con-
sist of arkosic sandstones and conglomerates that contain
interbedded basalt.

Unit 4, conferwmably overlying Unit 5, is the main cliff-
former along ¥hite Rock Canyon, It consists of {lows of both
basalt and basaltic andesites. locally there is a little
tasaltic tuff and thin sandstone beds. The flows tend to be
more massive than those of Unit 5. In places individual

flows range to over 50 feet thick. They range from gray to
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dark gray and are generally lighter in color.thin those of
the underlying unit. Some specimens show small or tiny
pheanocrysts of olivine only} others show both olivine and
pyroxene} 2till others olivine, phyroxene and plagioclaseg
and still others show small phenocrysts of pyroxsne only.
The groundmass is conposed of plagioclase, clinopyroxene,
and some magnetite, Some specimens may contain a little
olivine. The plagicclase ranges from sodic labradorits to
calelc andesine,

Unit 3 consists of massive, steep sided flows of dark
gray basalt that commonly have a thick sons of breccia at
their bass, These flows apparently overlie Unit L discon-
formably, and sedimants associated with the flows overlie
the Puye conglomerate disconformably. The best and most
accessible exposure of the unit is along H;shuny 4L at the
top of the hill west of Totavi. Here the upper part of a
flow pinches out in ssdiments of post-Puye aze (o0ld allu-
vium), The rocks of the unit contain largs to smsll pheno-
crysts of olivine, and some specimens contain tiny pheno-
crysts of plarioclase. The groundmass 1s compcsed of
plazioclase and clinopyroxene with a little oclivine and
rma;netite.

Unit 2 consiste of twoc flows of basalt that originated
on the east sids of Chino Mesa and flowed northwestward into
the Loa Alamos &rea. At lMesita Mesa these flows and some
underlying basaltic tuff overlie the undifferentiated unit
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of the 3anta Fe group unconformably. Farther west, toward
Totavi; they unconflormably overlis thes Puye caﬁéﬂamerate.
Just sast of Totavi the uppar of the two flows ends. The
lower one continues westward for a short distance and then
abuts sgainst a massive flow of Unit 3. The two flows are
identical in character. They are dark gray and contain cone-
spicuous phenocrysts of olivine, some of which have a thin
rim of iddingsite. A few xenocrysts of gquarts, gensrally
surrounded by radiating crystals of augite, have been noted.
The groundnass is very sodlc labradorite, elinopyroxene,
oclivine, and magnetite, given in ths order of adbundance.

Unit 1 consists of late cinder cones, local flows,
and a small dome of basalt. They overlies nncontbrmibly all
the rocks with which they are in contact. The unconform-
able relation to Unit 2, the next older unit, can best de
seen at the north end of Chino !{esa. ¥Where they are not
oxidigsed the rocks are almost bllck,lbux in the cinder
cones where they are hishly vesicular and oxidimed they are
brownish red. They are inconspicucusly ﬁorphyritic and in
some hand specimens phenocryasts cannot be noted. Thin sec-
tions show tiny phenocrysts of olivine, possibly a few of
pyroxene, and & few of lebradorite. The fine-~grained to
zlassy grounimass shows plagioclase microlites snd pyroxens
with 2 little olivine and nagnetite.




The oldest units of the basaltic rocks of Chino Mess
probably are late Pliocene and the younzest are almost cer-
tainly Pleistocene. Unit 5 conformatly overlies and inter-
fingers with the Totavi lentil of the Puye conglomerate.
Therefors much of Unit 5 is contsmporancous with the lowest
part of the fanglomerate portion of tha Puye. Unit ) also
iz contemporaneous with the fanglomeratic Puye as flows of
this unit occur within the fanglomeratic Puye. (See logs
of holes Tl snd TR.) Unite L and 5 interfinger with the
uppermoat part of the undiffarentiated unit of the Santa
Fe at a point about twe milaes south of the northern tip of
Chino ¥esa. The three youngest units of basalt are of post-
Puye age. Unit 3 say be geen to interfinger with sgdimanta
{0ld alluvium) that lie disconformatly on the Puye near the
top of the hill west of Totavi. Unit 2 probably closely
followed Unit 3, but ovidence iz not sufficient to bear this
out. Unit ]l iz almost surely of Pleistocene are. It rests
unconformably on Unit 2, and beyond the Los Alamoe area it
1s associated with a low pedinsnt or terrace along the Pie

Grande.

014 Alluvium

Near the east edpe of tha Pajarito Plateau some hirgh-
level alluvium rests unconformably on the Puye conglomerate

and is associated with flows of Unit 3 of the basaltic rocks




of Chino ¥Yesa. Thia alluvium consists of clay, sand, and
gravel and locally includes g minor a@bunt of basaltic tuff,
The best development as well as the best exposure of the
unit is along Highway & near the top of the hill west of
Totavi. At this exposure there are four sets of beds,

The lowest 1s a one-foot bed of basaltic tuff, This ia
overlain by 20 feet of brownish gray, thinly laminated clay
vwhich weathers to a dull brown, FKaxt is about 50 feet of
silty sand and gravel that ranges from bdbuff to brownish
yellow. This is overlain by about 25 feet of gray, thinly
laminated clay that weathers to a dirty grayish green,
Northward, beyond Guaje Canyon; only the sand and gravel
and the overlying clay have been noted. Southward, soma

of the beds have been noted in Mortandad Canyon and at the
northwest tip of Chino Mesa.

Thie alluvium was deposited on a pasdiment gurface cut
on the Puye conglomerate, but at placss it abuts arainst the
adge of a hicher, partially dissected pediment also cut on
the Puyes., The depogition occurred behind basalt of Unit 3
of the basaltic rocks of Chino ¥eea during the time these
flows accumulatad. At the exposure along Highway L west of
Totavi the alluvium is in contact with a gteep-sided flow of
basalt which has a tongue thet pinches ocut within the allu-
vium., The are of the material is belisved to be eithsr late

Pliocene or Pleistocenc,



Tachicoma Group

The Tachicoma group inclnde- 21l of the rocks of the
complex interior mass of the Jemex Mountalins velcanic aerias.-/

J Rm. CO 8.‘ smth’ R. LI. m Griw’ RC L.‘,
NHomenclature by mutusl agresment,

The type locality is Tschicoma peak, about 5 miles north of
the Los Alamos area. In the Los Alamos ares rocks belonging
to the group lie between the Pajaritc Plateau and the Valles
caldera. They occupy the graatsr part of the stesp rurpged
slopes to the west of the plateau where their exposure belt
13 a segment of the Sierra de los Valles. Two map units have
boah soparated within the belt, Ome, covering hearly all of
the belt, consists of conspicucusly porphyritic flows of latite
and quarts latite. The othar, occupying a very local area on
the surface, consists of rather inconspicuously porphyritic
pyroxene andesite. This unit is best developed in the sub-
surfacec,

The latite and quartsz latite unit occurs in flows that
range from about 200 to about LOO feet thick, and the rocks
are nainly gray to purplish gray, tut in places they range
to reddish brown. Both rock types carry abundant phanocrysts
of plagioclass which tend to be slightly larger and more abun-
dant in the quarts latites where they range to over one-half
inch in greatest dimension and commonly compose over 25 per-

cent of the volume of the rock.
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In general the quartz latite flows are presant to the
north of Los Alamos Carnyon and the (usmason fork of this
canyon whers they form distinctive-Hummocky slopes. Indi-
vidual exposures generally show pronounced Jjointing and in
Places the flows grade to blocky breccia., Jome exposures
show {low tops that grade to pgmlctaui slgta. The abundant
plagioclase phenocrysts nctualiy‘:rn in large part xsuocrysts,
and cbviounly were not in equilibrium with the groundmass in
which they ocecur. Thesa xenocrysts have a motheaten appear-
ance caused by tiny areas of included glass. They ars embayed
by groundmass material, and soms are resorbed to the extent
that only chost-like remnants are recognisable. Tha plagi-
oclase phencerysts that belong to the rock ars f{resh 1&
appearance and show good albite twinning. Othsr phenocrysts
present are small. They consist of quarts, biotite, horn-
blende, and angite. The guarts is sub-round and embayed,

The biotite and hormblende are in various stages of resorption.
The groundmass of thesss rocks is composed cf plagioclase, ortho-
class, augite, 8 little fine magnetite, and varying amounts of
rlaes.

The latite flows are present to the south of Los Alamos
Canyon and they appear to have lapped arainst the quarts
latite flows near the axis of this canyon. In hole H16 st the
head of the Quemason fork of the canyom latite overlies guarts
latite with the former present froxm 627 to 890 feet and the
latter present from 890 to the total depth of 1,269 feet.
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Southward, the lstite forms somewhat smoother slopes than
the quarts latits to the north, and the flows appear to
have besn more reagular and less pasty than those which gave
rise to the quarts latite, The rocks are, howsver, very
ginilar to the quarts latite and presumably belong to the
asane pericd of eruptions. They contain large phencerysis

of plarioclase that are in gensral identical with those of
the quarts 1at1tt; including even the foreiyn variety, The
small mafic phenocrysts are the saxe and include augite and
more or less rassorbed bictite and hornblende, The augite is
nore abundant than in ths quarts latite. Unlike the gquarts
latite, quartz phenocrysts are abssnt. The groundmass of
plagicclase, orthoclase, augite, soms fine magnetite, and

in places some glass i{s sinmilar to that of the guarts latite
but there appears to be less crthoclase 4n the groundmass of
the latite.

The pyroxsne sndesite map unit is expoesed in & small
area north of Loe Alamos Canyon where it lies disconformably
on a flow of quarts latite. In the subsurface in hole H19
it is represented by two or three flows having an aggregate
thickness of 3,7 feet, The rocks of thls unit are incon-

. spicuocusly porphyritic and range from gray to dark zray in
color. Locally they show a few scattersd phenocrysts of
plagicclase ranginy to about ons~gquarter inch across but
{for the most part the phenocrysts are to be noted only by

close examination and some specimens are slmoet non-pcrphyritic.
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The phenccrysts consist of soned plagioclase and pyroxene,
with the pyroxene including both augite snd hypersthene.
One speciman examined showed some foreign brown biotite.
The groundmass 1s composed of felted plagioclase, pyroxene,
and scne magnetita,

Throuzh severa) criteris it is possidbls to relate the
rocks of the Tachicoma proup to the undifferentiated unit of
the Santa Fe group and to the Puye conglomerate. Debris
froam the quarts latits flows is present in the upper part of
the undifferentiated Santa Fe. This dedris is abundant in
tha subsurface in ths upper LO0 feet of the formation in
Guaje Canyon. In wells G4 and C5 it is confined to that
rortion of the formation lying above the highest basalt flow
in these wells. (See fig. 6.) In hole H19 in Los Alamos
Canyon the Totavl lentil] of the Puye conglomeratas is inter-
bedded in the upper part of the gquarts latite sequence. And
both the quarts latite and latite furnished debris to the
main body of Puys conzlomerate in the Lo Alamos area. In
turn the Puye conglomerate 1a overlain in hole H19 by flcws of
the pyroxene andesite unit of the Tschicoma group.

The relation of the Tschicons group to ths upper part
of the undifferentiated Santa Fe and to the Puye conglomcrate
indiicates that the Tschicoma rroup iz of Pliocens and possibly
early Pleistocene ingtead of liiocenoe age as wes assumed by
early workers (Darton, 19283 Bryan, 1932). In earlier work

it was assumed that the Techicoma group was correlative with
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the main body of volcanie rackn in the San»Juan‘ragion of
Colorado. Howover, the upper limit of the undifferentiated
unit of the Santa Fe group ig apparently closs to mid-Pliocens
age (Frick; 1937); and debris from the Tschicoma group does
not extend greatly below this limit in Cuaje Canyon. In well
G5, which 1s closest to the main body of the Tschicoma group,
debris from the latite and quarts latite is not present below
the top of the high&st’bnaalt flow which is 468 feet below
the top of the unit. (2ze fig. 6.) DRelow this basalt there
i8s sorme debris from older -ocks of the Tschicoma group for
an additional 200 feet. At greatar depth the only possible
evidence of the existence of rocks of the Jemes Nountains
volcanic serks is the thick basalt sequence in the well.

This thick basalt sequence may represent the baginnings of
the voleanle seriss. The pyroxene andesite unit of the
Tschicoma gronp; overlying the Puye conglomsrate, probadbly
rgpraaénts sorne of the youngest flows of the group. These

youngest flows may be of early Pleistocens age.

‘Pleistocens_and_ Fecent Focks
Tewa Group

The name Tews groupd/ ig used herein for the late

'*/Roas, Ce 84, Smith, Rs L., and Griggs, R. L.,
Nopenclature by mutual agreement,

rhyolite and a local unit of quartz latite that constitute
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the latest eruptions of the Jemer Mountains volcano. As no
sinrle physiographic feature is present from which to take
a name for the diverse group, Tewa has bsen chosen inasmuch
as a large part of the area in which the group occurs is
known as the country of the ancient Tewa Indian tribe.
Formations belonging to th; group within the Los Alamos
area are ths Bandelier tuff, Cerro Tolede rhyolits, Cerro
Rubie quarts latite, and Valles rhyolits.

Randelier tuff

The Bandelier tuff was named by M. T. U. Smith (Saith,
1938, p. 959) who first recognised the formation as a distinct
unit and who mapped its northsrn extension in the Abiquiu
qusdrangle. The name was taken from the Bandelier Hational
Monument where the tuff is typically developed. In the Los
Alamos area the unit is most prominent along the east-west
canyons of the Pajarito Platean where it forns spectacular
cliffs. In thess cliffs three distinet sub-units are obvicus.
The lowest sub-unit is white lump pumice that is well deovel-
oped in the vicinity of Guaje Canyon and is here named the
Cua Je mgaber.-/ Above this is & sub-unit eof pumiceous tuff

JFD”' C. 3., SMitvh' RO L.’ Md G!’iggl, EO Li’
Nomenclature by rutual sgreement,

brececia that tends to stsnd in stesp slopes and in many plsaces
forms the lower part of the walls of the canyons of the Pajarito
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Plntacn. This is the Ctowl mamber.*/ It is named from

mit\ Fi and Grig"n, Re Lay

Eumtﬂcil

typlcal exposures in the Utowi section of the Bandellier lonue
ment. The third and highest sub-unit is a welded tuff that
foerms vertical cliffs along the canyons of the plateau and In
places extends high on the flanks of the Sierra de los Valles.
It also cccurs in places in the collapsged ares of the Jenes
voleanic series. This has boen nazed the Tehirese mexber—/

JPO“ Ce Sa Smith, Re LQ. and Gl"igg.. Re Ll'
Eemtnclazuro by mutual agreemaent,

from the Tshireze ruins, a centrally located ruin on the Pajarito
Plateau.

The Cuaje momber rests disconformably on sll the older
rocks with which it is in contact., This member 1s a white
lump pumice or lapilli tuff that ranges from 2 knife edge to
nearly 60 feet thiek in the area. It is thinnest to the east
and south where it pinches out on higher parts of the basalts
of Chino Nesa, and it thickens to ths north and west. The
thickest known ssction ig in hole K15 &n los Alamos Canyon
where it 1s 57 feet thicke. The best exposures are slong
Highway L 4in sec. 21, T. 12 N., %e 7 T., and Just north of
well G3 in Cuaje Canyon whare the puzice is being mined. The
nenber 18 composed of unconsolidated pumice which is generally
massive except for an upper 5 to 1C feet where good ash-fall

beddings ie displayede Thz sizes of framente range from ash
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to lumps 2 inches in dismeter. The finest sizes are toward
the top of the member. Present in individual pumice frag-
ments are tiny phenocrysts of sanidine and quarts.

The Otowl member represents a single thick pumice
flow with a small amount of ash-fall pumice and water-
washed debris present in places gt the top. This mamber
rests conformably on the Guaje member where the latter is
present. Elsewhere it rests disconformably on older rocks.
The exposure bslt is essentially limited to the Pajarito
Plateau. Through the exposure belt the mermber cormonly
forms a stesp slope below the overlying Tshirege menber.
¥here this slope is without vegetation the member ia dis-
played in chalky light gray or light buff cclor and in
places the slops is studded with cone-shaped erosion rem-
nants, sonetimes called "tent rocks™. The thickness of the
Otowl member ranges from a knife edge to moe than 200 feet.
It is thinnest in the socuthsastern part of the area where it
pinches out over some of the highest areas of basalt. It is
thickest near the Los Alamcs townsits, and In hole H19 in los
Alamos Canyon it is 215 feet thick.

This thick pumice flow is 3 massive aggsregate of poorly
sorted pumice fragsments with some fine pumicebus glass., The
agcrerate is_somewhat indurated though essentially unconsol-
idated, and the fragmants range from silt size to lumps three
incheg across. Individual frarments eare unsltered or essen-

tially unaltered glass that is pale buff in color. The
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fragments contain phenocrysts of sanidine and quarts and a
few tiny grains of magnetite., Some fragninta carry a trace
of biotits and hornblende. Included as forcign material in
the aggresgate are a fow fragments of rocks der}vod from the
Tschicoma group.

These fragments are mainly latitic rocks but some are
light gray rhyolite. They are not evenly distributed through
the rock, and where most adundant they compose less than five
percent of ths outcrop arsa. In places at the top of the
membar are a few thin bsds of ash-fall pumice. Ailso present
in plner in this stratigraphic position iz soms water-washed
punice that includes boulders of latitic rocks derived from
the Tschicoma group.

The Tehiregs mezber is a welded tuff that represonts
two or three ash-flow eruptions and in places the unit
includes a few thin beds of ash-fall pumice at both the base
and top. This member forms the most conspicuous part of the
Pajarito Platesu on which it stands in long finger-like mgsas
bounied by vertical cliffs that are generally weathered to
tan or orangc;hroun colors Locally it extends high on the
flanks of the Sierra ds los Valles, and in places it is pre-
sent in the caldera area of the Jemesx Mountainas volcanic
series., It rests unconfor=zably on all the rocks with which
it is in contact, but a minor disconformity at the top of
the Ctowl member represents a relatively short time bresk.
The thickness ranges from about 100 to 2CC feet near the
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ecastern margin of the arez to nsarly 1000 feet at the head
of the Rito de los Frijoles in the southwestern part of the

Kreg.

The character of the Tshirege member variee. Over most

of the Pajarito Plateau tpe rock is porous and friable ani
ranges in color from buff to pale pray. Hore intensely
welded material near the west marcin of the plateau and on
the flanks of the Sierra de los Valles is cormonly nonpo-
rous and gray to purplish gray. !ors or less irrerular
Jointing is fairly gonersl. Locally there 18 well-devsloped
columnar Jointing. UNearly horigontal planes seen in the
cliffs are in part boundaries botween successive ash flows
rather than bedding planes. Individual hand specimens show
small fragments of recrystalliged pumice and numerous small
crystals and crystal fragments of sanidine and quartz in a

typical weldsd tuff matrix. Dark minerals are nearly absent‘

thourh traces of crystal fragments of biotite, hornblende,
and pyroxene have been noted. Thin ssctions show that ths
matrix is composed of recrystallized shards and a little

fine-rrained marnetite.

The available evidence, mainly physiographic, indicates

thzt the are of the RBandelier tuff is Pleistocene. At the
time of the Banieller sruptione, the rocks of the Tschicoma
group {Pliocene and possibly early Pleistocena) had bsen

deeply eroded. Dsep canyons cut in the Tschicoma were
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filled by the Bandelier. This 1s slso true of Units L and
5 of the rocks of Chino Moss. A d;ep canyon, previously
occupled by the Rio Crande, had been cut in theee unite e
short distance west of White Rock Canyon. This abandoned
canyon is now filled with tuff and is well exposad in the
Eito de los Frijoles., Another channel fill is present in
the sast wall of ¥hite Fock Canyon. Hore the base of the
Eandelier £il1) in the abandonsd channel is only 200 feet
above the present level of the Flo Grande. And; over much
of the Pajarito Plateau the original upper surface of the
Bandelier is sfill preserved.

Cerro Toledo rhyolite

The nama Cerro Toledo rhynlite—/ is spplied to rocks

'/Ro:n, Ce Sey Smith, Re L., Informal communication.

which form a group of domes that occur both north and south
of the Valles caldera. The name was taken from Cerro Toledo,
e peak in the northwestern part of the area. This rhyolite
crops out beth in tha northwestern part of the area, betwesn
the Rito de los Indics and the Valle de los Posos, and in the
southwastern part of the area, Jjust south of the Valle Crands,
In both places the rocks of the wmit ecrop out on hizh, for-
ested peaks.

The northern exporurcs are & part.of a complex group of

domes within an unnamed caldera,-/ an earlier collaspsed portion

Peons, Co 8., and Smith, F. L., Informal communication
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of the Jemes Fountains volcanie series. Just Ecyond ths
south margin of these exposures the rhyclite is dowmfaulted
into the subsurface at the north edgs of the Valles caldera.
The exposures south of the Valla Grtﬁde are a part of a com-
posite dome whose northward extension has been downfaulted

into the subtsurface in the southern part cf the Valles caldera.
¥ost specimens of the unit show a noticeable banding and

are generally light gray in color. Thin sections show tiny
phancerysts of sanidine, quarts, and traces of more or lsss
resorbed hornblends and blotite in & fine-grained groundmass
that is commonly microepherulitic and composed of sanidine
and silica.

The domes were extruded prior to the eruptions of the
Tshirsge member of the Bandslier tuff which unconformadly
overlies the demes immediately north of the Valle Toledo.
They probatly were extruded fcllawing~/ the eruptions of

RFoss, C. 5. and Smith, F. 1., Informal cormunication,

the Otowl member of the Bandelier tuff, in Pleistocen time.
Cerro Tublo guarts t@

The Cerro Fubio quartz latite has been nemed by Foss
and Snmith —/ from exposures in the northern part of the

Foss, C. 5,, and Smith, R. L., Informal communicatien,

Los Alamos area where the unit crops out in two conical domes
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immediately north of the Valle de los Poscs. Both dones,
Cerro Rublo on the south and the unnawed pesk immediastely
north, are just beyond the margin of the Valles caldera.

Ths rocks are light gzray grading to darker gray in
somewhat classy specimens. At Cerro Rubio they weather to
a grayish red. Specimens show tiny phonocrysts of plagio-
clase, hypersthens, and more or less resorbed hornblende
and biotite in a fine~grained proundmass of plagioclase,
sanidine, and gilica. At the west side of Cerro Rubio the
unit intrudes the Carro Toledo rhyolite. At the sast side
of the dome the Tshirsge mesber of the Bandelier tuff lies -
unconformably against the quarts latits.

Yalles rhyolite

The Valles rhyolitd'/ forms the domes within the

w4
RO.', CQ s,. smth' RQ LO' md G!‘iggl. R. LO'
Homenclaturs by mutual agresment,

Valles caldera. These domes, with a fairly heavy forest
cover, stand above the pressnteday prass-covered floor of the
caldera and they range from relatively small hills to largs
mountainous nmasses. The smaller domes are sub-round in plan
and sub-conical in cross section. The larger ones ares com-
posite masses of several domss and are more irregular in plan
and cross section, but they have a mcre or less domal upper
surface. The tases of thess doues are covared by later sedi-
ments that partially £11] the Valles caldera.
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'¥here thers has bsen a minimum of ervsion the outer
parts of the domes are a jumble of blacky pumice and
puniceous glass which ranges from white to light gray to
pale pink, Toward the intericr cof this outer sone are
local areas of obsidian. Farther inward the glassy crust
glves wmy to slightly porous light gray rhyolite that is
slightly glassy and commonly spherulitic. In more deeply
eroded parts of the domes ths rocks are light gray, fine-
grained rhyclite. Thin sections of sssentially all the
rocks show abundant small phenocrysts of sanidine and quarts,
Some sections show tiny phenocrysts of hornblende and/or
bictite, and a few sections carry a trace of plagioclase
phenocrysts. The groundmass of the non-glasey rocks is
sanidins and silica.

The Valles ihyolito is the youngest izneous rock of
the area., The domes were extruded in the Valles caldera
following the explosive sruption of the Tshirage member of
the Bandelier tuff and following the collapss of the Valles

caldera. Tho;r time of extrusion was Pleistocane.
Calders 111

For some time following the collapse of the Valles
caldera a lake occupied the steep-walled depression, and
in this lake & sedimentary fill accumulated. The {111l is
poorly exposed and its character fz2 known mainly from test
holes drilled in the Valles caldera during the summer of 1949,
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(See fizs. 8 - 10.) It consists of gravel, clayey silt to
silty clay, and may include soms pyro:}ditic debris.

