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Re Le Griges
Ue Se Geological Survey

ABSTRACT

This report describes the geclogy and the occur-
rance and availability of ground water in an area sur-
rounding lLos Alamos, New Mexico. The Itnﬁy on which
the repert is bagsed was made by the Cround Water Branch
of the Geological Survey with funds fwrnished by the
Atomic Energy Commission.

The Lom Alamos ersa is in nerth-central New Maxico,
approxinately 60 miles north-northeast of Albuquergue
and 25 niles northwest of Santa Fa, As used in this
rezport, the area is about 20 miles long in an eant-~
west direction and about 10 miles wide in a north-
south direction. The town of Log Alamos is near the

center of the areca.



The rocks of the area are of lates Tertiary and
Quaternary age. ' They consist of volcanic and sedimen-
tary'rocks that accumulated at the wastarn side of the
Rlo Grande depression. For the most part; the area
lies on the eastern flank of the Jemes Mountains , 2
volcanic eruptive center that stands athwart the sone
of faulting at the western margin of the Ric Grande
depregsion. The western edgs of the area is near the
center of these volcanic rocks and from there the area
extends eastward across a segment of the interior mass
of flows snd an outlying apron of tuff that lies on the
sedimentary and velcanic rocks of the Ric Orande depres-
sion.

The volcanic rocks of the Jemex Mountains consist
" mainly of the Tschicoma and Tewa groups with the former
representad by two map unita which consist of (1) latite
and quartg latite and (2) pyroxcne andesite; and the
latter group represented by the (1) Bandeliar tuff,

(2) Cerro Toledo rhyolite, (3) Cerro Rubio quartsz latite,
and (4) Valles rhyolite. The Tschicoma group forms the
interior mass of flows of tha volcanic center. The
Jandelier tuff forms the outlying apron of tuff. The
Cerro Toledo rhyolits, the Cerrc Rubio quartz latite, and
Valles rhyolite are volcanic domes associated with the
collapsed interior of the volcanic center. In addition,

an unnamed body of sediments occurs in the Valles caldera,
a portion of the collapsed interior of the volcanic center.
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The suite of rocks of the Rio Grande depression
are referrsd to the Santa Fe group. Within ths area this
group is representad by throe main map units. One is an
undifferentiated saquence of arkosic sandstons and silt-
stone with some included basalt. Anathsr; the Puye con-
glomerate; is composad mainly of latitic debris derived
from the interior mass of ths Jemes volcanic ares, but
it also includes some interbedded basalt and a lentil of
arkosic conglomerate. The third unit is a thick laqunncé
of basslt.

Mapping and subtsurface work indicate that the
stratigraphic units are comploxly intarralated. The
mapping shows that the units of the Santa Fe group inter-

finger with esach other. The snbsnrfacﬁ work indicates

that two units of the Santa Fe group, the undiffersntiatad
sequence and the Puye conglomsrate, interfinger with the

Tschicoma group of the Jemsz Mountains volcanic area.



Adequate water resources for the town of Los Alamocs
are not avallable in the immediats vicinity of ths town.
However, water in quantities adequate for the present
population (14,000) occurs at both the eastern and western
marging of the arsa. In doth places the surface waters
cannot bs used because of legal restrictions. Vater of
the streams in the Valles caldera, in the western part
of the area, is utilized by Jamex Indians who have pri-
mordial rights to the flow. The flow of the Rio Grands,
at the east margin of the ares, also is completely appro-
priatsd by downstream users. Ground water in the sedimente
of the Valles caldera is unavailable as the present investi-
zation has indicated(that the small water bodles pressnt are
in close connsction with the adjacent streams, and puupage
would decrease the stream flow. Oround water in the undif-
ferentiated saguance of the Santa Fe group in ths sastern
part of the area represents the only souree of supply avail-
abla. BSetwsen 1946 and 1552 sleven supply wells were com-
pleted in these sediments. The atudy on which thia report
is based indicates that these wells ares capable of supply-
ing one billion gallong of water annually, the amount neces-

sary for the town,

Th



PURPOSE AND SCOPE OF THE REPORT

This report is based on ground-water investigations
requested in the early part of 1949 by the Atomic Energy
Cormisgsion, Prior to that time the water supply for the
Los Alames projoct had been developed pisceunai; both as
a result of numerous changes in plans for the sige of the
project and as a result of an absence of informatior con~
cerning the occurrsnce of water in the ares.

From the early part of 19&3; when tha project was
startad, through 1945, a water supply was obtained from
small springs and small spring-fed streams that emerge on
ths mountain slops west of the town, These sources wers
developed one by one as the town grew during the war years,
At the end of the war in 1945, howsver, all available sur-
faco water on the mountain slope was bYeing utiliged, and
tha water requirements of the project exceeded that avall-
able from the mountain sources. Shortly thereafter, in the
aarly part of 1946, Black and Veatch, a consulting {irm ,
Eansas City, initiated a test drilling program about 1C
miles zast of the project. This program led to tho com-
plation of six wells by the end of 1948 in Los Alamos
Canyon, s tributary to the Riec frande. Py the time these
wdls were completed, plans for a larger project demanded
aiditional water by the beginning of surmer, 19513 and
Black and Veatch suggested‘davolopmunt of ground water in
a large volcanic dapression some 10 miles west of the project.

15



Shortly thereafter the Geologitel Survey was
requeatad by the Atomic Energy cammisaianfto usaertakp
a datalled atudy of the ground water of that afoa and‘
to prepara a resport describing the availability of water
and its relation to the ;ooiogy in order to provide &
basis for solving the water problems. Later, the study
area was enlarged to cover alsc the area east of the
volcanic depression. Sone work on basic data 13':t111
in progress {1955), and some additional wark probably
will need to be done on a continuing bLasis, dbut the fol-
lowing report contains sufficient information needed to
solve water-supply problems that may arise.

-

16



PREVIOUS WORK IN THE LOS ALAMOS AREA

A number of brief menoranda and several reports as
citad below and listed at the end of this report have been
written on the water supply for Los Alamos. Other roports
were completed whils this investigation was in progress.
Thesa memoranda and reports have not bsem published, and
only a relatively small amount of the results of the work
on the basic geology of the area has been published.

Most of the brisf memorands were writtsn by Army
personnel during the war years when Los Alamos was oxpand-
ing rapidly. Thess describsd the small sapring-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 ona of the projact
- sites for the devalopment of ths atomic bomb., H, ¥W. Yeo,
(1942) of the Gorps of Engineers, who prepared the earliest
msmorandum on avallable water in the area, visited the sita
in November 1GA2, and described s 28 acre-foot reservoir
that was being built by the Los Alamos Ranch School for Boys
whose plant was taken ovoer shortly thersifter by the Covern-
mont. Yeo sstimated that the reaservoir, fed by a minirmm
flow of about 100 gallons per minnto; would supply the water
needs of a town of over 1,4C0., He also noted the presence
of watar in canyons to the north and south. When a water
shortage devaloped in the early spring of 1943, D, C.
Bondurant (1543 and 1943a) twice visitsd the project and
preparad two memoranda on stream flow on the mountain slope

17



vast of the town. Later that spring and again in the swn-
mer R. B, lLawrence (1943 and 1943a) c:mimd the arss and
wrota two memoranda which laed to the construction of pipe
linas that tap practically all of the small surface sources
present in the immediate arsa. In lats 1943 the Albuquerque
District of the Corps of Engineers wrote & brief summary of
existing facllities and recormended some improvements
(Puble, 1943).

The firm of Black and Veatch began water-supply invasti-
gations in the area in the early part of 1946. Their work
lastad through 1951 and in part was made in conjunction with
work of the Geological Survey. Formal reperts discussing
existing and future supplies wsre prspa ed by Black and
Veatch in 1946 (Lawrsnce, 1945) and in 1948 (Brown; 1948) .
In 1948 Harold T. Stearns described briefly the gaology and
| cround water of the Valles calders , the large volcanic
iepression at the top of the mountains west of Los Alamos.
Rlack and Veatch preparsd a resume of thair work in 1951
(Brom; 1951), a lengthy report prasenting an engineering
analysis of the existing water supply and distribution
faci{lities, the use of water at the town, the capacity of
existing sources, and some posgible sites for additional
sources. As a pait of the investigation by the U. &,
Ceological Survey three semiformal reports, concerned '
mainly with puiding ground-water development, were reloased
to the Atomic Energy Commission during 195C and 1951.

18



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

The reports written after the war give additional infor-
mation which has been of considerable values to this investi-
gatione

Although much previous work has been dons on the
basic geology in the surrounding region and several reports
mention a few of the geologic units that eccur at Los Alamos,
little material dealing spacifically with the area has been
published,

2averal geclogists attached to the early armies of
axploration and geologic and geographic surveys of the
West vizited the region betwesen 1850 an& 1875. Heports
of these early surveys were published in the 1870ts and
‘iegl largely with the broad geologic character of the
country; however, they include Hayden's original descrip-
tion of the Santa Fo formation (Hayden, 1873), and Cope's
(Cope, 1877) description of the fauna from this unit which
had been collected by himself and by the Wheeler Survey
party of 1873. Craton (Lindgrsn, Graton, 'and Gordon, 191C)
vizitad the Bland mining district, some 15 milaes southwest
of Leos Alaros, in 1905 and wrota a brisf description of the
geclogy and occurrence of the ores of that distriect, C. S,
Foss made a preliminary investigation of the Valles Mountains

19



in the 1920%s. At that time bass maps for geologic work
were inadequate and Foss postponed work after a brief
study. Kirk Bryan probably made a number of axcursions
into the aresa from about 1910 through the 1930%s. A

few of his observations on the eastern part of the area

are incorporated in a report on the geology and ground-
water conditions of the Rio Grande depression (Bryan, 1938).
Two of Bryan's studests, H. T, U, Smith and C. S. Demny,
worked in neighboring arease. Bstween 1932 and 1935 Smith
studied and mapped the geology of the Adiquiu gquadrangle
whosa 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 ares (Smith, 1938).
Denny spent six weaks in the Espafiola Valley, about 1939.
‘Hia paper (Denny, 1940) describas the Santa Fe formation
of the Espafiola area and covers sediments exposed at tha
north end of White Rock Canyon. V. C. Kelley, irn con-
nection with pumice studies for the Atomic Energy Cormis-~
sion, prepared a planimetric map and a brief geologic
report on the Los Alamos arsa 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 R. L. Smith have been
angaged since 1946 in a detailed study of the Jemes volcanic
series, rapresentative units of which immediately underlis
the greater part of the Los Alamos area. 4r1e1d work on
thelr project is essentially complete. Zane Spiegel and
Brewstar Baldwin (Spiegel and Baldwin, 1955) recently
studied the geology and ground un:ef of the sinta Fe area,
some 2C xiles to the southeast. |

FIZLD WOFX FOR TRIS REPORT

‘ 'The field work for this report was started in Juna
of 1949 and was largely completed by April 1952. During
this pariod, the Survey®'s work was divided between two
- projscte that ware separated in many respects but which
overlapped to a large axtent as both projecte dealt with
the geoleogy and hydrolegy of the area. The main project
concerned tha water supply uith'which this report deals.
The other project concerned the underground movement of
waste products discharged by the Los Alamos labcratorf.
3oth projects were startad within a fow days of each
other, and during the course of eveants work was commonly
shifted from the one projsct to the other in order to
coordingto activity with axplorstory drilling that was
carried on intermittently as an important phass of both

projects.
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The exploration for the watsr supply was ceatered
mainly in two #rcas, the eastern fart of the Valles caldera,
some 10 miles west of the townsite, and in Cuaje Canybn, '
some 10 miles northeast of the townsits, Work on the wasts
project extended from the townsite eastward and southward
to the limits of the accompanying gaclogic map {Plats 1).
An additional report is to be writtan on the latter project,
but ths work is mentioned herein as soms of the basic data
collected are pertinent to the geology ané hydrelogy of the
entire area and pust necessarily be included in a raport on
water supplye. |

At the time the projects wers started, 1949, the need
for additional water for Loz Alsmos was acuta, and little
‘was known of the occurrence of gfvnnd Qnter in the area.

The view was prevalent locally that £ha'ia11 field in Los
Alamos Canyon devaloped betweon 1946 and 1948 was deing
deplaeted rapidly, and there was an inclination to attempt
to locate a separate sourcs of supply. Previous work
(Stearns, 1948) had indicated the pressncs of ground water
in the Valles caldera. Alac; an idea existed that avail-
able water might be present beneath deep canyons adjacent
to the townsits area. The Atomic Energy Commission had
awarded a contract for extensive drilling in the Valles
czaldera and for ono deap hole in Los Alamos Canyon; in the
town arsa. Another contract had alsoc been awarded for
2xploratory drilling to locate waste producﬁa baneath the
22



Pajaritoc Plataau., A part of ths Survey's work was the
selection of sites for the drill holes, the dsscription
and intarpretation of materials collected from them, and
the selecticn of sones for the placement of sections of
well screen. Another phase of the work consisted of run-
ning pumping tests to determine the hydraulic coefficients
of water-bearing sones and svaluation of the supply. When
in the fall of 1949 punping tests in the Valles calderaz
showed that the resoval of water frﬁa that ares would affect
the flow of nearby streans, exploration for a water supply
was shifted to Guaje Canyon, where five production wellas
wore eventually completed. This shift sntailed studies of
-sologic units along the east edge of the Pajarito Platesau
and included a number of pumping tests.

Concomitantly with these axploratory programs for
water, additicnal drilling and hydrologlic studies were
carried on in connectiocn with the waste project. During
periods of relative quiet in the drilling prograns, a
reologic nap of tha Los Alamos reservation and vicinity
was preparsd. The mnppiﬁg -na done on asrial photos hav-
ing a meale of approximstely 1331,5680. The data were then
transferred with a Kail plotter and by visual inspection
to a manuscript topographic map having a scale of 1:20,0CC.
This map was later reduced to a scale of 13:24,0C0 and

accompanies this report.
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To Messrs. C. 9. Ross and R, L, Smith of the
Ceologic Division of the Survey the'uritcr-feols a pare
ticular indebtedness. These mon were engaged in a study
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structure of the Rio (rande dcprtssibn. Mr. ¥Yood also alded
the writer in coapiling the geologic map.

OFOGRAPHY
LOCATION AND ACCESSIBILITY

The Los Alaros arsa is in north-central New Maxico,

| approximately 6C miles norﬁh-northaast of Albuqnerqus and
25 milee northwest of Santa Pe (see figs. 1 and 2). As
uscd in this report, the bourxiaries of tha areca are coin-
ciient with the boundaries of the accompanying gaclogic
nap which sssantially covers Loa Alamos County created in
1549 and overlaps on the west into northaeastern Sandoval
County and at the northeast extends into northwestern
Santa Fe County. The Los Alamos area trande northwesterly
ani 1s approximately 20 miles long and 10 miles wide with
the geographical center lying close to longitude 10692C'W.,

and latitude 359534,
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The area is relatively inaccessible, in part bscause
of sscurity repulations that protect the town of lLos Alamos
and in part bescause of the sparsity of good public roads
through the isolated mountainous region. Statae Highway &,
the only improved public ru&d, axtends through the eastern
and southern portions of the area, croasing an unimportant
part of the Los Alamos ressrvation. This ﬁizhway is asphalt
surfaced in places and is generally considered a good road!
but 4t 1s {rpassadls through the mountains in winter. An
improved access road leads from State Righway A4 into the
Frijoles Canyon monument at the south edge of the area,
and a few unimproved roads, most of which reach dead-ends,
slso branch frox this hichway. The lLos Alamos reservation
can ba crossed on Highway 4 without reltrietion; but the
- main parts of this arsa may bé entered only throuch special
‘permiésicn on access roads leading from'this highway.
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The town of Los Alamos with approximately 14,000
people (1552) ia the only large community. The village
of White Rock was built by the Atomic Energy Commisslion
to accomodate the employees of construction contractors.
The villaze has a widely varying number of inhabitants fron
time to time, but the population seems to range from adbout
1060 to parhapi 2000. Totavi; a contractorts camp, has a
population of about 100, The FPrijoles Canyon Monument at
the south edge of the area has about 10 permanent residents,

PHYSICCRAPHIC SETTIRQ

The Los Alamo2 ares lies in a region where four main
physiographic provinces arﬁ reprasentad., (See fig. 2.)
Twe of tha:e; the Southern Rocky Mountasn and Basin and
| Fange provinces, are of asignificance to ths regional sot-
. ting of the area. The Southarn Rocky Mountains extend
southward from Colorado as two separate north-south prongs;
ong of which lies east; the other west of Los Alamos. BREoth
pronzs die out a short distance south of the general latitude
of the area. The sastarn prong is representsd by the pron-
irnent Sangro de Cristo Range whose abrupt west front is about
2C miles to the sast. (See fige 3.) The range diss out about
50 miles to thae southeast. The western prong is represented

by less distinct, discontinuous units, the most southerly of
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which is the Sierra Nacimiento. The axis of this range is
some 20 miles west and its indefinite eastern front liles

a few miles beyond the waestern margin of ths area. The
range dies out adout 40 nilqs te the southwest. Extending
northward from ¥exico and separating these mountain masses
north of their southerly terminations is the Rio Crande
depression, one of the iarge rift valleys of the Basin and
Fange province. Tha Los Alamos grea is in thé Basin and
Range province and essentially adjacent to the western
prong of the Southern Rocky Mountains.

In a more limited perspective, the area lies mainly
on the ecastern flank of ths Jemez Hountains volcanic center.
(Sae fiz. 3.) The volcanic center stands as a circulsr
zountainous element #thuart the boundary between the Rio
' Crande depression and the western prong of the Southern
Focky Hountains. In part, the volcanic rocks ovarlap the
Socky Mountain structure on the west and in part it extands
aastward into ths Kio Grande depression. The volcanic
centar consists of a steep-sided interior mass which con-
tains a central area of collapse and discontinucus apron-
like plateaus which surround the interior mass. Specifically,
the Los Alamos area occuples a parallelogram-shaped strip
2xtending from the center of the collapsed portion of the
Jemeg volcanic center eastward across a segment of the
strep-sided interior mass and one of the adjacent plateaus
onto plains and mesas in the central part of the Rio Crande

depression.
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TOPOCRAPHY AND DRAINACE

At the eastern margin of the Los Alawos area iIs the
Rioc Grande, locally bordersd by plains and in part following
¥hite Rock Canyon. Immediately west of the plains and the
west wall of White FRock Canyon there is a high plateau whose
surface rises gently to the west., FHear the medial line of |
ths srea this plateau abuts sgainst the Sierra de los Valles,
the interior mass of the Jemes Nountalns volcanic center. This
mountain rises abruptly from the platsan and culminates in a
group of serrate peaks and saddles west of which lies tha
Valles caldera, the conspicucus portion of the collapsed
interior of the volcanic center. [

The narrow belt of plains that fringe the Rio Grande
through the Espafiola Valley barsly extend into the Los
~Alarmos area. For the most part they lie north of the Otowl
bridge, in the extreme northeast corner of the area where
they ara present on both #iden of the Rio Crande. Thess
rlains alsoc ocecupy a small area to the saat of the river
between Mesita Mesa and the northern tip of Chino Mesa.
Horth of Otowi bridge the plains are relatively flat to
zently sloping, thougch commonly entrenched by shallow
arroyos and surmounted by low hills. As White Hock Canyon
is approached from the north the plains sre surmounted by
hirh buttes and mesas such as Hesita Nesa. At their west
margin they ara sharply separated from the plateau area by
the Puye escarpment, a steep sinuous cliff from whose lower
lavels a fringe of hills extends eastward onto the plains.
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Although the west wall of White Rock Canyon extends
northward to Otowi bridge, the canyon proper starts at the
north end of Chino ¥esa, immediately south of old Buckman, -
where the Pio Grande entersg a narrow gorge that separates
Chino Yaesa frox= the platean to the west. From here the
river fol.ows the gorge southwestuard for l4 milas, ths
entire length of Chino Mema. Through this distance the
sheer canyon walls ere about one thouiand feet hizh., A
vory few side canyons, short and ab?upt. btresach the wall
on the east side, and similsar breaks dy larger canyons
ars fairly numsroug in the west wall. The eastern bound-
ary of the nap arsa overlaps Chino Mesa for about 3 miles
and then follows the axis of the canyon southwestward for

an additional 3 =milas.
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Lying between the plains or the uustjiyll of White
Rock Canyon and the Sierra de los Valles 43 a high plateau
which Hewitt (1938, p. 34) called the Pajarito Plateau. He
applied the name to "the plateau. extending from the Chama
River to Cafiada de Cochitl and lying between the James
Mountains (Sierra de los Valles) and the Rio Grande”.
This plateau, cappad by volcanic tuff for the most part,
covers a stretch of more than 30 miles parallel to the
Rio Grande and is one of the prominent volcanic plateaus
that surround the Sierra de los Valles. Its surface which
originally was continuous is dissected by numerous narrow
canyons that entrench and cut through the tuff cap as they
pass from west to east across the high plateau. As a
result the country 1s characterized by long finger-lika
~ De2sas, whose upper snrfaceArise.guntlf to the west and
abut against the mountains. These eloﬁgate mesas with steep
walls ars known locally as potreros. The rugged terrain,
difficult of access bacause of the narrow sntrenching can-
yons between tho potrercs, was found inviting by early
Indians who apparently liked the natural protection afferded
by the rourh country. Cliff-dwelling ruins in tha'canyon
walls and house ruins on the tops of the potreros are numer-
ous, and thae plateau and its ruins were made famous by the

athnologist, Adolph Bandelier.
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Steep, irregular slopes, immediatsly west of the
Pajarito Platesu, ara a segment of the,brniéent-ah;pod
mass of the Sierra de los Valles. This mass, after having
been aevéraly sroded and decapitated, is not a text-book
example of a valzanic cone, but its dark slopes, ending in
grass~crested peaks, form an inpressive unit., To set apart
this physiographic unit the name Sierra de los Valles,
(Range of the Valleys) the terminology of the»oarly Spanish,
is ugad herein instead of the term Jhﬁn: Hountains inasmuch
as the latter desigznation is used commonly te include both
the interior mass of the volcanic complex, its surrounding
apron of plateaus, and even the adjacent Nacimiento Moun~
taina and San Pedro Mountains.

The Vallos caldéra. with only its eastarm half included
'in the map area, liss difactly west of the high paaks that
flank the Pajarits Plateau. This depression is the surface
exprzssion of a portion of the collapsed interior of the
Jomez fountains volcanic certer. The entirs depression is
an almost circular, bowl-shaped sink gbout 12 milas in diam-
etar with an outer margin marked by a steep, inward facing
escarpment whose upper limit 4s marked by a sarratse arrange~
ment of peaks and saddles along the curving crest of the Sierra.
The floor of the sink is grass-coversd and lies from about 50C
to nearly 2,000 fset bslow the surrounding rim. This fleor is
studded with numerous mound-like veolcanic domes that divide

the dapression intc a natwork of valleys.
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Altitudes in the area range from about 5,360 to
10,520 feet atove sex level. The lowest altitude is at
the extrame southeast corner of the area, in the bottom
of ¥hite Rock Canyon. Farther north; at the east~central
part of the aap; the river is near 5,500 feet. To the
west, the Pajaritc Plateau, with a southeasterly slope,
stands mainly betwesn 6,400 and 8,000 fest. Above the
plateai, peaks along the Sierra de los Valles range to
more than ten thousand feat. Pajarito peak west of lLos
Alamos extonds to 10,041 feet snd Caballo peak to the
northwast rsaches 10;&69. Caerro Toledo on the north riom
of the Valles caldera reaches 10,CLS feet and Turksy
¥ountain to the north of Cerro Toledo reaches 10,32C faet.
¥ithin the caldera elevations rangs from about 8,500 feet
on the floor to 10,332 at the top of Cerrec de Abrige, one
of the central domea., A short distance beyond the westernm
part of the srea some pesks rise ghove 11;000 fact. ?h&s,
tha total reliaf is nmors than 5,500 feet.
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Local relief is pronounced throughout the ereas All
along Yhite Rock Canyon the walls are nearly perpendicular,
and approxinately 1,000 fsot high. Mumerous canyons of the
Pajarito Platsau comienly are 200 to 400 feet desp with
#alls that are in part vertical. The canyons o the sast
flank of the Slarra de los Valles almo are rarged althoursh
the walls sre not as stegp as those of White Bock Canyon or
those of the canyens of the Pajarito Plateau. Howaver, ele-
vation differences of over 1,000 feet occur in places betwesn
canyon floors and adjacent psaks of the Sierra. ¥ithin tho
Yalles caldera staap sided voleanic domes stand as mtich as
1,500 feoet sbove the {loors of the adjacent wvalleys.

411 of the run-ofl of the arsa zoeg to thes Rio Crande,
and the rin of the caldera gcts as a2 local divide and givaes
rise te 2 unique drainaze pattern. Zast of the rim the
canyons that orizinats on the Sisrra and on the Pajarito
Platcau fallow 2 more or less direct sasterly course o the
Tio Orande. The surface waters of the Valles caldera drain
westward ‘rom the depression and follow the circuitous course
of Jemesx River around the south slde of the volcano before
antering the io Crande scme 40 miles south of ths area. Of
the streang east of the rin, only ona, the Hito de los “rijolss,
carries watoer tco the Zlo Grands throuchout ths year. Other
mein canyons of the ecastern part of the area have In racent
~i{mas contained a perennial flow for short distances beyond
“h2 oast margin of tha Sierra, but aincé the advent of loa Alance
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the sreall flows of those canyons have been intercepted
on the lower slopes of the mountain by the townfs water
systsmes The dase flow of these streams, at peints ilmmedi-
ately above thelr intamption, ranges froxm about 25 gal-
lone per minute in Pajarito Canyon to about 150 gallons
per minute in Guaje Canyon. With ths excsption of
Rito de los Frijoles, only after hesvy sumer storma do
the east slopa canyouns carry water to the Rio Grande.
Two main streams, the Zast Fork of Jemes River and
the Rito San Antonio, drain the Vlils: caldsra. The Tast
Fork draines the scuthern and the Eito San Antonio the
northern part of the depression. The two streans units
about 9 miles west of the srea to form the main stem of
- Jomeg River which, after following an arcuate courso
around the sonthern side of ths Jemes volcanic pils,

Joins the Rio Crande.



. CLIVATE AND VROKTATION

Tha climgte is semiarid with g wide range of con-
ditions from the eastorn to the westerm part of the area.
The plains adjacent to the Rio Grande receive an average
annual precipitation of about 10 inches. Weatward, the
pracipitation increasess {airly rapidly with altitude., The
frijoles monumant station, i{n a deep canyen of the Pajarito
Platsau, receives about 15 inches, and the west margin of
the plateau roeceivss about 18 inches. Little information
is available for the high parts of the mountains or the
caldora ares, but thaso localities are from 1,000 to 3,0CG
faet higher and probably recesive an averags of about 20
inches or more annuallye.