Surface exposures of ths caldera fill ars poor as
this fi1l] is slmost completely covered by later deposits
of alluvial fan and terrece material. In the Valle Teledo
elayey silt crops out in several places along thes edges of
terrsces that are present on both sides of ths valley. On
the south side of the valley ths contact of the silt with
overlying terrace material is marked in the edge of the
terrace by a slight declivity along which ssveral wet-
weather seeps occur. The best exposure in the valley is
a few hundred feet south of hole HA where about 10 fset of
clayey silt may be seen. The beds are olive colored, wesather-
ing olive duff to light gray. The bedding ranges from fairly
massive to thinly laminated. Some material contains numercus
diatoms, At another exposure the silt ranres from clayey to
sandy and contains pebbles of pumiceous glass and rhyclite wp
to 1 inch in diarmeter. In the Valle Crande two very snall
sxposures of clayey silt containing pebbles of rhyolite have
baen noted, Here the fill is emsentlally covared completely
by later deposits cf mlluvial fan ani terrace materizl. Alonp
the east side of the caldzara there is a conplete cover of

alluvial fan deposits.
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In the subsurface the caldera fill is known fro=
well cuttings from 15 holes that range from 285 to 1,185
feat doep. The cuttings show that the sediments are dom-
inantly gravel, which possibly includes some. pyrcclastic
debris, snd loss important amounts of silty clsy and claysy
8ilt. The gravel, with mors or less admixed sand and silt,
is compossd mainly of pebbles of white to light gray pumice
and pumicecus glass which invariszbly shows tiny phenocryste
of sanidine and quarts. Come pieces show tiny phenocrysts
of biotite. Other rock types represented in the pebdles
are rhyolites, rlass, and porphyritic latite. Tha rhyolite
varies in typc but probsbly the most common variety is
light gray, vory finely porous, and microspherulitic. XNost
pieces have tiny phenocrysta of sanidine and quarts. Some
show tiny phenocrysts of hornblende. The psbbles of glass
are gray to black obsidian, and those of porphyritic latite,
which are relatively uncommon, ars purplish gray with white
phenocrysts of plaglioclase.

The range in sige of the gravel 1as probadbly large.
The largest whole pebtles that wers wagshed from the test
holes by arteszisn water dincharging at the land surface
wsre about two inches in diameter. However, it 1a
suspected that towsrd the marpins of tha rhyolite domes
and near the scarp of the caldara particle aiges probadbly
'range to larre bouldera. The admixed sand {n the gravel
is composed of crystels and crystal fraymants of sanidine
and quartz and particles of pumiceous plaszs. S1lt siscs
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that are present in some beds of grevel are fine rhyolitic
material. The beds of clayey 8ilt and silty clay which

occur in the fill are very charscterietic. They range fron
brownish olive throurh olive green to olive bulf and are come
posed of fine rhyolitic material and varying anounts of clay.
Some of the c¢lay beda contain appricilble amounts of gravel
and many contain abundant diatom remeins. Several specimens
examined microscopically dy Ross and Smith-/ showed very fine
rhyolitic materisl and montmorillonite-type clay.

Ross, C. S, and Smith, B, L., Ianforzal communication.

In the Valle Toledo the claysy silt and silty clay beds
ares Interbedded in, and interfinger with, a main body of
cravel. (See figs. 8 and 9.) As indicated by exposures and
tast hole data a single section of clayey beda c¢closs to 100
feet thick in the viecinity of hole Hi thins and 1ntorf1ng§rs
with gravel to the east. Clayey beds present at deeper lavels
in hole Hl disappear eastward, Little data are available as to
the extent cf c¢layey nmaterial toward the north and south sgides
of the valléy, but the log of hole HS and ground-water data
indicate that some beds extend for considerable distance to
the north but pinch out before reaching the caldsrs wall.

In the Valle Grande a thick tody of clayey silt and
8ilty clay overlies 8 msin body of gravel that may include
some pyroclastic debris. The lors of holss H7 to Hl2 and
K15 {fig. 10) show that the thick body of clayey material
is best developed Iin the central part of the valley where
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it 58 nearly 30C feet thick and that it interfingers with
gravel toward the sides mnd head cf the valley. The upper
part of the ccarse material beneath the Slnyty body s
definitely gravel as worn picces of punmice and rhyclite
were recovered froz holes H7 to Hl2 and H15, but a slight
voseibility existe that sorme material, particularly fro=
the deeper part of hole E7 which extended to 1185 feet, may
represent pyroclastic debris,

Along the eastern side of the caldera, materials taken
from holes R13} and Hl4 were indefinite. The writer belleves
that the upper part of the caldera fill in this area is
gravel and that thie gravel poasibly may grade downward into
pyroclastics,

The materials composing the caldera fill were derived
mainly from the pumicecus crusts of the rhyolite domes that
occur within the Valles caldera. The pumice gravel and much
of the clayey silt and silty clay are products of these
crusts. The partially glassy to fine~grained rhyolite came
from slightly deeper portions of these domes and froz the
interiors of faulted domes on tha caldera rim. lLatitic
pabbles in the fill, present in very minor amount except
in the lower pﬁrt of hole H7 in the Valle Grande, are from
the caldera rinm,

The accumulation of the coarse materials in the caldera
probably was rapid. An abundance cf loose materisl was avail-

able in tires past. Fven today there is in many places an
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abundante of locse dadbris on the stesp slopes of the domes,
Such debdris could have been rasdily carried to the edge of
the lake by the melt waters from hsavy Plgiatoennc SnOWa o

It also seems possible, perhaps prnbabla;ﬁth;t the lake had
formed before the emplacement of!lomc of the domes and that
during endogenous growth their expanding and cracking cruati
sy have contridbuted dedris directly to the water,

The wmschanism or mechaniams that carried the gravels
out into the centers of the Valle Teledo and particularly
the Valle Crande are unknown. At the very beginning of
deposition much debris may have readily worked its way down
stesr under-water slopes to the central part of deep basinz.
Somewhat later it seems probable that delta-like accumula-
tions bullt up at the margins of the lake, adjacent %o the
interior domes gnd the caldera rim, Much debris may have
sluzped, poseibly under the influence of late minor adjust-
ments in the lower part of the calderz, from the cuter parts
of these delta-like sccumulations and worked outward into
deepor water, And in part much pumicecus materisl nay have
flosted out to deep water and sank after becoming water-
legped. lastly, it is possible that lary;e quantities of
zravel may have been depositaed at tiues when the lake was
dry. The clayey &£ilts and allty clays are normal lake eedi-
monts and are best develcped far out frem the staep slopes of
the caldera. However, the lateral davelopment of thin zones

of a1lt and clay in the Valle Tolede indicates that y ere were
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times during the deposition of the 111 when little coarse
debris was being wmshed into the depression,

/ The age of the caldera f£1l1l is Pleistocens. Plant
;pmws from the upper LU feet of sediments in tha Valls
(irande examined by Paul Sears and Catherine Clisbya/ are

Sears, P., Yale University, and Clisby, C., Cberlin College,
Informal communication, 1952,

basliaved to have been deposited in the last 25,000 years.
If the deposition was relatively rapid, as is beliasved, then
tha entire 11l probably is late Plaistocena.

Alluviuwm

Pleistocene and Fecent alluvium is present as €errace
and fan deposits in the Vazllss caldera and as terrace and
stream channel deposits along the Fio Grande and some of its
tributaries,

There are two sets of terraces in the caldera. The
highar set is reprasonted by two small resmants in the south-
eastern part of the Valls Toledo; and one small remnant near
the head of the Valls Gragde occurs Jjust above an altitule of
8;800 faet, These small remnants ars capped by a veneer of
gand and gravel composad of various types of rhyolitic'mate-
rials. The remnants and their veneer probably are the
remains of a lake terrace. The lower sect of terraces is wall
developsd ndjacent to tha drainage in bdoth the Valle Grande

and Valle Toledo. These terraces are related to the streams
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to which they are adjacent ss they slope toward the axes of
the streans and they rradually slope to lower elevatlons
dowmstrexzn. They are cappad by a veneer of silt, sand, and
rravel sed chiefly of variocus types of rhyolitic mate-
rials that range from about 10 to 30 fest thick.

Extending inward froo ths steep slopes of the caldera
rim and sway froz the interior rhyolite doses are 2lluvial
fens which extend onto and are later than the low set of
torraces. Thess fans are coxpogsed rainly of sand and
gravel but contain much silt. These =meterials have been
Jderived from the bedrock units from which the fans extend,
Bslow the low terraces and adjacent to the streams in the
caldera 1s a narrow band of channel alluvium. T7This alluvium
is corposed of clayey to silty sand and gravel made up mainly
of rhyolitic debris.

In the eastern part of the Los Alamos area some addi-
tional alluvium occurs along the Rio Crande and a number of
-4ts tributary canyons. Detwesn the Puye escarpment and'the
Eio Grandae there 18 a low terrace that slopes to the Rlo.

It 13 capped by a venser of £ilt, sand, and gravel, probably
lzss than 25 fest thick, that is compomed zainly of latitic
materials derived from the Puye conplomerate, Imodiately
adjacent to the Flo and to some of its tributary canyons and

arroyss is some channel alluviuz couposed of a veristy of
materials. This channal alluvium ranges froa & thin Iilm tc



about 25 {eet thick and locally consists cf fairly clean
sand and gravel but in most places it contains considerable
silt.

HISTORICAL GEQLOGCY

7he rocks of the Los Alanos area are related to the
Rio Crande depression, and their history 1s in large pnft
a history of this depression and its associsted volcanisn,
Pertinent history began with the formation of the Southern
Rocky Mountains and post~Cretaceous uplift of the region.
The orogenie phases of the mountain bullding seem to have
pasged into broad reglonal uplift end arching before the
end of early Tertiary tima., Ey mid-Tertiary tims; probably
in part as a result of arching and eloagatiﬁn of the sarth's
erust, the faulting that gave rise to the Rio Grande depres-
glon bagan, As the complex rift valley subsided relative to
ad jacent hiphlands, the Santa Fe group accumulated as a
fault trough £ill., Accompanying the disturbance of uplift
and conconitant normal faulting the volcanic rocks of the
Los Alamos srea were erupted. (See fig. 7.)

In the latitude of Los Alaros the sediments of the
fanta Fe group were laid down as coslescing alluvial fans
and alluvial plain deposits, For the most part the allu-
vial debris was deposited by streams and rills passing
wostward from the Sangre ds Cristo Mountains and depositing
their lcads in ths adjacent valley, It 18 estimated that
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more than 75 percent of the alluvial debris composing the
Santa Fe came from this mountain bdlock, the eastern bound-
ary and the structurally high side of the Rio Grande depres-
sion in the vicinity. The explanation for this predominance
ol easterly materials, largzely derived from Precambrian
sources, may lie in the structure of the blocks that bound
the dapression, The Precambrian rocks now stand some 6,500
feet hirher in the Sangre ds Cristos, where they reach an
altitude of 13,000 feet, than at the weat aide of the depres-
sion, where they resch an sltitude of only 6,500 feet. If
the extra 6,500 feet of rise of ths eastern block oceurred
during the deposition of the valley fill, then it offers

an sxplanation for the dominance of easterly materials in
ths valley fill. (See fig. 7.)

Evidence that sedimentstion accompanied uwplift and
faulting during the formation of the Ric Grande depression
is believed ampls. Tha alternation of alluvial fan and
alluvial plain deposits in the latitude of los Alamos is
one line of evidance, At the east side of ths depression
very coarse and bouldery alluvial fan elements are con-
monly underlain snd overlain by fine-grninad; well-bedded
alluvigl plain deposits. The best explanation is a control
of gradiente and facles by repeated faulting. Following a
stage of faultins and relative uplift of the bounding moun-
tain block, a typical fan would have been built up adjacent
to ths mountains. As deposition continued, gradients would
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have becoms less and less steep as the mountains were
eroded and the level of the deprassion floor was built
up. Eventually, thick sones of {ine-grained, well bedded
materials would encrcach sastward and overlap the coarser
fan depoait. FRepeateld faulting would have started a new
cycle, |

It alsc scems necessary to invoke mome faulting as
a means of explaining some structure within the Santa Fe
group. In places east of tha Los Alamos arsa truncated
beds of ths Santa Fe group are overlain by beds showing
less dip. The tilting of portions of the unit beneath
unconforzities can be explained best by faulting in the
interior of the depression., |

There 18 s8till further evidence in the presence of a
few narrow downfaulted horsts of Pannsylvanian limsstone
that occur in places along the esst side of the Fio Crande
depression., Thess horsts were dropped inte the depression
before the thick cover of limegtone had been largely eroded
from the adjacent mountain blocke. And lastly, the praesaence ‘
of interbedded baesalt in the Santa Fe group indicates that ;
deep-seated faults ware open at times during the formation
of the depression and thae accompanying depositicn.

During the later stg;»s of Santa Fa time the Jemesg
Mountains voleanic series began to accumulate slong a fault
gone at the weet margin of ths depression. Possibly the

first stages of the development of the volcanic rocks, which
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ars st the westorn margin of the depreszsion, are marksd by
the lowest basalts in wells G3 to G5 in tha Los Alamos area.
And it is only above the highast baszalt flow in welle Ck and
G5 that unquestionable debris from the latitic flows of the
Tachicoma group appears. It iz probabdbls that the lowsst
basalt flows in wsll G5 mark the first rupture of the

earth's crust at the western margin of the Rio Orande depres-
gion in this latitude and the sequential davelopmant}of ths
Jumesg volcanic pile.

Ae the thick anxi pasty latite flows of the Tschicoma
group were eruptad they moved eastward into the fault trough.
In the beginning some looss material from the flows was
washed eastward whare it mixsd with easterly derived mﬁte-
rigls of the Santa Fe group. Slightly later, following
somae faulting which tilted the Santa Fe; tha ancestral Rio
Grande appearcd. The evidsnce iz in the Totavi lentil of
the Puye conglomerate. This lentil, largely channal fil1,
rests unconformably on thae Santa Fe snd in places along its
west marcin interfingers with the latite flows of the
Tachicoma rroupe The overlyins main bedy of the Puye was
deposited as an alluvial fan, apparently as the latits flows

reached the climax of thair development. Foss and Smith~/

foss, Ce S., and Smith, P, L., Informal communication.

have noted that the Puye and flows of the Tschicoma group

interfinrer to the north of the Los Alamos area and that the
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naterials of the fanglomerate were derived largely from
brecciated portions of the flows. Pyroxene andesites of
the Tschicoma group were erupted somewhat later.

¥hile the ccarsely porphyritic latites were being
erupted {rom near the west margin of the Rio Urande depres-
sion, and were pouring eastward into it, basaltic rocks
ware being eruptad in the interior of the depression at the
site of Chino Mesa. Units 4 and 5 of these basaltic rocks
were srupted conteaporanecusly with the deposition of the
Puye conglomerate. (See p.-gé;) The ;ruptioas followed
and probably were in part contemporaneous with a period of
faulting in the interior of the depression. At the head of
a small canyon that btreaches the sast wall of White Rock
Canyon the lowest flow of Unit 5§ rests unconformably on
sediments of the undifferentiated unit of the Santa Fe
rroup, and beneath the surface of the unconformity a trun-
cated fault is visidle. Farther southward in the canyon older
and older flows of Unit 5 appear, and it is probable that the
Santa Fe was being tilted southward during the initial stages
of the basaltic erupticnsa.

Thare was & short pariod of erocsion following the erup-
tion of the flows of Unit L and the end of depcsition of the
Puye conglomarate. An easterly sloping pediment that stands
spproximately LOU feet above the present drainage of GCuaje
Canyon was cut on the Puye. This pesdirment, now capped by
Bandelier tuff, is well developsdi adjacent to Cuaje Canyon
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in the vicinity of wells Cl t¢ G5. Later, possibly toward
the end of this cycle of erosion, the pediment was partially
dissected, and a lower surface was cut on the Puye nsar
Totavi. The relation between the two surfaces is a curiocus
one, but it appears that the lower was developed as the
result of the Rio Grande making a local westward shift and

. that it is essentially correlative with the higher surface,
Eoth prcbably are a part of Bryants main Ortis surface.

Fblluuihg this cycle of erosion a deep canyon was cut
in Unita 4 and 5 of the basalts of Chino Mesa. This canyen,
now filled by Bandelier tuff, lies only a short distance
west of White Rock Canyon. Ag the basalts of Unit 3 welled
up and formed steep-sided masses they bloctked the flow of
the Rio Grande and the old alluvium present near Totavi and
slsevhere was deposited behind the steep masses as the Rio
was blockc&. Sl4ightly laf.u; two basalt flows came into
the area from the southsast., These flows represented by
Unit 2 of the Chino ﬁasﬁ erupticns. Then, fellowing an
indefinits perliod of erosion, the last basaltic activity
of the area occurred. The eruptions were very local and
are represented bty Unit 1.

The last ipneous gctivity is represented by the rocks
of the Tewa group. The eruptions commenced when a rhyolitic
nRA LA workgd upward beneath the central area of Jemes vol-
canic series. Upward movemonts of the magmua eventually

fractured the overlying rocks and explosions threw out
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punice as the upper level of magma wss axposed to atmos-
pheric pressure, This pumice droppad as ssh-fall material
to form the Cuaje member of the Bandellier tuff, With less
confinament the remaining magma surged upward, and as dis-
solved volatiles escaped rapidly, gruat‘%alaaca of pumice
were axpsllad upward., This pumice reached the crater arsa

in too large a volume to be thrown hich in the air. Instead
the material swept down the flanks of the volcanic pile as a
granular-type pumice or ash flow. The debris was very nmobils
and rushed across the Pajarito Plateau on & gradient of some~
thing like 10C to 150 feot per mile. This ash flow and a few
very thin beds of ash~fall pumicse thst were the product of
minor explosions which nearly completed ths evacuation of
the mapma chamber are representsd by the Otowi member of the
Bandaiiur. Some collapse of the crater area into the nearly
smpty magma ehamber followed~/ , then the last portion of

Ross, C. 8., and Smith, R. L., Informal comrmunication.

volatile~poor nagms was erupted to form the domes of Cerro
Toledo rhyolits,

Somavhat later, during a relatively short peried of
erosion on the Pajarito Plateaun, the Cerro Rublo quarts
latite domes were intruded in the central part of the volcanic
rile. Py this time final activity was developing. Additional
rhyolitic nagma worked upward bsneath the present site of the

%



Yalles calders and under circumstances similar to previous
eruptions the culminating cycle began. A szall amount of
ash-fall punice first was thrown out. This was followed
irmediately by large guantities of pumiceous ash and pumice
that swept across the gently sloping Pajaritc Plateau as

ash flows. Though it is difficult to be certain; there
appears to have bteen sither two or three flows in rapid
succession, Unlike tho Otowi eruption this material car-
ried with it sufficient hest to lead to a fairly complste
recrystallisation of the pumiceocus matter. As a result of
this recrystallisstion, the dominant portion of the Tshirege
meuber of the Bandellier was consolidated. A little ash-fall
pumice at the top of the menber represents final explosion
of minor magnitude.

The collspse of the Valles caldera followed, Within
the caldera the domes of Valles rhyclite were extruded,
possibly over a rather extended period, and the eruptions
of the Tewa froup came to an end.

The last reologic activity of the area consisted cf
faulting, the £illing and draining of the lake in the Valles
caldera, and the erosion that cut the canyons of the area.

Some late faulting occurred along s northesouth axis
near the west sdre of the Pajariteo Plateau as recurrent
movenant on pre-existing planes. The Pajarito fault zone
is one of the nost noticeable of thase faults, At the south

gdre of the map this fault zone shows approximately 3C0 feet
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of throw on the top of the Bandelier tuff. Coing northward
the gone splits into two branches and the post-Bandelier
movezent dies out, Farther ncrth are two other faults in an
en-achelon position to the Pajarite sone, Unlike the latter
‘sone, both dip to the west. Tha westerly of the two over-
laps the northward extension of the Pajarito fault and in
the area of everlap, just west of hole Th, thers is a shal-
low syncline that developed az a result of faultinze. This
syncline dies out to the south. The most easterly of the
two faults enters the area from the north snd dies out near
the head of Eayo Canyon., Both faults show only a small zmount
of throw on the Bandelier, Cne has a maximum throw of about
50 feet on this unit, The most sasterly of the two, however,
may have a throw as great as 500 feet on the Tschicoma group.
Thefo are alsc a few northarly-trending faults near
ths east edge of the grez, about 1 xile east of Totavi,
These faults have only a few feet of throw at their expo-
surss, but it seems possible that they may be associated
with earlier faulting that may be important in the subsurface.
The previocusly discussed lake occupled the Valles caldera
in the latter part of Plaistocene time, but it was eventually
drained by the headward extension of Jemes River which has two
forks that now exterd to the eastern side of the caldera. The
deep canyone of the Pajarito Plateau wers cut mainly during

the latter part of the Pleistocens.
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GERERAL CONDITICES AND KISTORICAL SEETCH

Los Alamos with a population of about 14,000 in 1953
is poorly located with respact to » source of water supply.
An adequate source of supply for a population of mors than
about 3,000 cannot be obtained in the immediate vicinity
of the town. The condition arose through a lack of knowle
edgse of the water resources of the area and a number of
changes in plans as to the popultion of the town. When the
location was selected hurriedly in late 1942 as one of the
project sites for the development of the atomie dbomdb, it
wvas believed that the preject would never regquire a large
force of parsonnel snd that the site would be abandoned at
the end of the war. Hence, the szall amount of surface
water readily availadble on ths nountain slope just west of
the site appeared more than adsquate for the project’s neads.
In the beginnin:s it was believed that the flow of los Alawos
Canyon slone would be adegquate, However, the expactations
that the project would remain small and that 1t would be
sbtandoned did not materialise. The town graw rapidly froc
its inception and in ths early part of 1943 exceedad the
population anticipated in original plans. As it continued
to grow during the war years, the water of all the nearby
gtraams and aprincs on the east slope of the Slerre de los
Valles were developed., This entire flow was sufficlent for
s population of szbhout 3,000, The population is reperted to
have reachel 7,000 in 1945.
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tfter the war, it was decided to establish the town
&8 a permanent center for nuclear research without knowl-
adge of t?e occurrence and avallability of ﬁdditiunal water,
Kowever, the crucial need for this informaotion was realiszad,
and the firm of Black and Veatch, Consulting Ingineers, was
engared almost irmediatsly as water-supply consultant. An
axamina}ion by this firm showed that surfzce waters present
in streams in the Valles caldara, 10 niles west of the town-
site, and in the Flo Grande, 1C miles to the east, could not
be claimed for use (Lawrence, 1546). The waters of these
streams are considered fully appropriated, and it would have
baen necessary to purchase water rights for the town, There-
fore, pround-water axploration wass begun by the firm in the
early part of 1946, The first exploration was in the vicine
ity of the Fio Grande; end this phase of explorstion ended
with the completion of wells Ll to L6 in the Los Alarmos
Canyon well field., These wells, ranging froa 87C to 1;965
feat deep, obtained water from ths undifferantiated unit of
the fanta Te and were completed naar the end of 1948,

Long before wells Ll to LG were completed, plans wefe
laild for additional expansion of Los Alamos, and doubt
arose as to tha adequacy of the rround-water reservoirs
in which these wells woere belny completedi., 22 the welle
were brourht into production it was found that thelr

water levels declined falrly rapidly. The pesaibility that
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VALLES CALDERA AREA
Surface Water

Uecurrence

Water of zood quality emerges at a numbtr\of places
in the sastern part of the Valles ealdart; the large vol-
canic depression west of los Alamos. (See pl. 1.) &
large nuzber of sesps and a few small springs are pressnt
slong the coalescing alluvial fans that extend inward
from ths steep slopes of the caldera rim and cutward fron
the interior domes of rhyolite, A nusber of seeps and a
apriny or two are associgted with the low terraces that
are adjacent to the streazm channels} and two amall springs
emarge from the edze of a rhyolite dome, The importamt
discharge of water in the caldera, however, is at low
points along the strean channels.

The springs and seeps assoclated with the alluvial
fans are most noticeable in the late spring when lush
grags around them is the first to turn green. The seaps
are xlsc most adundant at this time and countless nunbers
of them appear on ths lower slopes of the fang, to fora
failrly extansive swarps in places. Some of these seeps
are active until they freeses over in the fall, The few
gprings are all small with the individual flows rahging
frem about one %o ten gallone per minute,

A number of geeps are present at the edpes of the

low terraces, and some are present at low spots on the
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surface of these terraces. In a few places the agrregate
discharge from a number of seops forms tiny streams, par-
ticularly in the spring of ths vear. At one place In the
Valle Toledo {See pl. 1); north of hole Hi, & small spring
flowing about two gallons per minute eserges from the edge
of a terrace, Below the terrace escarpments and adjacent
to main drainagre lines the area of channel alluvium is
largely water logged. In part, at least, this water
repressuts discharge fioa the terraces. This water,
energing from the terrace escarpzants, has passed bensath
debris on the escarpmentd to the area of channel alluviunm,

Two small springs, each flowing less than five gal-
lons per minute, are present near ths southwest base of
8 large rhyolite doms (Cerrec de Media). In both cases
ths small quantity of water scaks into the upper slopes
of adjacent fan nmaterial,

 The larpest and the only important sprin;s are along

the drainage channels, In the Valle Toledo the dry-weather
flow appears at the head of the valley. (Sae pl. l.)
About ons miis downstrean, at a point where the intermit-
tant south branch of the drainage joins the main stem of
the Rite Fan Antonio, the flow has increased to about 1CC
rallons per minute., Farther west, just above the point

where the Eito enters a narrow gorge cut in Valles rhyolite,
the flow is about 300 gallons per minute., About 800 gallons

per ninute emeries from blocky, pumiceous rhyolite in the
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narrow gerge at the west end of the valley. Imﬁadiately
downatrear fron the gorre a rasing station shows the Arye
weather discharge of the valley to be approximately 1,10C
rallons per minute,

In the Valls Crande the dry-weather flow heada at a
spring area somg three-guarters of g mile northeast of
hole H7, (See pl. 1.) Here, at the head of the Fast Fork
of Jemes Iiver, approximately 500 gallons per minute smerges
from Valles rhyclite at the southeast point of a large dome
{Cerro de Media)., Downstream, Lorween the gaging station
below the springces and the point where Jaramillo Creek enters
the main drainage, there probably is some additional gain in

flowe Ths Jaramillo adds ndditional water. This ereik heads

to the west of the Loe Alanos area. It gains some water as
it flows across the Valle Crande, and at the point of entry
to the EZast fcrk; it carries gbout 500 gallons per minuta.

Farther west the main creek ray gain 2t1l1] more water toward
the west end of the valley, a short distance beyond the Los

Alamos area.
Availability

The surface flow of the Iito San Antonio and the East
Fork of Jemes Fiver was coansidered as a source of supply for
Los Alamos just after the end of the war, after it had been
decided to make the town a permsnent center for nuclear

research. Ths firm of Black and Veatch was retained by the
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Atomic Fnerpgy Commission at this time as water supply con-
sultants, and in thelr general examination of the area
thay considered the possibility of the utiliszation of ths
flow of both the Fito Zan Antonio and the East Fork of
Jomes Rivar.. The poasibility wassbandoned as the waters
were unavailable for appropriation. Indianes living down-
stream on tha main stem of Jemesx ERiver have a primordisl
right to this surface flow for use in irriration. Hance,
ths firm of Rlack and Veatch turned to the Rico Crande area
in the early part of 19&6; and initisted the program that
led to the completion near the end of 1942 of wells L1 to
L6 in Los Alamos Canyon.

Cround Water
Exploration

The poasibility that an exploitable body of ground
water existed benzath the castern part of the caldsra ssems
to have been racorniged first by J. T. Brown of Black and
Veztche. Mr. Brown noted the surface water discussed pre-
vicusly (pp. 7¢2) and concluded that some sort of raservoir
must be present to supply thae flow. As a result tha fire
of Black and Veatch engaredi H. T. Stoarns as a consultant
on ground water. IMr, Stearns exanminasd the caldera and
dirscted the first exploratory work in tho summsr of 1548,
feven test holes ware drilled in the caldera i1l during
June of that year. MYMost of the heoles yilled some water,

end one, immediataly east of tha site of hole Hl, flowed
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at a rate of 37 gallons per minute, In general, all of
the holes indicated that the pumiceous'aands and gravels
of the fill were sufficiently permeable to supply water to
wells, Therafora; Stearns {1948) advised that the area be

considered as a source of supply and that further exploration

be done.

Thc Atomic Energy Commission then requested the Geo-
logical Burvey to maks an intensive study of the area during
the summer of 1%49. During the summer and fall of that year
15 holes were drilled by rotary rir to test the general
character and extent of the water-bearing material. S8ix
holes (Hl to H6) were drilled in the Valle Toledo, six
{H7 to H1l2) were drilled in the Valle Grande, and thres
(H13 to H16) were drilled along the eastern side of the
caldera, along the divide area between the two valleys.
Later, the Valle Toledo and Valle Crande holes were cased
and equipped for discharge tests, to determins the hydraulic
characteristics of the fill in ths valleys. Holes H13 to
E16 were abandonad as they appsared to have encountered

materlal of low permeablility.
Occurrence and Availadility

Yalle Toledo

In the Valle Toledo both water-table (nonartesian) and
artesian conditione exist. ¥ater~table conditions exiast in
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the outlying areas izmedlately bensath the fans and the
outar parts of the terraces. Ovar the greater sxtsnt of
the terrace arcas artesian conditions exist though the
piesomatric surface is below the pground surface. Eelow
the terraces, adjacent to the stream channel, the piezo-
metric surface i® above ground level.

The six test holes, (see plate 1,) reveal an artesian
reservoir which underlies most of the terrace areas.
Fecords of these holes show that the unconsolidated material
in the Caldera is as much as 500 feet thick in the valley
and is underlain by domes of the Valla and Cerro Tolado
rhyolites, Diagrammatic eross sections of the Valle (fig-
ures & and 9) show the artesian reservoir, the direction
of movement of the water, rescharge snd dischargs areoas,
and the plesometric surface of the artesian water {(the
height to which water will rise in tightly cased wells or
bore holes). In areas lower than the terraces (figure 9)
ad jacent to the stream channel, the pilegometric surface is
above the ground surface and the wslls drilled inte the
artesian reaefvoir yield water under sufficient artesian
pressure to overflow at the land surface. The plesometric
surface is more than 30 feet gbove the land surface in part
of the area. It slopes from recharre areas toward springs
(figure 2) at the wast end of the valley, and to some
extent towards the exial stream (figure 9), indicating
ths direction of movement of the water from recharge to

discharge arcas.
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The water availabls to wslls exceedsd axpectations.
The svailabllity was most evident in the central part of
the valley where the comdinstion of permeable material and
artesian haad casused the loss of the first two holes dril-
led at the Hl site and the near loss of Hole Hie In the
area of the Hl site, where the head is more than 30 foet
abavn‘ground, two holos were lost when they began to flow
at a rate of gbout 2,000 gallons per minute, Leter, after
a third hole was completed and developed as a well, there
was a flow of about 3,000 gallons per minute for a short
pseriod with a 30-foot reduction in head. However, a dis-
charge of this magnitude could not bde maintained for a
long pariod. Over a period of years the water availabls
to a well or wells in the valley would be approximately
equivalant to the naturil dischsrre im the valley, approxi-
mately 1,100 gallons per minute. (See p. 102.)

Yalle Grande

Tha test holes in the Valle Crande tapped another impor-
tant artesian reservoir. Here, the unconsolidated msterial in
the caldiera is thickast and most extensive in the largest val-

lay of the caldera. The total.thicknaaa of the saturated fil1

is 2 matter of conjecture as none of the holes encountered

bedrock. It may be of the order of 2,000 feet thick over a

1G6
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large part of the valley, and it probsbly has its creatas:
thicknsss through the central, southern, and eastern parts
of thz valley. 7o the north, toward the large flat-toppad
dome at this side of the valley, the {11l probably thins to
some extant as it lape against the southward enlargement of
the dome {Cerro de Madic) in the subsurface,

Hole H7, the deepast hole drilled in the valley, passed
throurh nearly 300 feet of clay and silt that forms the con-
fining unit in the valley and thon penetrated nearly 00 faeet
of punmicecus sand and gravel that forms the aquifer, The
more shallow outlying holes (H1O to H12) showed that the con=-
fining unit 1s bast developed through the central part of the
vallsy and that it interfingers with coarser clastics toward
the boundaries of the valley. In these outlying arsas water-
table conditions exist, but over most of the valley the water
is confined thourh the pilesometric surface is a short distance
below rround in tha terrace arsas, (See fig. 10.) Judeing
from holes H1l and H12 the plesometric surface may be as such
es 25 or 3C feet below the land surface in the higher parts
of the terrace sreas. Along the lowest parts of thes walley,
below the tasrraces and adjacent to the main drainage, the
plesometric surface ranges from near ground level st the
nigin sprinze in the upper part of the valley to more than
25 foet above cround at hole H1O 4in the lowar part of the
valley.
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The movemsnt of water through the aquifer in the
Valle Orande 1z less well known than in the Valle Tolado
though the several holes and the discharge to the stroams
and spriars furnish much information. The greatest move-
ment is to ths main sprinr area northeast of hole H7. This
is indicated by the proportion of the flow of this spring to
the total flow of the straams. Movement toward Jaranillo
Creek appears to be relstively small in amount nlthoggh this
creek may gain as much as 250 gallons per minute in its
course throurh the Velle.

The lateral movement through the central part of ths
valley is relatively slow as borne out by the nearly f{lat
plesometric surface shown By the water lavels of the wells.
The maximum range of water levels in thes widsly scattered
holes 1s only 24 feet, and the gradient from the area of
hele H7 to H1C is only two fest per mile. Downward move-
ment in places in the aquifer is indicated by the difference
in haad at the top and bottom of the holes. (Holss F1C and
Hll showed a slightly higher water level at the top than at
the bottom of the holea.) Therafore, soms water is rmoving
downward in the gquifer ag far from the margins of the val-
ley as the locations of thess two holes. In the central
part of the valley tha water is under highest head at
greatest depth. This probably indicates that some small

amount of watar is risinpg to the bgy of the main creek.
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The availablility of water to wells is less in the
Yalle Grande than in the Valls Toledo. The pumiceous sands
and gravels that form the aquifer are somewhat finer and
apparently somewhat more silty. A discharge test rum in
the fall of 1949 {Theis, et al, 195C) indicated that ths
transmissibility of the Valle Crande aquifer ias only about
ona~half as great g8 that of the Valle Toledo aquifer. The
artesian haad also is lower, The head was sufficiently high
in only one area to causs difficulties in drilling. At the
site of hole H10, where the head 1s about 25 feet sbove
ground, two holes ware lost before a third was completed as
an cobservation well., However, from the standpoint of quan-
tity of water av;ilable; thera probably is about the sarme
anount of water svailable in the Valle Grande as in the
Valle Telcio. On an annual basis; the amount of water that
could be removed from the Valle COrande is equal to the f{low
discharged at the maln spring area, 9CC gallons per minute,
plus an sestimated 250 dischargad to the Jaramillo, or sbout
1,150 gallons per minute a8 compered with 1,10C in the
Valle Toledo.

Fecharge

The recharge for the pgrouni water in the easternm part
of the Valles caldera is of local origin. All of the recharge
originstes as precipitation which falls within the caldera., &
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small fraction of the preipitation escapes evaporation
and transpiration and percolates downward to join the ground
water body. Most of the iInfiltrated precipitation follows
. an indirect courss to the caldera fillf passes through it,
and emerges along the main drainage lines. Some, however,
is unable to reach the fill and gives rise to the small
springs and seeps along the fans and terraces. (See figs.
8, 9, and 10.) |

Kost of the gronnd-water intake occurs on the steep
elopes of the area - on the interior domes, the inward fac-
ing sscarpment of the caldera rim, and on the alluvial fan
material adjacent to steep-sided features. Some precipi-
tation, in part melt water from snow and in part water from
direct precipitation, enters the crusts of the interior
domes. The domes of Valles rhyolite, in particular, with
their highly fractured, rubble covered, and commonly
puniceous crusts prodably constitute the most important
areas of intake., Much water is absorbed by these crusts
and transmitted downward. In a few cases it reaches less
perneable rhyolite in the outcrop area of the domes, as, for
exanple, adjacent to the north boundary of the Valle Grande
where two small springs emerge on the lower slopes of a
donme, above tha level of adjacent fan naterial. 1In general,
however, the water noves farther downward befors it reaches
less permeable portions of the interior of the domes. This

loss permeable material daflects the downward percclation
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and the water moves laterally to the surrounding alluvial
fans and caldera £i11. The same sort of phenomenon also
takes place on the rubbls of the escarpmant of the caldera
rim, In this case the water moves downward only a very
short distance btefore it reaches the imparmsahble rocks of
the Taclicoma group or Cerro Tclede rhyolite and is
deflected to the adjacent {1}l or fan material.

Additional recharze takes place on the upper slopes
of the fans. For the most part this intaks representa los-
ses from small rivulats that pass onto the fans from the
sdjacent slopas of the domes and rim. Losses of this type
have been ncoted along the north side of the Valle Grande
where rivulets from ths twe small springs discharging'on |
the lower slopes of s rhyclite dome reach the uppar'slope.
of fan material and immediately scak in. FEivulets that
form on the steep slopes from malting snow in the spring,
and after heavy rains in the summer probably lose water as
they pass acroes the fans. TFor the most part the recharge
of this type probably takass place within a narrow strip on
the upper parts of the fans, where tho fan material is
coarsest. This is indicotad by sceps and snmald springs
that omerge at lower elsvations on the fans. These seeps
and springs indicate that parts of the fsn material are not
sufficiently permesble to transmit all of the watar that
_the fans recelive downward to the unconsolidated material
filling the caldera. A part of the water that entors the
fans {3 deflected laterally and emerpes on the slopes of

the fans,
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Disregarding the cbvious discharge on tha'surfacea
of the fan material, water moving through the fan material
follows two courses. A part of the water moves downward
to the caldera fill. Anothsr part moves laterally to the
alluvium that caps the low terraces. For the nmost part,
the water that reaches this terrace material is discharged
at the edges of the terraces and at low points on the sur-
face of the terraces., (See pp. 100-102,) However, at
places where the terraces extend to high elevations, far
back from the main drainage, some water probably passes
downward from the terrace gravel to tha underlying caldera
f£i11.

The water that reaches the unconsolidated material of
the caldera by downward percolation recharges the important
ground-water bodies of the Valle Toledo and Valle Crande,
After rsaching the fill - from tha crusts of the domes,
from debris on the caldera escarpment, from the fan mate-
risl, and from outlying parts of terraces - tha water noves
slowly through the pumiceous sands and gravsls to the nat-
ural ocutlets along the main drainage. (See pp. 100=102.)
The guantity of water discharged at these natural outlets
ie equal in amount to the intake that reaches the 11l by
dowmward percolation in the poripheral areas of the val-
leys, The recharge-discharge system is in a state of
approximate equilibrium,
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Discharge Tests

Following the completion of the 12 exploratory holes
in the two valleys, discharge tests were run in the fall of
1949 in both the Valle Toledc and Valle Crande. The tests
weres run to determine the production characteristics of the
main wells, the hydraulic characteristics of the aguifers,
and the effect of well discharrge on the main springs along
the ltréam drainage. The wealls were constructed similarly,
developed, and sach discharge test run during & thres to
four day period. Data were c¢collected during the time of
the discharge and for an additional three days aftsrward.

e C , 7 Dev

The main wells, Hl in the Valle Toledo and H7 in the
Yalle Grande were used to discharge water for the tests,
Well Hl was constructed by first drilling 70 feet into the
main confining bed of the aguifer gnd cementing to that
depth & string of 16-inch surface casing. The hole was then
drilled through the cement plug and cased tos a depth of 450
feet with 12-inch pipe. In the main strin; of 12-inch pipe,
L feet of wire-wrapped screen was placed between the depths
of 383 and 427 feet, near the base of the celdera fill. Then,
in order to draw water from all of the water-bearing units
panetrated, the l2-inch pipe was perforated with a Mills knife
opposita all these units, or practically throughout the inter-
val of 8C to 340 feet, In final completion, the well was
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developed by puwmping, by churning with a bniltt. and by
natural flow, Tha devslopment was believed adoquntg when
the well finally discharged spproximately 3,000 gallons
por minute by natural flow, Well H7 was constructed by
first drilling inte the confining unit to a depth of 7C
feet, and cementing a string of lb6-inch surface casing at
a depth of 66 feet. BRelow this depth the 1;135~fuat pllot
hols was reamed to a depth of 595 fest, or through a thick-
nesa of 235 feet of watar-bearing sand and gravsl beneath
the overlying 300 feet of clay and silt. A string of 12-
inch pipe was then landed at 595 feet. This string con-
tained five 10~foot sections of wire-wrapped screen which
ware ppaced at intervals between the depths of 300 and 595
fest, A1l the intervening pipe betwesn the screens was per-
forated with a torch In slots about four inches lon: end one-
eighth inch wide. These slocts were spaced four around at
one=-foot intervals. Hence, from 300 to 595 feet the main
string wms open to all adjacent material, In final com-
pletion the well was developed by churning with a bailer,
by intermittent purping,by back-flushing with a fire-engine
pump, and by natural flow. At the end of the development
thore was a natural flow of 50 pallons per minute with a
10~foot reduction in head. It is probable that the well
was not perfectly developed.

The outlying holasg, H2 to H6 in the Valle Toledo and
H8 to H12 in ths Valle Grande, were completed for use as
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observation walls for the discharge tests. Tho eonatruction
consisted of cementing a string of 6-inch casing to depths
ranging from 60 to 100 feet, generally well into the confin-
ing units of clay and silt. Inside this surfacs casing there
waz a string of two-inch tubing which had a well point 30
inches long welded on the lower end., ¥ith one exception all
of the well points were landed at an zltitude approximstely
equivalent to that of the bottes of the =main wells in each
of the valleys. The exception was hols Hi near the west end
of the Valle Toledo. Here, the well point was landed at a
depth of 240 fest, within the pumiceocus crust of s dome of
Valles rhyolits encountered heneath the caldera fill. Another
axception in the construction of this hole was a string of
A-inch casing that extended to a depth of 219 feet, In all
the wells both the 6-inch casing and the 2-inch tubing were
capped and fitted with vales in order that the pressures or
water levels in both the 6- and 2-inch casings could de
reasured. The wells were then developsd by forcing water
down the 2-inch casing and out ths 6-inch. This development
was not entirely satisfactory, and, due to caving of confine-
ing beds, the hydraulic inter-connection between the two

gsets of casings was somewhat varisble and indefinite. 1In
ceneral, the head in the &~ inch casing represented ths head
of the upper part of the aquifer while the head in the 2-inch

casinr represented that of the lower part ¢f the aguifer,

115



¥ell Hl was shut in for three days after the develop-
ment of the well had besn completed. At the end of the three
days the artesian preasure was near squilibrium and a three-
day discharge test was run. A constant flow of 1,000 gallons
per nminute was maintained during the test and the decrease in
head was measured with a bourdon-type pressurs page. The

decrease in head at the potentially flowing observation wells -

the pressures in both the 6- and 2-inch casings in holes H2,
K3, and H6 and that in the 6~inch casing at i~ was measursd
with a mercury manometer. In the case of the 2-inch casing
at holes E4 and H5, where the water levels were below ground,
water-lavels were measured with a stesl tape or with a con-
tinuous water-level recorder. Observations could not be mads
in the 6-inch casing at hole H5. Following ths three-day
discharge pericd, well H) was azain ghut in and recovery
observations were mads at all wells,

The three-~day discharge at well Hl produced the fol-
lowing effectr‘/:

After Theie, Chas, V., et al., Unpublished report,
February 1950

- 1. The hoad in the discharging well lowered about
20 feet fronm its static level of adbout 35 feet above
ground level, indicatin;g a specific eapacity of about
50 gallons per minute per foot of drawdown,
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2. The head lowered 7.7 feet in the 2-inch and
7.3 feet in the 6~inch casing at hole HZ, 302 feet
west of Hl,

3. The head lowsred £.2 feet in the =inch and
4.5 feet in the 6-inch casing at hole H3, 600 feet
west of Hl.

he The head lowered l.1 feet in the 2-inch and
1.7 feat in the 6~-inch casing st hole H6, 3,600 fest
sast of Hl.

' 5. The water level in the 2-inch casing at hole
5, 4,100 fest northwest of Hl, rose slightly during
the first hours of the test, and it lowered only C.C)
foot at the end of the first 24 hours of tha test.

At ths end of the thres-day period, when the discharze
was stopped, it had lowered 0.25 foot and it continued
to lower an additional 0.20 foot during the following
two days. After this it began to recover.
é. Thors ware no clearly defined effects at hole
Hh, 4,450 feet west of Hl. There were scme ninor
fluctuations, but they could not be related to ths test.
This was to be expected as the hole was cased improperly.
The water inthe zquifer apparently was cased off in this
hole,
¥hen viewed from a pursly qualitative standpoint, the
short discharre test showed that the effects of the dischary-
inz well spread rapidly throuch the aquifer. Ths continued

decline of head {or water level) in most of the ohservation
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walls was clear, and showed that a longer psriod of dis-
charge would have ceused rrester declines and more extensive
effects. Therefore, a production well, discharging cver a
period of years, would eventually lower pressures throughout
the extent of the locsl body of water. As the effects of
discharge spread to the spring area at the west end of the
valley, the flow of the sprinrs would decrease and the flow
of the Rito San Antonioc would be affected correspondingly.

¥hen viewed from a quantitative standpoint the same
conclusion is reached. According to theory the discharce
of a well represents a new point of discharre on a natural
systen that previously has been in a state of approximate
equilibrium. A cone of depression spreads out from the
discharging well, changing the natural gradients which .
previously have existed between aresas of recharge and dis-
charre, and the equilibriuz is disturbed.

The forrmla for this cons of depressicn in an ideal
aguifer is (Theile, 1935)3

B ll#&éﬂ ’///mo 2
i IRE‘EZ:S

(e~%/u) 4n

whares _
= dravdown gt any point in fset,

3
F = rete cf well discharse in grllons per minute.

-3
"

coefficiont of transmissibility
coefficient cf storape.

LA 7 )
1

= tima the well has been discharging in days.
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The formula indicates indirectly that the cone will
spread eventually to the nrea of recharge or discharge
{or both), and a new eguilibrium has to be established.

The discharpe of the well has to be balanced Ly an incrsase

in recharge or by a decreass in the natural discharge - or

by a cosbinaticn of the two. In the case in guestion little
4{f any new recharge can be drawn into the aquifer. The water
table is well balow sround in the areas of recharge, and henece
a new squilibrium would have to bs estadlished by a decreass
in the natural discharge - that is by a decrease in flow of
the nearby :pringa.'{ugi’5““ ot g v e L o e wn e eed]

In order to check conditione to sse if the above fore
ala was applicabls, the drawdown in holes H2, H3, H5, and
H6 and the rocovery in holes nz; H3, and H6 were plotted
arainst the logarithm of time since dischargs beran {or
anded) divided by the square of ths distance between the
observation well and wall Hl, {Ses fips. 12a and 12b.) The
points did not fellow a single streipght 11nc; but they
indicated that the aguifer closely eapproeched conditions con-
eldered in the formula, snd that the cone of depression would
have reached the discharre area within a very short tire,

The trans=iesiti{lity of the agquifer has bean computed
by several means (Theie, et 21, 195C). The drawdown and
recovery of artesian head in hole H2 indicste a transmis-
eibility of about 60,00C. Using water levels at the end
of the puping period and welle Hl, H2, and K3 in pailrs
values ranged froa 40,00C to 55,0CC,
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Yalle Grande test
¥ell A7 was shut in for four days after being devel-

oped. It was then intended to pump the well at 500 gallons
per minute for 72 hours, but the pump failed after LO hours,
and after being repaired and restarted approximately 12
hours after the time of failure, there was an additioral
pumping period of 42 hours. During the test and for an
additiongl three days, water pressures were mesasured with
& mercury manomster in both casings of holes HE, K9, and
H10, and the water level measurad by steel tape in the 6-
inch casing of hole Hll. . Automatic water-atage recorders
neasured the water levels in the 2-inch casings of holes
Hll and Hl2.