The hzavioest precipiiation oceurs during the wars
~months from local thunderstorms that generally occur in
the =iddls of the day. Approximataly three-fourths of the
annual precipitation comes during the six-month périod
April through Septembar, and about one~third of the anaual
precipitation generally falls during a definite rainy seascn
in July and August whan the local thunderstorm activity is
rreatast, In soms ysars more than half of the precipitation
falls during those two months. In wintor the smowfall is
licht on the plains, but it incresses to about 50 inches at
tha west edge of the platzau, and it =zay approach 1C0 inches
in the hizhar parts of the mountaing, where Highheay 4 sen-
2rally is blocked by snow from the latter part of Hovember
throurh Fabruary or Harche.
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Temperatures vary with altitude, For example the
average July temperaturs at the lower elevations is about
75 degrees while at Los Alamos it is about 67 degrees. The
averaze Jenuary tenpersturs on the plainsg is about 29, and |
at Los Alarmos it is 27. A one-year record (1949-1950) of
tzmperatures in the Valles caldera indicated an averags
July temperature of about 5k degrees and sn average Janu-
ary temperature of about 15 degrees.

The types of vegetation wvary with gltitude and expo-
suras, and a general change talss placs from esst to west
with corresponding increass in altitude, The plains of the
northeastern part of the area are a semi-desart grassland
with veretation of ths upper Soncran type. The érascea ars
thres - awns, some sacaton and galleta, and lssser amocunts
- of gracma. Sage and rabbit brush are fairly abundant and
asne cactus and prickly pear are locally cormmon. The traes
include scattered pifion and junipsr with cottonwoods and
willows present along the Rio Grande. The Pajarito Plateau
has & woodland pasture type of cover. 3Blue grarma is the
zain grass throughout the plateau and the trees are pinon
and Juniper to the east and Ponderosa pins to the wesat.

The latter tree is abundant mainly above about 7,000 feet,
but along canycns of the plateau, particularly on aorth
slopes, it axtends downward as low as 6,200 feet. The
slcpes of the Sierra ds los Valles have a pine~fir forest.
Ponderosa pine i{g abundant from the base of the slopss wp
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to approximatsly 9,00C feet, and Douglas and ¥White fir

ars abundant above about 8,000 feet. Spruce is adbundant

on the highest parts of these slopes and demse groves of
aspen occur in places, particularly where forest fires

have removed the conifers in times past. The wide val-
loys that form tha floor of the Valles caldera are lush,
unforested grasslands with fescues, bunch grass, and scme
sedges present. Blud prass has bsen noted locally. The
bounding escarpment and the steep-sided interior domes of
the caldera have some Ponderosa pine which is commonly con-
spicucus along the south and east margin of volcanic domes,
but these areas are covered mainly by dense forest of spruce

and fir that contain numerous groves of aspen.
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CEOLOCY
GENERAL SUFMAERY

The rocks that crop out in the Los Alawos area are
of lata Tertiary and Cuatermary age, but older rocks crop
out in nearby areas. Rocks of Precambrian age are exposed
in the Sangrs de Cristos to the east; in the PBrasos uplift
to the north, and in the Sierra Nacimiento area to tha west.
(See fig. 4.) These Precambrisn rocks, consisting of granite,
gneiss, schiat; and quartzite; have beén downfaulted to
great depth in the Rio Crande depression bensath Los Alamos
whera their upper surface may lie below sea levol. Festing
unconformably on the‘Pracambrian in the Sangre de Cristo
Mountains gnd the Nacimiente area is the Magdalena group
- of Pennsylvanian age. This greup, con81sting mostly of
limestone with snbordinate shale and sandstone; is exposed
a Tow miles west of the Los Alamos area; Just beyond the
western marcin of the Rio Crande depressiony hence, at loast
part of the group probably is preszent bensath the Los Alamos
arean. The 3ame may be said of sandstone of the Abo formation
of Psnnsylvanian (?) and Permian age. Sediments ranging in
ara riom late Permlan through Cretaceous and cccurring in
the Nacimiento area and around the northwestern part of ths
Jerez Mountalins probably ares not prasent benaath the area.
They probably were removed by srosion prior to nmid- Tertiary

time, Howaever, there 1s reason to bslieve that some sarly
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Tartiary sediments and possidly soms early Tertiary
igneous rocks occur baneath the Santa Fs group in the
Los Alamos area. '

The late Tertiary and Quaternary rocks that crcp out
in tha Los Alamos area ars volcanic and sedimentary rocks
associated with the Rio Grande depression; an extensive
fault trough which originated in mid-Tertiary time and
alony which there has beon intermittent fanlting ever
since. For ths most part the arca iiea on the eastern
flank of the volcanic rocks of the Jemeg Mountains, which
stand athwart and which were srupted from feeders iithin
the fault gone at the western boundary of thse Rio Crande
depression, The wastera edge of the Los Alamos arsa is
neoar the center of the collapsed interior of the volcanic
| rocks and from there the sraea stretches eastward across a
serment of the interior msss of flows and an outer apron
of tuff onto a group of sedimentary and volcanic rocks
that accunulatsd within the west-central part of the Rio
Granie derression. |

The rocks of the Jomaz Mountains cover the greater
part of the area. This suite of rocks is of lats Tertiary
and Suaternary ag2 and has been named the Jemez Mountains

volecanice series-/. This sseries within the area consists of

—/?osa, Coe Se, Smith, Ia L., and CGriges, P. L.,
Jlomenclature by rutual asreament,
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the Tschicoma and Tewa groups. The Tschicoma group forms
the interior mass of flows of ths volcanic rocks (the Sierra
ie 1los Valles) and 1s reprssented by twe units on the geo-
lozgic mape The older of the two units is of Pliocene age.
This unit occupiss the greater part of the rugged slopus
of the Sierra ds los Valles. It iz composed of thick
volcanic flows of gray to purplishegray latite and guarts
latits which ara characterizsd by conspicucus phencerysts
of plagioclase faldspar. The ynungér 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 Valles, and it
iz present in the subsurface beneath the Pajarito Plateau
in one loeslity. It is composed of flows of dark gray
pyroxane andigsite.

The Tawa group 18 of Pleisztocene age. This group
includes four map units: the Bandelier tuff; tha Cerro
Toledo rhyolite, the Cerro Rubioc quarts latite, and thas
Vallas rhyolite. The Bandelier tuff, composad of three
distinct members, the Guaje, Ctowl, and Tshirsge members,
ia a licht gray to buff-colored tuff which forms the cap
rock of the Pgjarito Plateagu. This sequence of tuff ranges
fronm about 1CC to nearly 1,000 feet thick. It is in part
of ash-fall but is largely of ash~flow origin. The Cerro
Toloado rhyolite; the Cerro Tublo quartz latite, gand the
Vallas rhyclite ars the volcanic domss within and adjacent
to tha Vallsg caldera. In addition to the above igneous
rocka, therz iz a thick fill of unramed lacustrine debris
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ovarlain by terrace and alluvial fan deposits in the Valles
caldera. These caldera sediments range from Plolstocene to
ilgcent in ags.

The suite of rocks that secumulated in the interlor of
the Rio Cranda depression is refsrred to the Santa Fa group.
This group includes three main unitat an undifforentiated
saguance, the Puye conglonerate, and the basaltic rocks of
Chinoc “esa. The undiffersntiated unit is a sagnence of
salnacn-colored sadimomts that ercp out betwesen the Sangro
Je Tristo Mountains and the Pajarito Platean. These gedi-
ments are arkosic sandstone and siltstone with some thin
bode of pinkish-colored claye. Interbedded basalt ocours
locally. The c¢lastic fracments composing ths sedinents
ware dorived 1argaif from the Sangre de Cristo fault block
to tha east, but some fragmants; preaont»mainly in the sub-
surface in the arca, were derived from the 1§t1tic flows of
the Tsochicoma sroupe The thickness of tha wnit is unkgown.
Wells drilled to a depth of 2,0CC faet did not rsach its
hase. The entire unit is of Miocens and Pllocene age, but
the porticn that is praesent in the lLos Alaxos area is _
bslieved to represent only the Pllocene part of the sequenca,

Tha Puye econglomarate is exposed along the Puye escarp-
mant and along White ZJock Tanycn. The formation consists of
vwe asmbers. The basal member is a channasl fil) which ranges
from a mifes gdgs to about 75 feet thick, This nember, the

Totavi lentil, is a3 poorly consoliidated conglomerate cormposed
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of fragments that wers derived from a Precambrian terrans.
The upper member is & fanalnmarltg which ranuges f{rom a
knifa edgo to about 630 foet thick. This member is come~
posed of latitic debris derived from the latitic flows of
the Techicorm group. The Puys probably is of late Pliocene
g8,

Tho dassltic rocks of Chinc MNesa are axposed on Chino
Yosa and along White Rock Canyon. This sequence of rocks
is more than 1,000 feet in thickness and probably ranges
from lata Pliocene to Plaeistccene in age. The sequence has
taen separated on a basla of ccmposition and fof%’of axtru-
sion intc five unnamed mombers.

A fourth unnaned sedimentary wnit (#1d alluvium) of
the Santa Fe proup is c¢losely associeted with ons of the
mambera of the basaltic rocks of Chino Heeae.

Thae Santa Fe group and the Jemes Eount&ina volcanic
sarieg accurnulatsd during the formation of the Rio Crande
icpression, and tho various stratigraphic units of the' |
arsa are zompletely interrolated. Ficure 5 4is s diacram-
~atic skatchvshowing the relations of the =zain map units.
It 1s noteworthy that the units of the 3anta Fe group intar=
ftnror with each other and that the undifferentiatsd Santa 7e

ani Puye conrlomarate interfin;er with the Tachicoma sroup.



STRATIGRAPHY

P11 céna nd Tar 2 ' ?

Santa Pe Croup

The main part of ths £111 of the Espafola-Santa Fe

Vallsy was originally called the Santa Fe marl by Hayden
who referred to the "recent zarls snd sands which geen to
occoupy the graater portion of the valley of the Rio Grande
above and below Santa Fe® (Hayden, 1873, pp. 166-168).
Hayden, although describing saterials as coarse as *"pudding-
storne”™, used the marl designation for the alluvia) zmaterial
because the view was prevalent at the time that the sedi-
mants of all the fault-trourh basins of ths Vest were lake
jepositse. In years that followed, Johnson (1903, pp.313-332)
and latsr workers showed the sedizentz to be chielly of allu-
vial origin, and merl was dropped from the name and formation
substituted. As nore and wora became known of the general
character of the sediments of the Rio (rande depression, the
nacie was extendad to include the bulk of the sedimants of the
fault-trourh fills Bryan defined the 3anta Fe formation as
"the main body ol sedimerntary deposits of the Rio Crande
depreossion, from the north and of the San Luis Valley

Cclorade] to and teyond 71 PaMdecescesscosecneceses™ {Bryan,
1938, pe. 205). It now seens desirable to raise the rank of
the unit to that of ;roup, as proposed by 3gldwin (1955),
arnd Inzlude in 1t other stratisraphic units which are related



to the filling of the Rio Crande dopression.

The Santa Fe group of this report includes three
main units: (1) an undifferentiated unit; largely arkosic
debris derived from the Sangre de Cristo massi (2) the Puye
conzlomerate, largely a ranglbmarata derived from tha
Tschicoma groups and (3) the basaltic rocks of Chino Masa.
In addition, the group also includes a local unit of old
alluviun,

Undifferentisted Unit

The und{fferentiated unit of the Santa Fe group is
reprasented by the body of salmon-colored sediments that
crop out from the Sangre de Cristo Mountaing to the Pajarito
Plateau. The great dulk of the sequencs was laid dovn as
coalescing alluvisgl fans and associated alluvial plain depos-
its in the Fio CGrande degpression and {s coeposed mainly of
arkosic elsstics derived from the Sangre de Cristc block.
Hence, in genéral, the sadiments are coarsest near the
Sancre ds Cristos and become finer westward. The rocks
are mainly silty sandstones and sandy siltstones. Con-~
slomerates, usually silty to sandy, are fairly well fep-
resanted, partiecularly toward the east side of the depres-
zion. Beds of clay are not uncommcn; but they are thin and

in =ost cases not more than a {ow faet thick.



In the Los Alamos area a maximum of about 500 feet
of the saquaﬂcc, representing the uppermost part, 1is
exposed on the surface. An additional 1,500 feet is known
from well cuttings. The exposed portion extends naiphuard
along White Rock Canyon from near the mouth of the Rito de
los Frijoles. As the top of the unit rises northward,
exposures extend high on the slopss of the Puye escarpment
and westward intc the lower reaches of los Alamos and Cuaje
Canyons. Within this belt of exposures, good outcrops are
nors or less discontinuous. They arebest in the lower
parts of Los Alazos and Cuaje Canyons sgnd in the fringe of
hills zlong the Puye escarpment to the north. Talus and
landslida debris ecover much of the unit 4in White Rock Canyon
and along the edges of basalt-capped mesas. The rocks belong
mainly to the easterly derived suits of sediments which occur
2ll tha way east to the Sangre de Cristo Mountains. Thers is,
howsver, some westerly derived material, particularly in the
subgurface, and there is some included basalt which also 1=
bagt developed in the subsurface.

The rocks that may b; referrad entirely to the easterly
derived suite ars mainly silty sandatone and sandy siltstons
that are poorly to moderataly cementsd. Thaey r&ngn in color
from pinkish gray to grayish piﬁk to pinkish buff. Sorting
i3 pcor and there are fairly rapid varistions in texture, both

vartically and horizontally. In the coarsest types, bedding
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is poorly developed. A faint or irregular stratification
is fairly general although scms sones show ne horigontal
bedding. Cross-lanination, however, is fairly common,
particularly in sons bettor sorted .aﬁﬂatanca. and 3
lenticular arrangenent of coarse siges in deds of finer
raterial is common. In the finer-grained rocks, the clay,
sandy siltstone, and some fine-grained vary silty sand-
stone, horizontal bedding is obvious. At aoht saxposures
this bedding is poorly developed, in others it is fairly
wall developed. Cross-lanination is generally absent. Ths
bedding and the fine-grained character indicete that depo-
eition took place on flat-lying surfaces. 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 sasterly derived rocks consists mainly
of quarts and feldspar., Individual quarts particles are
colorlass to yellowish to pinkish. The feldspar is =mainly
pink =icrocline, but some colorless feldspar, at lsast scie
of which is plagioclase and at lsast some of which is
aanidine, has been noted. The sand sises also commonly con-
tain some yellowish to pinkish chalcedonic silica. Dark
minerals are nearly absent from the finer sandstones, but |
they are present in small quantity in the finer fraction of
many of tha coarser sandstone. They consist mainly of biotite
and hornblande. Soms clinopyroxens also has besn poted. In

L7



the gravel sises quarts, pink misrccline, and granitic
rocks are most abundant. Pebbles of wvolcanic rocks that
range from andesits to rhyolite are not uncommen, and some
pebtles are composed of quartzite and schist., 4 few arc
limestone. Particles of silt and eclay sise have not bsen
axanined, The cemant of all thess raocks is calcite.

¥esterly derived material has bdeen noted on the sur-
face in only one locality. HNesmr the msuth of Ancha Canyon,
i-mediately west of White Rock Canyon, there is a sequence
of beds that shows an intermixing of easterly and weaterly
derived fan elemants. This sequence, about 300 feet thick,
directly underlies the Totavi lentil of the Puys conglomesrate.
The westerly derived material consists of gravel and boulders
of latitic porphyry derived from rocka of the Tschicona group..;
¥estorly derived matarials are mors prominent in the subsur-
face in Cuaje Canyon whers they are intermixed with sasterly
derived materials in conglomerates and conglomeratic sand-
stones. These westerly materials are most abundant at
well G5, the westernmost well in the canyon, and least abun-
dant at well Gl, the casbernmost well in this canyon. At
well 55 pabbles of porphyritic guarts latits and white %o
rale pink pumice of the samm compésition are very sbundant
in tha uppsr 453 feet of the unit, above the highest basalt
flow in the well. This latitic debris is ldentlcal with
rocks of the Tachicoma group which crop out about 2 miles
“0 the west. For an additional 198 faet or to 171 feet | ™
23low the highest basalt Tlow in the well, there are~additionaip
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amount of pebbles of porphyritic rocks that sust have
baen derived from the Tschicoma group. A1l of thess
westarly derived rmterials decrease in amount to the east,
and in well Gl, two and cne~half miles eastward, there is
only a small amount although ssgusnces of beds containing
pebbles of latitic material are present in the upper 56C
feet of the unit., (See fig. 6.)

Basalt flows and breccia ares pressnt in the undiffer-
antiated Santa Pe and are most prominent in the subsurfacs.
(Sea fig. 6.) VWell €5 in Cusje Canyon penstrated 346 feet
of flows snd breccia between the depths of 395 snd 1327 or
between 468 and 120C feet below the top of the unit, These
basalts thin out and disappear sastward, HNone is repre-
sented in well 62, ons and cme-half miles east. Two miles
eastward, however, 250 fest of basaltic breccia was pene-
trated in a singla arquence In well Gl. This sequence,
lying between 1L65 and 1715 feet balow the top of the unit,
is telisved to be from a neardy bduried vent. A single
basalt flow is expoesed in White Rock Canyon where it lies
about 200 Teat below the top of the unit. All of these
basglts are very much alike. They are very dark gray to
almcrt black where fresh and range to reddish brown where
thsy are brecclated and scmawhat altered. 411 of the speci-
2ens exanined microscopically show tiny phenocrysis of |
olivine, maw or less completely altered to iddingsite or a



combination of iddingsite and a high iron sapcnito,—/ in a

Ross, C. S., Informal communiecation,

fine~grained groundnass of calcic plagioclase, clinopyroxsne,
olivine (?7), and magnetite. The coarsest plagioclase is close
to Angp, but soms of the finest-grained material and some of
the outer parts of soned crystals seem close to Anjg. Xenp-
erysts of plagiociaae that have a “motheaten® appoaranc; iru%‘
present in the two highest flows penstrated bj'wcll C5. These
xsnocrysts of platioclase are identical with xenocrysts that
cccur in the latitic flows of the Tschicoma group.

The rocks bencath ths undifferentiated unit in the
araa are a mattsr of conjscture. In £ha Ahiquiu quadrangle
north of Les Alamos the Abiquiu tuff underlies the ¥Santa Fe
formation® of Smith (1938, p. 955). Cabot found the Picuris
tuff at a similar position at stvnral.placoa along the com-
rlexly faulted east margin of the depression, at the wast
front of the Sangre de Cristo Mountains (Cabot, 1938,
ppe. 51-33). The Picuris tuff and the Abigquiu tuff, believed
to be correlative, may form an essentially continucus unit at
the base of the 3anta Fe group in the Rio Crande depression
in the latitude of the Los Alames arsa. In turn the "ibiguiuv-
Picuris tuff® is probably separated frox the Precambrian in
placee in the depression by Paleozolc and early Tertiary sedi-
ments and by early Tertlary izneous rocks. (See Geolory,

Caneral Summary, P. 39 )
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¥ithin the Los Alamos area, the uppsr part of the
uniifferentiated unit cf ths 3anta Fe group is eooplexly
rolated to the Puys conglomerate, the basaltic rocks of
Chino Mesa; and the Tschicoma group. The Totavi lentil
of the Puys conglomerate overlies the undifferentiated
unit unconformably along the Puys escarpment and along
part of ¥White Rock Canyon. Along part of ¥hite Rock Canyon,
however, the undifferantiated unit is overlain unconformably
by Unit 5 of the basaltic rocks of Chino Mesa. Aind, two
milea south of the northern end of Chino Mess, thes upper-
most part of the undifferentiated unit Interfingers with
Units 4 and 5 of the basaltic rocks of this mesa. Irmedi-
atsly north of this particular area the uppermocst part of
the nndifrersntiatod'nnit,qggg}égg_fyr & distance of about
two riles, the Totavi lentil of the Puye eﬁﬁglonarnte.
(See pl. 1.) This part of the undifferentisted unit proba-
bly is at least a partial time equivalent of the Ancha for-
mation of Paldwin (1955), dut because of its identical
lithology 1t cannot be sspsrsted from underlying sediments

along the rorth edzgs of Chino Mesa, beyond the point whore

the Totavi lentil wedges out. The portion of the undiffer-

entiated unit which contains debris from the Tschicoma

group undoubtadly interfingers with flows of the Tachicoma

in the subsurface in tha wasterm part of the Los Alamos area.
The total thickness of the undifferentiated Santa Fe

iz unknown. The pilot hole at well Gl in Guaje Canyon was
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bottoned in the unit at & depth of 3100 feet after pene-
trating a thickness of 2,025 feet. It may extand a great
deal deaper than this.

The firat fossils collected from the sediments of
the Espaficla-Santa Fe Valley were sent to the Smithsonian
Institution by W. F. M. Arny in 1872 (Cops, 1877, P. 24).
The vertebrate rsmains aroused interest, and in the summer
of 1873 menmbers of tha Wheelsr survey party collected a
number of specimens from near San Ildefonso, a mile north-
ecagt of the lLos Alamos area. Cope made & trip to the recion
in 1874 and collected material repressanting thirty-ons
species of vertebrates, Thae faunal descriptions were pudb-
lished in 1877 (Cope, 1877), whan Cope concluded that the
fauna [of the sedinents of the Espafiola Valley] ®more nearly
" resombles the upper Ficcens of Durope than the Fliocens of
that continent® (Cope, 1277, p. 364). Osborn gave tha age
of the same sequence as upper Xiocane in 1909 (Osborn, 1309,
Pe 65) but in 1918 decidsd that the lowar part of the
sequencs is transitional into the Pliccens and the upper
part is lowsr Pliocene (Osborn, 1918, p. J4). Frick in
1533 stated that "recent investigaticn indicates that the
accunulations of this portion [Zspaficls Valley area] of the
4o Grande basin range from the mid-Miczene to Pleistocens.
The Pleistoesne occurs in romnants of asolisn orizin that
here and there cap the irregular Pliocene-Miocene surface”
(Frick, 1933, p. 543). 2till mors recent investigations by
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Prick apparently indicate that the ﬁndiffertntiated Santa
P2 of the irmediats region ranges 1n age from about middle
#iocene to about middle Pliocene (Frick, 19373 Wood, et al,

19,1, p. 31).

Puys conglomerate

The name Puye gravel has been usaed by K. T. U, Smith
as a formation name In the explanation of his map of the
Abigquin quadrangle which lies a few miles north of the los
Alamos arsa (Smith, 1938, p. 937). Smith stated in the
text of his paper {p. 943) that the new formation which he
had napped would be described in a forthcoming publieation.
This doscription has not appeared,but during the course of
- the Los Alamos work a prominent conglgmarata was traced

- nerthward and found to b2 equivalent to the Puys gravel as
mapped by Smith. In this report; however, the name Puye

cenglomerate—/ is used inasmuch as the formation is

fNosg, Cs 8., Snith, R. L., and Griggs, R, L.,
Nomenclatur2 by mutual agreement,

sufficiently consolidated to stand in vertical cliffs. The
type locality is the Puye escarpment and the deep canyons
that breach this oscarpmente.

The Puys conglomerate is a formation of very local
extentes It occurs only on the east side of the Siarra de
log Valles wherz it liag adjacent to the latitic rocks of
the Tachicoma group. Ths strip occuﬁied by the formation
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is about 10 =iles wide, and in the north-south direction
axposurass extend over a diataieq of about 15 =iles, from
the lstitude of Ispanola scuthard-into the Los Alamos
area. South of its exposures it probably exists in the
subsurface for a number of miles, although here its ssst-
west axtent probably is fairly narrow. South of Los Alamos
Canyon the depesition wes rcttriotid on the sast by lower
units of the basaltic rocks of Chino Mesa.

The Puye conglomsrats has been divided into two sub-
units. A thin basal menber is a sandy conglomerate composed
of fragments that were derived largely from rocks of Precan-
brian agze. This member, herein named the Totavi lantil; is
a brocad channel fill. The thick ovarlying member is a fan-
glomerate composed of Irazments derived from the latitic
- rocks of the Tschicoma group, but it ilsa includes some

basalt flows, water-washed pumice, tuff, and some laharic
{mud flow) beds. ‘
Totavi lentil, - -~ The Totavi lentil v is nemed for

Jﬁm’ Ce 8.. Smith, Re L.. and Grigg', Re LO’
fiomenclature by mutual agresment.

the comunity of Totavl in the eastern part of ths area
whore this part of the formation is excavated for concretae
argrerate. The lentil ranses fron a knife edge to about 75
feat thick and is a poorly consolidated conglomerate composed
of material rancing fros fine sand to boulders over one foot
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in diameter, The sand, composed chiefly of guarts and
nicrocline, occurs as lenses and as an interstitial filling
between the larger siszes. The gravel and boulders are mainly
quartsits, gyranite, and permatitic rocks derived from Precan-
brian sources, to the north and east., Some Iragnents are
volcanic rocks that ars for the most part fordrn to the area,
and only a few boulders are ecompossd of rocks from the
Tachicoma groupe. ,

Enown exposuras of the Totavi lentil extend fronm sev-
eral miles north of the Los Alamos ares socuthward to the
Junction of White Rock and Ancha Canyons in the southeastern
part of the area. Good cxposures are essentially continuocus
along the Puya escarpment and in Los Alamos and CGuaje Canyons
whara the lentll occurs along a topographic dbreak between
relativaly steep slopes formed on thn.undarlying undiffer-
sntiated Santa Fs and the vertical cllffh formed by the over-
lying cemented part of the Puye conglomerate. In the wast
wall of Whita Rock Canyon the lentil is continuocus, thourh
poorly expossd, to immsdiately south of Ancha Canyon where
it interfingers with basalt and sediments of the lowest
unit (TQb5) of the basalts cf Chinc Mesa. 3Beyond this point
it could not be separated in mapping from anclosing basalt
flows. On the east side of the Ric Grande the lentil has a
very limitad axtent, but it is representad there by thin

wadses that pinch cut castward,
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In the subsurface west of the c!té;dp areas the
lsntil was recosnized in several wells and test holes, It
occurs in four wells in Cuaje Canyon but pinches ocut between
wells G4 and C5 in this canyon. It also is present in well
14 in Los Alamos Canyon and in test holes T1, T2, and T3
farther weat in Los Alamos and Pusblo Canycns. In hole H19
in Los Alancs Canyon it is interbedded between two quarts
latite flows of the Techicowma groupe

The Totavi lentil lies unconformably on the undiffer-
antiated unit of the Santa Fe group. In places the relation
is one of disconforzity and in other places s slight angular
unconformity =may be notads In the northessterm part of the
area the lentil is overlain conformably by the main body of
Puyes conglomerate. At the northwest tip of Chino MHesa it is
ovsrlain conformably by arkosic scdiaﬁnt: of the wndiffer-
entiated Santa Fe. In Whits Rock Canyon it is cverlain by
and interfingers with the basaltic racks of Chino Yesa. For
the most part 1t is overlain conformably by Unit 5§ of these
basalts, but south of Ancha Canyon it interfingers with tials
unit, and in places the lentil is overlain conformably by
Unit 4 of the basaltic rocks of Chino Mesa. To the west, in
ths subsurface, the lentil interfingers with quarts latite
flowa of the Tachicoma group as shown by the loz of hole H19
in Los Alanos Canyone
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the fanglomerate memder ~ is composed of dabris that has
been washed sastward {from rocks of the T:cbicoma EXr'cup.
In the Los Alamos area sxposures of this member extend
from a point just southwest of Otowl bridge northwestward
‘along canyons incised in the Pajarito Platsau and north-
ward along the Puys sscarpaent. Hore the member stands in
grayish buff colored cliffs which have been intricatsly
fluted by ercsion.