The 500 gallon per minute discharge at well H7 pro-
duced the following cffcctt‘/s

v
After Theis, C. V., et al., Unpublished report,
February, 1@50.

1. The water level of well H7 lowered
approximately 50 feet, {rom about 1C feet above
the land surface, whils purping 500 gallons per
minute. This indicates a specific capacity of
approximately 10 gallone a rinute per foot of
drawdown.

2. The head lowersd 6.2 fest in the 2-inch
and E,3 fest in the 6-inch casing in hole M8, 300
feet wesgt of H7.
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3. The head lowered 4.6 foet in thg 2-inch
and 5.4 feet in the 6~inch casing in hole H9, 600
fewt west of H7.

L. The head in the 2-inch showed erratic
changes - that in 6-inch casing no perceptible
changes st hole H1C, 7,100 feet southwest of H7.

£« The water levels in the 2-inch casings of
holes H1l and H12, and to a less extent in the 6-inch
casing of Hll, rose during the period of pumping and
fell at its conclusions, These water-level fluctu-
ations appeared to be correlative with barometric
changes that occurred during these periods.

6. The stream gage, on the East Fork of Jenes
River above the site of H7, showsd the effects of
the pumping. Immediately after the purp was started
the gare height began to decrease, and at the tinme
the pup failed it had dsclined 0.04 foot. During
the l2-hour period while repairs wsre being made it
rose C.C2 foot. It then declined 0.C3 foot during
the second phase of the test and began to recover
irnedintely after the test was completed.

The effect of the well discharre on the flow of Jemcz
Fiver - or actuallj on the flow of the sprinrs at the head
of the creek - was cbvious. There was no doubt that a
production well in the valley would decrease the streanx
flow.
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The interruption of the discharge test by the pump
fatlure made theoretical interpretation difficult. Draw-
down curves were valueless, and corrected recovery curves
of cbhservation wells (fiz. 12c) were imperfect, possibly
becsuse of a nuzber of reasons. For example, the pumping
period was very short, and it is believed that the develop-
ment of the wells was imperfect., However, logs of the
several holes in the valley demonstrats the continuity of
the aquifer, and it is not unreasonable to assume that the
wmater-bearing sands and gravels would approach the bdehavior
of an ideal aquifer.

The corrected recovery curves of holes HEZ and HO
{see aﬁpendix), the closest ohservation wells, though
imperfect, were used to compute the transmissibility-/.

Theis, Chas. V., @t al, Unpublished report,
February, 1950.

It was assumed that thsee curvee were approaching straight
line plots. ¥With this assumption, the transmissibility of
the aguifer as corputad from thz 2-inch casing in well HE
is atout 30,0003 for the 6-inch casing of the same well it
ig a bout 27,0003 for the 2-inch at well K%, about 45,0C0;
and fer the 6-inch at well HG, about 18,000, The averare
of the two slcpes at well HY, where the greatest diversence

occurs, cives a value of about 26,000,
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by J', D, Hem

In the course of the studies of ths chemical quality
of ground water and surface water in the Valles Caldera
area, samples of water were obtained from the springs along
the Rito San Antonioc and the East Fork of Jemez River, and
from ths surfacs flow of the two streams. Samples also were
obtained from ths flowing test wells drilled in ths Valle
Toledo and Valle Crande areas. The analyses of these samples
ars listed in table 5 and they form the basis for the discus-
sion of guality of water for this area in this report.

Valle Toledo

Analyses of water from five of the six test wells in
the Valle Tolsdo are given in table 5 and one analysis i»
avallable for the 97~foot well drilled in connection with
earlier studies,

In pgeneral the ground waters of this area are low in
dissolved soliis end soft. Ho sample was obtained which econ-
tainsd more than 143 ppn dissolved solids or L2 pps of hard-
ness, 1In nost of the ssmples the content of silica was high
{about 4O ~ 60 ppm), usually constituting half or mora of
the dissolved solids. The predoainant anion in all the
sanples was ticarbonate, and in most instances more than half
the total cations consisted of sodium. The content of dis-
solved matter ig derivei from the slow attack of the velcanic

rocks by the -round water which circulates throush the-.
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In one irportant respect the ground water aof the
Valle Toledo area differ from those of the Yalle Grande
area. In nost water of the Valle Toledo, rather larie
amounts of fluoride are present. Several samples showed
a concentration of 3.6 parts per million of this constit-
uent and many of the saxples contained 2.0 ppm or more.

As mentioned elsewhers in this report the observstien
wells were fitted with é~inch casing to shallow depths and
with 2-inch ecasing to lower dopths. FREecause of the inter-
connection of waters between the casings this arranrement
peramitted imperfect sampling of water from the upper part
of the aquifer throuch the flow from the 6~inch casing and
from the lower part of the aquifer throuch the flow from
the 2-inch casing, The perfect separation probadly dces
not exist in most wells dbut some indication can be obtained
from these data as to the extent of the differences which
may exist between the gquality of water in the upper and
lower parts of the aquifer,

Sarples {rom the cbservation wells show only mingr
differences in quality that could bs attributed to the
effect of depth. Water fro= the 97-~foot well at tho site
of 1 contained only C.6 ppm of fluoride. One of the holss
irilled later at thie esite which reached a depth of L78 feet
y.elded water having 1.4 ppn of fluoride. The fingl well
Bl had 2.4 ppm of fluoride except for 2 eample collected
after a period of heavy pumping which contélnad 3.5 ppm.
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Plate 12,--Upper part of Guaje member, {lower right)
the Otovi member with conical erosicual remments,
and the Tghirege (cliff) member of the Bandalier
tuff. Pueblo Canyon.



These data appsar to {ndicate that if any water of low
fuoride concentration 48 present in this area it occurs
only at shallow depths in the fill.

The iron concentration in aave;hl of the samples from
the wells was high., Possibly this represents iron dissolved
from the well casing.,

fSamples were collected from time to time durlng the
study from the spring srea at the lower and of Valle Toledo.
The analyses of these samples all showed water similar in
chemical character to that fror the wells and all the samples
contained 1.8 ppm fluoride or more. Samples of the surface
flow in Rito San Antorio collected at the gaging station
Just below Valle Toledo show the quality is practically
identical to that from the springs.

The closze resemblance of the water from the walls and
the springs and from the Rito San Antenio in the Valle Toledo
area emphasiges the hydrologic relationship of all watars in
this area. It provides further evidence that withdrawals of
wvater from wells will reduce surface diecharge from the area
by an equivalent gmount as the wells and springs are sup-

rlied by the same aquifer systen.
Valle Crande

Chemical analyses of water from four test wells in
Yalle Crande are given in table 5. The water in the Valle

Crande area, as indicated by these analyses and the data
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for springs and surface flow, are low in dissoclved solids
(about 100 = 150 ppm) and hardness (about 25 ppm). The
silica content is high (about 60 - 75 ppm) and constitutes
about half of the total mineral content. The waters closely
resesble those obtained in Valle Toledo except that the
water satples from Valle Grande all contained considerably
less than 1.0 ppm of fluoride. There appear to be no sig-
nificant differences bstwesn samples from the upper and lower
part of the water-bearing sone in well H9., This is the only
well for whih such a comparison can be made,

¥Yater from the sprince st tha head of flow in the Zast
Fork of Jameg River clossly resemblss that cbtained from the
wells. However, the spring water does appear to be slightly
lower in dissolved solids concentration than that encountsred
in most of the wells.

Relation of Quality of Vater to Use

The water from the Valle Toledo and Valle Crande areas
iz considerably below the limits where dissclved solids or
hardness would be objectionabla for most uses., Considering
these corponents alene the water ghould be of excellent
quality for domestic or industrial purposes. The larre con-
tent of silica however would contribute to scale formmtion
wher the water ls heated, and would be seriously objsction-
atle in a heavy duty stean power installation. Under sove

conditions the water from this area may be corrosive to netal.
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The flucride content of water used for domestic pur-
poses has received considerabdle attention in recent years.
It is penerally recognised that water which contaius more
than about 1.5 ppm of fluoride may cause mottling of the
enamel of psrmanent teeth of children drinking such water
during the time the permanent teeth are forming, On the
other hand, the presence of fluoride in a conecentration of
about 1.0 ppzm may be helpful in strengthening the teeth of
children drinking the water, and in making the teeth less
unacoptibl. to decay.

The concentration of fluoride in the Valle Tolede
water is so high as to raise a seriocus objection to its
use »s the sole supply for domestic purposes. The water
from Valle Crande is far superior in this respect. An equal
uixture of these twa waters should bring the {louride con-
centration néar to optimunm, |

In general any water supply which might de developed
in either Valle Grande cor Valle Toledoc should d¢ expected
to have a chemlcal quality similar to that of the present
head water springs discharging from thase areas into the

Eagt Tork cof Jemeg River and the PRito Sen Antonio.
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EASTERN SLCPE AREA
Surface ¥Water

Oecurrence

The surface uwaters of the sastern ilgyo aArea are
representad by the flow of the few szall apfingn and
streans on the slope of the Sierra de los Yalles, Just
west of the townsite, and that of the Ric Orande, ten
=iles to the east of the townsite. The Rio Crande is
the master stream in the region. It has a drainage area
of mae than 14,600 square miles to th. north, in north-
central Yew Mexico and couth-cantral Colorado, and the
averags dinchargt over a LEB-yesr period at Otowi bridge
at the north end of White Rock Canyon is 1,682 cubie feet
per second (Paulsen, 1951; Pe 296)s The minirun average
annual discharge of record is 128 cuble fest per second
(1934) at this point. The flow of the spring;s and streans
on the Sierra de los Valles is quite small in comparison
to that of the Ric Grande, The largest strean of the Sierra,
in Guaje Canyon, has & drainage area of only a few square
miles and a low flow of approximately 200,000 gallons per
day during dry periods. The smallest spring, Armstead
Noe 2 in Water Canyon, has a flow of about two gallons per

minute,
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The base flow in the upper reaches of these canyons
is discharped from parched watar gonas in the rocks of the
Tschicoma rroup and Bandelier tuff. The water 1s ccllected
by means of small intake structures and conveyed through
pipe lines to the town's distribution system. Iis all the
water energes within or close to five main cﬁnyona, it is
convenient to refer to the Guaje, los Alamos, Pajarite,
Volle, and ¥Water Canyon sources, These designations will

be used in individual descriptions that follow.
Descriptions of Surface Sources Utilised

Cu Sanyon Source

This 1s the best of the five surface sources and
yields approximately 20C,000 zallons per day during the
driest months of the year, The maxirum flow that has been
collacted during the period of snowmelt runoff in tha late
epring, is approximstely 500,000 rallons per day. The water
is collected gt a small concrete dam 25 feet long and 11
feet hirhe This structure is at an sltitude of &,C1E feet
in Cuaje Canyon and irpounds adbout 25C,C00 gallong of water,
The Zrainame area above the dam is about six and cne-half
square miles, and the perennial flow of the strearm heads st
twe sprince some twe and cone-half miles above the structure,
Soth springs issue from pumice at the base of the Tshirere
member of the Iandeller tuff, One iz in the main stem of
the canyon, at an altituda of £,850 fest and flows about 25

fallone per minute. 7The other is in a em2ll branch canyon a
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short distance south, at an altitude of 8,84C feet. It
flows adout 40 gallons per minute, Downatreas from the
springs there is a grradual gain in the strean from the base
cf talus adjacent to the scuth side of the streacm bed to a
point about one~halfl mile above the intake structure.

Alamos Can Source

The flow in this canyon is impounded by & small earth-
£111 dam with & concrete core at an altitude of 7,657 feet
in Los Alamos Canyon, The structure is about 35 fest hiph
and {mpeunds mores than 10,CC00,000 gallons of water. The
drainage area zbove the dan is approximately five and one-hslf
sqguare niles, almost a8 large as that of Cuaje Canyon. The
flow that is collected, however, is considerably less. The
minimum flow in dry months is about 50,000 gallons per day.
In the spring, when snow is melting, it has exceeded 200,000
callons par day. The low flow represents the discharge of
only two ®=all springs. One is adjacent to ths Cuemasen
fork of the canyon, at an altitude of 8,660 feot. The water
enerzes from talus, and the discharys is about 15 gallons per
rminute, The other srrins is adjfacent to the main stex of the
canyon, at an altitude cf €,000 feet, where about 20 rallons

ver minute emerzes from talus and alluviunm,

Palarito Canyon Source
The flow of this canyon is diverted by an sarth and

rock-fil1]l dam at an altitude of 7,320 feet in the canyon.

The atructure is 6 feet high and 15 feet lonr. The dralnare

131



area behind this intake ig one and one-~half square miles,
and the ninimum flow sppears to be sbout 35,000 gallons
per day. The flow collscted during the snow-nelting period
in the spring has been as hirh as 180,000 gallons per day.
The low flow is fed by a Qmall spring srea at an altitude
of 8,660 feet where the water enorzes from slluvium and

talus in the {loor of the canyon.

¥ Canyon S <)

This is the least important of the surface-water
sources. The low flow is cnly about 10,000 gallons per
day. FHalf of this is collected behind a low earth and
rock-f111 dan about 4 feet hirh and 15 feet long. This
small structure is in Valle Canyon at an altitude of
8,240 feet, immediately below a small spring that emerges
froz alluvium and talus and which flows sbout four gazllons
per minute. The drainage area of the canyon above is about
ﬁwo square miles, The other half of the {low is collected
from a sn&ll spring on the ncrth wall of the canyon, a few
hundred feet east of the small dame This spring emerges
from frsctures in the Tshire;e masher of the Bandeller tuffl.
The flow of about four rallons per rinute is collected behind
& bulkhead. During the spring runcff, as ruch as 1LC0,COC

callons of water per day have been collected at both sources,

xater canyon Source
The water collected in this canyon is frcm the flow of

thres springs. Direct rmnoff from precipitation is not
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collected. The largest of the three springs is st an
altitude of 8,000 feet in a short branch of Water Canyon.

At this point a flow of about 30 gallons per ninute emerges
from fractures in the Tshirege nenmber of-the Pandelier tuff
and is cocllected behind a bulkhaad placed in the tuff, The
other two springs are both small. One, Anerican Spring, is
& short distance scuth of Water Canyon, at an sltitude of
2,280 fest, The water smerges at the contact between latite
of the Tachicoma group and the overlying Tshirege mezber of
the Bandslier tuff. The flow of about five gallons per min-

ute is collscted in a concrete spring box constructed around

the opening. The smallest spring, Armstead No. 2, is adjacent

to the floor of Water Canyon, at an altitude of £,216 feet.
The flow of about two zallons per minute ezmerges frox frac-
tures in latité of the Tachicoma group and is collected in
a2 concrete spring box,

In the four canyons where intake structures are located
in the stroan beds, it may be noted that the water collected
per unit of drainage area 1s not uniform, This is primarily
the result cf‘the gnzll size of the intake structures which
are not ecspable of storing the water of torrential flows
that oceur in the surmer months when the precipitation is
rreatest. These hipgh discharres pass over the s—msll dans
and are lost to the supply systen, This bypassinr has been
considered in the past and thought has teen glven to the cene-
struction of larjer impoundin; structures, However, as
pointed out in Flack eni Veatch reporte {19L6 and 154¢) the
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gmount of additional water to be reinad from the small water-
sheds does not Jjustify the conatruction cost of additional
dams. Also, as pointed out by Stearns {(19LE, p. 14), it
would not be worthwhile to atterpt to increass the spring-
fed flow of the streams as the deep canyors of the Sierra

de los Valles allow an outlet for most of the smsll perched
water bodlies of thes area. These surface sources now yield

a small but Inexpensive supply of water, but attempts at

na jor improvement would not be Justified.

Ground ¥ater
Exploration
Following the uischarge tests in the Valles caldera
and the confirmation ;hat puapaga frugdthat area would
affect the flow of the associated streams, theradby inter-
fering with the rizhts of downgtream users, it was neces-
sary that the exploration for ground water be shifted to
the eastern slope area. Some knowledge of this area had
been gained during the aummer and fsll of 1949, and the
stulies were intensified during the following winter.
Nevelcpment of additlonal wells by the sumer of 1951
was necessary in order to supply the additionsl water
naaded for expansion of the town,
Some exploratory drilling had been started on the
eastern slope in the swmer of 1249, Hole H1S9 was drilled
in the townsite area at that time to deterzine whethsr

adequate water-bearing formations existed at economic depths,
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and a series of test holes in connection with the wnder-
ground movement of waste products had been started during
that sumer, These latter holes furnished additional data
on the occurrence of water. Field observations were begun
in the winter of l1949. Fy the spring of 195C it was decided
that only ths undifferentiated unit of the Santa Fe group,
from which wells LY to L6 were producing, could be expected :
to yield supplemental water in any important amount, but

there was considaerable speculation as to the satisfactory
water-bearing characteritics of this unit, It had been |
reported that the water levels of wells L1 to L6 had |
declined rapidly as these wells were brought into production,

and the view was prevalent that this rapld decline of levels

would continue, Howsver, fisld studies indiceted that the
undifferentiated mit of the Sante Fe group probably would

support additional wells, and an exploratory hole was

started at the site of well Gl in Guaje Canyon in Harch of

1350, Vhile this hole was being drilled a pumping test on

wall L3 gave encouraging results. The test indicated that

the rapid decline of water levels was incident to the first

phasss of pumpare and had grajully decreased. ?inally; after

the exploratory hole at the site of Cl was completed as a

well and tested, it becsme evident that additional wells

could be drilled in Guaje Canyone These wells, G2 to G5,

ware co~pleted in 1951,
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Water of the Various Stratigraphic Units

Spchic G

. The rocks of ths Tschicoza group are unimportant as
water~besaring materials. The snall quantity of ground
wvater that emerges naturally on the slopes of the Slerra
de los Yalles indicates that thess rocks do not contain
important bodies of perched water at high elevations - at
altitudes above the flcors of the deep canycns cut in the
Tschicoma. In spite of the deep canyons in the outcrop
ares, which would allow ready outlets to any contained
oround xater; only minor snmounts are discharred to support
the low flow of the small streax=s on the mountain slope.
Two test holes falled to show important pround-water
reservoirs at depth. Hole H19 in los Alamoe Canyon found
the tep of the main sons of saturation at a depth of about
1,200 fest. Fetween this depth and 2,000 feat; the bottom
of the hole, the drill indicated that the rocks in which
the water occurs are generally hard and massive. Therefore,
it was assurel that these rocks have s low cceffliclent of
perneability and would not yield larro grounts of water to
the well., Hole T4, ebout one mile northeast of H19, was
drilled to a2 total depth of 1,205 fecet and 21 feet into
vater~-bearing breccia in the Tschiccema sroup. This hole was
cased and eguipped with a pusp for use in waste disposel
studies., Two pumping tests run on heole T4 indlcated a trans-

nisslbility of approxirately 1,000 for the aquifer and show
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that even brecciated portions of the Tschicoma group are not
highly permesable. Hence, this sroup 1s unsuitable for the
develcpment of large supplies of water.

Pandelier Tuff
The Bandelier tuff lies well above the main water

table. However, scme perched water is present in places

in this tuff, as shown by one test hole and by a few aprings.

Of 2 series of eight holes that penetrated the Bandalier; one

hole (H19), yielded wmter. At this locality perched water

was encountered between the depths of 450 and 472 fest in

lurp pumice of the Cuaje member. Four springs emerge from

perched sonss in the Tshiregze member , at places uha:c this

manber extends to hirh elsvations on ths slopes of the Sierra

de los Valles. Two of these springs, one flowing about 25,

the other about L0 gallons per ninuts; emarge from puxice at

the base of the :nhirege rmexmber near the head of Guaje Canyone.

These springs form the headwaters cof the stream in this canyon.

(See p.131.) Another sprin; emerces from fractures in welded

tulf of the Tshiregze merber in ¥ater Canyon. This spring is

at an altitude of 8,00C feet In the canyon and flows about

30 gallons per minute, A spring yielding about 4 gallons per

minute is at an altitiude of 2,300 feet in Valle Canyon.

This spring also emerpes fr.m fractures in welded tuff of the

Tshirepge mezber.
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For the most part the Puye conglomsrate is above
the mein water table, but psrched water is present in
pPlaces in this conglomerate, and at one locality the
lower part of the conglomerate lies below the mainAwatar
table.

Thres test holes sncountered perched water in the
Totavi lent{l of the Puye. Holes T1, T2, and T3 encoun-
tered water in this lentil at depths ranging from 600 to
800 feot. A1l of these holes were cased, equipped with
s=all purps, and pumping tests were run in connection with
waste disposal studies. Tests at well Tz; the best woll
of the group; shoved that where the lentil is relatively
free of silt the transaissibility is about 5,000. This
is a fairly hirh value for such a thin sone of saturation.
Assuming that tha thickness of saturation is about 3C feet,
a perneability of about 170 is indicated., FNavertheless,
this water is unimportant, Large quantitiss of water could
not be pumped from the lentil decause the sone of satura-
tion is thin,

Two test holes oncountered perched water in the
fanrlomerate =menber of the Puye. Hole TIA encountered
wvater between 212 and 215 feet, in an intsrf{low zone tetween
two basalt flows In the fanrlonerate, Pusping tests indlcate
that the permeablility of the Interllow zone is low and that
the water ig presont as a lens. Vhen the lens of water is

relastively larre and is receiving recharge from sumir ralns,

$ot
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the well will yield three to four gallons per =minute for

s month or two. In the winter and spring when the lens of
water 1s small, the well pumps dry after a purping period
of about one hour., Hole T2A encountered perched water at

a depth of 110 feet in conglomerate in the fanglomerate
member. This local body of water yilelds about five gallons
per minute for a period of 10 minutes before being pumped
dary.

One spring emerges from the Puye. This spring is in
Ancha Canyon, about three-guarters of a mile west of the
Rio Crande. The water emerzes from a perched sone in the
Totavi lentil, snd the diichargt is about 50 gallons per
minute.

The lower part of the Puye is below the main water
table at the sits of Hole H19 in los Alamos Canyon. BHere
the main water tadle was sncountered st a depth of 1200
foet, 10 feet above the base of the fanglomerates member,
Farther down the hole, below a quarts latite flow which
takes the place of the lowest part of the fanglomerate
member in this locality, the Totavi lentil was encountered
between the depths of 1LBU and 149G feet, nearly 300 feet
below the main water tabls., The hole was not tested for
water production, but it is improbable that the 20 fest
of saturation would yleld i=mportant quantities of water

to a well.
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Basaltic Rocks of Chino Mess
The basaltic rocks of Chino Mess are above the

main water table, and they discharge no important quan-
tities of perched water, even where they are breached by
White Rock Canyon., Therefors, it can be assumed that these
rocks contain no important quantities of available water,
One small spring is present about 30C yards above well L&
in los Alanos Canyon. This spring, though emerging from
alluviuzm, must bf fed largely from the basalt that crops
out immediately ittt. Along White Rock Canyon some water
that appears as sesps and small springs adjacent to the
Fio Grande probably discharges from interflow sones betwesn
the basalt flows exposed in the walls of the canyon. The
water passes downward beneath talus to amerge adjacent to
the stream course. The total flow of all the small springs
and seeps in this canyon is not large. It is of no impor-
tance to the Los Alames supply. ‘

differentistid Unit of S G

Occurrence of Water, —=- At the foot of the eastern

slope, adjacent to the Flo Crande, there are exposures of

tha undifferentiated unit of the Santa Fe group. 7This unit
composes the bulk of the fill of the FElo Crande depression
in the area and is of great thouch unknown thickness. The
btase has not been reached in any of ths supjly wells which
were drilled to 2,000 feet. The lateral boundaries of the

unit are, on the west, faults underlyin: thes central part
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of the volcanic rocks of the Jemes Mountains, and, on the
east; the fault sons at the western foot of the Sangrz de
Cristo Mountains.

The undifferentiated unit is compozed of poorly con-
golidated silty sandstone and sandy siltstone with soms
interbedded basalt, There is also some conglomsrate that
is important in the subsurface in Guaje Canyon, and thin
beds of clay are not uncommon. Thess rocks composs the
gquifer that ylalds water to the wells in Los Alamos arnd
Cuaje Canyons, the two groups of walls that supply Los Alamos.

The stuly of the area has shown that the undiffer-
entigted unit isg almbat completely saturated. The thickness
of unsaturated material at the top of the unit represents
only a small fraction of the thickness of the entire fill.
This unsaturated portion is thickast along the east and
west marginrs of the Hio Grande depression, Along the
margins of the depression the unsaturated uppsr part of the
unit is as eruch as 500 fest thick in places, However, as
the water moves from theae outlying arsas to the Rio Grande,
the top of the sone of saturation slopes to the river, at a
lesser rete than that of the raneral land surface. At the
river all beds below stream level gre saturated and the
stream gains wator from the ground-water body.

VWater-table conditions exist nsar the margins of
the depreasion, but over rmost of the valley the water is

confined. The plezonmetric surface, like the water table,
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slopes to the river. Along ihe axis of Cuaje Canyon this
surface slopes eastward at a rate of about 70 foet per
mile. East of the Los Alamoes area, on the east side of
the depression, its slope i1s westward at a rate of about
65 feet psr mile. (See fig. 13.) These are general
figureu; and on both sides of the river there are local
irragularities in the slope. In places, as betwesn wells
CL and G5 in Cuaje Canyon, the gradient of the pissometric
surface 1s only 50 feet per mile, but betweern wells C2 and
G3 1t steepesns to more than 100 feet per mile, apparently
because of & buried fault betwesn the latter two wells,
Several poorly exposed faults have been noted on the sur-
face to the west of Otowl bridge. (See pl. 1.) The faults
probably are the surface expression of s fault zone which
- 18 more prdhinont in the subsurface.

Although it is convenient to refer to the piexometric
surface as if it were 2 plane, such 2 simpls condition does
not zxist. Because of ths interlayering of beds of varying
permeability in the complex aquifer, each water-tearing bed
has a piesorstric surface of its own, sloping to the river.

The vertical spread of these numerous surfaces for various

sones or beds at a given locality probably is not great, but

in outlying parts of the valley, as at well G5 in Cusje
Canyon, the piegsometric surfaces representative of shallow

water-bearing beds ars several feet higher than those

encountared at great depth. V¥Water is moving downward as wsll
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as laterally in this locality. The reverse conditlon exists
near the river, Here, the piezometric surface increasss with
depth, Water is rising to the river, and the piesometric
surface repressentative of deep bteds is above the land surface
in areas of low topocraphy. FHence, flowing artesian vnfcr
may be obtained from deeper wells which are located at lower
altitudes near the river. As examples, wells L1, 12, and L3
all flowed when they were completed, and two wells at Buckman,

‘drilled to unknown depths a nu=bsr of years ago, still flow a

few gallons per =minute,

v {lity of Wat =~ Perhaps all of the various
types of rock in the complex aquifer should be considered gs
water bearing. In the long run, as water is withdrawn frnm'
the nore permeable beds by wells and the head in these beds
is lowered, significant quanéiti.z of water are obtained
from even the cleay beds by leakage into the adjacent more
permeable beds. FHowever, the ease with which the different
types of rock transmit water--or yield it directly to wells—
varies with the permeability. The most permeable beds trans-
mit and yleld water most readily. The least permeable beds
tend to act meinly as confining or semi-confining beds snd
are of little direct irmportance in the construction of wells
axcept for ths place=ment c¢f screena,

¥hen & well fleld was first being considered in Guaje
Canyon, 35 sanplse of the undifferentiated unit were tested

to determine to some extent the variation of permeabllity
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of the various types of material that crop out on the sur-
face. Of these 35 samples, 18 were selected from five of
the most permeable types beds that were exposed in the arsaj;
seven were selacted from four bade that seemed to bs worthy
of considerstion in well construction though less permeatle
than the best typa of sandstonsj and ten samples were
s¢lected from beds of relatively low permeadbility.

- The most permeable typas are pinkish gray sandstone that
is very poorly cenmented and which commonly shows cross-bedding.
This sandstone 1s composed of fine to coareec sand sizes with

some 8ilt. The coefficlents of permeability~/ of the 18

Meinger units, Stszarns, 1928,

e

samplss tested ranged from about five to one hundred, with
most samples falling between ten and fifty. This type of
sandstoné composes only a smasl)l fraction of the unit, pos-~
gibly five to ten percent.

Somewhat less permeable beds consist of grayish pink
sandstone that is massive to thin-badded and moderately well
cemented, The seven samples from four differant beds showed
.2 range in the coefficicnt of permeastility from about five to
fifty, and fivae of the seven sanmples ranged betwesen five and
thirtcen. ©Such bede are estimated to compose akbout ten to
twenty percent of the formation in the area.

Samples from the more common types of rock, siltstone,
very siltv eandatone; and sandy siltstorne ranged in the 1C
sarplos selected from about one-tenth to five thoush most fell

between onc-tenth and one.
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Samples of the thin clay beds were not tested nor
the conglomerate that occurs in the subsurface in Cuaje
Canyon.

Though some of the permeabilities described above can
be considered moderately high (10C gpd. per foot) only a
very small proportion of ths rocks possesses what misht be
considersd moderste values of parmeability. Accoriingly,
it ia impossible to develop wells of high yield in ths
undifferentiated Santa Fe, even when a relatively great
thickness of rock is penetrated, and the formation cannot
be considersd a "high~ylelding® aquifer though it is
dependaeble.

Fecharge, Circulation, and Discharpe$-~ The water that
occurs in the undifferentiated unit enters the ground along
the marginas of the Ric CUrande depreéaion, along a longitu~
dingl strip adjacent to the boundaries of the depression.
From these arsas it wovaes very slowly through the various
types of rock to the Hio Cranie.

The recharge occurs by dirsct infiltration of precipi-
tation and by influent scepare from small streams. In the
Los Alamos area there 1s asome direct infiltrstion of pre-
cipitation, probatly a very small amount, on the steep
slopes of the Sierra de los Vallee and on the flat-lying
interstream areas of the Pajarito Platesu, Mors lmportant
quantities probably seepr into the ground from small stresoss
and rivulets on the lower slopas of the Slerra and on the

western part of the Plateau. For example, the flool runoff
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of such streaws and rivulete rarely reaches the Eio Crande.
After the hesvy thunderstornms (that oceur in the summer
montha), a £reat part of the water in the small streams
seape into the ground near the foot of the Sierra and on
the western part of the Pajarito Platezu. In a few places
thare are important losses 28 far east as the central part
of the Flateau. In Puablo Cauyon it has been notszd that
there are important lossseg Just eoutheast of the Otowl
ruins, =t & point where floodwaters rsach an area under-
lain by the Puye conglomerats andi the Guaje membor of the
Bandelier tuff,

A part of the water that parcolates downward through
the rocks of the =ountain and platesu sareas forms local
bolies of perched water in the rocks cverlying the undif-
ferentliated Santa Fe. Some of this porched water is dis-
charged from these overlying rocks within the mountsin and
rlateau areas and alonz ¥Vhite Rock Canyon. (See pelLO.)
This water dces not reach the undifferentiated Santa Fe.

A lsryer fraction of water psrcolates downward to
the zgone of saturaticn in the undifferenti~ted Senta Fe.
Hore 1t beccﬁes e part of g slowly moving body of water
that discharres to the Fio Crande. The c¢irculstion throu:h
the flat-lyinr rocke of varyin; perneatility is corplex.

In peneral, there is a consgiderstle dewnward corponant of
movement in the strip where the prezatest recharre is

received, and there 48 consijerable upward component of
»ovement near the river, whore the water £s rising to the
stream bed from rrazt depth. {(%ee p.lh3.) There {8 & further
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complication caused by the layering of beds of varying
permeability. The more permeable beds transmit greater
volumeg of water; the less permeable beds transmit lesser
volumes., But two}bada of the same transmissibility, present
at different levels in the formation, transmit different
quantities because of g difference in hydraulic gradisnt at
the two different levels. The gradien; is steapest at the
top of the sone of saturation where u;ter particles are mov-
ing in cesentially a direct line from tha rechargs area to
the discharze area. On the other hand, thé gradient 1s very
low along streamlines that extend to great depth and have a
pronounced curvilinsar trend.

The discharge to ths river from both sides of the val-
lsy contributes water to the stream. This is indicated by
past records of moasurements of the river flow at s gaging
station at Otowl Bridge and another station (Cochiti) 21
niles south, The measursements at the two stations show that
there i3 rain in dry weather of the order of 500 or 6C0 zal-
long per minute per mile of river between the two points.
This increase in water is derived largely frog discharge
from the undifferentisted Santa Fe though some smaller
part is derived from discharge of ovarlying units along
vhite Fock Canyon. (fee p.140 )

Punping Testss—<A number of pu=ping tests were run

in order to determine the production characteristics of
wells and the hydraulic constants of ths aquifer. The

first test was run in the Los flamos Canyon well field,
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the field developed under the supervision of Elack and
Vestch between 19L& and 1948, This teat was run in the
spring of 1950 when information was needed to substantlate
exploration at the site of well Cl. Later, as each of the
five Guaje Canyon wslls were eompleted; additional tests
~ were run at each of these wells. PFinally, after the com-
Pletion of all the Cuaje Tanyon wells, a final test was
run in this field in the spring of 1952. .
Figure 15 shows the plan of the aix wells in the Los
Alamos Canyon field where the first test was run in April
and lay of 1550. Three of the walls (Ll; 12, and 13) are
870 feet deep and three {Lh; 15, and L6) rangs from 1,750
to 1,965 feet deep, Conditiors for the test wore not ideal
as it was not possible to shut down all wells, wait for a
nsarly cooplete recovery, and then pump a single well while
observing the effects of its dlscharge, inasmuch as it was
necessary to supply the town with water during the experi-
mental puspage. To aceomplish both purposes, wells LL, LS,
and LS, the bLest wells, were selected to supply the town,
and wells 1], 12, and 13, the pocrest wells, were used for
testinyg. The latter wells first were zhut off for two weeks
to allow the recovery of water levels to stabllige~--then well
13 was puped for two weeks--and finally the pumpiwg at L3
wes stopped and the water level allowed to rscover for an
additional two weeks. V¥ater-levels wers measured periodi-

cally at wells L1, L2, and L3 and at two shallow test holes
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closaly adjacent to L1 and L3. In addition, & short test
was run at wall L5, one of the deepor wells. HNost water-
level measurements durinr the testing were made with a
steel tape.

The test was not entirely succeszful. In the first
place the rate of pumping at well L3 was not consetant.
During the two waeks pumping period of well L3 the dis-
charge of the pump declined from L60 gallons per minute at
the beginning to 300 gallons per nminute at ths end ef the
test. Further, a wide range of values of tranamissaibility
were obtained because of the variable parmeability of ths
aquifer, possibly in part as a consegquence of faults in
the area ¢of the welle. Because of the low permeability
'in the locality of wells L]l and L2 tha water lavel of 11
and an sdjacent shallow tast hole showed apparently only
a small effaect of pumpare at L3, & slight retardation of
recovary during the six weaks. Less distinct con;aqnencas
of the faulting in the arsa may have csusad in part the
wide ranse of transmissibilities computad by Thels and
Conovar (Theis, Chas. V., and Cenover, C. 5., 1950) fro=m

drawiowns and recoveries in the wells. {See table l.)
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Table 1.— Computed Values of Coefficients
of Transmissibllity and Storaz
from Test in Los Alamos Canyon Well Field

¥athod

Drawdown in well L2 as 4,100 g.p.d. par ft. .0033
result of pumping well L3,

Recaw in well 1.2 after 4,100 » 0033
punp well L3,

Recovery in well 1) after 1,40C L -
pumping well L3.

Recovery in shallow test hole 24,900 » -

adjacent to well L3 after
punping well L3.

Drawdowns in wells L2 and 13 2,600 " .0C33
at conclusion of pumping
- Drawdown in well L5 as result 6,500 L -

of a brief test on well LS.

After Theis, C. V. and Conover, C. S., 1950

15C
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Brief pumping tests wers run at each of the Guaje
Canyon wells (wells Gl to G5) 1mmcdiat-1} after each of
these wells had been completed. After casing and screen
had been set and a gravel pack emplaced, the wells were
developsd with a turbine pump. The development consisted
of pumping and surging until the water was clear, generally
for about 48 hours. Then, when the recovery of water level
follouing the development was essentially ccuplotl; h8-hour
Pumping tests wers run, Figure 16 shows the\plnn of the
wells. )

The pumping tests consisted mainly of pumping sach
wall aﬁ a constant rate for a period of LB hours although

wall G3 was pumped for eight days. The constant diacharge -

in some casss 500, in scme cases 600 gallens per minute -
was messured with a calibrated orifice. During the pariod
of pumping the water lasvel in the wells was measured with
a continuou:‘airblino recordsr. Following the period of
pumping the water levels wers measured with a steel tape.
The pﬁmping level at the end of these brief pumping
tests indicated that the specific capacities of the five
wells ranged from about 5 to 7 gallone ponlainuto per foot
of drawdown. Points taken from the airuliﬁo recordars and
plotted con semi-lorarithmic paper were erratic, and these
drawdown curves were of little valua. The tape measure-
ments of the recovery, howsver, fell very near a stralght

line when plotted on semi-logarithmic paper. An exanple
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of ons of the plots is shown 1anisnrt 17. Values of the
transzigaibility in gallons psr day par foot were computed
from the straight line plote using the method cof Jacod
(1946). In most casss the calculation was corrected to
taks into account g laeck of complste recovery of the well
from the purping during development, An exarple of this
corraction is ziven in Firure 17s.

The calculrted tranawmissibility ranged somewhat froa
well to well « from a low value of 7,500 at well C3 to a
hizh value of 16,000 at well Gl. ¥ells G2, G4, and G5 cave
values of 10,000, 12,000; and 11,000, respsctively. In the
case of well C3, the low value probably is due to the bdound-
ary offect of a buried fault whih apparently exists between
wells 2 and 3. In the case of well (1, the high value is
the result of an incomplats reccvery of the well bdefore the
pumpiii; test was started and for which g correction counld not
be made. The values of transmissibility that ranged from
10,000 to 12,000 are believed to represent a close approxie
mation of the transmissibility of the main water-bearing
beds, 1. e..the arrrecats of about LOO feet of beds that are
adjacent to screen in the wells, Thus, theso values of trans-
miseibility are not believed to be representative of the trans-
migsibility of the entire aquifer. The transmissibility of the
entire squifer probably is between 15,000 end 20,000,
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A 13-day puwpinz test was run in the Guaje Canyon
well field in Yarch of 1950, following a~30~day shutdown
of the Cuaje wells. Wells Gl and G5 at either end of the
field were pumped contimmously during the l3-day pericd.
The discharge at waell 1 varied from 535 to 52C and avsraced
523 gallons per minuts. The discharge at well 5 varied
from SLS to 535 and averaged 539 gallons y;r‘minuta. Dur~-
ing the period of pumping, water levels were ;musnrnd by
steel tape at wells G2, C3, and Gi4} and by airline recorder
at wells Gl and G5. Following the 13-day pusping perilod,
zeasurszents of the recovery of wster levels were made by
steel tape at all five wells.

| By the end of the puzplng period the water level of

well G} waslowered )08 feet, indicating a specific capacity
of L.& gallons per minute per foot and at well G5 it was
lowered 99 feet, indicating a specific capacity of S.4e The
water level of wall 2 declined 13.2 feet] that of well 3,
5.2 feet; and that of well 4, 11.6 feet. Plots of the draw-
down and recovery of water levels are shown in Figures 17b
to 17k in—the—appendix,

Values of the coelficisnts of transnissibility and
storare were corputed from the straight line portions of
the semi-locarithmic plots, usins the method of Jacod {1946).
In these ccomputations it was assuriad that the effects of
well {1 did not extend to well C4 and that the effects of
woll G5 did not reach as far east 28 well G2. This 18 a
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safe assusption as there is no break in the drawdown curves
of wells G2 and GL which would indicate these effects.
Computed valuss of the coofficients of transmlissibility
and storage are shown in table 2. The values of transmissi-
bility cover a wide range, from 7,700 for one serment of the
drawdown curve of well G5 to 25,000 for the recovery curve
of well CL. The low value of 7,700 is spurious. The segment
of the curve that yielded this value probabtly is indicative
of a boundary effect. The average ¢f the other valuss of
transnissidility given in tadble 2 is 16,000, The coefficient
of storage can be calculated only from the drawdown curves of
wells G2 and CL. Beth calculations of this coefficient
checked closely. One curve ylelded a value of 00,0002, the
other 0.0004. However, as will be pointed out below, leak-
age from the sediments of low permeability is an important
phenomesnon in ths squifer, and the true valus of the store
sge coafficlient of the aquifer probably is not realised
until & long period of puwwping, of maybe years, has elapsed.
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Table 2.-=Computed Valuss of Cosfficlents
Transnissibllity and Storage from l3i-day

Test in Cuaje Canyon Well Field

Fethod

T ient

Drawdown in well Gl as
a result of pumping
wall G

Drawdown in well C2 as
: & result of pumping
well Gl

Drawdown in well CL as
a result of pumping
well G5

Drawdown in woll C5 as
a result of pumping
well G5

of well Gl after
well Gl

Pecovw of well C2 after
pumping well Gl

Fecovery of well Gi4 after
puwping well G5

Recove
pump

Récovary of well G5 after
pumping well CS

11,700 gepede per ft.

15,000 »
17,500 _ L]
7700 .
14,700 "
16,500 »
25,000 "
12,000 b

0.0002

0.0001.,

N
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Sevaral drawvdown and recovery curves f{rom ﬁho 13-day
test show anomalous features which indicate the importance
of leaksare in the aquifer. The drawiown curvss of walls
€1, 62, and G5 (figs. 17b, 17c, and 17f) are excellent
eanmples. Thae drawdown curves of these three wells were
normal only during the first 1CGC hours of pumping. During
this periocd, the semi-lofarithmic plote show an initisl
ad justment in the aquifer which is followad by & ssries of
points that lie essentially slong z straight line, This
strajcht-line sequence should have continued, with the
water levels declining at a logarithmic rats. Near the
100~hour mnrk; howaver, the slop2 of the line through ths
Plotted points decreases. Between the 100-hour mark and
the end of the test (312 hourz); the slope of the line
continued to decrease indicating that a new source of
water was available., Between 100 and 312 hours after
pucping began, irportant quantities of water were leaking
into the beds f{rom which water was being removed directly
by pumpago and the coefficient of storage was increasing.

The explanstion of the leakare involves the lithologic
character of the aquifer and the construction of the wells,
The aquifer is compesel of intaerbedded sandstone, siltstone,
end clay. All of these types of beds transect the gone of
saturation, However, the most permesble sandstons beds,

with an aggrecate thickness of about 40C feet in the 2000~

foot wells, are adjacent to screen, Less permeable sandstone,
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siltstcne; and cleay are adjacent to blank casing. V¥hen
the walls ars pumped, water is first removed from”storage
in the sandstone beds, but after a pariod of time thesme
beds act in considerable part as conduitas. As the head
declines in these sandstons beds, water begins to move
into them from adjacent less permeable beds which act as
reservoirs, As this process of lcakage goes on, the co-
qfficlant of storage changas. Hence, values of this
coafficient are relsted to time. The coafficient of
storage computed {rom the l3-dey test is approximately
C.C0C3, The value corputed f{rom the test in the Los
Alamos Canyon field is approximately C.0C3. The reason
for the difference in the two values is not at praaeﬁt
apparnnt; but in either case 1t appears thst they can be
taken as minimum values.

Decline of ¥Water Levelsi-- In many aquifers the rate

of decline of water levels can be predicted sith accﬁracy.
In homogenaous aquifers of larre areal extent; or heving
known simple boundaries, the coefficients of transmissi-
bility and storare can be determined from pumping tests,

snd the rate of decline of water levels as a result of
puzpage can be predicted by the Thels equation {Theis,

1635 ~ see p. 118), Difficulties in the gpplication of this
equation to the decline of levels in the undifferentiated

unit of ths Santa Fe have been indicated by purpinr tests.
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All of the tests show the difficulties of determin-
ing an approximate value of the coefficient of transmissi-
bility. In addition, the l3-day test showed that the effect
of lsakage in the sguifer i{s guite important, and conse-
quently the aquifer does not have a constant coefficient of
storae. Bevnrtheless; as the wnlib ars pumped and the
cones of depression expand, water will be drawn from greater
and creater distances, and as a first approximation the
decline of levels from year to year will follow spproxinstely
a logarithmic rate,

In the Los Alamos Canyon well field (wells L1 to 16),
at the beginning of 1950; after approximately two years of
punpage at an average rate of about 500 gallons per rinute,
thers was a non-puzping water level about 35 feet bLealow the
original plescmetrie surface., Eetween the beginning of 1950
and 1953 there was an additiongl decline of between 25 and
30 feet, to a level betwean 60 and 65 fest below the origingl
pliegonmetric surface, This latter decline acccapanied a
larrer pumpace rate averaging ebout 1,000 gallons per minute,
a rate that probadbly wlll bs continued approximately in the
future, If it could be assumed that all conditions would
rezain sinilar to those from 1950 to 1953, a toteal decline
of spproximately 125 feet should be expected by 1875. (n
the other hand, pumpage from the Cuaje well field {wells C1
to G5) will eventually saffect the trend, and es the pupare
fror thie fleld is about ecual to that of the Los Alancs

158



field, the levels should thereafter declins st'upproxi-
nstely twice their previcus rate., There is no means of
predicting the time when the effect of the Guaje wells will
reach the Los Alamos field as leakage will retard ths expan-
sion of the cones of depression from these wells. However,
leakage from the aguifer snd the sventual reduction of the
discharge froz the aquifer to the Eio Grande will moderate
the projected lowering with the result that the lowering
probably will be less than given by thas sﬁfalght logarithmic
projection,

Pumpage of a magnitude worth considering began in the
Cuaje field at the bspinning of 1652, During the first year
the puwpage rate averaced 660 gallons par minute, and the
nonpumping lavel declined between 15 and 20 feet, bnring
1953 and succeading years, the pumpare probably will increase
to about 1,000 gallons par minute and the drawdown curve should
steepen slizhtly, VWith no effect from the Los Alamos field
the levels should decline toward 50 feet bty 1975. However,
the effect cf the purping in the los Alances fleld will
aventuslly reach the Cusje wolls; and afterwards the levels
will decline at about twice their previocus rate. If it is
assuned that thesc effects will reach the field at the tegine-
ring of 1954, the levels should be about 75 feet below the
orisinal piezometric surface by 1575, This would appear to
be an outside figure ag increasing leakage in the aquifer
probably will retard thoe declining water levels.



The above estimates of lowerings are given only to
indicate the magnitude to be expected. Bscauss of the
many complexities involved in evaluating the long term
lowering, such analysis is beyond the scope of this report.
Continuing data are bsing gathered on the changes in water
lavels in the supply wells along with records of pumpace.
It is sxpected that evaluation of this data will parmit a
reasonably accurate prediction of the expected decline of |
wator levels.

Samples of water have been obtalined from time to time
from zach of the Los Alamos city supply wells in los Alamcs
and Guaje canyons. The results of these snalyses whivhare
4n (table 5)show the quality of ground water in the undiffer-
entlated unit of the Santa Fe rroup which supplies the wells.
Included in ths table is an analysis for an abandoned rail-
road well at Buckman.

Water from the lLos Alamos Canyon well field is low to
moderate in dissolved solids. Moat of the wells consistently
yield water having less than 250 ppm of dissolved sclids, and
all yield water having less than 5C ppm hardness. Except for

well L6, those which were Bapled more than once show little
change in quality during ths period of record. Silica rener-
ally ranges between 30 and LC ppm and 18 not &8 high 4in the

water from these wells as in moet others in ths reglon.
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Fluoride concentration &n unturxgroa well L6 1s'murn than
2.0 ppu at times. In all other wells in this field it is
below 1.5 and in most of them is below 1.0. The best water
is obtained from the waestern=most well in this group, well Li.
The pradominant minersl constituents of the water from this
wall field are sodiun and bicarbonate. Except for the
fluoride of well 16 the mineral constituents of water from
this well field all are within acceptable limits for domestic
and most other uses.