Light gray pumice beds ranging from a thin fila to
a few feet thick have bsen noted at ssveral localities
on the surface, and such beds srs very well developed in
the fanglomerate in two tost holss. Therse is 90 feet of
punice in the lower part of the unit in test holse T3 in
Los Alamos Canyon and 320 feet of pumice liss directly on
top of the Totavi lentil]l in test hole T2 in Pueble Canyon.
These pumice beds are composed of angular to subangulsr
fragnents a8 much as two Iinches acrces. Locally they con-
tain abundant fragments of porphyritic latite. Ash-aise
naterisl commonly fills the interstices. The pumice is
latitic and tiny phonaocrysts of hiotite and plagioclaiz
are comwne. Tiny hornblends and pyroxene phenocrysts
have been noted also. For the most part thess beds seenm
to be water-washed, but lomi show well developed horiszontal

bedding, and these may be of ashfall origin. 4t the eastern

narsin of the unit, along the Puye escarpament, there are



commonly a faw thin beds of very fine-grained whits tuff,
These beds, ranging from about 1 foot to 3 feet thick, rest
directly on the Totavi lentll and represent water-laid ash.
Cther thin beds of tuffacecus matarial have also been noted
at this stratizraphic position at places near the eastern
margiﬁ of the fanglomerate member. Also representsd at some
exposures ara beds in which large isolated boulders occur in
& matrix of sandy silt or silty sand. Beds of this character
probably reprassnt laharic-type material.

Host of the fanglomerate member is silty, sandy con-
Zlomerats in which two types of beds commonly can be rec-
orniged. These alternating beds, differing from each othar
ocnly in the relative abundance of fines, grade intco each
other in places and small lensss or tongues of the one occur
in the othar. In one type of bed silt and sand sizes are a
relatively minor constituant, occurring mainly in the interstices
batween larrer fragments. In the other there is a hizh propor-
tion of sand and silt and these grain siszes commonly predomi-
natc over ;ravel ani boulders. Sorting is mors or less
chaotic in both typss of beds. Near the westerm margin of
tha ménber, where 1t 1s coarsest, boulders and angular blocks
as large as five feet across occur in a2 matrix that rangas
downward to silt gize. 7Ten miles eastward, at ths eastern
margin, where the member is finest, gravel, sand, and silt
are intimzctely associated. Dedding is poorly developed
throughout. the member, but a layering that dips one or two

lerreos 3astward can be seen at most localities.
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A1l of the detrital fragments are latitic. The
pebbles, cobbles, and boulders are coup;iod of gray to
purplish gray to reddish quarts latits and latite. Both
types of fragments have a very conspicuous porphritic habit.
Phenccrysts of plagioclase, ranging to more than one-half
inch leng, form soms 25 percent of the rocks. Other phenc-
cryata; much less conspicuous, sre augite, biotite, and
hornblende. The quartzs latite fragments alsc eontain s=mall
phenocrysts of quarts. The sand is composed of fragments
of these rocks and their phsnoery:ts; The silt is latitic
debris that ia commonly partially glassy t¢ glassy.

Flows of basalt occur in the fanglomerate in the sub-
surface. The flows between 176 and 255 fest in test hole
T1 in Pueblo Canyon and thcse 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 secticns show
snall phenccrysts of plagioclase and tiny phenocrysts of
olivine and clinopyroxane in a fine-to medium-grained
groundmass of semi-felted plagicclase, clinopyroxenas,
olivine (?), and magnetite. These flows are identical
with some of those of Unit 4 of the basaltic rocks of Chino
“esa and ars soc correlated. Tha basalt between 41C and 51C
feet in test hole Tl is similar to those described above

and is tentatively correlated with the same unit.
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The upper surface of the Puys iz an erosion ;nrfaée,
hence the original thickness of the fhngiéunrlto menber canQ
not be determined. As it now exists, the thickest known sec-
tion is 637 feet in tost hole T2 in Pusdlo Canyon. It is
thinnest along the east edpgs of the Pajariteo Plateau where
about 200 to 25C feet of the unit commonly is present, bdut
it thins to a knife edze juat southwast of Otowi bridge
wheres it abuts against basalt of Unit & of the dbasaltic
rocks of Chino Fesa. _

The fanglomesrats menbar rests conformably on the Totavi
lent$l and slong its eastern and westernm marginsg relations
indicats that the fanglomerate is contemporanecus in age with
parts of the Tschicoma group and the bdasaltic rocks of Chino
Yesa, Roes and 3mith -/ have noted that it interfingers with

-/Ross, Ce Se, and Smith, R, L., Infurmsl comunication

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

in hols HA1% in Los Alamos Canyon it is overlain by flows of
pyroxsne andesite of the Tschicoma group. Alcng White Rock
Canyon the interfingering of the Totavi lentil with the

lowest flows of Chino Hesa (TCb5) indicates that the irmediately
overlying basalt of this unit is equivalent in age to the lower
rart of the fanglomerate. The occurrence within the fanglomer-
ate of basalt that is identical in appearance and minsralogy
with some of the flows of Unit 4 of the basalt of Chino Mesa

indicates contemporanecus accumulation of this basalt unit
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with higher parts of the fanglomerate. Rocks that ovarlie
tha Puye disconformably includes (1) Units 2 and 3 of the
basaltic rocka'of Chino Mesa, (2) the old ailnvium. and
(3) the Pandelier tuff.

Although tha age of the Puyes conglomerate has not
been established it is believed to de lats Pliocene. Fos-
sils found immediately above the Totavi lentil have not been

studied.

Basaltic Rocks of Chino Mega

The rocks of Chino ¥Mesa consist of a thick ssquence
of basaltic to andesitic rocks with minor amounts of
included sedimants that form Chino Yesa and cap some oute
lyin;s mesas and buttes to the north. The rocks delong to
the interior of the Rio Grande depraasion; and only the
northarn and westasrn extensions are prséent in the Los
Alaros arse. Hsre cutcrops ocenr on mesas and in the walls
of “hita Rock Canyon. In order to detarmine the relations
of various parts of the unit to the Puye conglomerate, five
sub-units were separated in the area.

Unit 5, the oldest of the sub-units, consists of
basalt, basaltic tuff, and locally some associated sedimonts,
The individual basalt flowa ars generally thin and cormonly
not ovar 25 feet thick; and they gemerally show wall-
lovalopad colwmar Jointinge. They range in color from dark
=ray to almost black and there cormonly is a faint greenish

hues All am porphyritic. ©mall phenocrysts of olivine,
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ranging to almost ono-quarter inch across are present in all

specimens though in many places they are highly altered. The
alteration is variable. In scme sptcimsns it is s mixture of
saponite and celadonite -/3 in others it is iddingsite. A

'/SBith, Re Lo, Informal cormnmication.

number of spacinens contain small xenccrysts of quartzs sur-
rounded by a rim of radiating crystals of augite., The ground-
nass is sodic labraderite, clinopyroxeuns that probably is
pigeonite, scme olivine that commonly shows the zanme alters-
tion as the phenocrysts, and scme magnetite. The baaaltic.
tuffs of the unit are very distinctive and in the southsrmn
part of the exposure belt thoy are very conspicuous. These
tuffs are very thinly bedded and weather to a drab color.
They grade to tuff breccla in places, and they commonly con-
tain some psbbles that have been derived from Prscambrian
sources and some that have been derived from the Tschicoma
group. The associated sediments are present near the north
end of the unit. At the =outh of Xortandad Canyon they con-
sist of arkosic sandstonss and conglomerates that contain
interbedded bdasalt.

Unit &4, conformably overlying Unit 5, is the =main cliff-
former along White Rock Canyon. It consists of {lows of both
basalt and bassltic andesita. Locally thsre is a little
tagaltic tuff and thin sandatone beds. The flows tend to be
wore massive than these of Unit 5. In places individual
Tlows range to over SC feet thicke. They range from gray to



dark gray and are generally lighter in color than those of
the underlying unit. Some specimens show small or tiny
phenocrysts of olivine onlys others show both olivine and
pyroxene; still others olivine, phyroxene and plagioclase;
and still others show saall phenocrysts eof pyroxsne only.
The zroundmass is composed of plagioclase, clinopyroxene,
and some magnetits, Some specimens may contain a little
olivine. The plagicclase ranges from sodic labradorite to
caleic andesine, '

Unit 3 consiats of massive, stsep sided flows of dark
gray basalt that commonly have a thick sons of breccia at
their base. These flows apparantly overlie Unit 4 discon-~
formably, and sediments assoclated with the flows overlie
the Puye conglomarate»disconfarunhly. . The best and most
“accessible exposure of the unit is along Béghn:y , at the
top of the hill west of Totavi. Here the upper part of a
flow pinches out in sediments of post-Puye age {old allu-
viun). The rocks of the unit contain large to szall pheno-
crysts of olivine, and somz specimens contain tiny pheno-
crysts of plazioclase. The groundmaess is composed of
rlazioclase and cli-opyroxenae with a little olivine and
masnetite.

Tnit 2 consists of two flows of basalt that ori;inated
on the east side of Chino M=2sa and flowed northwestward into
the Loa Alamos area. At MYesita Masa these flows and some

underlying basaltic tuff overlie the undifferentiated unit
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of the 3anta Pe group unconformably. Farther west, toward
Totavi, they unconformably overlie the Puys eoﬁhmmto.
Just east of Totavi the upper of the two flows ends. The
lower one continues westward for a short distance and then
abuts egainst a massive flow of Unit 3. The twc flows are
identical in character. They ars dark gray and contain con-
spicuocus phenocrysts of ¢livine, some of which have a thin
rim of iddingsite. A few xenocrysts of quarts, gensrally
surrounded by radlating erystalas of‘ansitc; have been noted.
The groundmass is very sodle labradorite, ¢liropyroxens,
olivine, and magnetits, given in ths arder of abundance.
Unit 1 consists of late cinder cocnes, local flows,
and a small dome of basalt. They overlie unconformably all
the rocks with uhich'they are in contact. The unconform-
able relation to Unit 2, the next older unit, can best be
saen at the north end of Chino Jfesa. Where they are not
oxidized the rocks are almost black, but in the cinder
cones whers they are hizhly vesicular and oxidised they are
brownish red. They are inconspicucusly berphyrizic and in
some hand specimens phenocrysts cannot be noted. Thin sec-
tions show tiny phenocrysts of olivine, possibly a few of
ryroxene, and a few of labradorite. The fine-grained to
zlassy groundmass shows plagioclase nicrolites and pyroxens
with a little olivine and magnetite. |



The oldest units of the basaltic rocks of Chino Mesa
probably are late Pliocene and the youngest 5fa almost cer-
tainly Pleistocene. Unit 5 cbnfornably overlies and inter-
finrsrs with the Totavi lantil of the Puys conglomerate.
Therefors much of Unit 5 is contemporanecous with the lowsst
part of the fanglomerate portion of tha Puys. Unit 4 also
is contemporansous with the fanglomeratic Puys as flows of
this unit occur within the fanglomeratic Puys. (See logs
of holes T1 and T2.,) Unite 4 and 5 intarfinger with the
uppermoat part of the undifferentiated unit of the Santa
Fe at a point about two miles south of the northern tip of
Chino ¥esa. The thrze youngest units ofAba:alt ars of post-
Puye age. Unit 3 may be seen to interfinger with aggiments
(old alluvium) that lie disconformably on the Puys near tha
_top of the hill west of Totavi. Unit 2 probably closely
followed Unit 3, but evidence ls not sufficient to bear this
cut. Unit 1 is almest surely of Pleistaceno age. It rests
unconfornably on Unit 2, and beyond the Leos Alamos area 1t
15 assoclated with a low pedinent or terrace along the Lio

Grande,

014 Alluvium

Hear the east adrge of the Pajarito Plateau sows high-
lavel alluvium rests unconformably on the Puye conglomarate'

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

I
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of Chino Mesa. This alluvium consists of elay, sand, and
gravel and loecally includes a miner Q;;unt of basaltic tuff,
The test daveloprent as well ss the best exposure of the
unit is along Highway & near the top of the hill west of
Tctavi. At this exposure thers 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
which weathers to a dull brown., Kext is about 50 fast of
€ilty sand and gravel that ranges from buff to brownish
yollow. This 8 overlain by about 25 feet of gray, thinly
laminated clay that weathsrs to a dirty grayish green.
Northward, beyond Guaje Canyon; only the sand and gravel
and the overlyins clay have bean noted. Southward, somas

of the beds have baeé noted in Mortandad Canyon and at the

" northwest tip of Chino Hesa.

This alluvium was deposited on a pediment surface cut
on the Puye conglomerate, but at places it abuts against the
edge of a hipher, partiazlly dissected pediment also cut on
tha Puye, The deposition occurred behind basalt of Unit 3
of the basaltlc rocks of Chino Mesa during the time these
flows accumulatade. At the exposure along Highway L west of
Totavl the alluvium is in contact with a steep-sided flow of
basalt which has a tongus thst pinches out within the allu-
vium, The are of the material is beliaved to be eithor late

Pliseeane or Pleistocena,



Tachicoma Group

The Tschicoma group includes all of the rocks of the
complex interior mass of the Jemes Nountains volcanic nerieq.-/

J R“" CQ 3., Saith, RQ Li. m Gt‘im, ﬂ. L"
Hemenclature by mutual agresment.

The type locality is Tschicoma peak, sbout 5 miles north of
the Los Alamos srea. In the Los Alamos area rocks belonging
to the group lie between the Pajarito Plateau and the Valles
caldera. They occupy the gresater part of the steep rugged
slopes to the west of the platean where their axposurse belt
i3 a segment of the Jierra de los Valles. Two map units have
bean separsted within the belt. Onme, covering hearly all of
the belt, conslsts of conspicuously porphyritic flows of latit
and quartz latite. The othar, occupying a very local area on
the surface, consists of rather 1ncans§1cnouxly porphyritic
pyroxene andesite. This unit is best developed in the sub-
surface,.

The latite and gquartz latite unit occurs in flows that
range from about 200 to about LOC feet thick, and the rocks
are mainly gray to purplish gray, but in places they range
to reddish brown. Both rock types carry abnndnnt phanocrysts
of plagioclase which tend to be slightly larger and more abun-
dant in the quarts latites where they range to over cne-hal?f
inch in greatest dimenaion and commonly compose over 25 per-~

cent of the voluma of the rocke.
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In general the quartz latite flows are present to the
north of Los Alamos Canyon and the Quemason fork of this
canyon whers they form diatinctivn-!ﬁnnncky slopes. Indi-
vidual exposures generally show proncunced Jjointing and in
places the flows grade to blocky breceia. Some exposurss
show flow tops that grade to pg&cc;i glass. The abundant
plagioclase phanocrysts actually ars in large part xenocrysts,
and cbviously were not in equilibriwm witk the groundmass in
which they occur. Thess xenocrysts hnvn a motheaten appear-
ance caused by tiny areas of included glass. They ars smbayed
by croundmass material, and some are resorbed to the extent
that only ghost-like remnants are recognisable. The plagi-
oclase phencerysts that belong to the rock ars fresh in
appearance and show zcod alblte twinning., Other phenocrysts
Apresant are small. They consist of guartg, blotite, horn-
blende, and augite., The quarts is sub-round and embayed,

The biotite and hormblende are in various stages of resorption.
The zroundmass of these rocks is composed of plagioclase, ortho-
clase, aucite, a little fine magnetite, and varying amounts of
rlass.

The latite flows are present to the south of Los Alamos
Carnyon and they asppear to have lapped against the quarts
latite flows near the axis of this canyon. In hole H16 at the
head of the Quemason fork of the canyon latite overlies guartz
latits with the former present from £27 to 890 feet and the
latter prasent from 830 to the total depth of 1,269 feet.
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Southward, the latite forms sonewhat smoother slopes than
the quartz latite to the north, and the flows appear to
have besn more regular and less pasty than those which gave
rise to the quarts latite. The rocks are, however, very
similar to the quarts 1:t1t§ and presumadbly belong to the
sane period of eruptions. They contain large phenocrysts

of plagiocclass that are in gensral idemtical with thoss of
the quarts lntita; including even ths foreign variety. The
small mafic phenocrysts are the same and include augite and
more or less resorbed bictite and hormblende, The augite is
mors abundant than in tho quarts latite. Unliks the quarts
latite, quartx phenocrysts are abssnt. The groundamass of
plagicclase, crthoclase, augite, some fine magnetite, and

in places scme glass is sinilar to that of the quarts latite
but thore appears to be less orthoclase in the groundmass of
the latite.

The pyroxsne andesite map unit is sxpoeed in a small
area north of Loe Alanos Canyon whers it lies disconformably
on a flow of quarts latits. In the subsurface in hole H19
it is represcnted by two or three {lows having an aggrogate
thickness of 347 feet. Thc rocks of this unit are incon-

. spicuously porphyritic and range from gray to dark zray in
colar. Locally they show a few scattered phenocrysts of
rlagicclase ranging te about one-quarter inch across but
for the most part the phenocrysts are to be notad anly by

close examination and some speclimens are almost non-porphyriti Jf
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The phenccrysts consist of soned plagioclass and pyroxene,
with the pyroxahc including both sugite and hypersthene.
One specimgn exanined showsd some foreign brown biotite.
The ground=ass is composed of felted plagicclase, pyroxene,
and scme nagnetita,

Throuch several criteris it is possidls to relate the
rocks of the Tschicoma group to the undifferentiated unit of
the Santa Fe zroup and to the Puys eonslonnrttc. Dabris
fron the quartz latits flows is prnsint in the upper part of
the yndifferentiated Santa Fe. This debris is abundant in
the subsurface in tha upper LOC feet of the formation in
Cuaje Canyon. In wells CGL and G5 it is confined to that
rortion of the formation lying above the highest basalt flow
in these wells. (See fiz. 6.) In hole H19 in Los Alamos
-Canyon the Totavi lantil of the Puya conglomerats is inter-
bedded in the upper part of the quarts latite sequence. And
both the quartz latite and latite furnished debris to the
main body of Puye conglomerate in the Los Alamos area. In
turn the Puye conglonerate ia overlain in hole H19 by flcws of
the pyroxene andesite unit of the Tschicoma group.

The relation of the Tschicoms group tc the upper part
of the undifferentiated Santa Fe and to the Puye conglomerate
indicates that the Tschicoma group is of Pliccene and possibly
aarly Pleistocene instead of Mlocene age as wes assuned by
early workers (Darton, 1928; Bryan, 1938). In earller work

it was assumed that the Tschicoma group was correlative with
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the main body of volcanie rocis in the San Juan region of
Colorado. However, the upper liiit of the undifferentiated
unit of the Santa Fe group is apparently close to mid-Pliocene
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 Tachicoma group,
debris from the latite and quarts latite is not present bslow
the top of the highast'baaalt flow which is 468 feet below
the top of the unit. (Se2e fig, §.) Below this basalt thare
is some debris from older -ocks of the Tschicema group for
an additional 200 feet. At greater depth the only possible
evidence of the existence of rocks of the Jemes Mountains
volcanic seris is the thick basalt seqﬁence in the well.

This thick basalt se@uence may represent the baginnings of
the volcanlc serias., The pyroxens andesite unit of the
Tschicoma rroup, overlying the Puye conglomeratae, probably -
represents some of the youngsst flows of the group. These

youngoat flows may be of zarly Pleistocene ags.

Plaistocena_and Recent Focks
Tewa Group

Tha name Towa group-/ is used herein for the late

“/Roas, Ce 8¢, Smith, R, L., and Griggs, R. L.,
Nomenclature by mutual agreement,

rhyolite and a local unit of quarts latite that constitute
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the latest eruptions of the Jemez Mountalins velcano. As no
singrle physiographic feature is present froa which to take
a name for the diverse group, Tewa has been chosen inasmuch
as a large part of the area in which the group occurs is
known as the country of the ancient Tewa Indian tribdae.
Fornations belonging te thg group within the lLeos Alamos
area are tha Bandelier tuff, Cerro Tolsde rhyvlite, Cerro
RFubio quartz latite, and Valles rhyolits.

Randelier tuff

The Bandelier tuff wes naned by H. T. U. Smith (Snith,
1238, p. 959) who first rscosniged the fcormation as a distinct
unit and who mapped its northsrm extension in the Abiguiu
quadransle. Ths naﬁn was taken from the Bandeller Haticnal
Honunent whers the tufl is typically developed., In the Loa
Alamos area the unit is most proniinent along the east-west
canyons of the Pajaritc Plateau whers it forms spactacular
cliffs. In these cliffs three distinct sub-units are cbvious,
The lowest sub-unit is whits lump pumice that is well devsl-
oped in the vicinity of Cuaje Canyon and is here named the
Cuaje member.-/ Above this ia a sub-unit of pwmiceous tuff

5088, C. 3., Smith, R L., and Griggs, R. L.,
Scmenclaturs bty rmutual agreensnt,

braccia that tends to stand in stesp slopes and in many places

Torma the lower part of the walls of the canyons of the Pajarito
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Platezu, This is the Otowl nanbtr;“/ It is named from

J§%ﬁ&h§;é Prithe it Loretndnt Grigse, T L.,

typical exposures in tha Otowi section ef the Bandeller Monu-
ment. The third and highest sub-unit is a welded tuff that
forms vertical cliffs along the canyons of the plateau and in
places extends hizh on the flanks of the Sierra de los VYalles.
It also occurs in places in the collapsed arsa of the Jexes
volcanic series. This has been named the Tshirege nambcnd,

J”ms, Ce Se SMth Re. L’. and Gﬁgﬁ'. Re Li'
Roasnclature by*mntnal agreenent,

from the Tahirege ruins, a centrally located ruin on tha Pajarite
Plateau. '

The Cuaje menmber rests disconformably on all the older
rocks with which it is in contact, This member is a white
lunp pumice or lapill! tuff that ranges from a knifs edge to
nearly 60 feet thick in the area. It is thinnest to the east
and south where it pinches out on higher parts of the basalts
of Chino Mesa, and it thickens to the north and west. The
thizkest lmown section is in hole H15 in Los Alsmos Canyon
where it is 57 feo!t thick. The best exposures are zlong
Hichway L in sece 21, T+ 19 Re, Re 7 Ea, and Just north of
wall 53 in Cuaje Canyon where the pumicae is being mined, The
member is composed of unconsolidated pumice which is zenerally
nassive except for an upper 5 to 1C feet where jood ash-fall

bedding Is displayed. Tha sizes of fragments range from ash
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to lumps 2 inches in diameter. The fznotg sises are toward
the top of the member. Present in individual pumice frag-
ments are tiny phenocrysts of sanidine and quarts.

The Otowl member represents s single thick pumice
flow with a small amount otvalh-rull punice and water-
washed debris present in places st the top. This member
rests conformably on the Guajes member wherw the latter is
present. Elsewhere it rests disconformadly on older rocks.
The exposurs belt is essentially limited to the Pajarito
Plateau. Through the exposure belt ths mender cormonly
forzs a stesp slope below the overlying Tshirege member.
¥here this slope is without vegetation the member is dis-
played in chalky light gray or light buff color and in
places the slope is studded with cone-shaped erosion rem-
nants, sonetimes called "tent rocks®™., The thickness of the
Otowl member ranges from s knife edge to0 20w than 200 feet.
It is thinnest in the southeastern part of the area where it
pinches out ovar 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 a massive aggregste of poorly
sorted pumice fragments with some fine pumiccbus glass, The
accrerate is_somewhat indurated though essentially unconsol-
idated, and the fragments range from silt sisze to lumps thrﬁe
inches across. Individual fragments are unaltered or essen-
tially unaltered glass that 1s pale buff in color. The
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fragments contain phenocrysts of sanidine and quartz and a
faw tiny grains of magnetite. Some tragmthta carry & trace
of biotite and hornblende. Included as foruign material in
the aggregate are a {ew fragments of rocks dcr}vod frem the
Tachicoma group. |

These fragnents are mainly latitic rocks but some are
light gray rhyolite. They are not evenly distridbuted through
the rock, and where most abundant they compose less than five
percent of the outcrop arsa. In places at the top of the
mesber are a few thin basds of ash-fall pumice. Also present
in pl.cﬁa in this stratigraphic position iz some water-washed
pumice that includes boulders of latitic rocks derivaed fron
ths Tschicoma group.

The Tshireze member is a welded tuff that represonts
- two or thrss ash~flow eruptions and in places the unit
includes g few thin beds of ash-fall pumice at both the base
and top. This member forms the most conspicuocus part of the
Pajaritc Plateau on which it stands in long finger-like ngmas
bounied by vertical cliffs that are generally weathered tc
tan or orange-brown color. Locally 1t extends high on the
flanks of the Sierra de los Valles, and in places it is pro-
sent in the caldera area of the Jemez “ountains volcanic
saries. It rests unconforzably on all the rocks with which
it is in contact, but a minor disconformity at ths top of |
tha Qtowl member represents a relativsly short time break.
The thicknass ranges from about 100 to 2C0 feet near the
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eastern margin of tha area to nearly 100C feet at the head
of the Rito de los Frijoles in the southwastern part of the
area.

The character of the Tshirege member variee. Over most
of the Pajarito Flateau ;pa‘rock is porous and friadble and
rangee in color from buff to pale gray. More intensely
welded material near the west margin of the platsau and on
the flanks of the Sierra de loa Valles 1s commonly nonpo-
roug and gray to purplish gray. Hors or less irregular
Jointing is fairly general. Locally there 1s well-~devalopaed
columnar jointing. Kearly horizontal planss seen in the
cliffs are in part boundaries bstween successive ash flows
rather than bedding planes. Individual hand spaecimens shaw
srall fragments of recrystallised pum;cc and numerous snall
. erystals and crystal fragments of sanidine and quarts in a
typical walded tuff matrix. Dark minerals are nearly ahsent
thourh traces of crystal fragmenta of biotite, hornblende,
and pyroxene have been noted. Thin sections show that the
matrix is composed of recrystalligzed shards and a little
fine-rrained magnetite.

The avallabls evidence, mainly physiographic, indicates
that tha age of the Bandelier tuff is Pleistocene. At the
time of the 3Bandelier eruptions, the rocks of the Tschicoma
croup {Pliocene and possibly early Pleistocene) had bsen

ijeeply eroded. Deep canyons cut in the Tschicoma were
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filled by the Bandelier. This 18‘3180 true of Units 4 and
5 of the rocks of Chino Mesa. A deep canyon, previously
occupied by the Fio Grande, had been cut in these units a
short distance west of White Rock Canyon. This abandcned
canyon is now filled with tuff and is well exposed in the
Rito de los Frijoles. Another channel f1l) is present in
the east wall of White Rock Canyon. Here the base of the
Bandelier £111 in the abandoned channel is only 200 fzet
abova the present lovel of the Rio Grande. And, over much
of the Pajarito Plateau the original upper surface of the
Bandellier is sfill praservede.