Quality o water from several of the wells in the los
Alamos Canyon field changes slowly with time, In order to
study the nature of these changei, thres of the wells have
besn sazpled several times during the investigation. lost
of the changes thus far observed ars minor and no definite
pattern of fluctustion is apparent,

Tha quality of water from the Buckman well is similar
to that of the water from the Los Alamos Canyon wells.

Analyses of sarmples of water from the five Cuajs Canyon
walls are included in table 5. VWater from the wells in this
field has a narrower ranre of dissclved sclids concentration
than the wells in Los Alsmcs Canyon, but the average feor both
fields is nearly the same. The westernuost well yields the
water with the lowest dissolved solids content in this field,
but this water is of the caleium bicarbonate type and has
moderate hardness. Velle farther down Cuaje Canyon yleld
water somevhat hirher in dissclved solids but softer. The
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silica content of the Cuaje Canyon watsrs is corparatively
high, especially that frem well Gl where one sampls showed
a concantration of €8 ppn of silica. The silica content of
the water from this well has Increased notably eince it wss
first put in use, Excapt for well Gl the dissolved solids
content of water {rom the wells in this field has shown a
toandency to decrease aince 1351,
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Tnlle 3.,--RECORDS (F WELLS AND TEST BULES - Continued
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Tahle b.=<Logs of wells and test holes.
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Teble 4.—-locs of walls &l tost roles.
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Table Y.eslogs Of wells and test bnlss.
mzb,mm
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Tablae L.-=lo58 of wells and tast holes.
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Tabls k.eloos of vells axd test Loles.
Hole 2 5, Velle Toledo.--Comtinued
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b s o o
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Tahle b.e-Loge of welle and test holes.,
Tole I 7, valle Syaude
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Table h,--LOzs of wolls &:d test moles.
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Table b.-=logs of wells and test holes.
Fole ¥ 10, Valle Crande

Altitude ) Z'H\-m FLTLLoe F) ;,&gl
"bt&_ depth, 55 feet
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Tatle L.-«lLogzs of wells oxd test hales.
Gole U 13, Valle Crande

Altitude, oand guriace, o,504
Totel Sortk, (30 feot

C .

"4 * oaer T i 7, g o, ey L~ ~
J..\ o e aoolor Tren A Ty ..~-3L‘:€h:'a:_"

i
- o
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mxigeous glass. The wilt
is &irty with st from L o

-,
"2.."....]...'QD.‘.'I..‘.'I!'!...l‘l....ll!i'.lli'.l.

anyc, s8ilty te ellt, cliager,
Sandy and wits scne gravel.
The sandé wxd gevel are ainly

Travel, candy to sllty, lighkt
ey to Light batf. Te gravel
caneists mainly of paupice and
nedesous gluss. e snd i
pazice, suwmdoeous glass, quurtz,
axd gnnidine, T wdt Is ety
?iw mt.....'.......Il......"....'l...'..-l.t.Q.I.-

N e

o iy G e} . Py J.4 h . >,
SLA%, ciayey, ddsltasioens, cilve

couved,; ey ve ellly, 110U s,
Tne Llne o nollum ol CWIBLSLs
wEleokis (laas, and
LB G M e el SR LS
ARLOIAL L aelS, GanThony Sl

IRUCIE N A - . - i
IR NS S Y u—in;-!::,! Bi.:.t - :‘CG&J‘G

R o awe 4
ThOTRELLCT

BEPUIRN S
PRVNN
R I T I I O N I I T T R P R N R A B I S SV

S lmsmes o pemake &y

L N L. L wEr LU

. - ey o [ S L e
s e} e T L RLA D

P - - r i [T tRTES

20 OO YRS Wi, L Gidwlk.

R e
L\—a.“.':\m--o.n---.--o.c:--v-a.o-.---.-o-'-.---.-."-.-‘-

»
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B 42 T T T e

180

-3

2



Table h.e-Logs of wvells and test halss.
mmzu,mm.-c:mmm

Gravel, sldy, ot o o

aray. e fine to coarse

cravel consists of pumicoous
Gass and rigrolite. Clogywy
f'd.t 1lg presext ;.b.wu.‘.w*t

Gravel, sandy, light gray to

oay. The prevel conelsts
minly of puricecus plass,
Tiw saxd i psrieecus gloss,
qurts, saniline, cbgidlan,
end rivalite. HRlor-Doarin st ccessareavsnnass

8ilt, clayey, oldve; with soxe
m’muc mml.tl..'..--.‘a.nut.'.Q..Q'l.Q.b'l..l..l

Gravel, smady, lisot pry te

Py 18 me"inetomctim

oeval eongisls o meioe,

realcesus glaps, cosidian,

snd rgalite with pnice
increnging in emount with dopth,

The sand is mainly pmiice and

pexicecus glags. IParts of

the unit prohahly are dirty

witk sllt. Waterebearing...... Ceeessisranans

Casiny recoxd:

Geinehl J/onsing comented o i foet.
deinch Tl willi @ 3Deins? gand woint
at the lower end to 422 Toet.
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mayle &.e-lOZE of wvells ¢ hales.

uole 2 1, valle Crandlmmed

_, silty, B IR w

. The fine W coGTE
el eonsisis of pmicoous
o and syclite. GO
.5 1s preseni e Pt

» v " LR LI I NI
o& [ TR N B » L4

. N
A M . s aas +

.rel, saody, 1ight iray ©o

TRY Te = ar e

mirly of pumiceous pA2ss.

T owd 1 prsioscus plase,

q&"’tﬁ: gouidine, G'W}m’_’ e vnaas e

ail%, clayey, olive; with s

P ] ‘-u YRR A "eav ane
u—i“ - - LR A *ew
Y \9‘8—

Cravol, sandy, ligit gray W
u?;:v:ly: mg'imtomﬁ.’fm
cravel congists of jaRlots
muilecous SlASE, cogldlian)
and rhyolibte with pmdce
Wﬂmﬁﬂmﬂ?ﬁt
e sond L8 minly padee &
AECioes {1888, ?artsctf*
tmmitmwﬂ:‘.kﬁe &i.”m‘ Je s v
'ww.".t:: sﬂ . WWEEE?:"-.... *e v eswsn

Seelng rescrd:

WA bt . - o
Gellgnl IO/CREIN] cem.t.ad t? ;2
Seinan i with & ji)-i:x&x

> i Y £, =y
nt Lme lover endh L0 oo Taet.

e

)

P,
\*
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Table k.-=lLozs of wells and test heles.
Sole I 12, Velle CGrende

Altituds, ground moface, 0,540
Total dovtn, ¢34 foct
Drilled v Wheoler Drilling ooy

Tarrace maberial ;
vael, sandy,y lig;rt-’ ., aft.
m&w“."-OQI‘.ll‘....i.t..‘.’-."..-DQOOI..

Saddera 111
Silt, clayey to clay, &ilty,
diatanscous, alive; with
tms d fim mvel""l'-liil'l-t‘l.‘ouiitit.Qltlt‘

Gravel, light ey with m
eand. The gravel consie
mainly o"yw&m arnd 'v.a:..mms
Slaps. The saad is mudceous
Slssa, g®rtzs, ool sandidcine.
ihere goporextly is sxoe gill
caozpoged of fine Jlasgy dstris.
mmom........-.--.-..-..-..--...-.............

Cravel, sandy to silty, light may
to orey. The gravel congists of
wmice and rayolite, Te sond
is pumiceaus glags, manidine,
Qartz, ad ocbmidian, he uwaid
is at least sliziAly silty,

T Sy §- - RO
uﬂm—m“lﬂ:}i.--.............-.................-.......

Pime

Craval, sy, Iizat goy. Tae
crovel causisue macdy of pusded
enfl pauicesus (JAss. T skl
is MW .L&ou, cauidinge,

PR IS 2 oy g b ey e
S T o . 54,’ Calia -..A.au...n.-. -l«-«- R N B T S T B R A R R R RN e

C&S‘“”"C’m

»
e
Leingi T, oasin o CeE
. 1. e
C:‘A.«Jb"— t{uc-—’..tq.: . i W
£ R . a et
- e - g Gee
GO WE LOWED Sl Lo -
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mahle ¥.eelozs Of wells and test holes.
Hole X 1%, Valle de loec Poscs
AMtitude, round moTace, -,050

’.‘.‘cts.l Gepll, ¢ rfeel
Drilled o Rhecler Dellling Sompany

sherusry fan:

Cravel, light g*ﬁéu The
individial uioter ore
s 3 ¥} 4 13.,.-‘:4- oray "‘““"'Ct.,
Tut sore sre obsidisn snd
scoe asc partially glassy

Seliora £111:

Cravel or proeelarsiic debris,

wi;ibe..o ot oay. Toe

mterials are cssentially

all vite to lijht ey

mazice vith scme sance angd

SillwbiZe AN D rerercronsarinssonarssrsansatssssosnnsa

JC ocasing.
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Table 4.-«logs of wells and test boles.,
Iole % 1k, divide betiween Valle Crende snd Valle de log Fooos

Altitude, jrouad gurface, 930
Total deptu, 420 fect
:\lr-f‘!?m’. ‘G:r' "E:; b‘j i -"‘lg ﬁr“;a""
s A

{feet)

Guatemary fan:

Zrevel, licut pray. The
individual pieces are
mzilce and porilally
iassy rooolite. Home
sand, chielly suniceous
flass, and some 8i1t,
carpesed of gluasgy debrls,
AlB0 LI PrESANt..cccrcccrarersensssavassssaronenscssas 0 ort

Saldera £i11:
Cravel or myroclastic debris,
LizEt zray. The maserials
e mumice, nmumiceous glass,
and atinlly glassy raguiite.
Soe gaad aad pillegize slyalitic
CoDTIC 10 HreOlhl . s escesetvenssnntorsscononosnrosans 97 30

{ravel or myroclestic debris,
LraY. e tptericls are latite,
puanice and panicedls e
1s e sandesize oterial oUis
of wamice, mamiceous {l8cs, 'jm A _
mﬁ wtzo m v Si"' —g...u- -"-"-i‘w"'«"'s sresusBRES TS SE .:?‘50 "0"
1m}m is nrem-..-o--ooomoot""""

47"

Valles ripolite:
wyolite dooxe congisting of PURiCCOUE
riges with puonCOrysLe of sandGirt, o n o
gquarts, motrbc, el LOITUl DTS s ee e et
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Mahle h.-—l.o:,s T wells and test holes.
Hole N 15, Valle Grande

Gtitode, goud siriuce, <5595
.mml Gamils, 00 {eed
Ililed "“* i Leior Dl ’1&1\;;’ mﬂ%‘
Destn
(feet)
e o

(uaternary fan:
Sraval, sandy to sllty, light [ray. T
malerials are z:*m'eectz.g {AB8, DACUIEeAly

-

angy mnedite, 8l OBEIA M.t ceeractvcncosrarsrasa o T
Seidere 1L
Silt, clayoy, GolGMOITiB) CGllve. . ciiesroceressscssorne T 15

L"t"."ml, M, “wﬁt ,“::ﬂ;-"t i Line
e redium fzavel ig ocaposed mGindy of
prdce and puziceous Sloss. The sand
is pizeous lass, querte and
eidine., VRO Ol s s asacarerroassssonasscsnaas 15 25

S.:.lt, 8Ty, Clatoareo:s clive, ove
is scre sud @t fice gravel corposod '
m‘,::l‘y’ﬁf 'xﬂ.m'“ '%mg-m‘ Ceff.;s {:ﬂm‘ Gevoeetsncscennsscnns 9§ lz}

srevel and sand are composed ralnly of
pm...ce an? aiceous (lass. Water-

sTavel, BNk, Light (Tthve e zevel is
maosed of xmmiee &zd pa.rtmf Aeagy
roalite. The sand Ls il canlice
S RIALCEOUS (LABS. ru.,er-ws 130 =D

£ n - ; 2 o~ - - - B
Srovel, suuhv, wnite o 14 TL IITe The
{;.,.-'.":l 8 .:s.).i:.z.b *f.:;%. e BOINL LS

Tgnds - —aviec rromd st g o

i A ek T Py

e ot R - e e . LI L A
CALUCED INERAILE AOTOOC 8 St ol ot

“

- e v’ L i w
e cln @ .rc,.C-‘_/::4:.".4.‘3‘--¢.---‘A---u...---.--o-.......--. l.'}.w«' A,

Slaa@lic deurlis, LT .

P R et T A
DodS LR Dl Dl el

. Py R . B R v - ~ -
[P i R " L

P e R ot o LN & ANt [ RO
N <L e Loyt L o ne pad . S
CLIR WhLCrii ahief 4 TRLLLOT WL Slle
. - t oy g
a.cc.kme ;_MB, .8 'lmﬁf,-.u--u.-.--.---.'.‘----.-.-....... w X} - . oo
ST St
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Talile L.e<Lops of wells and test holes.

e Z 10, Zust Iz of Zulier

&lt*‘i;vc‘.c, OO purtace, 3,500
Tl amm, .s.,..,“ feot
7“";....13& U ocens Sriiling Doeomns

sactelier tulfl, Tghire s meber: »
T, welided, 1eveiore Iy i crartsasarasesaravasannass 0

Lonaciier wulf, undifferentisted:
LT, mmicnous, ikt owwy

LG B e s st svsonsnmunosnsnavn-ssoassasasneacsasseansa-s

»
!
1

Techloome o, wdiffereniinied wiii:
Watite, (ray tos zmayiss i,
viti: oomgpicucig ohwenoerrstis of
Mlesioclase as mich 28 :<Iinch
o and tiny plensersie of
yrunens, bilotite, and nootblendC e vviiierarconnrraon T

iz lotite, pele [rey o opale
plogisn (w7, With couspliousus

vmczzs:bs of plagicclase ag mch as
~ineh lons and emell 1o tiny ono-

c"}s"s o.. qzm:tz, tictite, Loranliesks,

G0 cusing.
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" mmhle b.eelogs of wells and test holes.
Hole I 17, Valle de ios Pogos

Atitude, souad purface, 2,207

Total deutn, 453 feet

Trilisd by wnec.or

alernary fan:
Gravel, oy, crposed ¢f pieces

OF WEiOOG LUl T aermacenarsoenosrscncenvtvssesaneasrrens

eocelier t“‘f, Tealrere merber:
Tull, welied, pale lovendor

im‘..'.-c-..o---4~o..-----.c--oo..u...-.o.n.o..o-...;

bandelior turf(1):

m, m' b'd‘fu-....-..-.ao-..a-.o.u.-----c"ul‘o

TuiT, momcoous, lisht arr
o prle ‘m.ff, cogbainin:
traces of istitic and

r:\i:;alitic @b"-{hs.I.-.IUII.l.'illb..'.I‘Q'..".."Q'."

Tscuicam (rovp, wndifferentioted wniv:
i8tite, yray, vwith ccagpicuous
phenocrysts of placioclage &8
smelh a8 i~inch long and tiny

ponocrysts of pyroxene, biotite,
m lmblmittll"ﬂi.’l"lll.hlll'.l.!...I..Ol-..'l

Ty
'l é——‘-

-
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Table h.=-Logs of weils and test holes.
Bale E 19, los Alarmos Canyon

Atitude, gouni swoface, T,17
Total deptl, 2,000 feet
Irilled by Jeakdns Driliiny Cortamy

Suaternory aliuviim:
ravel and sand, ey, T
crevel is fine to coarge god
is corposni of pdeces of latile
prptyry and welced tuffy., the
send 1s coarge and composed of
erysiels and crystal frogmeats
of gtz and snddioe, A z2ow
of perched waler occurs betwren
14 800 27 PeEheeaayristeatniree teasncssssncesssnresane C 2y

Zandelier tulf, Tshirepe member:
Tufy, lovendere 1y, DORQIOUS,
mlde‘.--'nA-nuco-un-nc-‘-aoaoaov.---un.c.ﬁoo.oaco't-- 2"’

g\

ull, as cbovy, Wt sasewhat
lese welded and Finely DOIrOUB. coevesecraccssssocnnnnen o2

b

Tufr(2). Zone containz ruch
reddish {0 orsage-tull, clayey
to silty debris; and abundant

frogmente of cbszidian, glassy
%ﬁw'wmtim..l'..'.tﬁiﬁoolov..0'..'QOOOOCOQ“ 32* 1&

Tuff, lizht buff, highly pasiceous,
with some freTents GF labide. it icnrinernnareainnns 1% a2

SBaranlier tulf, JLowi Lo
AL, Qijily pumieoaus, yole

okl if 20 1o
L XA AL RN R N RN RN ENE RN E NN R IR I I A I R e N R RN A A N ] <o o f
Tirtay T Y e o AT Ny 3 - o]
P rePAalCd Wiliey CARSE LSNLET
e cwe Cao T ee e oy, .
Sl U g Baek WA wd derate M e dbiivens L)
LR I U U e
e Ll mrD s i I O0ITe oL
- el S g i e ey -
TP WRILERD QOTUNS oSl
PN Sl am PR -
LTI e k L : "~
M S N f{:'\:'-ib--'oco--ov-:-‘v.oo-n--«l-co--.-..-... ‘_:_:) b
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Table &.--logs of wells and test boles.
fiode I 19, lLos Alemos Canyom.--Contimeed

Techicoma crouy, pyowoxens amesibe it
Amieaitae, irl creys with & few tiny
phenocrysis of pmg;:.ocla.ae ag puch
s 1/deinen long, ool pyroious, as
waeh a8 1l/iceineh long, in 8 gassy
proundaass ek of vhish g finely

"es&c:&&-..0.It..Q..ouoo..l.nﬁ‘...--lul.'-oa.s.‘-ou'u

Andegite, dariz gay o ooy witld
Foenocrysts af from STR to Jul,
in o Dire-ralined proundooss of
Mﬁm m;';"}Tml-'...0'..'.00.....'..0'-;'."

Andagite, orayich purple, ctherwise
idemtical wiih overe and uniorisding
*'oc!- e nvcbe..a..‘ﬂ‘: is tiw Tuoos

Andozite, ¢rey; with o few tiny
wenocryste of plasiocinge and
cgmeie wp o 3/loeineh leng
in a fine-guined gromdGsss of

Andegite, reddigh: brown, finely
vesloulare-othervise idectionl
vith material frem TS to 13
e the zone represents the tooel
Dart of the overlying 200 .. ciacetescvscnsacnansssons

PR LS g e my 2

CAERIRw, (18 W wrovu. The
zone i3 eoroxesed of aasJdar W
Subancular reevel g bouldars
with e¥ro :z.: w ellt., Toe
el B DULuor gL2es nNe
Sl KSeie GO WIIaDTLLLl Laolie
and -:’.1:";.7. Lotlite and *Lx: o

R o Tty T T PP
-

\‘\‘. < Fad s g
< - fn e »-— W PV A Y A EUE G O R I T I T I I T BRI SR NP S S
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Tuhle $.esloze of wells end test hales.
Iole E 19, Los Alzeos Conyoa.w-Contdmued

Tschicom proun, widiflerentiated undll:
Garte latite, ikt ey to owy; with
cangpicious phenoeryacs of plagioclase, os
mach as l-inch across, And less cousnitucss
nhenoeryshs of romene it & Jlasgy
crouocdnzss thal pades to mEdeoous (lasiieerecncans

Cuasty latite, sray to Javender grwy; with
comgpliouous phanoerysts of pdegioclase,
a5 much 83 ;eluch across, and less cone
gndcuous enocxests of mTomene, hornllense,

Totavi lentil of Age conlamsute:
mmmmm, oray, eoopesed sadnly of pebhles
qmz‘ue.-..‘.v....-.’..'tlll..'...‘i“.'.!‘...".

Sechlecon ooy, differantisted usit:
Quartz letite, lovenlsr proy $o paorplish orey;
vith couspiouous yzmx:m‘fsts of plasioclase
mnd rather incomgplcuous phenocrysis of
-y guarts, hornhlende, biotitem:prm...............

cs.m-tz intite, purpligh vy W groyish purple
brosm; witl phenoceryets as from 1,590
1.,630. Zzane may be laspely broecis frow
1,450 40 1,790, and 1t is o1l brecels frow

e

Js,‘.ﬁ. UG l,)'V‘G...Q..!oi.!"t.ll'..'l.t..do'.-n-..-iol'

0T wrescia, liga". ;,uo' v pole levendor
. LTmy, datitic. x gone s camosec of ccliorless
o xmzt,..a; zrand cac&.s sloos and onadar frole
el of 00N rmeyt o Mgkt lovesSer 6y,
so.dwglocs s Wauite o zarrioes cousploucas
SRESOEELr T LR Anelnst, SEE LLOONENLGLUIUS
CUREIOSIUSL L QUATED, Lol & 0w LLUY Tuakiile

-

ez guebe N Gty ot Yymewmn T sy
\':m":f’-ls C:L -d-batd-lo&': :-h-la l@»-ﬁh‘*—&tﬁ.l.v.i.‘.'.vl..uo..ttv
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Budle b.--logs of wells and test hales.

_Bole T l, Puehlo Gm:yan
&c m, le .9 .d.‘ .no T e
A.Ltita&e, groxd surface, G, X710
....1 w;vth, C42 feet
‘r:..ll..m ns Imiiliing Camnnny

Dandelier tuff, Cltovi nesmiber:
9“#’1” h:-,‘;’}ﬂs. mm&s, }m'e mrf-..--..--..o...--.---.;

Zasdelier tulf, Guaje member:
umice, wilte, i LZIpe a5 &L a6
l-mmdmw-o--o....---o----.o.....---».-..-o.-

Dasalt, Tice-to pediun-grained, darlk

oay; with seall to larse nhsno-

crysts of olivine. .g.:el.czw:. 50

feet (s eccia. This Lasalt belons W
wmbmu:.lt......

e conClamie:
) »
comvlanerate, sillty, oroy. Caposed of sngular
o grhansdar fragmente of latitis rocks
&ﬁwt....;.'--.co--.--o.o.----0...0..-0.'.-0!.-0.

Eamlt, ondegitie, fine-to zediune
grained, redun 4o dark gray. This
mt‘ mmﬂthm“b‘kmmtct'--annosovu--.--

oterdlouw mone coumsligling of sugdar
fragmenis of vasalt and sae 8ilt,

Bemplt, andesitis, as froo 17 to 222
and c&:‘:'e‘ato: with T, L FBS WL e

..cu;_m y CTBY. T el i

.,.4-.!. TN I e on - .

sl Tlalimy Co &

.....

Ol SNEL LNl GidTe
is sresant in Lus e

ot SolATwin &rase

TOBD Uty el BOO8IT, nnd WL oo

«Lie o courme nloul T

Soalite wad ('-u-. L Latito.

::E:-r’t:u&;..\- f”‘“m \4\.1.‘,, ‘:;eu.,.,unq¢c---'-..-o-u.---|ov.

T
el
e

e
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) Toble &.e-logs of vells end test holes.
Hole T 1, Pueblo Canyon.--Continued

and partially giassy, vogicular,
black. This flow, textatively
correlsted with the T fﬂ;ﬁ a2 unit,
contains iucorporated jeuvlles of

1atite and guartz 1atlte..cccverinieiisncarannns

Conglomerute, sandy to sfliy, Jray.
Tae mtericls and latitic detris

ineludin: some SREicetus fAB6S....e0.n

Totavi lenxtil (of Puye eocuplauerate):
Congloerate, sandy to silty, with
s clay. The coarse sizes are
minly subroundoed pebbles of gquarte
ite and pranitic rocks. T gend
is artwgie. Eome pink cloy ocours
tUooush toe beds. Hater ensowmrtered

“so ww s

------ -

atL;?.; fmt--..-..---'o'.-..-...-.--....c..-.-‘...--o.

Sasdn; recond:
l‘-"m 00 Dl m to Mo
12«inch I.D. caszing to 241 feetl.
deinck I.D. casing to 027 feet.
30 feet of Leinegh screen with 10 feet of
S-inch blenk casing et upper end from
522 to Ok2 Peet.
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Takle 4.--Logs ¢ wells and test holes.