Carro Toledo rhyolite

The nama Cerro Toledo rhyolitedl is applied to rocks

_ -/Eosz, Co Sep Smith, Re L., Informal communication.

which form a group of domes that occur both north and south
of the Valles caldera. The nams was taken from Cerro Tolado,
a peak in the northwestern part of the area. This rhyolitas
crops out both in tha northwestern part of the area, betwesn
the Rito de los Indics and the Valle de loe Posos, and in the
southwastern part of the area, just south of the Valle Crande.
In both places the rocks of the unit crop out on hizh, for-
snted peaks.

The northern exposuras are z part of a complex group of

domes within an unnamed caldera,*/ an earlier collapssd portion

v

"ecss, Ce Ta, and Smith, F. L., Informal communication
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of the Jemeg Yountains voleanie series. Just beyond the
south margin of these sxposures the rhyolite is downfaultad
into the subsurface at the north edge of the Valles caldera.
The exposures south of the Valls Grande are & part of a com-
posite dome whose northward extension has been downfaulted
into the subsurface in the southern part of the Valles caldera.
¥Yost spacimens of the unit show & noticeable banding and
are generslly light gray in color. Thin ssctions show tiny
phenocrysts of sanidine, quartz, snd traces of more or less
resorbed hornblends and biotite in a fine-gralned groundmass
that is commonly microspherulitic and composed of sanidine
and silica.

The domes were extruded prior to the eruptions of ths
Tshirace member of the Bandelier tuff which unconformsbly
overlies the domes irmediately north of the Valle Toledo.

Thay probably were extruded follawing*’ the eruptions of

vy
Ross, C. S. and Smith, R. L., Informal communication.

the Otowi member of the Bandeliaer tuff, in Plaistocenﬁﬁima.

Cerrc Rubi uarts ite

The Cerro Rubio quarts latite has been named by Foss
and Snith 4/ from axposures in the neorthern part of the

Ros2, Ce S., and Smith, R. L., Informal communication.

Los Alamos area whers the unit crops out in two conical domes
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immediately north of the Valls de los Poscs. Both domes,
Carro Rubic on the south and the wnnamed peak fmmediately
north, are just beyond the margin of the Valles ealdera.
The ruékt are light gray trtﬁlné to darksr gray in
somewhat glassy specimens, At Cerre Rubio thay'-nnthnr’to
a grayish red. Specimens shov tiny phenocrysts of plaglo-
claso; hypersthens, and mors or lsss resorbed hormblande
and biotite in a fine-grained groundmass of plagioeclase,
sanidine, and silica. At the west side of Cerro Rublo the
unit intrudes the Carro Toledo rhyslits. At the sast side
of the doze the Tshirege member of the Bandelier tuff lies

unconformably against the ¢uarts latite.

Yalles rhvolite B
The Yalles rhyolit:-"/ forms the domes within the g

-/
Ross, Cs Se, Smith, R L., and Grigg:, !. Le,
ﬂamonclnturt by mutual agreement,

Valles caldera. These domes, with a fairly heavy forest

cover, stand above the prassnt-day grass-covered floor of tha
caldera and they rangs from relatively szall Wlile to large
mountainous masses. The smaller domes are sub-round in plan

and sub~conical in cross ssction. %The larger ones ares com-

posite masses of several domes and are more irrsgular in plan

and cross section, but they have a mcre or less domal upper

surface. The bases of these domes are covered by later sedi-~

ments that partially fill the Valles calders. - >
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Whare there has besn a minimum of erovsion the outer
parts of the domes are a jimble of hlecgy pumice and
punicecus glass which ranges from white to light gray to
pale pink. Toward the interior of this outer sone are
local areas of obsidian. Farther immrd the glassy crust
gives way to slightly porous light gray rhyolite that i»s
8lightly glassy and commonly sphsrulitic. In more desply
eroded parts of the domes ths rocks are light gray, fine-
grained rhyolite. Thin ssctions of sssentially all the
rocks show abundant small phenocrysts of sanidine and quarts.
Some sections show tiny phencerysts of hornblende and/or
biotite, and a few sectiocns carry a trace of plagioclase
phenocrysts. The groundmags of the non-glassy rocks ia
sanidine and silics. |

?he Valles rhyolite is the youngest igneous rock of
the area. Thae domes were extruded in the Valles caldera
fcllowing the explosive eruption of the Tshirege member of
the Sandelier tuff and following ths collapse of the Valles

caldera., Their time of extrusion was Plsistocane.
Caldera fil11

for scme tims following the collapse of the Valles
caldera a lake occupied the steep-walled depression, and
in this lake a sedimentary {ill accumulated. The £111 is
poorly exposad and 1ts character is known mainly {rom test
hcles drilled in the Valles caldera during the summer of 19.L9,



(See figs. 8 - 10.) It consists of gravsl, clayey silt to '
silty clay, and may include some pyroq}d‘tic debris.
Surface expoeurss of ths caldera fill ars poor as
this fill is almost coapletely coversd by later deposits
of alluvial fan and terrace material. In the Valle Toledo
clayey silt crops out in several places along the edges of
terraces that are present on both sides of the valley. On
the south side of the valley the contact of the silt with
overlying terrace material is sarked in the edge of the
terrace by a slight declivity along which several wet-
weather gseeps occur. Tha best exposure in ths valley is
a few hundred feet south of hole Bi4 where about 10 feet of

clayey silt may be seen. The baeds are olive colored, weather- ™

inz o0liva buff to lizht gray. The bedding ranges from fairly
magsive to thinly lasinated. Some saterial contains numerous
diatomg. At anothsr expocsure the silt ranges from clayey to
sandy and contains pebbles of pumiceous glass and rhyclite up
to 1 inch in diameter. In the Valle Grande two very snall
axposuras of clayey silt containing pebbles of rhyolite hava
been noted. :era the f£ill is essentially covered complstely
by later daeposits of alluvial fan ani terrace material. Alonj

the sast side of the caldara there is a conplete cover of

alluvial fan depositse.
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In the subsurface the caldera fill is known from
well cuttings from 15 holes that range from 285 to 1,185
faat doep. Ths cuttings show that the sediments are dom-
insntly gravel, which possibly includes some.pyroclastic
debris, and loss isportant amounts of silty clay and clayey
ailt. The gravel, with mors eor less admixed sand and silt,
is composad mainly of psbbles of whits to light gray pumice
and pumiceous glass which invarigbly shows tiny phenocrystse
of sanidine and quarts. Soma pieces show tiny phenocrysts
of bictite. Other rock types rtprcuintod in the pebbles
are rhyolite, glass, and porphyritic latite. Ths rhyolite
varies in typs but probably the most common variasty is
light gray, very finely porous, and microsphsrulitic. ¥ost
piaces have tiny phenocrysts of sanidine snd quarts. Some
show tiny phenocrysts of hornblende. Ths psbbles of glass
‘are zrey to black obsidian, and those ¢f porphyritic latite,
which are relatively uncommon, are purplish gray with whits
phenocrysts of plagioclase.

Tha range in size of the gravel 1a probably largs.
The larrest whole pebbles that wers washed from the test
holes by artesian water discharging at the land surface
ware about two inches in diametsr. However, it 1ia
2uspected that towsrd the margins of the rhyolite.domaa
and near the acarp of the caldera particle sigzes probably
range to larre boulders. The admixad sand in the gravel
is composed of crystals and crystal frapgmsnts of sanidine

and guartz and particles of pumiceous glass. S81ilt siszes
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that are prssent in somc baeds of gravel are fine rhyolitic k §
material. The beds of clayey silt and silty clay which

cecur in the £i11 are very characteristic. They range fion
brownish olive through olive green to olive buff and are com-
posed of fine rhyolitic material and varying amounts of clay.
Some of the clay beds contain typriéilbln amounts of gravel

and many contain abundant diatom remains. Several specimens
axamined microscopically by Ross and Snith-/ showed very fine
rhyolitic material and montmorillonite~type clay.

vy
Foss, Cs S., and Smith, R. L., Informal communication.

In the Valle Toledo the clayey silt and silty clay beds
ars interbedded in, and interfinger with, & main body of
sravel. (See fizs. 8 and 9.) As indicated by exposures and
- test hole data a single section of clayay bede close to 1C0
feet thieck in the vieinity of hole By thins and 1nccrfing§rs
with gravel to the east. Clayey beds present at deeper lavels
in hole {1 disappear eastward, Little data are available as to
the extent cf clayey material towsard the north and south sides
of the valley, but the log of hole H5 and ground-smter data
indicate that some beds axtend for considerable distance to
the north but pinch out before reaching the caldsrs wall.

In the Vallas Grande a thick bedy of clayey silt and
8ilty clay overlies g main body of gravel that may include |
some pyroclastic debris. The logs of holaes H7 to H12 and
H15 (fig. 10) show that the thick body of clayey material
is best developed in the central part of the valley where
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it 1s nearly 300 fest thick and that it interfingers with
gravel toward the sides snd head cof the vallsy. The upper
part of ths coarse material benesth the clayey body is
definitely zravel as worn pisces of pumice and rhyolite
wers recoversd from holes H7 to H12 and HIS, but a slight
possibility exists that some matsrial, particularly frem
the deeper part of hole E7 which extended to 1185 feet, may
represent pyroclastic debrias,

Along the sastern side of the caldera, materials taken
from holes R13 and Alh were indefinite. The writer beslieves
that the upper part of the caldera fill in this ares is
gravel and that this gravel possibly may grads downward inte
pyroclastica.

The materials corposing the caldera £ill were derived
- mainly from the pumiceocus crusts of the rhyclite domes that
occur within the Talles caldera, The pumice gravel and much
of the clayey silt and silty clay are products of these
arugts, The partially glassy to fine-grained rhyolite came

rom 8lightly deeper porticns of these domes and from the
intericrs of faulted domes on tha caldera rim. Latitic
pebbles in the fill, present in very minor anount except
in the lewer part of hole H7 in the Valle CGrande, are from
the calders rin.

The accumulation of the coarse materials in the caldera
probably was rapid. An abundance of loose material was avall-

able in times past. Zven today there is in many places an
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abundance of loose dedris on the steep slopes of the domes.
Such debris could have been resdily carried to the edge of
the laks by the zalt waters from hegvy Pl}intoemo sSnows.

It also seens possible, perhaps probable, that the lake had
formed before the emplacement of some of the domes and that
during endogenous growth thair expanding and cracking erusti
say have contridbuted debris directly to the water,

The mechanisxz or maechanisms that carried the gravels
out into the centars of the Valls Tolsdo and particularly
ths Valle Grande are unknown. At the very beginning of
deposition much debris may have readily worked its way down
stesr ander-water slopes to the central part of desp basins,
Somewhat later it seems probable that delta-like accumula-
tions bullt up at the marginsg of the lake, adjacent to ths
interior domes and the caldera rim., Kuch debris may have
slucped, possibly under the influence of late minor adjust-
ments in the lower part of the caldera, from the ocuter parts
of those delta-liks accumulations and worked outward into
deeper water., And in part such pumicecus material may have
flosted out to deep water and sank after bsconing water-
lcrged. lastly, it 1s possibls that larze quantities of
sravel may have been deposited at tinecs when the lake was
drye. The clayey allts and silty clays are normal lake sedi-
ments and are bYest develcped far out from the staep slopes of
the caldera. dgwever, the lateral development of thin zonas
of 81lt and clay in the Valle Toledo indicates that y-ere wﬁre“;
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times during the deposition of the £il1]1 whan little coarse
debris was being washsd into the depression. |

y The age of the caldera 11l is Pleistocens. Plant
:mcres from the upper L0 feet of scdiments In the Valle
Grande examined by Paul Sears and Catherine Clisty-/ are

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

beliaved to have been deposited in the last 25,000 years.
If the deposition was relativaly rnpid, as is delieved, then
the entire fill probably is lata Pleigtocens.

Alluviwm

Pleistocene and Recent alluvium is present as terrace
and fan deposits in the Valles caldera and as terrace and
‘stream channal deposits along the Rio Grande and some of its
tributarias,

There ars two scts of terraces in the caldera. The
hizhar set is reprasconted by two small remnants in the southe-
zastern part of the Valls Toledo, and one small remnant near
the head of tha Valle Graqda occurs Jjust above an altitude of
8;800 feet, These small remnants ars capped by a veneer of
zand and gravel composad of various types of rhyolitic.mate-
rialgs. The remnants and their vaneer probably are the
remains of a lake terrace. The lower gset of torraces is well

ievaloped adjacent to ths drainage in both the Valls Grande

and Valles Toludo. These terraces are related to the straams
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to which they are adjacent as they slope toward the axes of
the mm&thqzrmdmu;wwmuwamm
domstrean. YThey are capped by & venser of silt, sand, and
cravel cocposed chiefly of warioux types of rhyolitic mate-
rials that range from abent 10 to 30 feat thick.

Extending imegrd from ths steep slopes of the caldors
rim and gway from the interier rhyolite doses are alluvial
fans which extend onto and are later than the low set of
tarraces. Thess fans are cmoudﬁi&yofnndand
gravel but contain much silt. These natarials have besn
darived fron the bedrock units from which the fans extend,
Bslow the low terraces and adjacent to the streans in the
caldera iz a narrow band of channel alluvium. This alluvium
is composed of clayey to sllty sand and gravel made up mainly
‘of rhyolitic debris. |

In the eastern part of the Los Alamos area scus addi-
tional alluviun cceurs along the Rlo Crande and a number of
its tributary canyons. Between tha Puye escarpment and the
7ic Granda there is a low terrace that slopes to th.rRiQ.

It 1s capped by a venser of silt, sand, and zravel, probably
lsss than 25 fest thick, that is composed =mainly of latitic
=aterials darived from the Puye conglomerate. Immediately
adjacent to the Ric and to some of its tributary canyons and
arroyss is some channel alluvium composed of & variety of

=aterials. 7This channel alluvium ranges frem & thin flnm te

%
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about 25 feet thick and locally consists of fairly clean
sand and gravel but in most places it contains considerabla
silt. | |

HISTCRICAL GEQLOCY

The rocks of the Los Alawes area are related to the
Rio Grande depression, and their history is in large part
s history of this depression and its associated volcanign.
Pertinent history began with the formation ef the Southern
Rocky Mountains and post-Cretacsous uplift of the region.
The orogenic phases of the mountain bullding seem to havs
passed into broad regilonal uplift and arching before the
end of early Tertiary tims. By aid-Tertiary tinc; probabdly
in part as a result 6f arching and elonggciéa of the earth’s
erust, the faulting that zave rise to the Rie Grande depres~
gion bacan. As the complex rift valley subsided relative to
ad jacent highlands, the Santa Fe group accumulated as a
fault trough £11l. Accompanying the disturbance of uplift
and concomitant normal faulting the volcanic roecks of the
Los Alamos srea ware erupted. (See fig. 7.)

In the latitude of Los Alanos the sediments of the
fanta Fe group were laid down as coalesecing alluvial fans
and alluvial plain deposits, For the most part tha allu-
vial debris was deposited by streams and rills passing
westward from the Sangre de Cristo Mountains and depositing
their lcoads in ths adjacent valley., It is estimated that
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more than 75 percent of the alluvial debris composing the
Santa Fe came from this mountain dlock, the esstern bound-
ary and the structurally high side af{thcﬂﬁio annda doprssf
sion in the vicinity. The sxplanation for this predominance
of easterly materials, lsrgilr'dtriv.d from Precanbrian
sources, may lie in the structure of the blocks that bound
the depression, The Precambrian rocks now stand soue 6,500
feet higher in the Sangrs ds Cristcos, whers they reach an
altitude of 13,000 feet, than at the west side of the depres-
sion, where they reach an altitude of only 6,500 feet. If
the extra 6,500 feet of rise of the eastern dlock oceurred
during the deposition of the valley f£111, then it offers

an explanation for the dominancs of sasterly materials in
the valley £i1l. (Ses fige 7.)

Evidence that sedimentation accompanied uplift and
faulting during the formation of the Rio Grande depression
is believed ample. The alternation of alluvial fan and
alluvial plain depoesits in tho latitude of los Alamos is
one lins of evidence. At the east side of the depression
very coarse and bouldsry alluvial fan elements are con-~
nonly underlain and overlain by fine~grainud; well-bedded
alluvial plain deposits. The best explarnation is a control
of gradients and facies by repeated faulting. Following a
stage of faultins and relative uplift of the bounding aoun -
tain block, a typical fén would have besn built up adjacent
to the =wountains. As depesition continued, gradients would
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have bacoms lesz and less steep as the mountains wera
eroded and the leval of the deprassion floeor was built
up. CZventually, thick gones of fine-grained, well bedded
materials woull encrocach eastward and overlap the coarser
fan depoasit. Repeated fhulting would have started a naw
cycle. |

It alsc socms necessary to invoke some faulting as
a2 mesns of explaining some structure within the Santa Fe
group. In places east of the Los Alamos area truncated
beds of the Santa Fe group are overlain by beds showing
less dip. Ths tilting of portiona of the unit deneath
unconformities can be axplained hest by faulting in the
interior of the depression. '

There ie still furthar evidence in the presencs of a
- few narrow downfaulted horsts of Pennsylvanian limsstone
that occur in places along the east side of the Rio Crande
depragssion. These horsts were dropped into thae depression
bafore the thick cover of limestons had been largely sroded
from the adjacent mountain block. And lastly, the presaence
of interbedded basalt in the Santa Fe group indicates that
Jeep-seatad faults ware open at times during the formation
of the depression and thas accompanying deposition.

During the latzar stazss of Santa Fa time the Jemesn
Yountains volcanic series began to accumulate along a fault
gona at the west margin of ths depression. Possibly the

first stages of the development of the volcanic rocks, which
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are at the wastern margin of the depreasion,fsrn parkad by
the lowast basalts in wells G3 to G5 in the Los Alamos area.
And it is only above the highast basalt flow in welle Gl and_
G5 that unguastionabla debris from the latitic {lows of the
Tschicoma group appears. It is praobabla that the lowast
basalt flows in wall G5 mark the first rupture of the

sarth?s crust at ths western margin of the Rio Crande depres-
sion in this latitude and the sequential &avelopmantjof the
James volcanic pile.

As the thick and pasty latite flows of the Tschicoma
zroup were eruptad they movad eastward into the fault trough.
In the beginning some loose materdal from the flows was
washed eastward where it mixsd with eastarly derived mate-
rials of tha Santa Fe group. Slightly later, following
- some faulting which tilted the Santa Fe, tha ancestral Rio
frande appearcd. The evidence is in the Totavl lentll of
the Puye conglorerate., This lentil, largely channel fi1l1,
rasta unconformably on the Santa Fe and in places along its
west marcin interfingers with the latita flowa of the
Tachicoma rroupe The overlyins main body of the Puye was
igpesited as an alluvial fan, apparsntly &8 the latite flows

reached the climax of thoir development. PRoss and Smithu/

088, Ce Se, and Smith, R, L., Informal cormunication.

———

have notzd that the Puys and flows of the Tschicoma roup

intarfincer to the nerth of the Los Alamos area and that the
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aaterials of the fanglomerate were derived largely from
dbrecciated portions of the flows. Pyroxens andesites of
the Tschicoma group were erupted somewhat later.

¥hile the coarsely porphyritic latitss wsre being
erupted from near the west nﬁrgin of the Rio Orande depres-
sion, and were pouring eastward into it, basaltic rocks
ware baing eruptsd in the interior of the depression at ths
site of Chino Mesa. Units & and 5 of thess basaltic rocks
were erupted contemporaneocusly with the deposition of the
Puye conglomerate. {See p.'gg;) The ;ruptinal followed
and probably wers in part contemporaneous with s period of
faulting in the interior cf ths depression. At the head of
a small canyon that breaches the sast wall of White Rock
Canyon the lowest flow of Unit 5 rests unconformaltly on
' sediments of the undifferentiated unit of the 3anta Fe
rroup, and beneath the surface of the unconformity a trun-
cated fault i{s visible. Farther southward in the canyon older
and older flows of Unit 5 appear, and it 1s probabls that the
Santa Fe was being tilted scuthward during the initial stages
of thae basaltic erupticns.

Thare was a short psriod of erosion following the erup-
tion of the flows of Unit L and the end of deposition of the
Puye conglomarats. An easterly slopinzg pediment that stands
approxinately 40O feet above the present drainage of Cuaje
Canyon was cut on ths Puys. This pediment, now capped by
Bandelier tuff, is well developed adjacent to Guaje Canyon
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in the vicinity of wells Cl to G5. Later, possibly tomard
the end of this cycls of erosion, the pediment was partially
dissected, and a lower surface was cut on the Puye near |
Totavi, The relation between the two surfaces is a curious
one, but it appears that the lower was developed as the
result of the Rio Crande making a local westward gshift and

~ that it is essentially correlative with the higher surface.
Both probably are a part of Eryan's sain Ortis surface.

Fbllowiixg this cycls of eresion a deesp canyon was cut
in Units 4 and 5 of the basalts of Chino Masa. This canyoen,
now filled by Bandelisr 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 blocked the flow of
the Rioc Grande and the old alluvium present near Totavi and
slsewhere was deposited behind the stesp zssses as the Rio
was blackeci. Slightly lite:; two basalt flows cane into
the area from the southsast. These flows represented by
Unit 2 of the Chino {esa eruptions. Then, following an
indefinite period of erosion, the last bdasaltic activity
of tha area occurred. The eruptions were very local and
ars represented by Unit 1.

The last igneocus gctivity is represented by the rocks
of the Tewa group. The sruptions commenced when & rhyolitvic
uagra worked upward beneath the central area of Jemez vol-
canic series. Upward movemonts of the magma eventually
fractured tha overlying rocks and explosions threw out
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puniice as the upper level of sagme was exposed to atmos-
pheric pressurs, This pumice dropped as ash-fall material
to forw ths Cuajs member of the Bandelier tuff. With leas
confinement the remaining magma surged upward, and as dis-
solvad volatiles escaped rapidly, grcat“%clnacs of pumice
vere sxpelled upward. This pumice reached the crater arsa

in too large a voluze to be thrown high in the air. Instead
the material swept down the flanks of the voleanic pile as a
granular-type puﬁice or ash flow. Thn debris was very =obile
and rushed across the Pajarito Plateau on a gradient of some-
thing like 100 to 15C feet per wmwile. This ash flow and a few
very thin beds of ash-fall pumies that were the product of
minor explosions which nearly completed the evacuation of
 the magma chamber are represented by the Otow! nmembsr of the
Eandeiiar. Some collapse of the crater area intoc the nearly

anpty masma chamber follawed~/ » then the last portion of

Poss, C. 5., and Smith, R. L., Informal communication.

volatile~poor nasrma was erupted to form the domes of lerro
Toledo rhyolits,

Somawhat later, during a relatively short psriod of
erosion on the Pajarito Plateauw, the Cerro Rubio quarts
latite domes were intruded in the central part of the volcanic
rila. 2y this time final activity was developing. Additional
rhyelitic mazma worked upward beneath the present site of the

L



Valles caldera and under circiumstances similar to previous
eruptions the culnminating cycle began. A small amount of
ash-fall punice first was thrown out. This was followed
irmediately by large quantities of pumiceous ash and puzice
that swept across the gpntli sloping Pajarito Platean as
ash flows. Though it {s difficult to be ccrccin; there
appears to have besn either two or three flows in rapid
succession. Unlike tho Otowi eruption this naterial car-
ried with it sufficient heat to lsad to a fairly compleste
recrystallisation of the pumicecus matter. is a result of
this recrystallization, the dominant porticn of the Tshirege
meuber of the Pandelier was consclidated. A little ash-fall
punice at the top of the menber represents final explosion
of mlinor magnitude.

The collapse of the Valles calders followed. Within
tha caldera the domes of Valles rhyolite ware extruded,
rossibly over a rather extaended period, and the eruptions
of the Tewa froup came to an end.

The last reologic sctivity of the area consisted of
faulting, the £illing and draining of ths lake in the Valles
caldera, and the erosicn that cut the canyons of the area.

Som2 lats faulting cccurred along & north-south axis
n=ar the west =sdre of the Pajaritoc Plateau as recurreat
movenent on pra-existing planes. Tha Pajarito fault scne
is one of the most noticeable of thase faults. At the scouth
adre ef the map this fault sone shows epproximately 3CC feet
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of throw en the top of the Bandelier tuff. Going northiard‘
the gone splits into two branches and the post-Bandelier
movement dies out. Farther north are two pthcf faults in an
en-schelon position to the Pajarito scne. Unlike the latter
“sone, both dip to the west. Tha westerly of tha two over-
laps the nerthward extension of the Pajarite fault and in
the area of overlap, Just west of hole Th, there ia a shal-
low syncline that developed as » result of faulting. This
syncline dies out to the south. The mast easterly of the
two faults enters the grea from the north and dies out near
the head of PRayo Canyon. Both faults show only a small amount
of throw on the Bandelier. Cne has a maximm throw of about
50 fest on this unit. The most sasterly of the two, howevar,
may have a throw as great as 5C0 feet on the Tschicoma group.
Thefe are alsc a few nartharlyétrtnding faults near
ths east edze of the area, about 1 mile east of Totavi.
Thesa faults have only a few feet of throw at their expo-
sures, but it seems possible that they may be associated
with earlier faulting that may be important in the subsurface.
The previously discussed lake occupiad the Valles caldsra
in the latter part of Plaistocens time, but it was eventually
drained by the headward extension of Jemesz River which has two
forks that now exterd to the eastern side of the caldera. The
deep canyone of the Pajarito Platsau wers cut mainly during

the latter part of tha Pleistocens.
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WA RES
GENERAL CONDITIOKS AND HISTORICAL SKETCH

Los Alamos with a population of about 14,000 in 1953
is poorly located with respect to sz source of water supply.
An adequate source of supply for a population of more than
about 3,000 cannot be obtained in the immediate vicinity
of the town. The condition arcse through a lack of knowl-
edss of the water ressources of the area and a number of
changes in plans as to the pcpultioﬁ of the towni. Y¥hen the
location was selected hurriedly in lats 1942 az one of the
project sites for the development of the atomic bomb, it
wss believed that the project would naver requirs a large
force of parsonnel snd that the sits would be abandoned at
the end of the war. Hence, the s=all amount of surface
water readily available on the nountain slope just west of
the site appearad more than adequate for ths projectts needs,
In the beginnins it was belleved that the flow of Les Alamos
Canyon alone would be adequate. However, the expectations
that thes project would remain scall and that It would be
abtandoned d4id nct materialise. The town grew rapldly frow

t8 inception and in tha early part of 1943 excaeedad the
population anticipated in oricinal plans. As it continued
to zrow during tho war years, the water of all the nearby
straams and springs on the sast slope of the Silerre de los
Yalles were developed. Thia antire flow was sufflcient for
a population of atout 3,000. The population is raported to

hava reachad 7,060 in 1545,



After the war, it was decided to establish ths town
23 a permanent center for nuclear research without knowl-
adge of the oceurrence and availability of additional water.
However, the crucial need for this Iinformation was realized,
and the firm of Black and Veatch, Consulting Engineers, was
sngaged almost immediataly as water-supply consultant. An
examinapicn by‘this firmn showed that surface waters present
in streams 1n the Valles caldera, 10 miles west of the town-
sita, and in the Rlo Grandas, 10 miles to the east, could not
bz claimed for use (Lawrenco, 1946). The watasrs of these
streeams are considerod fully appropriated, and it would have
baen necessary to purchase water rights for the town. There-
forz, sround-water axploration was begun by the firm in the
2arly part of 1946, The first aexploration was in the vicine-
Aity of the Tio Grande; and this phase of exploration anded
with the completion of wells L1 to L6 in the Los Alamos
Canyen well fiald. These wells, ranging fronm 87C to 1,2€5
Feet daop, obtained water fronm ths undifferantiated unit of
the Santa T2 and were completed noar the end of 1948.

Long before wells L1 to L6 were completed, plans wefa
1aid for additional expansion of Los Alamos, and dJoubt
aros2 as te thz2 adeqguacy of the sround-water resarvoirs
in which thes=z wells weroe belng complstad., 2a the wolls
ware brourht into production it was found that their

watar lavels declined fairly rapidly. The peosaibility that
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the rapid decline would continue lsd Black and Veatch

toc the decision to attempt to locats ground water in the
eastarn part of ths Valles caldera. A few shallow test
holes were drilled in the caldera by this firm in the sum-
mer of 1948 - befora wells L1 to L6 ware completed in los
Alamos Canyone.

Thesc shellew test holea; drillad under the immedilate
supervigion of He T. Stearns, indicated that an aguifer was
present in ths caldera and that sdditieonal study wus advis-
able. This additional study was made by the Geoclogical
Survey during the sucmer of 1?&9. Water in sufficient quan-
tities for a supply was found, but pumping tests indicated
that the withdrawal of water from the small basin would
affact the flow of streams that drain the caldars.

Therefore the attempt to develop this ground watar
was sbandconed in the fall of 1949, and exploration by the
Ceological Survey shifted back to the REio Grande arsa.

Tive additional wells wers devalopad in this area betwsen
tha summer of 1950 and the fall of 1951. These wells, Gl
to 55 in Cuaje Canyon; ars all about 2,00C feet doep, and
like the six wells (L1 to L&) complated between 1946 and
1942, obtain water from the undiffersntisted unit of tha
Santa Fe sroup. The two groups of wella now supply naarly
ona billion gallons of wﬁter annudlly (nearly 3 =mgd) and
urnigh nsarly all of the water used by Los Alamos. How~
aver, the szall surfgce-water sources developed during the

war arn still in use, yia2lding from one~half to orne million

"allons mer iay toc thz town supply.



VALLES CALDERA AREA
Surfoce Water

Qccurrance

Vater of zgood quality emerges at a nnmbcr\of places
in the eastern part of the Vallss ealdsr:; the large vel-
canic dopression west of lLos Alamos. (Ses pl. l.) &
large nuzber of seaps and a few small springs ars prasent
along ths coalescing alluvial fans that extend imeard
from thes steep slopes of the caldera rim and outward fron
the interior domes of rhyolite. A number of seeps and a
sprins or two are sssocisted with the low terraces that
are adjacent to the strean channelsi and two small springs
amerge from the edze of a rhyclits dome. The important
discharre of water in thz caldera, hﬁuevar, is at low
points alons the strsan channels. |

The springs and seaps assoclated with the alluvial
fans are most noticeable in the lats spring when lush
srass around them is the first to turn green. The seeps
are aglsc noat abundant at this tima and countless niumbers
of them appear on ths lower slopes of the fans, to fora
fairly extansive swamps in places. Some of these seeps
are active until they freese over in the fall. The few
springs are all small with the individual flows rahging
from gbout cna te ten Zallons per minute.

A numbter of seeps are present at the edpes of the

low terraces, and some are present at low spots on the
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surface of thesa terraces. In a few places the aggre;ate
discharge from a number of seeps forms tiny streams, par-
ticularly {n the spring gf ths year. At one place in the
Valls Toledo (See pl. 1), north ef hole HiL, a small spring
flowing about two gallons pﬁr minuts emerges from the edge
of a terrace., Below the terrace sscarpuments and adjacent
to main drainage lines ths area of channel alluvium is
largely water logged. In part, at least, this water
represeunts discharge tfnu the terraces. This water,
eperzing from the terrace escarpments, has passed bensath
debris on the escarpments to the area of channel alluviuz,
Two small springs; each flowing lass than five gal-

lons per minute, are present near the southwast base of
s large rhyoclite doms (Serro de Media). In both cases
tha small quantity of watsr soaks intc tha upper slopes
of adjacent fan material.

 The largest and the only impcrtant sprinss are along
the drainage channels, In the Valle Toledo the dry-westher
“low appeara at the head of the wvalley. {Ses pl. 1.)
Abeut ons mile downstrean, at & point where the interait-
tant south branch of the drainage joins the main stem of
ths Rito Tan Antonico, the [low has increased to about 1CC
~allons per minuts. Fgrther west, Jjust above the peint
whers the Rito enters a narrow gorge cut in Valles rhyolite,
rhe flow is about 30C gellons per minute., About 800 zallons

per ninute emerges from blocky, pumiceous rhyolits in the
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narrow gorge at the west end of the valley. Immediately
downstrear from the gorge & gaging station shows the dry-
weather discharge of the valley to be approximately 1;100
rallons per minute.

In the Valls Grande the dry-weather flow heada at a
spring area soma three-quarters of g mile northeast of
hole H7. {See pl. 1.) Hare, at the head of the East Fork
of Jemeg Diver, approximately 900 gallons per minute emergeas
from Valles rhyclite at the southeast point of a large dome
(Cerro de Yedia). Downstraam, terween the gaging station
below the sprincs and the point where Jaramillo Creek entors
the main drainage, there probably is some additional gain in
flow. Thz Jaramillo adds additional water. This creek heads
to the west of ths Los Alamos area. It galns some water as
| it flows across the Valle Crands, and at the point of entry
to the Tast fcrk; it carrias about 5C0 gallons per minuta.
Farther west the mgein creek may gain still more water toward

the west end of the valley, a short distance boyond the lLos

Alamos aroa.
Availability

The surface flow of the Rito San Antonio and the East
Pork of Jemes Flver was considered as a source of supply for
Los Alamos just after the ond of the war, after it had been
decidzd to make ths town a permanent center for nuclear

rosaarch. Ths firm of Black and Veatch was retained by the
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Atomic Tusrgy Commissaion at this time gs water supply con-
sultants, and in. thelr general examination of the agrea
thay considerasd the posalibility of the utilisation of the
flow of both ths Eito San Antonio and the East Fork of
James River;' The possibility wasabandoned as the waters
wars unavailablza for appropriation, Indians living down-
stream on tha main stem of Jsmex River have a primordisl
right to this surface flow fcr use in irrigation, Henco,
the firm of Black and Veatch turned to the Rio Grande area
in the early part of 19&6; and initiated the progranm that
led to the completion near the and of 1548 of wells L1 to
L¢ in Los Alamos Canyon,

Ground Yater
Txploration

The peasibility that an sxploitable body of ground
watar existed beneath the eastern part of the caldera saers
to have been racerniged first by J. Fo 3rown of Blasck andi
Veatchs ¥r. Brown noted the surface water discussed pro-
viously (pp. 72z) and concludsd that some sort of raservoir
must be pregsent to supply the flow. As a result ths firm
of Rlack and Veatch engared H. T. Stearns ss a consultant
on nround water. [ir. Stearms examined ths caldera and
dirscted the first exploratory work in tha summer of 1748,
Tevan test holess ware drilled in the ealders fill during
June of that yeare. fost of thes heles yislled some water,

and onsz, immediataely sast of tha site of hols H1l, flowod

R ]
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at a rate of 37 gallons per minute., In general, all of

the holes indicated that the pumiccoua'aands and gravels

of the 111 were sufficiently parmeable to supply water to
wells. Therafare; Stearns (1948) advised that the area be
considered as a source of supply and that further exploration
be done.

The Atomic Energy Commission then requested the Geo-
logical Survey to maks an intensive study of the area during
the summer of 1949. During the summer and fall of that year
15 holes were drilled by rotary rig to test the general
character and extent of the water-bearing material. 8ix
holes (H1 to HG) were drilled in the Valle Toledo, six
{H7 to H12) were drillaed in the Valle Grande, and three
(H13 to H1€) were drilled along the eastern side of the
- caldera, along the divide area between the two valleys.
Latar, 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
El6 werae abandionad as they appsared to have encountered

material of low permeablility.
Occurrence and Availability

Yalle Toledo

In the Valla Toledo both water-table {(nonartesian) and
artesian conditione exist. Water~table conditions aexist in
1C4



the outlying arsas irmediately bensath the fans and the
outar parts of the terraces. Ovar the greater sxtant of
the terrace arcas artesian conditions exist though the
piesomatric surface is below the ground surface. Below
the terraces, adjacent to the stream channel, the pleso~-
metric surface is above ground level.

The six test holes, (see plate 1,) reveal an artesian
reservoir which underlies most of the terrace arsas.
Fecords of these holes show that the unconsolidated material
in the Caldera is as much as 500 fest thick in the valley
and is underlain by domes of the Valls and Cerro Toledo
rhyolites. Diagrammatic cross sections of the Valle (fig-
ures & and 9) show the artesian reservoir, the direction
of movement of the water, racharge and discharge arcas,

- and the pleszometric surface of the artesian water {the
height to which water will rise in tightly cased walls or
boro holes). In areas lower than the terraces (figure 9)
adjacent to the stream channel, the plesometric surface is
above the ground surface and the wslls drilled into the
artesian reservoir yisld water under sufficient artesian
nrassure to overflow at the land surface. The plesometric
surface 1s more than 30 feet above the land surface in part
of the area. It slopes from recharge areas toward springs
(figure 2) at the west end of ths valley, and to some
axtent towards the axial stream (figure 9), indicating

the lircction of movement of the water from recharge to

ilscharre areas.
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The test holes near ths center ¢f the valley showed
an increase in artesian head with depth, the pressurse
incraasing beneath successive beds of the silty to clayey
material that are interbadded in the aquifer and which
act as confining units, This, along with ths slopes of
the piegometric surface and the gain in flow of the Rito
San Antonio in its course through the valley, shows that
in this area water is rising to soms extent throngh the
confining beds. In the outlying hole, H5, tha water level
in the upper part of the aquifer was higher than in the
lower part, indicating that in ocutlying parts of the wval-
ley the water is moving downward as well as ;aterully.
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The water availabls to wells exceedsd cxpectations;
The svailability was most avident in the central part of
the valley where the combination of permeabls material and
artesian head causcd the loss of the first two holas dril-
lad at the H]l site and the near loss of Hole Hih. Iun the
area of the El site, where the head is more than 30 fast
above ground, two holos wers lost when they began to flow
at a rate of about 2,000 gallons per minute. Later, after
2 third hole was completed and developed as a well, ther:
was a8 flow of about 3,000 gallons'p.r minute for a short
paeriod with a 30-foot rsduction in head. However, s dis-
charge of this mapgnitude could not be maintainsd for a
long pariod. Over a period of ysars the water avallable
to a wall or walls in the vallsy would be approxinmately
~squivalant to ths natural discharge 1n.the valley, approxi-
matsly 1,1C zsllons per minute. (See ﬁ. 102.)

Yalle Crande

Tha test holes in the Valle Orande tapped another impor-

tant artesian reservoir. EHKere, the unconsolidated material in

the caldera is thickest and most extensive in the largest val-

l2y of the caldera. The total thickness of the saturated £111

is a matter of conjecture as none of the holes encountercd

badrock. It may be of the order of 2,0C0 feet thick over a
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large part of the vallsy, and it probably has its greatest
thickness throuch the central, southern, and eastern parts
of tha valley. To the north, toward the large flat-toppad
dome at this side of the valley, the £111 probably thins to
socxme extant as it laps ngaialt the scutinaard enlargament of
the dome (Cerro de Madio) in the subsurface.

Heles H7, the deepast hola drilled in ths valley, passed
through nearly 300 feat of clay and silt that forms the con-
fining unit in the valley and then penetrated nearly 900 feet
of puniceous sand and gravel tilat forms the aquifer. %The
nors shallow outlying holses {HIO to H12) showed that the con-
fininz unit is bast developed through the central part of the
vallay and that 4t interfingers with coarser classtics toward
the boundaries of the valley. In these cutlying arsas water-
- table conditions exisgt, but over most of the valley the water
i5 confined thouch the piesometric surface is a short distance
belcw rround in the tarrace arsags. (See fig. 10.) Judcing
fron holes 411 and H12 the pilesometric surface may be as =much
28 25 or 3C feet bslow the land surface in the higher parts
of the terrace areas. Along the lowest parts of the valley,
below the tarraces and adjacent to the main drainage, the
pissometric surface ranges from near ground level at the
~ain sprinss in the upper part of the valley to zore than
25 faet above cround at hole H10 in the lower part of the

vallav.
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The movemsnt of water through the aquifer in the
Valles Orande 18 loss well known than in the Valle Toledo
thougch the several holss and the discharge to the stroams
and springs furnish much information., The greatest move-
ment is to the main spring afea northsast of hole H7. This
is indicated by the proportion of the flow of this spring to
the total flow of the stresams. Movement toward Jaramillo
Creek appears to be relatively small in amount although this
creek may gain as much as 250 gallons per minute in its
courss through the Valle,

The lateral movement through the central part of the
valley iz relatively slow as borne out by the nearly flat
piezometric surface shown By the water lavels of the wells.
The maximum range of.natar levels in ths widely scattered
holoe is only 24 faset, and the gradient from the area of
hols H7 to H10 is only two {eet par mile. Downward move-
nent in places in the aquifer 13 indicated by the differance
in haad at tha top and bhottom of the holss. (Holas HI1C and
H1ll showed a slightly higher water lavel at the top than at
ths bottom of the holas.) Therefore, some water is moving
downwars in the aguifer as far {from the margins of the val-
lay as the locations of thass two holss. In the central
part of the valley ths water ls under highest head at
craataest depth. This probably indicotes that some small

ameunt of watar is rising to the bed of the main creek.
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The availability of watsr to wells is leas in the
Valle Grande than in the Valle 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, 1950) indicated that the
transmissibility of the Valle Grande aquifer is only about
one~half as great as that of tha Yalle Toledo aquifer. The
artasian hesd also is lower. The head was sufficiently high
in only ona area to causs difficulties in dr{lling., At the
sita of hola H1Q, whers the head is aﬁbut 25 feet above
ground, two holes ware lost before a third was completaed as
an ckservation well. Howsver, from the standpoint of quan-
tity of water available, thera probably 1s about the same
amount of water availablae in the Valle Grande as in tha
 Valle Tola3ic. On an annual basis; thes aomount of water that
could ba removed from the Valle Grande is equal to the flow
diacharged at the main spring arem, 900 gellons per minute,
Plus an sstimated 250 dischargsed to the Jaramillo, or about
1,15C zallons pa2r minute as compared with 1,10C in ths

Valle Tolado.
Fecharge

The recharrs for the ground water in the sasterm part
of the Valles caldera is of local origin. A1l of the recharge
oririnatas as precipitation which falls within the caldera. A
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small fraction of the preipitation escapes evaporation
and transpiration and percolates dounulrﬁ to Join the ground
water body. Most of the Infiltrttod‘pgtcipination follows
. an indirect ccurse to the caldara !iil{ passes through it,
and emerges along the main drtina;- lines. 8ome, however,
is unable to reach the £ill and gives riss t¢ the small
springs and seeps along the fans and terraces. (See figs.
8, 9, and 10.) |

Kost of the ground-water intake occurs on the steep
slopes of the area - on the interior domes, the imwmard fac-
ing escarpment of the caldera rim, and on the alluvial fan
material adjacent to stesp-sided fsatures. 8Some precipi-
tation, in part melt watsr 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 hirhly fractured, rubble covered, and commonly
pumicecus crusts probadly constitute the most important
areas of intake. ZXuch water is absorbed by these crusts
and transmitted downward. In a few cases it reaches less
permeable rhyolite in the cutcrop area of the domes, as, for
axanpls, adjacent to the north boundary of the Valla Grande
where two small springs emerge on the lower slopes of a
dome, above tha level of adjacent fan aat#rial. In general,
however, the water moves farther downward before it reaches
less perneable portions of the interior of the domes. This

less permeable materlial daflects the downward percclation
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and the water moves laterally to the surrounding alluvial
fans and caldera fill. The same sort of phsnomenon also
takes place on the rubble of the escarpment of the caldera
rim. In this case the water moves downward only a very
gshort distance befors it reaches the inpermeable rocks of
the Tsclicoma group or Cerro Toledo rhyolite and is
daflected to the adjacent f1ll or fan material.

Additional recharze takes place on the upper slopes
of the fans. For the most part this intake repressnta los-
ses from small rivulats that pass onte ths fans from the
adJjacent slopes of the domes and rim. Losses of this type
have been notad salong the north aide of the VYalle Grande
where rivulets from ths two small springs dischnrging on
the lowsr slopes of 2 rhyolits dome reach the upper.slopes
of fan materisl and irmmediately soak in. Rivulets that
form on the steep slopes from malting snow in the spring,
and after heavy rains in the sumzer probably lose water as
they pasg across the fans. For the meost part the recharge
of this typa probably takas place within a narrow strip on
the upper parts of the f{ans, where tho fan material is
coarsest., This is indicotad by sseps and small springs
that emergze at lower elevations on the fans. These seeps
ard springs Indicate that parts of the fan material are not
sufficiently permaable to transmit all of the watar that
~the fans recelve downward to the unconsolidated material
£111lins the caldera. A part of the water that enters the
fans i3 deflected laterally and emerges on the slopes of

the fans,
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Disragarding the obvious diacharge on the surfaces
of the fan material, water moving through the fan material
follows two courses. A part of the water moves downward
to the caldera fill. Another part moves laterally to the
alluvium that caps the low ﬁernaces. For the most part,
the water that raaches this terrace material is discharged
at the edges of the terraces and at low points on the sur-
face of the terraces. (3ee pp. 100-102,) However, at
placas where the terraces axtend to high elavations; far
back from the main drainape, some water probably passes
downward from the terrace zravel to tha underlying caldera

111. |

The water that reaches the unconsolidated material of
the caldera by dounwafd percolation recharges the important
- zround-watoer bodies of the Valle Tolado and Yalle Crande.
After reaching the fil1 - from tha crusts of the domea,
from debris on the caldera escarpaeht, from the fan mate-
rial, and from ocutlying parts of terraces - the watar moves
slowly through the puriceocus sands and gravels to the nat-
ural outlets along the main drainage. (3ee pp. 10C-102.)
Tha guantity of water discharged at these natural outlets
is 2qual in amount to the intake that reaches the fill by
lownward percolation in the peripheral arsas of the val-
lays. The recharge-discharge systam is in a stats of

approximate equilibrium,
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Discharpge Tests

Followihg the completion of the Iﬂzcxp;oratory holes
in ths two valleys, discharge tests were run in the fall of
1949 in both the Valls Toledo and Valls Grande. Thae tests
were run to determine the producticn characteristics of the
main wells, the hydraulic charscteristics of the aquifers,
and the effect of well discharge on the main springs along
the stréam drainasge. Thae wells were constructed similarly,
daveloped, and each discharge test run during a three to
Tour day period. Data were collected during the time of
the discharze and for an additional three days afterward.

dell Construction and Davelopment

The main wells, Hl in the Valle Toledo and H7 in the
Talle CGrande were used to discharge water for the tests.
Well Hl was constructed by fifét drilling 70 feet into the
main confining bed of tha aquifer ahd cementing to that
jepth a string of l6-inch surface casing. The hole was then
drillad throuch the cement plug and cased tos a depth of 450
feet with l12-fnch pipe. In the main string of l2-inch pipse,
L fzoet of wire-wrappud scresen was placed between the daepths
of 383 and 427 feet, near the base of the caldera fill. Then,
in order to draw water from all of the water-bearing units
penetrated, the 12-inch pipe was perforated with a Mills knife
opposits all these units, or practically throughout the inter-
val of 2C tc 340 feats In final completion, the well was
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developed by pumping, by churning with a bailer, and by
natural flow, Ths deveslopment was bslieved adoqnntq when
the well finally discharged approximately 3,000 gallons
per minute by natural flow. Well H7 was constructed by
first drilling into the confining unit to a depth of 70
feet, and cementing a string of l6-inch surface casing at
a depth of 66 fast. Below this depth thc'l;IBS-foat pilot
hole was reamed to a depth of 595 feet, or throuzh a thick-
ness of 235 feet of water-bearing sand and gravsl beneath
the overlying 300 fast of clay and silt. 4 string of 12-
inch pipe was then landed at 595 feet. This string con-
tained five 10~foot sections of wire-~wrapped screen which
were spaced at intervals between the depths of 30O and 595
feat. All the intar&ening pipe between the screens was per-
forated with a torch in slotz about four inches long and one-
eizhth inch wide. These slots were spaced four around at
cne-foot intervals. Hence, from 300 tao 595 feet the main
strins was open to all adjacant material, In firal con-
pletion the well was develcped by churning with a bdailer,
by internittent purping,by back-flushing with a fire-engine
purp, and by aatural flow. At the end of the development
thoere was a natural {low of 50 gallons per minute with a
1C-foot reduction in head. It is probable that the well
was not parfaectly develcped.

The ocutlying holes, H2 to H6 in the Valle Toledo and

i€ to H12 ip ths Valle Grande, were complsted for use as
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observation wells for the discharge tests. T@e eonstruction
consisted of cementing a string of &é-inch eaaing to depths
ranging from 60 to 100 feet, generally well into the confin-
ing units of clay and silt. Inside this surfacs casing there
was a string of two-inch tubing which hed a well point 30
inches long welded on the lower end., With eme sxception all
of the well points were landed at an altitude approximately
equivalent to that of the bottom of the main wells in each
of the valleys. The axception was hols HA near the west end
of the Valle Toledo. Hare, the well point was landed at a
depth of 240 feet, within the pumiceous orust of a dome of
Yalles rhyolits encountered beneath the caldera fill. Another
exception in the construction of this holo was a string of
L-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 ths pressures or
water lavels in both the é~ and 2-inch easings could de
neasured. The wells were then developed by forcing water
down the 2-inch cssing and out the 6~inch. This development
was not entirely satigfactory, and, due to caving of confin-
in beds, the hydraulic inter-connection between the two
sets of casings was somewhat variable and {ndefinite. 1In
waneral, the head in tha 6~ inch casing represented ths head
of the upper part of the aquifer while the head in the 2-inch

casin~ represented that of the lower part of the aquifar,
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Well Hl was shut in for thres days after the develop-
ment of the well had been complsted. At the end of the three
days the artesian pressure was near iquilibrium and a three-
day discharge test was run. A constant flow of 1,0CC gallons
per minute was maintained during the test and the docrease in
head was measured with a bourdon-typs pressure gage. The
decrsase in head at the potentislly flowing observation wells -
the pressures in both the 6~ and 2-inch casings in holes H2,
E3, and A6 and that in the 6~inch casing at Hi~ was measured
with a mercury mancmeter. In the case of the 2-inch easing
at holes H4 and H5, wheras the watsr levels were below ground,
water-lavals wers measured with a stesl tape or with a con-
tinuous water-lavel recorder. Observations could not be madz
in the 6-inch casing at hole H5. Following the threes-day
dischargze perlod, well H) was again shut in and recovery
obsarvations were made at all wells.

Thoe three-day discharﬂe at well Hl produced the fol-
lowing sffects"/ H

After Theis, Chas, V., et al., Unpublished report,
February 1550

1. The head in the discharging well lowered about
2C fest fron its static level of about 35 feet above
rreund level, indicating a specific capacity of about
0 :allons per zinute per foot of drawdowm.






2. The head lowered 7.7 feet in the 2-inch and
7.3 feat in the 6-inch casing-at hole HZ, 3C2 feet
west of Hl,.

3¢ The head lowared 2.2 fest in the 2-inch and
4.5 feet in the 6-inch easing at hole H3, 600 feet
west of Hl.

4Le The head lowsred 1.1 fest in the 2-inch and
1.7 feet in the O6-inch casing at hole H6, 3,600 fest
east of Hl.

' 5. The water level in the 2-inch easing at hole
H5, 4L,1C0 fest northwest of Hl, rose slightly during
the first hours of the test, and it lowered only 0.03
foot at the end of the first 24 hours of the test.

At thae end of the three-day pericd, when the dischar:;e
was stopped, it had lowered 0.25 foot and it continued
to lower an additional G.20 foot during the following
two days. After this it began to recover.
€. Thore were no clearly defined affects at hols
Hby, 4,450 feet west of Hl. There were scme ninor
fluctuations, but they could not be related to the test.
This was to be expected as the hole was cased improporlye.
The water Iinthe acuifer apparently was cased off in this
hole.
“hen viswed from a purely qualitative standpoint, the
short. ijischarzse test showed that the effects of the discharg~
in: well spread rapidly throuch the aquifer. Ths continued

declins of head (or water level) in most of the okservation



wells was clear, and showed that & longer psriod of dis-~
charge would have csused grester declines and more sxtansive
effects. Therefore, a production well, discharging over a |
pericd of years, would eventually lower pressures throughout
the oxtent of the locs] body of water. As the effects of
discharge spread to the spring area at the west end of the
valley, the flow of the springs would decreasse and the flow
of the Rito San Antonisc would be affected eorrespondingly.

When viewed {rom a quantitative standpoint the same
conclusion iz reached. Acecording to thsory the discharge
of a well reprasents a new point of discharge on a nstural
systen that previously has besn in a stats of approximate
eguilidrium, A cone of Jdepression spreads out from the
discharging well, changings the natural gradients which ;
. praviously have existed between areas of recharge and dis-
charpe, and the equilibrium is disturbed.

The formumla for this cone of depressicn in an ideal
aguifer is (Thels, 1935):

5= lgéaﬁi J///;o 2 (e~%/u) du

whares ,
s = dravdown at any point in faet.
Fe rate of well discharge in gallons per minute.
T = coefficiont of transmissibility |
S = coefficient of storags.
t = time the woll has been discharging in days.
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The formula indicates indirectly that the cons will

spread eventually to the area of recharge or discharge

(or both), and a new equilibrium has to be establiashed.