Bole T 2, Pughls cazm'm
f‘ﬁc 1’#, - lQ n., Lle 6 E.
Altituie, crouxl surface, $,04G
Totsl Gepth, 799 feet
Drilled Y lime-Western Capayy

Ganteruary clluviu:

. (rowvel, sandy to silty, cmy. The Tavel is
fine to ccarse and coeposcd of pieces of
quartz latite and rhyalite tulf. The fine
to cooree oand iz cooposed meinly of crys-
tals and crystul framents of gariz and
suiicine. The silt is fine meterial
mmmmww t-‘lffid'..Il-ﬁ...'-ll..'Oll‘....to

Bandielier tulf, Ctowi renber:
Tuff, bizhaly puioeous, pale buff. Contaivs
& few frogments of fineegrained it ey
r:”;’ouw.O.QODOCD.IOIQ.‘.Oﬂicoitibi'...'..QI.-o-.ol.o.

langalier tufl, Suaje mecher:
Puaice, vhite, in lumps as much as 1 inch

BC.."‘O» L IR I I I A N A IR S I I A A BRI A I S B BRI LI S A N I O BV R N W

Pgye conglomerate:
Conglomercte, sandy, owy. The gravel siszes,
rensing from fine to conrse, are oxposed
moinly of cosrsely porptyritic quarts
lztite, Te smd 1s lotific delris. St
is prescul in aome LD ZON0B.sveseccevesssscassescare

canlassrete, very sllly, gmyiss eff,  Soad,
cravel, asc boulder sizes are capxased of
intitic debris. The gbundont tan &ilt is
partially gleemy material and contalins
mmereas fiohos of biotite end some gnll
pleces of altered, tilotiteesbonring MmicCe.cicvaanrens

COD LOIOTTRUE , SWKY, (W e S SALEriAls wire
dotitie deoris, including: sxe victiles
boosin: ordees  Perehwed weoer presoat in
thle z008....0 Cerecsessancensaanns Ceveaeriannn

Ceuicmerate, very siliy, regich bull, zo
mw’iwld-» I I R A A L O 2 B 8 P AP RIS EEIPERS O LG TS
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Table h.--logs of wells and test holes,
Ioie T 2, Pupblo Canyon.e--Contlmued

Aye con i eraliCe—cout G
Consiorerate, endy o 52 i, YRV.
T R iscmmm(.m‘.yc" e uiar
to guanoulsr gravel and bouldors with
lesser apounts of gand and gili. Hou-
evor, sae thin beds are lighly silty
and lize timi fra2 10D W 0. The
oavel axd ooulder gizes are poopooed of
letitic rocks, ‘e gad end silt ere
fine latitic debris, in yart partially \ i

Tupice, white to light oy, with sax
cevel gizes caposed of iatitic
porpipTy. The panics, with W\*ats
of bictite, placiocleoe, and quartz is
by foxr the medn comstitoent of the it
and cecurs i lugye as much ap l-ingh 4
acxess. The latitde orevel ocours in
fela o o abdty ok mich of the unii,
ané in some woin beds it ls os abundant

Totav. leatil (of Puye <...zlooercie):
Saglonertbe, oLy, with o trece of silc,
gray. The fine to coarse uvel ig -
eaposed of subroumded to remced v
pieces of quaxrtz, quxtzite, sravite
peraiite, feldgmar, and voleanie roeis
*"c-,.ra o the aree. TUx oo i6 gube
sy o madnoundsd puing of quoris,
c&.**...es* o pindfieh folispar, aad
caasecedonie silicn, alor anocrntered

w el R T A
Qv O e rettorssasacsrsosssrvevsnsransssranans e e T\i § ot .,.u"

3

—eilien C..,. caging o
A PP 2 EC S O P ww ey

ezt 1,7, cesin: 1o
S0 e ~ - =
.n-J-..a»..- -8 B ek wh
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s
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Teble h.--Logs of wells and test holes.

cle 7 I, Los Alaros Mrm
S’:c l,:, ‘e .-:' :u, e a...
.@u.tl?.!ﬂa,, ‘_m}:‘- W, ‘J,xg
Total dopii, 15 feei
Srilied W Layneeaootert Canesy

£y To

Bandelier tuff, Ctowl nesber:
Tufe, oy meticeons, pele Sulf; with
s mwll frajocats of latlite and
r:;,'al.—tﬁo~--..-.----.-....-..--.-......---..-..-..-.o. O lm

sendelier tuff, Guajle rember:
Panice, vhaite to lizht pray, in lizss .
68 ek 88 1 ineh BCTUBS.srrceatsscsastscrascsrssaacas hX-"s) i7s

Pyre canglomerate:

Conglonmerate, mancy o pilty, oy. Tim
sulbansular cravel is corposed mainly
of pleces of latitic norpigry, but there
exre Wweeoes of iztitic puouice ad ray
Ansgy satite. The sand comialns toe
se ohoeritls as e rovel. The glld,
coagpicuous in & fewv tiin Leds, is
partinlly £loo8y Wil esrocnccnacerncecvonsssnonsssnae 175 206

Dagalt, andesitic, fine-io podiumegrained,
nedius oray. This flov correiasted with
t‘z m‘,‘ mpm ® B PO %6 S et PDeFET OO S s g e O P RS Ea AR 2"‘5 51’?‘,

Dnterflow Zooe. Dasaltic runltde with some

'silto'-.nn--ccocuvov------4----u--n-b.--u-u-.u.-. J‘.‘ ;;:’2

-

aosl, asdegitic, 48 from Do WO 87 @l

n K Nad L e e el w4l oo e, e - o
CcorTelonied Wit Do TUL SEls Waleeeenacenrincairannnn 574 R
. L1

Sanice, lisin ST wits st orevel sizow
R et )

AR .._.au.‘.-*k. :.io..v

NI el

e s A%y e e
. i Lx., P (VORI Y R B A

Ll T % e - . H : e e
OO LR zotwe o LefuIt in Luaniub rtenias

e > N wa
SATCED. L QUTULLE
L repven -~ AT Y e e
s .L-*«J.J,‘lm - L5 __:-}l.)..." .’?2*.‘- Tul Oh Sfard Vs p

e T e e e T T i T R I
s ,..g—(l......&;', Lo Qiduill e 0B dadcswal

Ey P U
w3 DTV Tl Ll

. . -~
aow mry Dy w1 ] N N R
ATl WlCWE Wl Gl TOEHLILE WL DUy o

st of e willty aan {mx N o Lo
i1 L8 rouialy eqm.l in mumnt e tle

g P SomoE 3T P
m;ien, o ot r ; VARSI e

t

B s - e N e LRE
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Table &.=-L0z8 of wells and test holes.
Hole T 35, Loe Alamos Caxyon.--Contiaued

Pgye conglamerntie--Cont'd
Conjlomerate, sundy to siliy, gray. CGroavel
end bordder gises are cagpesed of latitic
roczs. The sand 1o querts, nlagicelsse,
and latitic deoris. The silt is pere

tm—h‘- m"m‘m—w..:..-.--.-tnnton.oh ...... v oo Nua

Totavi leatil (of Pige comglaserate):

Cenglomerate, sandy tw silty, with sowe clay,
CTRY. Toe grovel gizes, &8 muCh 88
inches in diemeter, congist chiefly of
cabrouded to rounded pieces of guartz, guarte
zite, oranitic rocks, and voleanic rocks
Ioreign to the ayea. T mand is arkosic.
Sase pink clay is irresularly distributed
in the beds. ¥Water encounterad at 720

fect lllll ®#oveevsanas S e v s esEsr gt R rRdVvEsERIREIROLTENTS LR

Sasing record:
ileinen 0.0, gurfoce ecaing %o 23 feot.
10 feet of Loyns serean set between 305 and
Q25 feet.

1395

Depth
{fect)

d
5

-

20 755



Table 4.==lLozs of wells and test holes.
Hole T 4, Pajarito Plateau
E& &c. 9, To 19 -’:‘:., ‘T“g. 6 E.
Altitde, pround sarfeee, 7,28
Total depih, 1,809 feet
Irilled by Loymeekestern Commany

Dandeller 4T, Tehirese mesiser

iy s a

Tuf?, welded, light to Dedid CPO) csrerescrasanraasnonnn

Twlr, pamicoous, buff, with some fragments

of latite and 1isht (oray ripolite.cceiicrcncnnscananes

Sendelier tufh, Cuowi mexber:

Toff, Rigtily pumicasus, i buff . ioiiiinenitensennnans

Bendelier uff, Cunje ixuber:
Rmice, 1Lkt gray, in lusps as mich

e conglomerate: .
Conylanerate, fray. The wnit is coosed
of gravel aad vouléers of congplouduBly

prospTitie quariz datite. . ittt i e

Tschicoma srovm:

Quartz lo. lte, cansplouc.cly porpiyritic,
laventer zray. Tids {ioy earries
pionocrysts of plagioclase ranging to
yeinol acrcss and small phenocrysts

ol gur=ta,

woste, and resoroed bictiie

(8]
[aY
3
[ @]

P3¢ 2k

A

5
U
\N_)[
AN

mm‘m-.o.cn-..-----o-u-..-..--'.-...-...---.' \JJD ?-Je:)

Crartz latite, cousricuacusly

Y~ 342
Pt g terls SRA TN

reicisy brovn. Thls Clow curries pacnoe
mrets essentinlly as tim flow above

tooash ne Esite wee acted and Lhe
tiotite end noratlesde ararenidy are

- 3 Y . -~ -~ - et
a o N * :
AUES DGO e e st s ns v eensisaresrsasssstsasrssvenrsrossene s A P oin o F
- 14
m T T Pt R T ~ A - i ey - -~
ezl ey DI s LSOV & NlNOT e LT
N N s i e = R . * -
ool prectin of e (10w aLovi.e  Later
B T » E - L) 4 N v, . e
nooumberer 80 L,I00 feot. il ettt e 1,1 - 1,00

e Ve ~ 3

" — aOOMLL
Y et {0 ~ ,,,aw_c P T E -
[ e G ' @t @ ISR D R T WU LSl L - el W8
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Table Lk.-<Lozs of wells end test holes.

Bole T S, Pejurito Janyon
Altitude, cround surface, v,592
Totel depth, 205 feet
Prilled by Jenkins Drilling Comparny

asternary alluviwm:
Sand and grevel, silty, greye. The medix
t0 coarse sand is cagposed of quartz
end sanidine. The fine to pediu= Tavel
is capesed of latitic rocis and welded
ff, The silt is fine doiois derived
hipa e il 1% i AR OO weaanea tetaresennna -

Zandelier tuff, Tshire: e pembder:
Mf' ;’Imiceﬁus, O."&n.&'}e-wf ------ sSesanens Sssnsrsencnve s

Iandelier tuff, Otowi member:
™uff, highly maiceous, pole buff...... vareserrsiesrnaas

Zaraniier tuff, CGuaje nember:
rumdes, lipht crey to wiilte, in luzps &s
gk A 1 ANch 2CT0SS5 veanves vesenen ereersessessctnans

Besalt, endesitic, fineeto pediwme-grained, dark gray
with tiny phencerysts of clivine, pyrawene,
and plagloclase. An interflow zone present
et 220 feet. These flows belong to ’i‘QbL = 5
&5 5 s 2 ereancans eseteacensasarsesasasoas .-

Casing record:
2leineh G0, surfase casing to 22 fect.

="
L0
N

Depth

(feet)
Fronm To
G- 2%
25 40
&0 156
130 i7i

17l 5% T.D.



Toble b.eelLogs of wells and test boles.

ole T G, Pajeritc Canyon
Atitude, pround sirface, 5,70
motol deptl:, 300 feet
Drilied by Jedlung Drillins Coopany

eeterpary elluvia:

Sond and ravel, &1Ly, 3oy. The fine to
coarse sind ls cooposed of guorts and sanie
dins., The fine tc coarse grovel is
cxoaesed of latitic rooke end welded tufyl.
e gilt i fine debris derived from

Bandel jer tuff, Tahiverse nmember:
T‘Jff’ mm@, u:ldad, lié;ht m"l.ll-l-hl.'l.l'

M’ p‘mm’ c‘wﬂ&uﬂlI."I....'.I..“..'.‘....Il

Sandelier tuff, Ctovl mexer:

:\‘mf, M@'mmm, .‘me b;;ff..".".-'.........‘."l

Sondelicr tulfl, Oupje wembher:
Punice, white o lizht oay, in lums asg
maslmm:nsn.'!!lICI.I..I..'.‘.QQI."Ol.I-.Cl

Puye conslamerate:;
Conzjlamerate, gray. The srovel end
bovlders are conposed of latitdce

lﬁcks-..--.......c-....-..-...-.--..--.-'----..o-.-.-.

P - B .
T sansin.
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Tahle 4.-«lLozs of wells and test xles.

T 7, Anclio Camyon
Altimdo, grmmd mr“&ce, AL
Total depth, 55 lfest
led by Jenzing Irilling Coxpweny

uaternory aliuviu:
Sant anéd grevel, gray. Toe medium to
coarse sl 18 caposed of quartz ax
senidine, The fine to medlim crovel
is corposed of 1a8titic rOCKS.ceceecstnvetorrenccnnsens

dSandeller tuff, Clowi neover: -
E‘uff, "."‘i&iﬂ.}' mm’ }ﬂle m-..........--......,...

Undifferentiated cloy:
m’, Silty, bult, with saae frgopents of
mt.....'..'...'..'......-.I...."‘-.."..'.’......'

Bamalt, audesitic, fine-gained, dork vy,
witk o fow tiny nhenocrysts of clivine
ani sinsioclese, Helanss to No. TED

an -t
Wl L e vsovoersnscacsesosnonsnsavsrssnssearvarstoncstsasoosacs

Lo casing.

1899

5%



Teble b.--logs of weils and test hules.

*nall G l, &m)e Cam;m
sLh Sec. zf’ - lb‘ mc, Sie T Te
Altitide, ol srfece, 5,570
Total depth, 2,100 leet
Drilled W Lymeellestem, Ince.

anternaryy alluvlim:
Soulders, cobkles, uvel, oo, end silt.
The coarse gizes are porppritic letite.
T sl 1o gaastz and feldB i ccestssncecesassnnrons

e consiaerate:
Cansianeraie, eandy to silyy; ooy. S
rovel @i cobtles are capossed of pore
npTitic latite. The sand is quartsz,
feléooar, anxd latltic Golbris. i cenerecnererencncnns

Dotevi lentil:
i lergte, sanby, £roy. The pravel is
oronite, mesatidde mltermial, &l quartnite.
T GRM 18 BXKOBIC. et tereatntstventranesnsanersaran

indifferventioted wmit, Santa Te grovy
&nﬁgm, fine«-to cobrses= —'-nmau, silty,
pinkigh srays vith & bed of sllty clay
Trom 115 o 117, The sand 15 RrROSBit.ciecsanccsscense

Sandstene, fine-to coarses-ralined, conglawratie,
pinkish moy.e The sord is arkosic. The Zmvel
clizes oaoe peopgzitic latite, guartz, gqarizive,
B0 LellgI B ecceascsncososessnassnncesancesscsassassae

C-l‘.gn" w&’maﬂt&ll’ mw PL"L“;‘I.'l.l..'....'.'...'.

Sandguore, Lingsroined, oloye rmasiy 1o
sacy elay, (royis: pinl. Sx sk is

g
--Qm-uov'-o-.--.QOl..o.--o'uo---.--o--a-o-o.-o--t-a.o

3 - S 2 . - o L
Lgreistone, Tinieeso cedd °‘-:;‘.1_4m.., Siivr,
Py ~ € : HE X
L_:uv.a&. Flnli. LR Sand 1§ Wuogic.  Waler -
S

l-ﬁ.‘-\l& : 'o.o---.----.o.n--.-'-sunc-.-n.o.--o-c-o-----o.

- .‘ c s
e s 5 gnted ey vy
Wy, :.I '&u{," u-n.m'. anl el W TR AR .
il o~ . = - .. . e EJPSE
BTG R A < SR Tovel 1o elllell JURE © Ky oo VI 4

ety g ] LR X 2% -
g-&:-.w: LLVLGR . Y. 3 G;K. :-3 m".u’u‘)-f_.--......-.-..--.--

. ey T g e s . %

% -17" -1-—4-4'-\ [ w‘*-r*- A 3 v e
ot s e g A w e ke purerps W L LT e L e tem el
- g "“'w' 5 ae T2
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Undifrerentisted

guartz latite

Sanistone, Cinpeto rediumeszained, sildy,
The gl is arzosic.

sMyist plnk,
cf prudee are pesaat.

M m }‘éjs to 553, b’&‘,’t cm’-.--o!uon.'o.-uaonno'l.ol-0

Sondstawe, fine-to coarses_ralaed, cngiceratic,
silty, piakieh oroy. The mand is arkosic.
The fine srovel is oamosed of volcunie Geuris.
PR DORY LI e v vetencntsrarsosnsstnsascensssssesocsanas

Toile 4.e=lozs 0f wells and test holes.

Yell C 1, Zuaje Copon.e=Uomiimmed

cd nm#t, "m‘w re mllp"u\-n;'b-!

camslarrate, sandy to clayoy,
The fine ovel ig caposcd c:‘ pcrpl':;ﬁtic

Toe g L5 EUNOGICe e tiececirtonsnnns

h]

g

m.nlstcw.-, Tineermained, iy
’i&'l}_m :r.".‘ﬂ @.’m -5 dn.;;DSic-..-.-.-.-...
Sandstone, fineelo pediumesraized, siliy,
grayisa pink. Twe gand is ariosic.
m‘g&r‘ziloviic0.0.l......‘.’l.'...'l'......II'.'.I..Q..

mtm mﬁ clay’ m’isﬁ: Fiﬂk-----o.--go-...-‘-.n....'

Sanlchous,

Ciay, eilty to sxuly,

Ny 3 ped -~ EERKS
Seds ..o:so, fi’.h.-\s. G‘J."‘"”‘— :-u,.-.‘;g_

cmpy
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e PRI DRI
A B b W S E

~ o
wt

vJ s-.a.a:

i o .‘,f‘

wa#m e X
ATl SN WGLRD

fingeto eoarsee ained, ;

‘;w. ':122 m i‘ &-‘;«:‘JQCO “—uw.ug'_;..........-

oy
e R N E RN AN

us— a T s
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Depth
(feet)
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Tahle L.e-lLogs ©f wells and test holes.
¥ell G 1, Guaaje Canyom.--Cimbtimed

Undifferentinied unit, Sernte e [roupe=lont'd.
Siltstone, cloyey to sandy, (reyish

;lmvnotnuavoon--o¢0'~-..¢o-ta-ao.-0.0..0-0-....--..0.

Sandstane, fineeto coarseerained, sllity,
orayigh nink. Tue sand is arkosic.
mmr’lm&”im-‘.c..!"'Q'C‘.ll!.ll‘..l'..‘ll.t.ll.llll

Sandstone, fine-to redlume=crained, silty
to cloyey, grayisk plnk, The sand is
Mmc.I.l’...‘..l..QI.'I..O..II'O'..I.‘....l.-'IIIQ.

Siltetone, sandy and silty sandstones,
interbedded, greyish pink; with soze
tain beds of pink clay. Unit 1s water -
bearins from 1 l tol,lga.ndfm

L,Z-J)El,l L N I I R A R A I N N I LN R R IR W

Sandstane, finc=to coarge-groined, orayish
pink, The sand is arkosic. HUater -

w—‘?g&?'l.l'b'.lﬁooc.l...'ﬁ.-..'0...‘.0.!..0".'....'.
Siltstore, saody to clayey, oreyish

;inknn-.--ll-l-'.'QQ..Q.‘0.l....-'nl.o..ln.-....lv...o

Sandstane, fine«to mediume~srained, orayish
oink, The gand is artosic. later -
Wﬂ\.l....l...'...'.....O..'...I....‘..."'..‘.0.'.

Siltstone, sanfy to cloyey, (rarisk

ring
‘-\vur LR 2K BN B IR B BE B IR B AR I 2N BE BN BRI L L BE RN BN BE Y B BN B R I NI A NN R N SR RN N R W RN B Y N )

Sandstone, fine«to comrge~_roired, [ayish
pink, T sand is arccgic. Vater -

‘;m.'—"i:":f'--....-...-~o..-s....-.-.-..........-.....-...c

117 e i ey - - ~ -t ‘,,
Clltoutone, suldy to cdaver, Jwwnti

Lot B D
:;l-ll,.-;---.-..10...-0-.-..';50oooﬂiﬂ-lluolll..loul-...

B e . 1 [ .

Sandstone, Plceto coarseerroined, orogish
- $ v

T Toe sl ie sruogic. L2

- B )

139-.@,4...: BRI I T T N T R I N R N I S N N N I IR I )

p

‘z

SanGeuone anl siltsione, slssey, (Tagica
Hilil, WD SANG L8 GO Cicsecrverocrrarrtarersacnans

damit; fineermwined, oy o dars W
w?“!':'.g....sf.;w...\,,............... ..... s et ac v re s et as e .

1,210

1,231

1.

*’JJV

2305
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Teble L.-=Logs of wells and test holes.

¥all ¢ 1, Suwnle Carnyvon.--Contimsed
Depth
{feet)

Undifferentizied unit, Swits Fe Jropme=-Cont'd.
Busalt breccoin, ey Yo murplish Srmy
wmdai&"l h-WO-OO' ---------- * % s 0L > 8 8" wOOw ORI 2% o uB L l’slo l’no

Basalt, flwesralned, JA0E SIBy.cecacns tessesmctaroanecs 1,718 1,735
Szsalt brecein, 8T RYccvien s srrarene teserestancaae 1,725 1,74
Besull, flne-gralined, 4ol SOF - iversvean. vevecavenanse 1,7 1,210

Dasaliic mbkle and dark greenish gray . i
MQIQDQOCCCODODOQOOOQ‘.I.I.‘.I' ........ P 4% P VY raw RN o TaDP l,m l,;;i—.‘

Sandstone, fine-ts meditmenined and
sandy siluetane, interbeddsd, grayish
oink; with 2 fev thlu beds of pink clay.
The gand ig eriosgic. acis of the undt
are water.bearins, as fuilovs:
1,350 to 1,350
1,&"._0 t0 1,920
1,:‘:\)0‘3tO139%......-..-...,...--..-. ----- ss B asve 1,(&35‘) a,m T.DO

203



Vell C 2, Guaje Canyon
mi_ &cu "L"‘; T- l‘;‘ H.. T".. T }\:o
Atitke, gromd sarface, ©,05
Totel depth, 2,000 feet
m". .t:,- :‘c-‘ns ater- L!e:.-ls r} inge,.

*

Guaternary alluviun:
Boulders, ccbhileg, gavel, and sund. T
sand is quartz, feldspar, and latiide
dobris. e conrper sizes are sarplyritic
Clatite and GEIEE IEIte. ciciiiiie ittt v r e

Iuye conslamerate:

Congloamerate, sandy to silly, orey. Tie
gravel and coblles are cUEOS0G OF DOr-
shyritic latite and quartez letite. e
sand ic qmrte, feldssar, swd iotitde
dchris. The gilt is glessy o particlly

Totavi lexgil:
Conglomerate, sandy, crev. The ravel ig
cazxcsed of mterials derived {ran pres
Wm’. mm"ﬂ is &rmi.CIon-o.‘--cooaoc.

Indifferentiated unit, Santa Fe roup:
Sandstone, fine-to coarge=-grained, conglore
eratic, silty, pinidsh gray. Toe sand is
arresic, The ravel sizes are compooed of
Pl bagutania o BB CRIN T - 4 A s -

Sonstaserate, sandy te silty, oinkdsh grmy.
T pravel sizes ere latlie, guvtoite,
resRtitic materdal, andéd sanite. The cand

.
e ls i

Sexxisione, fine-tc conrso~mailired, cilty,

- vl pmia ¥ e -~ P A T om'T o e -

ITRASS LaNie TAC sunl L niinll o;mxsic

TR, 2 . Ve S e Feaaee

TUL LI L0 GRS LOUILIC G0l v it vt i e e e
iy o, ke gy L] sy ey s ™ g
Suxistoe, Tincelo coRrspe Twined, oo iOoe

e T RN PR OV S B i A LT o

QUL el B X . L S8 LD LMIURIC.

-r, .y ™ oty oy et Y o mth- [ IR et

o aver e asornoprilic oot Lotiun eund
2 - - b [
JACUCE.  AGLOI - i e et e ettt et i e
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Tahle 4.--logs of wells and test boles.
¥ell G 2, Guaje Canyon.--Continued

Undifferentisted wiit, Sanis Fe grovp--Cant'd.