The discharze of the well has to be balanced by an increase
in recharge or by a decreass in ths aatural discharge - or
by a combination of the two. In the case in question little
if any new rechargs can be drawn into the aquifer. The water
table is wesll below ground in the areas of recharge, and hence
a new squilibrium would have to bs established by a decrease
in ths natural discharge - that is by & decrease in flow of

LN Ak

the nearby springs. ot
In order to check conditions to see if the above for-
mula was applicable, ths drawdown in holes H2, 83; H5, and
HE and the rocovery in holes 32; H3, and H6 ware plotted
arainst the logarithm of time since discharge began (or
anded) divided by the square of the distance between the
obgervation well and well Hl. (Ses figs. 12a and 12b.) The
roints did not fellow a single straight 1ina; but they
indicated that the aguifer closely approached conditions con-
sidered in the formula, and that tho cone of depression would

(SRS R S 5~“M47M0~3n.»-v\4 ) Lo Ra . -y B

have reached the discharge area within a very short tine,

The transnissibility of the saquifer has bsen cemputed
by several means (Theis, et al, 1950). The drawdown and
recovery of artesian head in hole H2 indicate a transmis-
3ibility of about 60,00C. Using water levels at the end
af the pumping period and wells Hl, H2, and H} in pairs

values ranged Trom 4C,0C0 to 55,0C0.
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Valle G e t

¥Well H7 was shut in for four days after being devel-
opad. It was then intended to pump thefunll at 500 gallons
per minute for 72 hours, but the pump falled after 4O hours;
and after being repaired and restarted approximately 12
hours after the time of failure, there was an additional
pumping period of 48 hours. Dwring the test and for an
additional three days, water pressurss were measursd with
a mercury manometer in both casings of holes H8, E9, and.
410, and the water lovel measursd by steel tape in the 6-
inch casing of hele Hll, . Automalic watar-etage recordasrs
neasured tha water levels in the 2-inch casings of holes
Hll and H12.

The 50C gallon per minute discharge at well H7 pro-
duced the following effects-/:

After Thels, C. V., et al., Unpublished report,
Fabruary, 1%50.

1. The water level of well H7 lowersd
approximately 50 feet, from about 10 feet above
the land surface, while pumping 5C0 gallons per
minuts. This indicates a specific ecapacity of
approximately 10 gallons a ninute per foot of
drawdown.

2, The head lowered 8.2 feet in the 2-inch
and £.3 fest in tha 6-inch casing in hole H8, 300
foet west of 7.
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3. The head lowsred h.ﬁ_fb.t in thg 2~inch
and 5.4 feet in the 6-inch easing in hole H9, 600
fevt west of H7.

be The head in the 2-inch showed erratic
changes - that in 6-inch easing no perceptible
changes at hole H10, 7,100 fest southwest of H7.

S« 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
fall at its conclusions. These water-level fluctu-
ations appesred to be correlative with barometric
changes that occurred during these periods.

6. The strean gage, on the East Pork of Jenmes
River above the site of H7, showed the effacts of
the pumping. Immediately after the pump was started
the gage height began to decrease, and at the tinze
the puwp failed it had declined 0.04 foot. During
the l2-hour period while repairs were being made it
rose 0.02 foot. It then declined 0.03 foot during
the second phase of the test and began to recover
irmediately after the test was complated.

The effect of the well discharze on the flow of Jemes
Biver - or actnall? on the flow of the springs at the head
of the creek - was obvious. There was no doubt that a
production well in the valley would decresse the stream

flow.
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The interruption of ths discharge taat by the pump
fallurs made theorstical 1nt¢rpr§§2§i;n difficult. Draw-
down curves were valueless, and correctsd recovery curves
of observation wells (fig. 12c) were imperfect, posaibly
becauss of a nuzbsr of reasons. PFor example, the pumping
poriod 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
tha aquifor; and it is not unreasonable to assume that the
watar-bearing sands and gravala would spproach the behavior
of an ideal aquifer, ‘ '

The corrected recovery curves of holaes HE and HY
(see aﬁpendix), the closest observation wells, though
imperfect, were used to compute the t:an:mitsibility-/.

Theis, Chas. V., et al, Unpublished report,
?ebm » 1950‘

It was assumed that these curves were approaching straight
line plots. V¥ith this assumption, the tranamissibility of
the aquifer as corputed from the 2-inch casing in well HE
is about 30,0003 for the H-inch casing of the same well it
is a bout 27,0003 for the 2-inch at well B9, about 45,0C0;
and for the &-inch at well H9, about 18,000, The averagce
of ths two slopes at well HO, where the greatest diversence

occurs, zives a value of about 26,0CC,
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Chen ¥,
by Jo Do Ham

e

In the course of the studies of ths chamical quality
of ground water and surface water in the Valles Caldera
area, sazples of water were obtained {rom the springs along
the Rito San Antonioc and the East Pork of Jemes River, and
from the surfacs flow of the two streams. 3Sanmples 2lso were
obtained from the flowing tast walls drilled in tha Valls
Toledo and Valls Grande areas. The analyses of these samples
ar: listed in table 5 and they form the basis for the discus~-
sion of guality of water for this area in this report.

Yalle Toledo

Analyses of water from five of the six test wells in
the Valle Tolsdo are given in table 5.;nd one analysis is
available for the 97-foot well drilled in connaction with
sarlier studles.

In general the zround waters of this area are low in
digsolved solids and soft. Ho sample was obtained which con-
tained more than 143 ppm dissolved solids or 42 ppm of hard-
nass. 1n most of the aamples the content of silica was high
{about 40 -~ 60 ppm), usually constituting half or zora of
tha dissolved solids. The predominant anion in all the
sanples was ticarbonata, and in most instances more than half
the total catiocns consisted of sodium. The content of dis-
solved natter is derived from the slow attack of the volcanic

rocks by the zround water which circulates throuch then.
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In one 1mpérzxnt respsct the ground water of the
Valle Toledo area differ from those of the Valle Grande
area. VIn nost water of the Valle Toledo, rather large
anounts of fluoride are present. Several samples showed
a concentration of 3.6 parts per zillion of this constit-
uent and aany of ths saxples contained 2.0 ppm or more.

As mentioned elsevhere in this report the observation
wells were fitted with 6-inch casing to shallow depths and
with 2-inch easing to lowar depths. Because of the inter-
connection of waters between the casings this arrangement
peraitted imperfect sampling of water from the upper part
of the agquifer through the {low from the é-inch casing and
from the lower part of the aquifer through the flow fronm
the 2-inch casing. The psrfect separation probabdbly dces
not exist in most wells but some indication ean be obtained
from these data as to the extant of thevdifferaneel which
=ay axist between the gquality of water in the upper and
lower parts of the aquifer.

Samples from the cbservation wells show only minor
diffarences in quality that could bs attridbuted to the
alffect of depth. Water from the 97~foot well at the site
of Rl containad only C.6 ppm of fluoride. One of the holas
irilled later at this szite which reached a depth of 478 feet
y.elisd water having l.4 ppm of fluoride. The final well
Hl had 2.4 ppm of fluoride except for a sample collected
after a period of heavy pumping which contéined 3.5 ppme
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Plate 12.~-Upper part of Guaje member, {lower right)
the Otowi member with conicsl erosional remmants,
and the Tshirege (cliff) member of the Bandalier
tuff. Pueblo Canyon.



These data appear to indicate that if any water of low
fluoride concentraticn is present in this area it occurs
only at ahallow depths in the f1l1l.

The iron concentration 4n .CY!;;I of the samples from.
the walls was high, Poasibiy this represents iren dissoclved
from the well casing.

Sanmples were collected from time to time during the
study froz the apring arsa at the lower end of Valle Toledo.
The analyses of these samples all sﬁaund wter similar in
chenical character to that from the wells and all the samples
contained 1.8 ppm fluoride or more. Samples of the surface
flow in Rito San Antonio collected st the gaging station
juat below Valle Toledo show the quality is practically
fdentical to that from the springs.

The close resemblance of the water from the wells and
the springs and from the Rito San Antonio in the Valle Toledo
area emphasizes the hydrologic relationship of all watars in
thig area. It provides further evidence that withdrawals of
water {rom wells will reduce surface diecharge from the area
by an a2quivalent gmount as the wells and springs are sup-

pligd Yy the same aquifler systen.
Valla Crands

Chemical analyses of water {rom four test wells in
Valle Orande are given in table 5. The water in the Valle
Crande area, as indicated by these analyses and the data

N
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for springs and surface flow, are low in dissolved 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 totsl mineral content. The waters closely
resenble those obtained in Valls Toledo except that the
water satples from Valle Urande all contained considerably
less than 1.0 ppm of fluoride, Thare appesr to be no aig-
nificant differences detwesn samples f{rom the upper and lower
part of the water<bearing sone in well H9, This is the only
well for whth such a comparison can be made,

Yater from the springe at ths hezd of flow in the Cast
Fork of Jemeg River closely resemblss that obﬁainod from the
wells. However, the spring water does appear to be slightly
lower in dissolved solids concentration than that encountered

in most of the wells,
Felation of Cuality of Water to Use

The water from the Valle Toledo and Valle Crande areas
is consziderably below the limits where dissolved solids or
hardness would be objectionabla for most ussa. Considering
these components alone the water should dbe of excellent
quality for domestic or industrial purposes. The large con-
tznt of silica howevaer would contribute to scale formtion
wher the water 1s heated, and would be seriously objection-
avle in a heavy duty stean power installation. Under some

conditions the water from this area msy be corrosive to netal
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The flucride content of water used for domestic pur-
poses has received considerable litentien in recent years.
It iz zenerally recognised that water which contains more
than about 1,5 ppm of fluoride may csuse mottling of the
enamel of permanent teeth of children drinking such water
during the time the permanent teeth are forming. On the
cther hand, the presence of fluoride in a conecentration of
about .1.0 PPz may be helpful in strengthening the teeth of
children drinking the water, and in making the teeth less
ansceptiblo to decaYe.

The concentration of fluorids ia the Valle Toledo
water is so high 38 to raise a serious objection to its
use a8 the sole supply for domestic purposes. The water
from Valle Grande is far superior in this respect. An equal
nixture of these twa waters ghould bring the flouride con-
centration near to optimun,

In general any water supply which might be developed
in sither Valle Grande or Valle Toledo should B« expected
to have a chemical gquality similar to that of the present
head watar springs discharging from thase areas into the

sast Pork of Jemez River agand the Rito San Antonioe.
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EASTERN SLOPE AREA
Surface ¥ater

Occurrencs

The surface wstera of the sastem ilqga area are
represented by the flow of the few suall springs and
streans on the slope of the Sierrs de los Yalles, just
west of the townsits, and that of the Rio Orands, ten
ziles to the east of the townsite. Thse Rio Crande is
the master stream in the region., It has a drainage ares
of mae than 14,600 square miles to the north, in north-
central Yew Yexico and south-central Colorsdo, and the
average discharce over a LE&-year period at Otowi bridge
at the north end of White Rock Canyon is 1,682 cubie feet
per soccond (?aulsen,'1951; Pe 296). The amininmun averase
annual discharge of record is 128 cubie feet per second
(1934) at this point. The flow of the springs and streans
¢n the Slerra de los Valles is quite small in comparison
to that of the Rio Granda. The largest strean of the Sierra,
in Guaje Canyon, has a drainage area of only a few square
miles and a low {low of approximately 200,000 gallons per
day during dry periods. The smallest spring, Armgtead
1o 2 in Water Canycn, has a flow of about two gallons per

=inute.
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Avallability

The waters of the Rio Grande canmot be claimed for
use by Los Alamos. According to the provisions of the
Eio Grande Compact, & compact between the States of
Colorado, New Mexico; and T&xas and effective by the con-
sent of Congrass, the water of the Rio Grande (and its
natural tributaries) were fully appropriatsd by downstrean
usars long before the advent of the Los Alaloi project.
On the other hand, the water of the small streams and springs
or the mountain slope west of the townaite ayparently'vara
not considered 2 part of the Rio Grande watershed, probably
bocause the normal flows during historic times have sunk
into the ground within a short distance sfter passing from
the Sierra de los Vailes to the Pajarito Plateau. Therefare,

- these waters were acgquirasd and the several sources were deve-

slopad one by one as the town grew during the war years.
Ths total gquantity of water available was inadequate long
befors the end of the war, but the conveniantly located
scurces have furnished an economical supply and are still
in use. They yield from about 100,000 to nearly 5C0,000
rallons per day Jduring the dry mohths, usually in the fall,
and from asbout #C0,C0C to 1,000,0C0 gallons per day in the

late springs when snow iz melting on the mountain mlopes.
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The base flow in the upper reaches of thésc canyonsa
is discharged from parched water sones in the rocks of the
Tschicoma zroup and Bandelisr tuff. The water is collected
by means of small intake structures and conveyed through
pipe lines to the town's distribution system. is all ths
water emarges within or c¢lose to five main eﬁnyana, it 18
convaenient to refer to the Cuaje, Los Alamos, Pajarito,
Valle, and Water Canyon sources. Thess designations wiil
bs used i{n individual descriptions that follow.

Descriptions of Surface Sources Utilised

Guaje Zanyon Source
This i3 the best of tha five surface sources and

yields approximately 2CC,0CC gzallons per day during the
driest nonthe of the year. The maxirun flow that has been
collacted during the period of snowmelt runoff in tha late
sprinz, is approximstely 500,000 gallons per day. The water
is sollected gt a small concrete dam 25 feet long and 11

feet high. This structure is at an altitude of 8,018 feet
in Guaje Canyon and impounds adbout 250,000 zallons of watesr.
The Zrainaze area above the dam is adout six and cne~half
square miles, and the perennial flow of the strear heads at
twc springe soms twe and one-half miles above the structure.
SJoth springs issue from pumice at the base of the Tshirege
member of the Fandeller tuff, One isz in the main stem of
the canyon, at an altituds of &,85C feet and flows about 25
<allons per minuta. The other is in a small branch canyon a



short distance south, at an altitude of 8,840 feet. It
flows about 40 gallons per minute, neunltriaa frox= the
aprings there 1s a gradual gain in the stream {rom the base
of talus adjacent to the south side of the strean bed to a
point about one-half mile above the intake structura.

Loz _Alamos Canyon Source
The flow i{n this canyon is ismpounded by a small aarth-

£111 dam with a concrete core at an altitude of 7;657 feet

in Los Alamcs Canyon. The structure is about 35 fest high
and inpounds more than 10,0C0,000 gallans of water. The
drainagze area above the danm is approximately five and one-half
square niles, almost &8 large as that of Guaje Canyon. The
flow that 1s collected, however, is considerably less. The
minimum flow in dry months is about 50,00C gallons per day.
In the spring, when snow is melting, it has exceedod 2C0,00C
zmllons per day. The low flow represents the discharge of
only two s=zall springs. One is adjacent to ths Cuemasen

fork of the canyon, at an altitude of 8,660 feset. The water
enerzes from talus, and the diachargze is about 15 gallons per
minutz., The other sprin: is adjacent to the main stem of the
canyon, at an altitude of 8,000 feet, where about 20 zallons

rer minute emerzes f{rom talus and alluvium.

Pajarito canvon Source
The flow of this canyon is diverted by an earth and

rock-fill dam at an altitude of 7,320 feet in the canyon.
The structurs is § feet high and 15 feet long. Thae drainage



area behind this intake is one and one-half square miles,
and the minimum flow appears to be about 35,000 gallons
per day. The flow collected during the :nou»mclting period
in the spring has been as high as”180,000 gallons per day.
The low flow is8 fed by a ;nill spring area at an altitude
of 8,660 feet whers the water emerzes from alluvium and
talus in the {loor of the canyon.

Yalle Canyon Sourcs
This is the least izportant of the surface-water

sources. The low flow is only lhout>10,000 gallons per

day. Half of this is eollected behind & low earth and
rock-111 dan about 4L feet high snd 15 feet long. This
small structure is in Valle Canyon at an altitude of

8,240 feet, immediately below a small spring that emorges
from alluvium and talus and which flows about four gallons
per minute. The dralnage area of the canyon above is about
two square miles., The other half of the {low is collected
from a small spring on the north wall of the canyon, a few
hundred fest east of the small dam. This spring emerges
from fractures in the Tshirege =member of the Bandeller tuff,
The £ow of about four gallons per minute 1s collected behind
a bulkhead. During the spring runcff, es much as 14,0,00C
-allons of water per day havs been collected at both sources.

Zater Canyon Source
The water collected in this canyon is from the flow of

thraee springs. Direct runoff from precipitation is not
132



collected. The largest of the three springs is gt an
altitude of 8,000 feat in a short branech of Water Canyon.

At this point a flow of about 90 gallens per minute emerzes
from fractures in the Tshirege member of-the Eandelier tuff
and is collected behind a bulkhead placed in the tuff. The
other two springs are both small. One, American Spring, is
a short distance south of Water ctnynn; at an sltitude of
8,280 fest. The water emergas at the contact between latite
of ths Tachicoma greoup and the overlying Ishirege menber of
the Randelier tuff, The flow of about five gallons per min-
ute is collscted in a concrets spring bhox constructed around
thz opening. The smallest spring, Arzstead No., 2, is adjacent
to the floor of ¥atar Canyon, at an altitude of 8,216 feet.
The flow of about two zallons per minute emerges froa frac-
turas in latité of the Tschicoma group and is collected in

a cencrete spring box.

In tha four canyons where intake structures are located
in the stroam beds, 1t may be notad that the water collected
ver unit of drainage srea is not uniform. This $s primarily
the result of the small siza of tha intake structures which
are not capable of storing the water of torrential flows
that occur in the surmer months when the precipitation is
greateat, These high digcharges pass over the small dams
and are lost to the supply systen., This bypassing has been
considered in the past and thought has been given to the cone
structicn of larger impounding structures, Howaver, as
paintad cut in Black and Veatch reports {1946 snd 194¢) the

133



amount of additional water to be gained from the small water-
sheds does not Jjustify the construction cost of additional
dams. Alsec, as pointed out by Stearns {1948, p. 14), &t
would not be worthwhile to attexpt to increass the spring-
fed flow of the streans as the deep canyons of the Sierra

ds los Valles allow an outlet for most of the small perched
water bodies of ths area. Thess surface sources now yield

a small but inexpensive supply ef water, hﬂ& attCu@t: at

za jor improvement would not be jJustified.

Sround Vgter
Exploratien

Following the aischarge tests In the Vallss caldera
and the confirmatian-;hat punpagu trugﬁthat ares would
affect the flow of the associated ttrian:, theredby inter-
faring with the rights of downstreanm nicr', it was neces-
sary that the exploration for ground wmter be shifted to
the easterm slope area. Some knowledgs of this area had
been zained during the aurmer and fall of 1949, and the
stulies were intensified during thes following winter.
Nevelcpment of additlonal wells by the surmer of 1951
was necegsary in order to supply the additional water
needed for expansion of the town,

Some exploratory drilling bad been started on the
eastern aslopa in the swmer of 1949. Hole H19 was drilled
in the townsite area gt that time to determine whethsr
adequate water-vearing formations existed at aecononmic depths,
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and a series of test holes {n connection with the under-
ground movewent of wasts products had been started during
that swmer. These latter holes furnished sdditional data
on the occurrencs of water. Fisld observations were becun
in the winter of 1949. By the spring of 1950 it was decided
that only ths undifferentiated unit of the 3anta Fe group,
from which wells L1 to L6 were preducing, could be expected
to yleld supplemental water in any important gmount, but
there was considarable speculation as to the satisfactory
vater-bearing cheracterstics of this wnit. 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 rapid decline of levels
would continue, However, fisld studies indicated that the

~ undifferentiated mit of the Santa Pe group probably would
support additional wells, and an exploratory hole was
started at ths site of well Gl in Guaje Canyon in March of
195C. ¥hile this hole was being drilled a pumping test on
wall L3 zave encouraging results. The test indicated that
the rapid iecline of water levels was incident to the first
phaases of pumpage and had gradully decreassd. ?inally; after
the aexploratory hole at the site of 01 was completed as a
well and tested, it became evident that additional wells
could be drilled in GCuaje Canyons These wells, G2 to G5,

ware corpleted 4n 1951.



VWater of the Various Stratigraphic Units

Ischic 4

. The rocks of the Tachicema group are unimportant as
water~besaring materials. The small quantity of ground
wvater that eaergss naturtllj on the slopes of ihc Sisrra
de los Valles indicates that these rocks do not contain
important bdodies of perched water at high elevations - at
altitudes above the flcors of the deep canyons cut in the
Tschicoma. In spite of the doep canyons in the outcrop
area, which would allow ready outlets to any contained
~round uater; cnly miner amounts are discharged to support
the low flow of the small streams on the mountain slope.
Two test holes failed to show important ground-water
reservoirs at depth. Hole H19 4in los Alamos Canyon found
the top of the main gone of saturation at a depth of about
1,20C fest. Between this depth and 2,000 feet; the bottom
of the hole, the drill indicated that the rocks in which
thas water occurs are generally hard and massive. Therefors,
it was assurel that these rocks have & low coefficlent of
perzeablility and would nct yileld large amounts of water to
the well. Hole T4, about one mile northeast of H19, was
irilled to a total depth of 1,205 fgoet and 21 faet into
water-bearing breccia in the Tschicoma zrounp. This hole was
casad and eguipped with a pump for use in waste disposal |
studies., Two pumpling tests run on hole T4 indicated a trans-
=missibility of approximately 1,0CC for the aquifer and show
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that even brecclated portions of the Tschicoms group are not
highly permeable. Hence, this group 1is unsuitable for the
development of large supplies of water.
Pandeller Tuff |

The Bandelier tuff lies well above the maln water
table, However, scne perched water is present in places
in this tuff, as shown by one test hole and by a few springs.
Of a series of sizht holes that penetrated tlu Blndclicr; one
hole {H19), yielded wmter. it this locality perched water
was encountered detween the depths of A50 and 472 feet in
lurmp pumice of the Cusje member. !'cutf springs emerge from
parched sones in the Tshirege member:, at places where this
member extends to high clevations on the slopes of the Sierra
de los Valles. Two of these tprings.;m flowing about 25,
the other about 40 gallons per ainuts, smerge from pumice at
the base of the j.'ahirege member near the head of Cuaje Canyon.
These gprings form the headwaters of the strean in this canyon. -
{See p.131.) Another spring enerzes from fractures in welded
tuff of the Tshirege member in Vgter Canyon. This spring is
at an altitude of 8,000 feet in ths canyon and flows about
7C zallons per minute. A spring yielding about 4 gallons per
minute is &t an altitiude of 8,300 feot in Valle Canyon.
This spring also emerges fr.m fractures in welded tuff of the
Tehirage mezber.
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For the most part the Puye conglomerate is above
the mein water table, but perched water is present in
places in this conglomerats, and at one locality the
lower part c¢f the conglorerate lies delow the aainiuater
table.

Thres test holes encountered perched utt'f'in the
Totavi lentil of the Puye. Hales T1, T2, and T3 encoun-
tered water in this lentil at depths ranging from 600 to
8CO feet. All of these holes wers cased, equipped with
s=all purps, and pumping tests wers run in eonnection with
waste disposal studies. Tests at well rz; the best woll
of the group; showed that where the lentil is relatively
free of silt tha transnmisaidility is about 5,000, This
- is a fairly high value for such a thiﬁvsona of saturation.
Assuming that the thickness of saturation is about 30 feet,
a perneability of about 170 is indicated. BEsvertheless,
this water is unizmportant. Large quantities of water could
nct be puwped from the lentil because the sone of satura-
tien is thin.

Two test holes encountered perched water in the
fan;lomerate member of the Puye. Hols TlA encountered
water between 212 and 215 fest, in an intsrflow sone Letwaen
rwo basalt flows Iin the fanglonerate. Pumping tests indicate
that the permeability of tha interflow sone 18 low and that
the water is present as a lens. Yhen the lens of water is

r3latively larre and is receiving recharce from sumer rains,

T
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the well will yield three to four gallons per minute for

a sonth or twe. In the winter and spring when ths lens of
water is small, the well pumps dry after a pumping period
of about one hour. Hole T2A encountered perched water at

a depth of 110 feet in eongicn.rutc in the fanglomerate
member. This local body of water yields about five gallons
per minute for a period of 10 minutes before being pusmped
dry. |

One spring emerges from the Puye. This spring is in
Ancha Canyon, about threse-quarters ef a mile west of the
4o Grande. The watsr emerzes from a perched sons in the
Totavi lentil, and the di;chargc is about 5C gallons per
minute.

The lower part of the Puye is below the main water
table at the sits of Hole H19 in lLos Alamos Canyon. BHere
the main water table was sncountered st a depth of 1200
f2et, 1C feet abtove the base of the fanglomerate nmember.
Farther down thae hole, below & quarts latite flow which
takes the place of the lowest part of the fanglomerate
member in this locality, ths Totavi lentil was encountered
betwean the depths of 148C and 1490 feet, nearly 3C0 feet
below the main water tabla. The hols was not tested for
water production, but it is improbable that the 20 fest
of saturation would yield important quantities of water

to a well.
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saltic Rocks of Chino

The basaltic rocks of Chino Mesa mre adbovs the
main water table, and they discharge no important quan-
tities of perched water, sven whers they are breached by
White Rock Canyon. Thersfore, it can be assumed that these
rocks contain ne important quantities of available water.
One small spring is present gbout 300 yards above well L&
in Los Alamos Canyon. This spring, though on.rgihg from
alluvium, must b? fed largely from ths basalt that crops
out immediately itlt. Along White Reck Canyon some water
that appears as seeps and small springs adjacent to the
Fio Grande probably discharges from interflow zones between
the basalt flows exposed in the walls of the ecanyon. The
water passes downward beneath talus to emerges adjacent to
the strean course. The total flow of all the small aprings
and seeps in this canyon is not large.‘ It is of no impor-

tance to ths Los Alamos supply.

Undifferentiated Unit of the Sgnta Fe Group

Occurrence of Water, =- At the foot of the eastern
slope, adjacent to the Elo Grande, thers are exposures of
tha undifferentiated unit of the Santa Fe group. This unit
composes the bulk of the fill of the Rio Grande depression
in the area énd is of great though unknown thickness. The
base has not been resached in any of ths aupbly wells which
were drilled toc 2,000 fest. The lateral bdoundaries of the

unit ara, on the west, faults underlying the central part
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of the volcanic rocks of ths Jemes Hountains, and, on ths
east; the fault sons at the western foot of the Sangre de
Cristo Mountains.

The undifferentiated unit is composed of poorly con-
golidatad silty sandstone and sandy siltstone with soms
interbedded basalt. There is also scme conglomerate that
i3 important in the subsurface in CusgjJe Canyen, and thin
boeds of clay are not uncormon. These rocks compoas the
aquifer that ylalds water to the wells in Los Alamos and
Cuaje Canyons, the two groups of walls that supply Los Alamos.

The studly of the area has shown that the undiffer-
entiagted unit is almost completsly saturatad. The thickness
of unsaturated material at the top of the unit reprasents
only a small fraction of the thickness of the entirs fill.

- This unsaturated portion is thickast ilcng tha east and
wzat margins of the Rio Grande deprsssion. Along thse
marginag of the depression the unsaturzatad upper part of the
unit is as ruch as 500 fest thick in places. However, as
the water movas from thesa outlying arcas to the Rio Grande,
the top of ths zone of saturation slepes to ths river, at a
lesser rate than that of the general land surface. At the
river all beds below stream level sres saturated and the
strean gains water {rom the pround-water body.

Water-table conditlons exist naar the marcgins of
the depreassion, but over most of the valley the water is

confinedi. The plezonastric surface, like the water table,

141



%

slopes to the river. Along £ho axis of Cuaje Canyon this
surface slopes sastward at a rate of about 70 foet per
mile. East of the Los Alamos area, on the east side of
the depresaion, its slope 1:vnestuard at a rate of about
65 fzet per mile. (Sece fig. 13.) These are general
figures, and on both sides of the river there are local
irragularities in the slope. In places, as betwsen wells
€L and G5 in Cuaje Canyon, the gradient of the pilegometric
aurface is only 5C feet per mile, but between wells G2 and
43 it steepans to more than 100 feet per mile, apparently
bacausa of z buried fault between the latter two walls.
Several poorly exposed faults have been noted on the sur-
face to the west of Otowi bridge. (See pl. 1.) The faults
probably are the surface exprasgion of a fault zone which

" is more prominent in the subsurface.

Although it is convenient to refer to the plesometric
eurface as if it were a plane, such a simple condition does
not =xist. Becausa of ths interlayering of beds of varying
permeability in ths complex aquifer, each water-baaring bdbed
has a piezometric surface of its own, sloping to the river.
The vertical spread of these numerous surfaces for various
zones or beds at a given locality probably i= not great, but
in outlyinr parts of the valley, as at well G5 in Guaje
CTanyon, the piegzometric surfaces representative of shallow
wataer-bearing beds arz several feet higher than thoss

anecountared at graat depth. Water is moving downward as wall
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a8 laterally in this locality. The reverse condition exists
near the river. Hers, the plezomstriec surface increases with
depth. Hhtarlis rising to the rivcp, and the ﬁicsometric
surface representative of deep beds is adbove the land surface
in areas of low topography. Hence, flowing artesian vlfnr
may bs obtained from desper wells which ars located at lower
altitudes near the river. Ais examples, wells Ll; 12, and 13
all flowad when they were completed, and two wells at Buckman,
irilled to unknouﬁ depths a nusber of yoars ago, still flow a
few'gallans_pcr minute. |

Availability of Water: — Perhaps all of the various
types of rock in the complex aquifer should be ccnsidered as

water bearing. In the long run, as water is withdrawn trcn.
the more permeable beds by wells and the head in these beds
is lowered, sirnificant quanéitios of water are cbtained
from aven the clay beds by leakage into the adimcent mors
rernesble beds. However, the eases with whiceh the different
types of rock transnit 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 mainly as confining or semi-confining deds and
are of little direct importance in ths construction of wells
axcept for the placement of screens.

“hen a well field was first being considered in Guaje
Canyon, 35 samples of the undifferentiated unit were tested

to determine to some extant the variation of permeability
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of the various types of material that crop out on the sur-
face., Of thess 35 samples, 18 were selected from five of
the most perwmeable types beds that wers exposed in the arsaj
saven wera gsslacted from four beds that seemed to be worthy
of consideration in well construction though less permeable
than the best iypa of sundctbne; and ten sanples were
selacted from beds of relatively low permeability.

The most permeable types are pinkish gray sandstone that
i3 vary poorly cemented and which commonly shows cross-bedding.
This sanistcne is composed of fine to coarse sand sizes with
some silt. The coefficients of permeability~/ of the 18

Meinger units, Ste2arns, 1928.

samplas tested ranged from about five to one hundred, with
most samples falling‘betueen ten and fifty. This type of
" sandstone composas only a small fraction of the unit, pos-
sibly five to ton percent.

Somewhat less permeabls beds consist of grayish pink
sarndstona that is massive to thin-bsdded and moderately well
cementad. The seven samples from four differaent beds showad
.a range in the coefficient of permeability from about five to
fifty, and fiva of the seven samples rangad between fivs and
thirtcen. Such beds are sstimated to compose about ten to
twenty percent of the formation in thes arsa.

Samples from the mors common types of rock, siltstone,
vary silty sandstone, and sandy siltgtona ranged in the 10
sarmplos selected frem about cone-~tanth to five though most fell

hatween ona~tenth and one.
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Samples of ths thin clay bada wers not tested nor
the conglomerate that occurs in the subsurface in Cuaje
Canyon. |

Thouch some of the psrmaabilities described abovs can
be consiiered moderately high (100 gpd. per foot) only a
vary small proportion of ths rocks possessas what might be
considersd moderate values of permeability. Accordingly,
i2 ias impoasibls to develop walls of high yield in ths
undifferentiated Santa Fe, even uhon,n'ralztivaly great
thickness of rock is penstrated, and.the formation cannot
be considersd a "high-yilelding® aguifer though it is
dependable.

Recharpe, Circulation, and Discharge:-- The water that

cccurg in the undifferentiated unit enters the ground along

~the margins of the FRio Crande deprn#nian, along a longitu-
dinal strip adjacent to the boundaries of the depression.
“rom these ars=as it woves very slowly through the various
typas of rock to the Hio Grande.

The recharse occurs by diract infiltration of precipi-
tation and by influcent seepage from small streams. In the
Los Alamos area thers is some dirset inflltration of pra-
cipitation, probatly a very small amount, on the ateep
glopas of the Siarra le los Valles and on the flat-lying
interstream areas of the Pajarito Plateau. More important
gquantities probably seep into the ground from gmall strsans
and rivulets on the lower slopes of the Sierra and on the

wastern part of the Plateau. For example, the flood runoff
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of such streass and rivulets rarely reaches the Rio Grands.
After the hesvy thunderstorms (that occur izm the summer
months), a great part of the water in the small streams
saaps into the ground near the foot of the Sierra and on
the westarn part of the Pajarito Plateau. In a fow places
thare are important loases il far sast as the gentral part
of the Plateau. In Puablo Canyen it has been notszd that
there are important losses just southeast of the Otowi
ruina, at a point wheres floodwaters reach an area under-
lain by the Puye conglomerats and the Guaje menbor of thea
Bandeller tuff,

A part of the watar that percolates downward throuch
tha roecks of the mountain and platesu arsas forms local
bodiss of perched water in the rocks overlying the undif-
frrentiated 3anta Fe. Some of this parched water ias dis-
char-ad from these overlying rocks within the mountain and
rlateau areag and alonz White Rock Canyon. (See p.140.)
This water dces not reach the undifferentiated 3Santa Fe.

A lsrzer fraction of water psrcolates downward to
rh2 zons of saturaticn in the undifferentisted Santa Fe.
Hare 1t bacomes s part of a slowly moving body of water
that discharges to the Rio Crande. The circulation through
rthe Flat-lying rocks of varying permeability is complex.

In ranazral, there is a considerable downward componant of

movament in the strip whare the grzatest recharrce is

r=ceivad, and there is considerable upward component of

~ovenant nzar the river, where the water is rising to the

stream hed from craat depth. (See p.li3.) There is a further
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complication caused by the layering of beds of varying °
permeability. The more permeable beds transmit greater
volumes of water; the less psrmeable bods'ﬁ;;nsmit leager
volumes. But twovbcda of the same transmissibility, present
at different levels in the formation, transmit differsnt
quantities because of a.dif!or-nco in hydraulic gradisnt at
the two different levels. The gradient is steopest at the
top of the sone of saturation where u;gcr particles ars mov-
ing in cessentially a direct line from the recharge area to
the diecharge area. On the other hand, thé gadisnt is very
low along streamlines thst extend to zreat depth and have a
pronounced curvilinear trend.

Tha discharge to the river froa both sides of the val-
lasy contributes water to the stream. This is indicated by
past raccrds of measursnments of tha river flow at a gaging
station at Otowl Bridge and another station {(Cochiti) 21
milcs southe The measursments at the two stations show that
there {s zain in dry weather of the order of 500 or 600 :al-
lons per minute per aile of river between the two points.
This increase in water is derived largely frog discharge
from <ho undiffersntiated Santa Fe though some smaller
part is derived from discharge of ovsrlying units along
“hite Tock Canyon. (See p.l40 )

Punping Tastsi--A number of pumping tests were run
in order to detaermine the production characteristics of
walls and the hydraulic constants of the aquifer. The

first ta2st was run in the Los Alamos Canyon well field,
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the field developed under the supervision of Black and
Veatch between 1946 and 1548. This test was run in the
spring of 1950 vhen information was needed to substantiate
axploration at the site of well Gl. Later, as each of the
five Guaje Canyon walls were caaglstad; additional tests
were run at each of these wells. 7PFinally, after the com-
pletion of all the Guaje Canyon walls, a final test was
run in this field in the spring ef 1952.

Fizure 15 shows the plan e¢f the six welle in the lLos
Alamos Canyon field where the first t.lt‘lll rm in April
and !fay of 1950, Thres of the wells (L1, L2, and L3) are
3870 feet deep and three (LL, L5, and L6) range from 1,750
to 1,265 feet deep. Conditiors for the test ware not ideal
as it was not possible to shut down all wells, wair for a
‘nearly complets recovery, and then pusp a single well while
observing the effects of its discharge, inasmuch as 1t was
nocessgry to supply the town with water during the experi-
mental punpage. To aceomplish both purposes, wells Li, 15,
and L6, the hest wells, were selected to aupply the town,
and wells 11, L2, and L3, the poorest unlls; were used for
tasting. The latter wells first were shut off for two weeks
to allow the recovery of watsr levels to stabllizge-~then well
L2 was pumped for two weeks--and finally the pumpiwg at L3
was stopped and the water level allowed to recover for an
sdditional two weeks. UYater-levals were zeasured periodl-

cally at wells L1, L2, and L3 and at two shallow test holes
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cloaaly adjacent to L1 and L3. In addition, a short test
was run at well L5, one of the deepor wells. Nost water-
level measurements during the testing were made with a
stael tape. ,

The test was not entirely successful. In the first
place the rata of pumping at well L3 was not constant.
During the two waeks pumping period of well L3 tha dis-
charge of the pump declined from 460 gallona per minute at
the beginning to 300 gallons per minute st the end of the
teast. Further, a wide range of valuss of tranamissibility
were obtained becausae of the variable parmeability of ths
aquifer, possibly in part as a consequence of faults in
the area of the wella. Because of the low permeability
in the locality of wells L1 and L2 tha water lavel of L1
~and an zijacent shallow tast hole showed apparently only
3 small effact of puspage at L3, a slight retardation of
racovary during the six weeks. Less distinct conQequences
of tha faulting in the arsa may have caused in part the
wide range of transmissibilities computsd by Theis and
Conover {(Theis, Chas. V., and Conover, C. S., 1950) from

drawiowns and recoveries in the wslls. (See tabls l.)
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Table 1.~ Computed Values of Coefficignts
of Transmissibility and St
from Test in Los Alamos yon Well Field

“Fethod clent ol
E'TT‘ﬁfTitiklixill[-c

Drawdown in well 12 as 4,100 g.p.d. per ft. .0033
result of pumping well L3,

Recov in well L2 after 4,100 " 0033
purp well L3. .

Recovery in well 13 after 1,400 . -
pumping well L3, 4

Recovery in :hallaw test hole 2,500 " -

adjacent to well L3} after
punping well L3.

Drawdownes in wells L2 and L3 2,600 " +0C33
at conclusion of pumping
well L;.
. Drawdown in well L5 as result 6,500 L -

of a briaef test on well LS.

Aftar Thels, . V. and Conover, C. 5., 195C
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Brief pumping tests wers run at each of ths Guaje
Canyon wells fuulll Gl to Gs) 1lntdiatol§ after each of
these wells had been completed. After casing and screen
had been set and a gravel pack emplaced, the walls wero
developed with a turbine pump. The development consisted
of pumping and surging until the water was clear, generally
for about 48 hours. Then, when the raccvtryjof water level
following the aovnlcpmcﬁt was essentially celplotc; h8-hour
purping tests were run, Figure 16 ihov! th;\?lan of the
wells,

The pumping tests congisted mainly of pumping each
well at a constant rate for a period of 48 hours although
well C3 was punpsd for eight days. The constant dischar:es -
in some cases 500, in aomi cases 600 gallens per minute -
was measursd with a calibrated orifice. During the period
of pumping the water level in the wells was measured with
a continuocus air-line recordaer. Following the period of
pumpings the water lavels wers measursd with a steel tapse.

The puiping level at the end of these brief pumping
taests indicated that the spescific capacities of the five
wells ranged from about 5 te 7 gallons pcn}ninuto per foot
of drawdown. Points taken from the air-li;t recordars and
plottad on semi-lozarithmic papsr were crratic; and these
drawdown curves were of little value. The tape measure-
ments of the recovery, howaver, fell very near a straight

line when plotted on semi-logarithmic paper. An examplse
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of cne of the plots is shown in Figure 17. Values of ths
transnissibility in gallons per day psr foot were computed
fron the straight line plots using the method of Jacod
(1946). 1In most cases the calculation was corrected to
take into account a laeck of complets recovery of the well
from the pumping during development. An exa=ple of this
corraction is given in Figure 17a.

The calculated transaissibility ranged somewhat {roa
well to well - from a low value of 7,500 at well G3 to a
hizh value of 16,000 at well Gl. Wells G2, Gk, and G5 gave
values of 10,0C0C, 12,000; and 11,000, respectively, In the
cese of well G3, the low value probably is due to the bound-
ary effect of a buried fault whith apparently exists between
wells 2 and 3. In the case of well Gl, the high valus is
ths result of an incomplata recovery of the well before the
pumpii; test was started and for which a ecorrecticn could not
be zads. The values of transmissibility that ranged froa
1C,C0C to 12,000 are beallaved to represent a close approxi-
mation of the transmissibility of the =ain water-bearing
tods, 1. e. the agsregate of about 400 fest of beds that are
adjacent to screen in the wella. Thus, these values of trans-
missibility ars not belisved to be representative of the trans-
=igsibility of the entire aquifer. The transmissibility of the
antire aquifer probably is between 15,000 and 20,000.
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A 13-day pumping test was run in tpn Guaje Canyon
well field in March of 1950, following a 30-day shutdown
of the Guaje wells. Wells C1 and G5 at either end of the
field were pumped continuously during the 13~day pericd.

The discharges at wall 1 varied from 535 to 520 and avsraged
523 gallons per minute. The discharge at well 5 varied
from S$45 to 535 and averaged 539 gallons p:r'ainutc. Dur-
ing the period of pumping, water levsls l!rc';ntlnrtd by
atael tape at wells G2, 03, and CAJ and by airline recorder
at wells Gl and G5. Following the 13-day puaping pariocd,
measurezents of the recovery of water levels wore made by
steel tape at all fiva wells,

By the end of the pumping pericd the water level of
well G1 waslowered 108 feet, indicating a specific capacity
of L.Z2 sallons per mninuts per foot and at well G5 it was
lowared 39 faeet, indicating a specific capacity of 5.4. The
water level of wall 2 declined 13.2 feet} that of well 3,
5¢2 fzet; and that of well &, 11.6 feet. Plote of ths draw-
down and rozcovery of water levels are shown in Figzures 17b
to 17k in—the-appendix.

Values of the ccefficisnts of transnisgsibility and
storage were computed from the straight line portions of
the semi-logarithmic plots, using the method of Jacob (1946).
In these computations it was assumed that the effects of
well 51 did not extend to well G4 and that the effects of

wall 5% 4id nect reach as far east as well C2. This is a
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safe assumption as there is no break in the drawdown curves
of wells G2 and Gk which would indicate these effects.
Computed values of the cosfficients of transnissibility
and storage are shown in table 2. The values of transmissi-
bility cover a wide range, from 7,700 for cone segment of the
drawdown curve of well G5 t.o' 25,000 for the recovery curve
of well C4e The low value of 7,700 is spuricus. The segment
of the curve that yielded this wvalue probably is indicative
of a boundary effect. The average ef the other values of
transmissibility given in table 2 is 16,000, The coefficient
of storage can be calculated only from the drawdown curvss of
walls G2 and G4. Both calculatiens of this eocefficient
chacked closely. One curve ylelded a value of 0.0002, the
othar 0.0004, However, as will be pointed out below, leak-
age from the sedimnti of low pcmubility. is an important
~ phonomenon in the aquifer, and the true value of the stor-
age coefficient of the aquifer probably is not realized
until a lonz period of puwping, of maybe years, has elapsed.
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Table 2.--Computed Valuss of Ccefficlients
of Transnuissibility and Storage from 13-day
Test in Cuaje Canyon Well Field

Hethod

Drawdown in well Gl as 11,700 g.p.de per ft. -
& result of pumping
wall Gl

Drawdown in well G2 as 15,000 . 0.0002
& result of punmping
well Gl

Drawdown in well Gi4 as 17,500 : b 0.0004
a result of pumping _
wall G5

Drawdown in well G5 as 7700 - -
a result of pumping
well G5

- Recovery of well Gl after 14,700 " -
pumping well Gl '

Necovery of well C2 after 16,500 . -
punping well G

Lecovery of well Gi after 25,0C0 " ' -
puzping well G5

Recovery of well G5 after 12,000 " -
puzpling well ©5 '




Sevaral draﬁdoun and rscovary curves from the l3-day
test show anon;lous features which indicate the importance
of leakags in the agquifer, Ths drawdown curves of walls
€1, G2, and G5 (figs. 17b, 17c, and 17f) are excellent
eanples. The drawdown curvee of thase three wells were
normal only during the first 1C0 hours of pumping. During
this periocd, the semi-logarithmic plots show an initisl
ad justmant in the aquifer which is followed by a saries of
points that lie essentially along a straight line. 7This
straight-line sequence should have continued, with the
water lavels declining at a logarithmic rate. Near the
1CC~hour mark; howaver, the slope of the line through ths
plotted points decrssses. Between the 100-hour mark and
the end of tha test (312 hours), the slope of the line
~continued to decrease indicating that a new sourte of
water was availabls. Betwoen 100 and 312 hours after
purmping began, irportant quantities of water ware leaking
into the beds from which water wes being removed dirsctly
by pumpage and the ccefficient of storage was increasing.

Tho explanation of the leskage involves the lithologic
character of tha aquifer and the cecnstruction of the wells.
The aquifar is composel of intarbedded sandstone, siltstone,
and clav. 411 of these types of beds transect the sone of
saturation. However, the most permeable sandstona beds,
with an argresate thickness of about 400 feet in the 2CCO~

foot wells, are adjfacent to screen. Leas permeable sandstone,
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siltstone, and clay ars adjacent to blank casing. When
the walls are pumped, water is first resoved from”storage
in the sandstone beds, but after a pariod of time these
bads act in considerabla part as conduits. As the head
declines in these zandstona beds, water begins to move
into them from adjscent loss permeable beds which act as
reservoirs. As this process of leskamge goes on, the co-
afficisnt of storage changas. Hance, values of this
coafficient are relsted to time. The coefficient of
storage computed {rom the 13-day test is approximately
C.CCC3. The value computed from the test in the los
Alamos Canyon fisld 1s approximetely C.0C3. The reason
for the diffarence in the two values is not at presaent
apparent; but in either case it appears that they can bes

. taken as nmininum values.

Dacline of Water lLevelsi-- In many agquifers the rato

of decline of water levels can be predicted gith accdracy.
In homorenacus aquifers of large areal cxtent; or having
known simple boundaries, the coefficionts of transmisei-
bility and storage can be determined from pumping tests,

snd the ratez of decline of water levels as a result of
pumpage can be praedicted by the Theis equation (Thaia,

1535 - see p. 118). Difficulties in the application of this
aguation to the decline of lavels in the undifferentiated
unit of the Santa Fe have bsen indicated by pumpins tests.
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All of the tests show the diffienlties of deterzin-
ing an approximate value of the coefficient of transmissi-
bility. In addition, the 13-day test showed that the effect
of leakage in the aquifer i{s quite important, and conse-
quently the aquifer doss not have a constant coefficient of
storaze. Kcvarthclosa; as the wtii;'ar' punped and the
cones of depression expand, water will be drawn from greater
and greater distances, and as a first approximation the
decline of levels from year to year will follow spproxinately
a logarithmic rate. |

In the Los Alamos Canyen well fiald (wells L1 to 16),
at the bteginning of 1950; after approximately two years of
pumpage at an average rate of about 500 gallens per minute,
there was a non-punping water lsvel about 35 faet below the
orizinal plescmetric surface. Uetwsen the beginning ef 135C
and 1953 there was an additional decline of between 25 and
30 foet, to a level betwean 60 and 65 fest below the oricinal
plegonetric surface. This latter decline accocmpanied a
larrer pumpage rata averaging about 1,000 gallons per minute,
a rate that probably will bas continued approximately in the
future. If it could be assumed that all conditions would
ramain sinilar to those from 1950 to 1953, a total decline
of approximately 125 feet should be expected by 1575, On
the other hand, puzpage from the Guaje unil field {(wells C1
to §5) will eventually affect the trend, and as the pumpare
from= this fleld is about egual to that of ths Los Alancs
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field, the levels should thereafter declins at approxi-
mately twlcs their previcus rate. Thers 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 ths cones of depression fron theses wells. However,
leakags from the aquifer and the eventual reduction of the
digchargs from the agquilfer to the Hiio Grande will moderate
the projected lowering with the rssult thaz the lowering
protably will be less than given by th. ttralgh& logarithmic
prejection,

Purpage of a magrnitude worth ccnsidcring began in the
Cuaje field at the beginning of 1952. During the first year
the pumpaze rate averaged 66C gallons per minute, and the
nonpumping laevel declined betwsen 15 and 20 feet. During
1953 and.succeeding years, the pumpsge probably will increase
to about 1,000 zallons per minute and the drawdown curve should
steepen slizhtly. With no effect from the Los Alamos fisld
the levels should decline toward 50 feet by 1975. However,
the effect cf the punping in the Los Alamos fleld will
aventually reach the Cuaje walls; and afterwards the levels
will decline at about twics their previcus rate. If it ia
assuned that thess effects wlll reach the {ield at the begin-
cing of 1554, the levels should be about 75 feat below the
orizinal plezometric surface by 1975. This would appear to
te an outside figure as Increasing leakage in the agquifer
probably will roetamrd tho declining watsr levels.
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The above estimates of lowering are given only teo
indicate the magnitude to be expected. DBecause of the
many complexities involved iIn ov:lu;ting the long term |
lowering, such analysis is beyond tﬁi scope of this report.
Continuing data are being gathersd on the changes in water
lavels in the supply wells along with records of pumpaze.
It is expected that evaluation of this data will psrmit a
reasonably accurate prediction of the expected decline of

water levels,

i C A 4
by J. D. Hem

Samples of watsr have besn gbtained from time to tinme
from sach of the Los Alamos city supply wells in los Alamcs
and Cuaje canyons. The results of these anslyses vhichure
4= (table 57ahaw the quality of ground lltcf in the undiffor-
antiated unit of the Santa Fe group which supplies the wells.
Included in the table 1s an analysis for an adbandoned rail-
road well at Buckman.

¥atar from the Los Alamos Canyen well field is low to
noderate in dissolved solids. Xost of ths wells consistently
yield water having less than 250 ppm of dissolved solids, and
all yield water having less than 5C ppm hardness. CExcept for
well LG, those which were sampled morse than once show little
change in quality during the period of record. Silica goner-
ally ranges between 30 and 4C ppn and is not as high in the

water Trom these wells as in most cthers in the region,
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Fluoride concentration in water from well L6 is more than
2.0 pps 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
i1s obtained from the westernmost well in this group, well Li.
The predoninant minersl constituents of the water from this
wall field are sodiun and bicarbonate, Except for the
fluoride of well L6 the mineral constitusnts of water fronm
this well field all are within acceptable limits for domestic
and most other uses.

Quality € water fron several of ths wells in the lLos
Alamos Canyon field changes slowly with tims. In order to
study the nature of these changes, three of the wells have
besan ga=pled sevaral tinmes during the investigation. Moast
of the changes thus far observoed are pincr and no definite
pattern of fluctuation is apparent.

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

Analyses of samples of water froa the five Cuaje Canyon
wolls are included in table 5. Water from the wells in this
field has a narrower range of dissolved sclids concentration
than the wells in Los Alamcs Canyon, but the average for both
fields is nearly the same. The westermmost well yields the
water with the lowest dissolved sollds content in this field,
but this water is of the calcium bicarbonate type and has a
moderate hardness. Wells farther down Guaje Canyon yiald
water somawhat hisher in dissoclved solids but softer, The
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silica content of ths Guaje Canyon waters is comparatively
hizh, especially that f{rom well Gl wvhere one sample showed
a conemntioh of €8 ppn of silica. The silies content of
the water from this well has incressed notably since it was
first put in uss. Except for well Gl the dissolved solids
content of water f{rox the wells in this field has shown a
tandency to decrease since 1951,
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Tanle S.e=-s0s8 Of wells and test acles.

. 71, Valle Crande.--Continued
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Zale I 12, Valle Grande
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TRDIZ dee=iizs oFf wells am test 2oles.
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Tanle 4.e--Locs of wells and test Zoles.
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Tolie +ee=lU08 OF wells axd test acles.
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Table +.=-=LOg8 of wells and test holes.
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Jesle c.--l008 Of wells and test Loles.
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Janle d.eel0os of wells and tegt hales.
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Ioble s.~elogs of wells and test hales.,
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Mmhle 4.--L0g8 o wells and test holos.
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Xbie ~.-=i0g8 Of wells and test heles.
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S.e=l0:6 of wells and test Moles.
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Taible +.--L0z8 of walls and test holes.
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Jable d,=--.086 of wells and test holes.
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Table 4.--Logs Of wells and tect holes.

Zole 2 5, Pmjarito Canyon
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Zasle +.--L0Cs of wells and test hales.