Cangloeerate, sandy, pinkish gray. The
fine gravel is porplyritic quarts latite
and puaice. The sand is artogic. Water-

m‘&f;...'l..ltoﬂoQICCDO-QI.ll.b..’ll.....-l-l--'!v.-

Conclomerate, sandy to sliphtly silby,
pinkish gray. Esseatinlly idertical with
mit from 335 to 303 bot less giit. lUeter-

—
%I'...CCI‘.‘..!Q.'II.‘I‘.l...."..hll..ll'lIII-.

Conglomerate, sandy, silty, and clayey,
orayish pink. The fine gevel is lstitie
Mm. mm18&?};Om.-.’....-o-.......-..-....

Canglonerate, pandy, pinkisgh ofay. The fine
cravel is latitic debris. The sand is
arkosic. Water-bearinc.......... eterashtertentesenven

Conglomerate, saady, silty and clayey, pinkish
gray. Thae fine gravel 1s coxposed of vole
mc &m. m mis ﬁrmoo---.-.----.......-

Sandetone, fine-to conrseegrained, elightly
silty. The sand isp arkosic. WHater-beerins...........

Siltstone, clayey and gilty clay, grayish

mnkv‘...o-....00..0...Q.-...Q.l....'......u..l...'I-a

Sendstone, fine-to mediun-groined, sllty,
Srayish pink., The sand is arkosic. Veter-~
m&r"....’..‘........"-... ..... 90 &8 8Aa . 9 *p o> e L]

Gillistone, clayey and clay silty, grayist pink..... cenas

Sdskane, Tlae-tec coarse-_vuined, silty,
reyign pink. The sand is arcesic,  hater.

.
hee.ri.gg ..... secewe ets st amsacernrennpnsasn erssssevsavaas

Gilistane, sandy) (T8yisl: ANk, e vieesceereanaonnansass

Sandsiene, fine-to nedianegraiacd, very
silty, oroplss pink. Tie sari is arrosgie.
tnit ‘i‘._g _ig_ art weinrs2 e TR seneseserenon

L oy P o -V .+ 1O

(N

Depth

1,500

1,17C

(feet)



Tabls b.-«logs of wells and test holes.

w-l G 2, Glﬂ.je mo-mm

(feet)

Froa

Undifferentiated wmit, Ssuis Fe group--Cont'd.

Sandstone, Iine-to pediun~srained end sandy

siltstanes, interbedded; with some thin

clay beds. The pand is arhkosic, Unit is
wterbearinbi‘rm 1,505 w té.éam 2050

o 1,50 ....... Nettetsescvesatiacesnraranne eeeseees 1,295

Sandstone, fing-{0 mediu-grained, grayish
pink, The sand is arkosic. Water-bearinc........ vees L,ET5

Sandstone, fine-to wedime;roined and
sﬂxﬁy siltstones, interbedded, grayigh
pink; withz same thin beds of clay. The
sand is arkogic. Parts of the unit are
wter bearins, as Tollows:

1,550 to 1,50
1,595 0 1,905

.b,w"‘) tO 1’395

l’!‘mwl,Jm“...l.ICDIQQDI' IIIIIII L B B B A R IR S ] l,sm

Siltstone, grayich pink; with some thin
mofm""'.lﬂ't.til..otill. lllll *® P e PO OELIAE e 1’6%

Bandstone, fine<~to medlium-zrained, silty,
grayich pink. The sand i arkosic.

mw-warm-.-. ..... E I NI TR I N R R S T N ye s e asv e l,?m
m’ m’lshMQ'.-UDQOOOOCOCGQ'QQI....Ii'...ni.lltnb 1’7&
Siltstane, FrBYiSh PINK..ov. v nacecrenaenscanennnaneas 1,730

Sundstone, fine-to rediuce-ained, silty,
rayist pinke Tie sand ls arzosic.
Hoter DA N et ivessactanancvacnosoncennns Crireraenas 1%

Sanceione, {ine-to sediume zoined amd
sandy eilistones, interbedded, oreyigh
nind; wit: some thin beds of clay. Tie
sanl i arieBiCe. e, f e e es ey PR

2086

1,475

1,520



Table 4.--Logs of vells and test hales.

vell G 3, Guaje Canyon
I:E”: i‘.‘ﬂc. 27, P Y 1} a-" -uo Eo
Altitude, grount srfuse, 5,157
Total Gepth, 1,70¢ feet
Trilled by Tesas uWater Wells, Inc.

Guaternory alluvium:
Zoviders, cocbhles, oravel, sand, and silt.
The coarse sizes are porphyritic latite
and quartz latite. The sand is quartz,
148par, and 18t1tic QobriB. . casrrenensracnsanconnns

uye congicrerate:
Conclomerate, sandy t0 silty, oray. Toe
cabltles ard gravel are eoppesel of
latite and quariz latite. The said is
guartz, feldsgoar, and glassy te partially
ElRBEY AOUriB. iercacrnsesenrcscncssscnstansrvasnarscone

Tctavi lentil:
Sy lonerate, sandy, (ray. The cobbles and
cravel are rraqite, cuartoite, aod foreiss
voleanics., Tue 8803 i ArieBiC.vivravertcsrorararcass

Undifferentinted unit, Santa Fe goroupn:
Sandsteme, fineeto coarse-srained, conglomerstic,
piniziah oray, Toe s2nd ie arcosic. The
Eravel 18 1atitic GeUriB.cccicrerccncenntrrsvanansacns

Ay S8illy to Baady, BYIGH iDKiseivrsscvacscncsnnens

Saadstone, bishly con lomeratle, rinkish
ray. The sk 1s arkosic. T fine
gravel, much of whkich is —moidee, i
lztstic ras 5 it et et aes s

fxsflﬂ;‘.thOa.;.‘c‘chn unlng ouck

itiz silt
-t o = RN & v 4 v 8 a % % 38 v s an ® s P K E IS LR AT W a2 o & b« 2 u o a

cosiomerate, gaady to silly, dncish xay.
Toe Dine Lo veddw sravel 1z maindy lstitic
mezics Wit pubordingle soraipriiic leblvu

V -+

Sandstone, Tlno-ic cologe-owined, slishily
silty, ,;a\_ o plui; witl a truee of bagaliic
LoeVEL L lover peot. TUe sl L5 &rkodic,

3 e " o -
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Table 4.--Logs OF wvells and test holes.
Well C 3, Cuaje Canyon.--Contimed

Undifferentiated wult, Santa Pe groupeCami'd.

Sendstona, fine-to pmedium-grained, sllty to
clayey, crayish pink.,. The sand is arkosic............

Congloazerete, sandy to silty, pinkish sray;
Witk e PInkK ClBY..ivciiccecnnttenstcennsrronsansane

Sandstane, conglomeratic, pinkish gray.
e fine to coarse sand is arvosic.
The orevel gizes are volcanics. UHater -
DOB T .. (i rsenctsensncasatentatneatttcnsasenanacnnans

Sandstane, fine-to nedlhmegrunined, silty, greyiss
pmk. m mis a:‘msi—c.&lo.'..'o...l-.'.l'C...lb-.

Sexdstone, fine-to coarge-grained, conglomeratic,
pinkigh cxey. The gand iz colosic. The

cravel sizes mxe voleaunic debris. Water-
mﬁl‘OC'."Qll'.lI.."..l-...Q.l.O..'O.Q...'..l..l

Siltstone, sandy to clayey, Sroyish pinkeeeecsccsercanes

Sandgtone, fine-to comrpe-grained, prayish
pm. mmie ﬂr@m. m—m-....--..--.

Sanfistone, fine-to cosrse-grained, pinkish
xay. The pand is arkogic. tater-bearing.....c..... .

Sandptone, fine-to mediumerrained, silty
to elayey, orayish rink. The sand is
wmaic'..“‘l..l"".l.'..'..'.i'll.l..ll.'...l"l‘.l

Saxdstone, line-t0 coarse-zruined, craylsh
pisk. The sid 16 erisosic. Water-bearing........... .

- L S IV T 3 .
Slay, oravish oindi, SIlUy . vseirenvseiiiareccntiiinanans

Sendeione, finee-to coorse-grained, ninkisgh
oroy.e The manc lg arkosic, HRLer-bearins....iaaeeess

Sandstone, flac-to medlia-mained, saxwst
silty, feyisa plnk, The sand is arsosie.
Unit ic weler-bearins from U2l 46 O .cveean...

Siltstone, sandy to elayey, moarish pinK...ooeeeeenonnas

]

&

8

v
N

A



mlle 3.~-IF000D3 OF WELLS AID TESD IOLES « Contined

Vells &yl Tagt Holes in o Dnotern Siope Arsa

Allitade, feet ciglual smior  Speelfle

above sea Jﬁml, 73‘#&'!., {out cﬂ{‘uutj

Locint oo Dnta of laad sirface Depth  Principal watere  alove (+2 ¢rxy/foot Use o
corvitatad  (LS) ad pew  (fost) bearing wilt or bedow (<)  of drav- watar

" base (P3) izl portace denm

691

R P AT N BST RN E Sopt. 1049 HHITHT)LS 2,000 )/ Tachdeam jroyp «35 {045 - lorie
T s J¥,TTL,THE Jer, 1050 (5 570 The1.8 642 Pye conslacrate =551 .2 \%‘
HEL nae.Li, T, 08 love 1D49 1y 615 B 5wl S 5o 4c. ~ {1 1 Do,
e ",,i S0 .l.:',l. ; { “(‘: ;k’fv’o .Lﬁ'-‘) l?:-,(;vei.fﬂ.-!as ‘315 dD- "{“:}.9 005 D:).

T m. Gy RN, N B face 1950 3R 5.00.L8 1,205 Techicord o) wl,15540 0.0 Do
e W Cayon L. 10 Uy HU2LE 233 - Dy ol - Lione

GO nre O £y UH=LG X0 - i, - Do.
O R Vs T 0% Apre L0 o9 20wl : 53 - 00 - ~ Do.

1/ Depth of pilat

I ba of accoqba o i Atnnie Daeryy Canilselci.

5

2y

oe



Table 4.-=Logs of wells and test hales.
Yell G %, Guaje Canyon.--CTontinued
Depth
(feet)

Undifferentiated 1mit, Saats Fe group-~Cant'd.
Sandgtone, {ineeto nediumegrained, silty
to clayey, cayish plok. The sand is
arkosic. Unit ig water-bearins from

N

Mt‘ fi!le-‘n ! ’whm&w-lﬂnatll‘b.---'l 9& 933

Serdstone, fineetc mediwxegralined, cslighidy
silty, grayish plok; with saze thin beds
of pink ¢lmy. The sand is aricszic. Water-

gy, oceyigh pink, 81ty 0 BARAY . ccveerreeecrerraaees 1,000 1,002

Dasalt waccia, reddish trown to reddish
m;ﬁthmwm& m-nd-r-...-..-...----.-.-....- 1,012 l'(@g

Slay, greyish pink, silty to sandy.......... feiraeaeanas 1,000 1,005
Serdstone, fine«to mediuwn-grained, sonewhat

sllty, grayish pink. The sand 15 arkosic.

Vater-bearins fram 1,100 to 1,13 . .cccaviniininnanens 1,095 1,154
m', Siltytﬂ m" m@. pmk...-.-.....-.'.....-.. 1,1}‘* l’lhl
Sendglone, fine-to pediun-grained, silty.

sreyisl pink, The sand ig ariosice.
l-mtcxl‘mwo..n.u--..u........................... l;lz“tl l,l?\;v

Sandotone, flae-smainel, silty, and silte
stcne sandy, (rayish ploc. The oaod is
arkosics 1N pard WBLEr -bearing........... Ceveanan e LITE 1,3

)
'
b

o] * - o RE 2 G S P e .,,.,
oy Sy, OB il i et i it st aeaan 1,20 1,220

Saistone, fine~to mdlcue .:'—-",.&..e:,., bole G <P

wiage BILlty, pravist ninll. Lo sl is
[N > [, PE R U - e
BrI08LC. Wl TSDO AT e 8 A s e sy e s tecarant e l' 5:,‘;,' l’ o

Sancsuone, floe-szainsd, ool sand; silte
stone, proyist piak. The gl ls arksle....... ceeans L3S 1,301

Sogiptaae, Tine~to rediuut-roinsd, Qe
wiat giliy, grarish rinkl, The ogand ip

BACBiCe WALET —UCBIIN et v tuorsrranrranseacenane nrans 1,31 1,48




Table &,--Loge of wellg and test holes.
tell ¢ 3, Guaje Canyon.--Contimied : .

iUndifferentiated unit, Sants Fe prowge-lont'd. i A
Billtstame, claysy to santy, srayrish pink.....oo.eeeacae. 1,430 1,807

feadstone, finee-rrained, cilty, oo sid%
sandstone, interbeddad, ;uyiss pink;
with same thin beds of pink cley. The
sand 16 arcogic. Iurts of the soguence
are wnter-bearin-, as fgliows:

lj'i‘*ﬁ? ‘W 1’59:; L .
1,7—?0 tO l’W‘O ------- LI B LR I N N R A LI SN 11%7 1’99:J T-E}c

210



Tadble h.--logs of wells and test boles.

¥ell G &, Cuaje Canyom
E‘Lm 5, T.lgu., B'?E.
Altim&e, sround sarface, 0,225
Total depth, 2,002 feet
Irilled ty Texas Water Wells, Inec.

Qusterpnry alluvium:
Boulders, cobbles, gzuvel, send, aund silt.

Puye songlomernte:

Conclomerase, saody to eilty, cray. "ue
coarse sizes {yrevel, oobbles, andafew
voulders) are of porpiyritic lstite. Tue
sard is gueriz, feldspar, awl ‘m.:uc gaesris.
Tue gilt is Jassy to partially 8y

mwrmc00.0-000.00011..000000.-O‘t.-"ttoclcooouitcno

Totavi lentil:
Conlamerate, sandy, oay. Toe (revel glzes
are mainly meterials fram pre-Caodiirian
ms' mMiS &:‘.ug&iCOQOO--lotnnntccvntcino.o.-

Undifferentiated unit, Santa Pe group:
Soxdigtone, fineeto ccarse-grained, conglomeratic,
pinkigh gray. The sand ig arkozic. The
gravel sizes are porpyTitic latiteevcvrssnccasronase

Siltstone, sandy to clayey, ceyish pink.ccecescocnscsens
Sandstone, conglanchtic, 88 frem 120 0 188..vvveneantn.
mtm, 38 m l(,\?) tO lga'oonsuhﬁtnlool...-oo--o-p--c

Canglomerate, eandy to siliy, pinkish sray.
e fine to medivs Sravel glzes are ooae
posadl of porpiyritic latite aul purice, The
g:.ud is ariogic. Undl is wates.benriss .

“’ uﬁ.;‘*':l--o---c--.--c--.--... ------- Cr e vsemtrersp v
— ——

sasalt, fine-gralned dark gray. e upper and
lower 5 feet ©f the Tlow are 2170 vesicdar. oo,

Sands swone, Timeeto conrpee; rained, comllan-

ermric, ninkled (xdr. I sdud g arkogic.
Tae fine grevel sizes are voleanic materlalsS.....ovevees

211
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Tedle k.--logs of walls and test hales.
¥ell G &, Cuaje Cargon.e-~Continued

Undifferentiated unit, Santa Fe group--Cont‘d.
Siltastone, clayey to sandy, and witu scue
gcravel, grayigh pink. The pavel sizes

Bre vOloBilie PALeriBls. .o vericrirvsncasernenatacsonns

Sandgtone, conploeratie, in rart silty,
Finkish gray. T sand ig arkosic. The
gravel is coamposed of volecanic mmierials.
Unit is wmter-bearing from 551 1o 507 sad

mtsm‘ “ fm 5% t-O 551:000.-oo&o.u-oa.-ono~..!---

Sandstone, canglaseratic, with soe thin

beds of siltstone, pinikish pray. Toe fine

to coarpe sand is arzogic. Toe fine pravel

is volemrnic matarinl., Vater DOBring...cocvovanerscnes

Sandistone, finc-to coarse~yrained, slightly
silty, pinkish zroy. Toore is &8 little
orevel, cuxpeged of volcanics, included
ir the arkosic sand. Water.bs&rins..........ceveveees

Silm, Wmm’ m’iﬂh Pi.nk---oa-"ouo-toan

Sandstone, finee«to coarse-srained, elisitly
silty, prayish pink. The sand is ackogic.
Wmm‘.ﬁit'."..'..ll..lb‘..'....l“..l.I".'.

SQltstone; eandy, rravich pink. . niiiiiicretisaernerenes

Sondstone, fire-tc cvarssesrained, slishily
831y, (xroris: pink, The sand 15 arzosis.
i;a I:—marinf;---..-.‘-...-....-.---...-.......-..»‘....

* 4 -~ - P S ST .
Clligtons, crayisn pink . ievviinineas
Ll 5 gt e P . - LI Gy '; e -

Sondotaie, Tincete peflim-rrelined, slightls
EREY IR, 5 Jiis et vasl ; i
silily, .rayisn pink. The zand i arjgocic.
[T S T s v 4 Ty e eaaeea v e e .

dasald, fiop-gimined, dock reddiol SrBY.cverr i vaanieenan

Sapistoie, ftoe-to tedhuwesralined, silty to
clayey. Tk sand 15 Briesit...... ... e e

o3k

51

é.

RN

L

™

Tie



Tahle b,e=logs of wells and test holes.
_'ﬁ"ellch Guaje :}m:;m

:ﬁ: -n\.-- J; .&c ‘3 ::9’ iie T
Aitde, (roes sofeos, u,?fh
2oteld denth, 1,997 u‘e"

Treilied T Teomp lalar b 5 inc.

‘l

PRLaraary allavize
Bouléers, cobbles, yavel, sanl, sod pilt.
Al znterials e of latitic camositicm.. ..o ovasas O

e oo laeraie

Soplanraie, ssel W olity, owy. Ts
comroe sizes {(ravel aad cobulas) ae
minly congpicususly peamdnTitie latite
A et atite with sisordizute
mxemte of latitie punics. The sund
sizes are Az, £ » 85 IBtitic
zeoorials, Taz gllt 45 plassy GabTiB. . et isnen e e

LA

&
§
3

Sadifforeniiated uwit, Smate To Sroup:

':J
T

crains we garts, colarless to pink
feldomar, and pink to yellow chaleoodonic
mi&ll'lo'l.-.'l-llnoﬁbotl'.liiottt’I!'O.l.-'.l."“l 1"‘:’3 m

IRy, silly o swulyy, grayisk pdnk, with
s e gowl camoged of latitic
mm’m.sa.--u-,‘o.a..-.-....'........................ m,o :‘y::‘;}

sosaoerete, oivdiledh ey, Tie Sine 12
medlus suvel gl wa are cooeed ol ,u:z:i 1c
mesioe &l suboilinie pormupTitle imollt
A ol znooabt of arcosie suad i _:m:sert e oo

Aorgdomeraue, camideh orwy. Too Tl ot
SRS v-m'“—; SIH08 WY CAICEtu O nor-
*1:;,":’1‘.;1(: socite el suoyiipote iotide
~»:;§. e h omEALL miwsaTs OfF arucoic syl L

L vyt o~ e 4
W B /L 4 T P s YRR s e e TR sSSP T -~ ® oA LR R A R R L T N T R S W) et ’r’
- Y T e cariegy £ ® gy
.,c.:"...:zmx, 8z Jron S W0 347 it cusialning
- . A
2T S L S 5 R = .~ A T 4311
-
S P 2 G 4 vy,
a.x. ._.’3 l:i?-p‘ﬁ-(:, m [ ﬁ*..i, s “._"..-ﬂ.u N ’"'}U" it
CLN * . o - . .
R 4 ""13»\7@4. Eail e OO0 RO ol Inbatic -
- + 3 , —rt 2 K
sy ond aatitle mdes. Tue sl Lo ooonlic.
r . L3 YRGS FS T %
E oGS foem fvoe of £idv S R ooyl
Lara s 4 """-“ - ~ - L. -, A ——t— - — ¥ - FRp—
‘.",'.;,u...... —tl {n-g—u“h&u,» N LI R Y I T B T S S Ve 3 -
o - et g



Table 4.e-Logs ©f wells and test holes.
¥ell G 5, Cuaje Canyon.-«~Contimmmwd

Undifferentinted unit, Santn e sroupe-Joat'd.

Qey, prerish pink, cootelining sowe latitie
mmltt..l-l...ltlll.!.-t!ODl.00.'..'.0.1-...-.1."'0 +Tl

Conglomerate, sandy to slightly siity, pinkish

cray. The fine gravel glzes arc mainly

latitic mumice. The sand is arkesic. ilater -

s T L T T 4356

Sendstone, fine<to nedlme-graived, silly,
oreyripsn pink; wlth scxe fine xovel sizes
ccx:;;:cmdmim.) of latitic mzxadce, The sand

Bagalt, fine-grained, dark proy. The upper
ad lower 5 feat of the flow are highly
mm.-..;-.-.......-...-.-.-...-...-...-.-....... ):F‘

Congicuerete, sandy, pinkish grey. The fioe
gravel sizes are veleanilce raterials, gpparently
darived from @ nearyy source. The sand is
Arkosic, HBLET-DORTINS .. cccvevrrrncrrecacnroasaranes Gl3

Conglomerate, as fron &3 to 679 Wt very
mw‘.’..’...’..ﬂ..'....-'..I"-...O..l‘..."‘l.-'... G’y

Conlamerete, g fron 413 to 479, Yeter -
wﬁillool‘l0l..l-.’¢l'.Q.‘O‘I.lll.'.--......vl-.. ;3
Canglarerete, sady e silty, pirdddsh aye.

Toe fine ravel sized Are OGuosed of
voleanic woteriols. The s I8 SroOBiCeciicvreecenven s

Sendstone, Pine-to rediumeruined, ariosic,

"n & onbn P gy g 3 . -t
silty, mroyich pivd, dpto-lionsiv, Lol L . RS
o
. . .- .. .
ey NS P P s i
u......h er;‘, na\.:\a.; wls C.l..‘.&:"!:; f ‘.':_'..4—: alJd. ‘-‘.‘.X;.‘.;- D . s

eaton, Soe-uc conrsee ruined,; siniden

oy, R Y= { o LT R A 2 - d
Joaye GR oEl AR ariagic.  Labos D S Lo Bt I SIS R

Jesnlt, Tinee relned, GO D0 cattraen inarraseaanana Q0

P - 5. .y o 3, Y T T ey ]
Besnll Yroealn, doei ommys N0 s YOV ..ol €Y
- - « - , ST mt
i EUm - .k e ol e frmom-
_.BMU’ - ..;(."‘.f\—.l_ -{3’.., u‘.‘— ”:.‘wn‘ [ O A S S
T ety Tum
P e S R R R R R RN I e e T T 2 e
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Tahle L.~ 3 of wells and test holes.

Yell G 5, Cuaje Camyon.e-Comtimued

ferontinted unit,

Sosalt, ﬁne-m;.nd, GATK FZBYrcea-vrarennn

Zoaali Inecclas, reddish rowicc.cocienneiann

Santa Fe froupe-Cont'c.

Sandstone, fince-grained, silty to clayer,

reddigh pink, The ool iB asiwsice.......

Dasat treccla, dark gray to brown. T
lower 10 feedt contalug mush wand and

Clk‘,“...-.-.....-..-.........-...-........-

Clay, silty to sandy, crayish pink..........

Sendrbore, fins-to nediim~omined, slightly

sity, crayish pink.

e gend 1s arkosie.

&hmmirg-.-n--q-n-..lo--'n‘!h-O‘OIOOO

Siltgone, sandy to clayey, oraylsh o

L3R 2

P C IR B AN I SN A
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1,309  L,07
L1 1,075

1,076 1,093

3,092 1,155
1,135 1,145

2,18 1,17
1,171 1,21
1,231 1,55
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e Loeelogs of vells and test boles.
¥ell G 5, Gaaje Capon,=-Contizued

Undifferentiated 1nit, Sonta Fe sroup--Cont'd.
fandstone and siltaotone, ioterbedded, &s
the fisle preceeding umits, and costaining
8 few thin beds of pink clay. The gsand
is srkogic. Sce beds are water-bearing,
a8 fallows:

1,451 to 1,519
1,53 to 1,546
1,551 to 1,550
1,659 to 1,593
1,705 to 1,749
1,30 t0 1,000 eerinnnnnn Creranerereennas ceeees
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