Hcle T 5, Pmjarito Canyon
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Table <+.~-=Lo0s of wells and test hales.
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crwmmpmens LR Hgl I
| Table 5.--CHEMICAL QUALITY uif skt J10(jc5 ALANOS AREA TR
¢t (analyses in purts per sililcs excopt Worn Indleated) ‘; :
’i ’ i ‘! )
f S B. Tard- 34T
Well Depth - | Date TEMP. $iliea Iren Calefium Mg me- ScdiamPotaze Bicarign- Sulfats Chloride Fluoride Nitratesolved = Cpductance
| (rt) of (°?) (310,) (re) (C2) sium (Ms) siw ate (s3)  (c1) (7) ([p,) K (¥ cromhos
cdrection | (M3) (€)  (mc0y) i N 25°C)
N 4 VALLZ TOLZDO & [

Stearm 97 Juljo, 1989 50 62 0.01 5.1 1.2 S L2~ 2.6 1.5 0.6 ]
l 478 do 55 59 .01 6.0 9 9.4 1.8 40 2.6 1.5 1.k 19.6
Do 652  Julj2r, 1989 62 59 .09 11 2.5 19 68, 13 2 2.h 122 -
Do 8Seph 20, 1549 64 S7 07 10 S 12 La L,y 2 5.6 9.0
;2 6" esg. Octlls, 1049 - 1 1.6 8.5 .9 19 L8 3.7 2 5.6 86.5 .
Do 2" esg. ) - 9 03 10 J 11 k3 2.9 2 5.6 87.7
H3 6" esg. - do - b3 08 15 ‘1.1 1e a 7 3.2 1 2.8 107
Do 2" esg. do -~ $3 .19 10 T 11 hs 2.7 1 5.6 o 83.7
Hs 6" asg. do - 5 2.1 10 1.6 7.8 - b 3.5 3 2.0 85.2
& 6" esg. do - ss .02 10 1.9 16 70 3% 2 1.6 ' 100
Do 2' esg. do .- 59 - .02 8.5 1.4 12 51 2.5 2 2.0 i 91.0

bpring Julyls, 1989 - 55 .01 6.0 .9 1 38 2,1 2.0 2.% - 80.4
below R4 -

Do Oat. 1., 1049 56 57 .01 8.2 1.0 9.4 %55 2.9 2 1.8 80.4
Do Cet. 1(‘;, 1930 bded 5& - wea e onw «Q e e 2.4 20.2
Do Junelll, 1932 <= ae  men am= o—o wee L2 - .5 ~— B,
AN
Vé%'" A3
"7 Nov. 12, 1986 6% 12 .20 6.3 o3 Y 13 7o 1.5 RS 5 §E 15 85.0
Do Junz 20, 1950  -- T === 5.0 2.1 11 4 2.4 1.5 R 2.4 2 2k 93.8
a8 2" esg. Oct. 20, 1k9 - 10 .02 10 2.7 13 c 15 b1 2 o1 3 e 8.6 109
a9 6" esg. Oct. 25, 149 = ™ .33 6.0 2.2 19 13 2.5 1 .0 3 g 24 128
Do 27 esg. Oet. 25, 1949 66 .02 8.0 1.5 13 &t 8.2 2 o 2 8 26 115
210 6" esg. 10ck. 25, L) o= 15 57 13 2.4 19 87 9.3 2 - .3 5 42 15

»ana July 21, W9 Sk 58 .02 4.5 1.3 11 1. ag 2.7 1.5 .8 6 ub 22 90.¢

@rande :

Spring

Do Jun: 20, 1950 == 60 .- 5.0 2.9 11 48 2.1 1.3 A .5 18 2% 827

b %) Cet. 10, 1950 == 59  emm - ——— .- by - -—- .8 —— o - 3:.3

ol Juwe 11, 1932 .- c.  emm ama -~ - L - 1.2 —- —— e . 4
ST omtTTomTy . - 4

oy



Torle H.eelozs of wells and test holes.
Well & 1, Tuaje Canyon.==Contimed

Indifferontiated unit, Santa Fe grcupe-Comt'd
laglaxrete, sandy to eclayey, pinkisgh m.
%&"z latiu. Tx mumc.‘.....‘.“'....lloﬂ *}3 *‘;Cs

FWristone, fine-to mediumecrained, silty,
srayish pink. The sand is arkogic. Traces )
dmmmm' “w-w".ﬂiiti.o!.ovtoto "&QS ’]:)J

370

?

.@wm:ﬁsw55.3’mw-....‘.“.....‘..D...-.....

Zocdsuoue, fine<to codrge-grained, conglapsretic,
51Ty, oinkish roy. The sand is ardéogic.
The Pine :ravel is ccouposed of valcanice debris.
713&‘3&1’-3)&6:’1&:.................................-.....-.- 570 0‘215

Joximsone, fing=crained, siliy o clayey, . :
‘:.%‘-."""‘"\"‘1“& m WA .-.S :31"...0813-----.--............. '«’55 JTO

LEnigbone, h.m-uo medingesrained, silty,
.;;_‘;:.::.; zizite He zand lg arkosic. Water-

1 (e .
&\‘y‘i:‘u-_l.'-t't.i..l‘lt.'0'.'-q'ln'.l'l....."'....l’... ’D‘D e
N L A - ol S B ¥ R i
.....aSW.a@ ..,Mr w‘rﬁ., ‘.-:.“ e n AL R R RN A IR NN NN IR 2‘};) ?Uv

CLTAEN,y Tinneus TS@e “'a“aec., pinkish
e Toe cond 1s aruosad eyt Lk T T3 T

“Uem cu — LN - by R g s
S R SOy i e i T, ;_?29‘4 aa ::L u":..ite.............. i L.
,,,,, M -~ Vot ey BT *
LTLDNE G, Mlooels 2torzee ruinod, giicy,
T 440973 -3 4 o
Conyanl hier. The send Lo 3rzosic. Hater o
Ptmeodvsiadl
‘-;;E‘:.-Aa':q--.-ve.cnl'—.o.'..0.."!..-..!.‘I...0.‘lCQOllot '\3’) _é'l
[T SO PR -~y -t ’ e
ST o alanmy, muyial i ecii i ii i v e een el 5T
- - ) . 1 e S
- T el e serygstar o-od e Dty
R — Mu—‘.’} .-vﬂ = ‘fiﬁab)lu-..,-‘.ctntcno-.‘..-- ) Pl
M, T e o ..£€»?;.-,-—,., -mqaj ﬂ':’i'l 6\4‘:1 ﬂ-sr’.‘-\-
LI ISRt v’ Bl JOte JRpr SRR D e - e ek - iy
N 4 e mymingme erl W
s 2ilaees Zilistone, izterbedted, Srayien
. . R - e ~ 13 Beas) aed
wlre L ANE 1S GMuCsio.  Parsg of %
G s, 3 2 . >
S umbisoeloginine, 408 (0L.OWS:
[
P o
- B AU
o et e
.7 -'*7‘,'
-2 PO -
Cea B I I R I I I R e N N A T T e ;',-' v.r-'"'.:'
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Table 4.--Logs of wells and test boles.
Well 5 1, Guaje Canyom.-eContimed

Undifferentiated unit, Sante fe grogpe-Cant'd.
Siltstone, clayey to sandy, greyish

o
“mo-.a.....tlc.coo.l'."-n..yo.....o.volc.-o'ot.oOQo

Sandstane, fine-to coarse-grained, silty,
orayish sink. The sand is arkosic.
mm'm...OO‘0"0...'.'..l....".‘..ll.-'..o.lll

Sandstane, fine-to medlimegreined, silty
to clayey, grayish plak, The sand i3

armic.t.lohtl--.vo..‘..'l'.‘..‘l.‘.t......l."-.'I-o..

Z1ltetone, sandy and silty sandstone,
interbedded, grayish pink; with some
tdn beds of pink clmy. Unit is water -
bearins from 1,150 to 1,153 and from

lLl-f-J tO I,lTLO;OOQl'..OCOQC'..Oill.l.'.....'.‘.‘.....
——

Jandctane, Slne-to ccarge-croined, oreayiszh
ninlie The sund is arkosic. Hater -

‘;m:'m!v.-oc.v-'oo.o.-.'-uvonnctoolcuncc'ooc..‘..-.uoc

totore, sandy Lo clagyey, craylsh

s eat
i-&n—:ccﬁv-n.'ooocoO0.0I'O‘o.lt.-.oobc....".'I...u-btoo

Tandstore, Jingetc medimesradned, greyish
zinz. T sand ig 2riesic. Water -

- R
M.M-..aav-u;.ov.vu-wq-o-a»-.cn'.-tv.oa.ch.u--t:coc..

Ciltotone, sandy Lo slger, xayish

g b

B I R I A A N N I I I R I N I N I R R A T E E R R R TS

Zaxistome, Mreebo coarseesrained, rayish
siii. Txe sand Iz arccesic. Water-.

~a e
m....s LA RS A B R R AL I A B I B BRI B S B BN R S SR N
ool

S S iR er s ke my Wy . ~

dIliovcnn, sargdy o cler, orugsian
:

f:l--.;.‘-cu-ctb‘aﬂ‘oo.c-'!'.l..io..'.'.'..IQ.I......I:..C

'.:w.,cm, Zimpelc comroe=roined, jrayish
mindi.e The sl ls criosic. Geter .
==

sl
s IR R I T N I I I N I T T T N T U

mnescons and siltriane, clajey, Jrayioh

L oy s )
® an e ¢ Ty . R e 43 R
——llie il SANG W3 (o‘-Oo-ot».o..-aolo---oo---.ocvt
Sy T e 3 . A o T 4 Te - -
oAl Jlumerrnldned, IU0 L0 GALL SRy

rew .y

PR
- A R I R R R Rt I N I S I A A A A Y
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1,320

1,055

1,250

~

1,20

1,02C

2,055

1,150

1,210

+ o~

e oen
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Tabls h.--Logs of wells and test holes.
¥all ¢ 1, Cuaje Canyon.--Contimed

Undifforventiated unit, Santa Fe sroupe--Cant'd.
2asalt wreceia, Ay te arplish ommy
w m m'."...'l-.b'.l...ol.l.l..'...l..."l'.

Mt’ m-mm,Mm-'----..o..‘.-......-...-
Mﬁm@cm,mWv...--.~..-....................
mt; fim-é_;’ﬁ.ﬁ‘ﬂl, @2‘}: WQCOOOO'.0'...'6..‘."‘.0‘

Zazaliic mubtle and dark greenish ey

-
‘\..1&" ¥ -;’vc---..--co--cc-o...tooc.o..co..ocoy..oﬁDtu.o--b-o

Zudstone, fine-to medlmegained and
sandy silistone, interbedded, grayish
odnc; with a fev thin beds of pink elmy.
e gend is ariosic. Yarts of the wait
e mbior.seerdns, 35 Jollovs:

S e

T, . - Bl
1,50 to 1,550
Yoe -
1,250 te 1,220

e
ot R! "‘33
ey e W e gl ® s v e . e s>a88 s L N S Y RN ER ]

203

Depth

1,310
1,710
1,735

1,790

1,310

Ve

1,00

foct)

1,710
1,735

1,310

1,3%

It T

¥ Bl

P.DQ



Pable +.--Logs of wells and test holes.

Well S 2, Guaje Canyon
=} sec. 4, T. 19 3., R. TE.
Altitude, a‘mnﬁwrmee, 5,036
Total depth, 2,005 fest
Srilisd by Tecns kter Wells, Inc.

& tarzm-;, alluvium:
Boulders, ccbbles, srevel, and sand., The
sand is quartz, feldgpar, and latitic
debrig. The coarsor sizes are parphyritic

mtim m W’;z mm.‘liilvocto‘cnco00!0.-.0..0-.0

o conglowmate:

Jcuslcrerate, sady W gilty, say. The
zevel and cobbles are canposed of pore
syritic latite and quurtz iztits. The
sand is qmrte, :“eldspar and latitice
etris. The silt is glagsy to partially

Slossy Seterlal . it ieiirrarsctttcectcsescaresenssanee

waril Leandl:
sodarmarote, sondy, JORY. e sravel is
amosed of moterials desdived fron pree

Jariyeioan 30urcoS. . ne Sl IS ArNOBis.ceciiseccnsance

r:;';i:.‘-:% tiated anlit, Senin Fe sroup:
wotans, Sinew-ic cm..“se-g;':sined, conglone
::nz.tic, siity, =imidsh gmayr. The s is
wixgic, T mavel sizes are coumposed of

. P -
Rt e ot et TR R T2 4
- .::',-’...0.5.2 .J:'G.Lua.-‘-..............-...-.-...‘.......

s iorerate, syl o silty, sinidgh gray.
Jem ravel sines are lotite, qartzite,
;«.ef:m:i;:.c =gtorial, 2nd sranite. The sand

in e
P e ] ‘Q-lcocl-‘t.‘c’.".'.'l'.-n-."ll’.ls'torsc.o

l,.m:ra;..;e, Hnoetc coRltesralied, siliy,
sirdie oo sl s mminly ar..asic_

s e

LTI "yt Ao

R scs S eRieTo e JIELRS Sviltn S ¢ ] 7o & + S
RLB T 9, Tine=io coRrsee Tuined, sonlone

.
. PR - [has 4w

vl sisidsik JrRy. e caxd i3 asizosdic,

~ v o 2 dn 3 s v o rd

o movel ls pormoyritis gquanris Latite and

eia bRl SRR+ o%e b ol oY BB

(-.’_'..*.X.,..mve, sonuly and silty, sinkgian zmy.
T pavel i caupesed of sorpinritis

e ek e L myem T da Tyl - ", e e
CTHeTUD LATLNS -—;.J.g =mdiea, e e 2%3-48 -.3
e R ? = Foreroms cimia
LT N ule L ZALLS LD ARDE TS e
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Tahle <.~--10g8 Of wells and test holes,
Well G 2, Guaje Canyon.--Contimied

Jadifferentiated unit, Santa Fe groupe--Cont'd.
Zanglazerate, sandy, pinkish gray. The
fine sravel is porplyritic quarts latite
and mmice., The sand is arkosgic. Vater-
w..o-oo-.co'-oo-co..--o--.t.....-.coo--.--o-o~-. 395 BT::S

Sonslonerate, sandy to slightly silty,
pinkish oray. Sssentially identical with
mit from 333 to 33 but less gilt. Water-

- - -~
b B 27" (6] ;
dmrdfS B B B G 2B S W e RS ET RS TS S ENE LSNP ESNE LA NrSsesre s AT A

rven———

Jenglaoerate, sandy, silty, axd clayey,
Zrayisk nink. The fine gravel is latitic
:ish:-‘;s. ﬁﬁ m is arknsic...............0".....Q.. % ’n;

coplanerate, sandy, »inkish oay. The fine
mevel 1s latitic debria. The sand is
L‘msic. %W-W%QOl'Q."‘O.........l'.l.l‘.l'bi “19 765

Jansiceerate, sBady, 3ilty and clayey, pinkisgh
. The fine gravel is composed of vol-
@::ic =i’:!m5. mmis ari‘ZDSiC..--.-......-......- 766 .:50

Jandgtons, fineeto coarssesrained, slightly
s3ilty. The sand ig sriosic. Water.bemring........... w30 299

Siligtong, siagey and gilty clxy, srayish

e i L‘O [ ¥ip]
- S T . A SRR B AR A BRI IR R A B AR I A L I R N R R I A N I R e R R R R T Y " - 24

Jendstong, Tine-ic medlvoiesrained, silty,
ayisn iak. e sand is arkosic. Water -
Aﬁm‘."i:’.ﬁt...........--.....-.o..--.o-.-.---..-‘--....--. 970 l'm

Jilistone, clayey and elay silty, grayish pink.......... 1,000 1,03%

dumistene, fioe-te coorse-_ruined, silty,
soyigs dnk. The sand is arscsic., dWater.
iwi:‘ujlio"itnttolell-l‘l.-.v....'..‘llI‘..-‘..A'IDU l,gj‘:}

b
-

L
O

j o
%

o)
Ut

SiLlniee, sandy, TRYISl DIk .cieciaieerianncnneeeess 1,170

Locwniong, fiuceto mediuesralned, vexy

red oAy K 2 ST T B 1 B 1
siliy, ~uoydss i, Toe ookl is arikosgie.

A . s - .
e S A e P
e R & e I T L 0 1,23

LI S g H s AT

Ry TOLADI AT e v e e e e e ieena Sttt e e et e CIh T A )



Table F.--logs of wells and test holes.
vell 5 2, Suale Canyom.--Continued

T -Pt::
(2eet)

-
- 25 0

{ndifferentiated unit, Santa fe Jroup--Cont'd.
Sandstone, fine-to mediumegrainod and sandy
ailtstones, interbedded; with scme thin
clay beds. The sad isg aviosic. Unit is
water-bearing fram 1,505 to 1,315 and 1,350

—t_.i1‘5};‘0-'00.""'0""."0"."-'."0'0'00."'.000000 1,293 l';“’B

Sandstane, fioe-to mediume~grained, zreyish
7ink. The sand is arkosic. Wmter-bearing............ 1,475 1,530

Jondgtoang; Sine-to pediumeneined and
sandy siltstonssg, interbedded, grayish |
sink; with sare thin beds of clay. The
sand is arkogic. Parts of the unit are
water Searing, as follows:

1,55 to 1,550
1,735 %o 1,485
Lyo45 o 1,955

l,i‘:ﬁaml,-.igon....-‘..................‘.......-. l"jm l,:’%

Ciltstone, reyish oink; with some thin

- . - - ety
r ELS O \ﬁ&?j‘.'.i..ﬁ'.t.'bu‘¢I0ul'.".-O.Q‘.fl.."-l.. l,‘),% ,;-MJ

andstone, finceto medimmegreined, silty,
Feyizih niak. The sand is ariosgic.

> . - .

iﬁmr-x,ﬁm'm’-....-.................¢--...‘....‘.....-. 1’{% 1,763
Y pgen B s T i e,
B R S SO 570 S O 4 &
R cweycrd gala e < By ey
AITSTINE, TATLSE ANl i i i i ies e et aaaarae.s  LyTE0 1,UEC

angouone, Sneeso mediune aised, silty,
smpiso piok. e zand 13 arzosic.
e i g b A <. s B WG L4

nrdgnane, fineeto mdlumesrained and
sy 2ilistones, interbedded, rayish
Caziny waoh some thin beds of clay. The
o R o o L o A 36 2,000 T.o.
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Tgble ~+.--Logs of vells and test bhales.

¥ell G %, Guaje Canyo
MW Sec. 4, 7. 19 N., R. T B.
Altitude, ground arrfoce, 5,139
: Total depth, 1,396 feet
=1lled by Texas Water Wells, Inc.

Cuaternary alluvium:
Soulders, ccbbles, grsvel, sand, and silt.
e coarse sizes are pecshyritic latite
and quartz latite. The sand i3 quarts,
feldgpar, and 2atitic debris.ciceevreceerienncananans

©

Age conplomerate:
Jongloemerate, sandy 0 silyy, oray. The
sobtles and gravel are ccpesed of
iatite and quasrtzs latite. Tho sand 1
iz, feldgpar, and glassy to partially
s - Tt i T 10 o - U RS 7

Jomwi lentil:
Amelomprate, Sankly, OTy. The cobbles and

Tuvel are panite, oudctzites, and foredlgn

volcanics., The s IS ArECBiC.cirreseccrnssccacnanas 52

G S vy gy e P - n -
ilrferentinred anid, Snta Te oD )
Zandstons, Jiwe-to coarsc-zmained, coglaveratic,
simdisi o, Dok osand ig ariosic. e

B s Y Ty e d TAYyws o

AR KL S e ZOLLRRD U i e s s crs0rnc et o s ans et auar e 0
W ogmr w3 ees mem ompy e wpend P vele R 7=
LRI SLAGY KD BIAILTT,  XWPILR -?-La.i.‘.h--.-'........o-....--~ -2

Ty aaf e ERNE- S, - - 3 s wn H
Sapistons, aidy cenclompratic, oinkion
T 23 e i K3 -, -y 3
Toy. oo sand Lo arkesie. e fh

—y - B Ead dered g . E]
wovni, oues of whkienr lg mouise, is

Y 3 I sy - T T
“c..u.sac.ﬂincfl-'cn.nvo--‘-.'»..¢‘¢-¢'¢--c..s-qn'x-.o...--. l“"?
ER b ~oT e e R A R T T T
S 107 o AT it eontainiag ek
B v T S ~11
JUUPSRES DR P - R I L I R O O R A I AT IR S I S R ST TR T I S R -

smudy o Sillty, sdnxdsh (s,
radive ravel Iz oadnly istidic

it o 3 oney-de e~ ¥ h I ke g
mibordinele sornibyyritis latite,

Jlnpese coBlso-padned, siighily
: Sarish o windn wish a o wrace of wassltic
wes wr loer art, T osaod i3 arkooic.
Bt 8 e
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Tahle %.--1.058 of wells and test holes.

%ell G 3, Cusje Canyom.—-Contimed

Undifferentiated wmit, Santa Fe grop--Cont'd.
Sandstonge, fine-to medlune-grained, gilty to

clayey, orayish pink., The sand 19 arkosiC............

Conglomerate, sandy to silty, plakish gray;

viw. m ?m WCDOOC.co...-.vo.-....‘-..’o.l.o-lI‘

3andstcre, congloneratic, pinkigh gray.
Te fine to coarse sand 1s arikosic.
™e revel gizes are valeanics. Water -

m e v A 4 e B AE S I B LTI T OIS I T ORGP O IO EPOTETIIERSN Y

Jondstotk, Tloeeto nediumegrained, silty, greyish

&

311'511. r&&ﬁiﬂ &'mmoo-o-.t.'v'..o!OQ‘-'nonn-.-c

Tendatone, finc-to coarges-gained, emglmzic,

sinidan w The gand is arhosic.
sravel aizes are valeanic debris. mter-

% -
m' "{ZI‘....."...‘...."."...‘....‘."........"'.‘
e 3

Bﬂtsm, m‘ to Clayey; {mg Pinklovoo-..coo'-:..

Sordstone, fine-to COArSe=Y s EXQyish .

—inmi. The sand is ariosic. Hater-bearins...cieeocos.

andeione, SMne-to coarse-srained, minkigh

m~ay. Jw osand is arikosic. Vater-Dearing....ce.-e.-.

Joanistone, Tineeto mediazeraived, siliy
Lo clajoey, rayiah zick. The sand is

3 e
e < ek 5..C-...¢e.-.--.-.o..-.-'......--...o.-....-..o....

Tmediohone, Sinee-to coarseeynined, - sh
» t ]

it The sandd Is arbosic. Ater-bearing.....ciee.n.

=T ane - k] % &
- *¥ -~ »
.:-’-n‘q‘". ;4‘»’”‘:—6.’;_;' -‘;’ Uiﬁlis-v-l'o'ov'-'.coaoc-nnuovaontta.

rLavce, Moe-to codrsc-sreined, pinkigh

mav.e  The il L8 avrkesic. Habter-bearins.

Trsuane, Iine-io xdix-ﬁamed,. s Sasevhzd
zilsyy, wgriisa pinkz. The scand is arikosie.

Teseare s e

Lalt lxomper-learing from 321 0 349l

-

TAllounaiie, omndy to clayey, mayish sinR...iiiiiae e

208

556

59

395

055
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Uodifferentiated wmit, Santa Ye groupe-Cont'd.
fine-t0

Sendstaone, W“}?
to clayey, greyish pink, sanl
arkosie. 'mmum.u_‘_-_a-_zxgg_

&3 h &‘QO-Q.OQ ouc--ooocco“&voococoqcooo..ocoo.oco

Mt, five-grained, ‘u;k m_w................

slliy mmk.vﬁhm’ 'tuh
at(pmék,ei:a' The swd is sxiggle. Waber-

woo c..-..o--o-o-o-.oot'-n‘cooqgnoito-o.eococ«v-u

Cmy, greyish m, m h m--apguo00¢cctooocccoqu

Dasalt breccia, reddish brown to roddtah
w, “th sone W mtt-OQQ'OOQIOQC.OD.OQQQQQOO

Mi mm dlw ‘ﬁﬁ m-oooo.oonoo.ono..c'.o-

Sendstone, fine«to mediumegrained, somevbet
silty, grayish pink. The smd 45 srkosie,
uﬁar-mm:-,l@t@ t&tlo-onttnccttooo...co

m, ‘im tO m" mish molotccﬁﬁtg.‘o'ccoctoav

Sendstone, fine-to medim-grained, sllty.
greyish pink. The sand is arkosie.
URter LeRrinfeissecescvcsovsecesncosvacsrivescncernaare

Sandstone, fine-grained, sllty, and silt.
stone sandy, grayish pink. Thes sand ig
ariogic,. In part VvBler DeAring..ccuccvscecrccncsssses

Clay, amdy,; Srayish pInk. . .ceivvcereteorasncecscsconven

Sendstone, fine-t0 zedlunegralined, somse
vbat silty, grayish pink. The sand is
uwco km-ming..-......---.-.....-.......---.

Sandstone, fine-grained, and sandy silt-
m’ mpm. m mun’kﬁm--.......‘.-.

Sardstone, fine-to medlm-greined, some-
wvhat gilty, gayish pink, The gand is
umic. mm'wingo-cn‘cv.o.QOQOO‘ODOOQ-Qtt.dooto

209

9%
1,000

1,002

1,000

1,095
1,134

1,141

1,176
1,22

1,329

1,35

1,1

936
1,000
1,090
1,095

1,1%
1,14

1,176

1,52
1,229

1,365

1,50

1,426



Toble +.e-Logs Of wells and test holes.

well 5 3, Guaje Canyom.~-Contimued

Toddtterentiated unit, Santa Fe sroupe-Cont'd. _
2iltetane, layey to sandy, ayish pinK.....oo.ieiaals 2,020 3,807

sacdsione, interbedded, puyish pink;
with same thin beds of »ink clay. The
sard i3 argosic. Farts of ih2 geqience
are imter-bearinz, &8 SOLLOWS:

LTy B % B
Lyss? o 1,793
e -y, Te ~ - M <%
..,-;’Ct{}:’.,:: ..... LN R I I I N S P Y B I I A A N R 1,40? .L,>9::- :‘.i:’o
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Table h.--logs of wells and test bolas.

Well G &, Guaje Canyon
¥Bi Sec. 5, T. 19 ¥., BR. T E.
Altitude, sround sarface, 6,229
Total depth, 2,002 feet
.Irilled by Texas Water Wells, Inec.

atersary allovium:

Zculders, ccbbles, Jrovel, saxxd, and gilt.
All mmterinls are of latitic ccmpositian..ceescecscesess

Swye conslomernte:

\.c:z(,lc:nm.e, sandy o silty, iray. Tae
scarge sizes {.cavel, ocbbles, andafew
wrilders) are of sorpiyritic Iatite. The
sod Lo queriz, t‘elm, axd latitic debris.
T 3ilt ls glose to zartially zlassy

.—LJ‘v =3 l..0‘0‘..-o!l.c.00-ll’.l..'.‘.‘..l....l.'.....‘..

r--r'.1~ ﬁb“'gv

Sonlonerate, eAnGy, JAy. Toe gravel aizes
are sainly meterisls foom re-Canieian
IWS. M&ﬁ -i-s &Z‘E:‘QS.'LC...............-..-......-

Casidferontiated unid, Santa Te group:

uxighane, ﬁ‘“m-,a ccarm-;ai..aeci, conglemeratic,
.,.:za.im ;.:“-. Toe sand is arhogic. The
wavel slzes are poepbyridde Iatlte..cciiiiiicniinn e

NE S e g qrmr .  poy So
Flomtone, sendy o clayey, srayich JinE..esciiienenieans

x gy~ .2 ik
LTS, :::.:_,..c:q,. e, 2o frem 120 t0 108i v iinecennnn

o 4

- . -y -
- an o 105 4 :
.“....».u(l"’ WS DNl e hC.!.Jao......o........-...-..-....

onvlomerate, saxdy o 8llly, niakish sray.
IR Mne o modius avel sizes are otue
;\GL;..; 23 sorsigritie latite and pundce. The
a1 arzesic. ndt Is wmler. bearng_; fraa

Lol S A

e Sm——

L BCIE S AN B A R I I A A AL SR B I I AR IR I U R TR O BRI SR O N SRS SN Ry

Sagall; Ilave ralsed dowkt ooy, The upper and
Lo 2 Toed o B flc" e 2only vesialdar . v v e

Bicoionz, Jlieess cOATSIe Tadned, conglime
aeynic, digdiasn ;_;::ny. o sand ig arkosic.
s are raleanic materinls.c.eerer .

e s 4 '.,J.VG' =i

E:
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Sable 4.eelogs of uvells and test hales.
dell 3 &, Cuaje Canyon.e-Continued

Undi{fferentiated unis, Janta Fe jroup--Cont'd.
Siitstone, clayey to sandy, and with some
ravel, reylsk pink. The ravel gizes )
are voleante mmterimls. ..ottt e innrtroasacrorans 3% 351

Sandgtome, conglomeratie, mmmr:,
2nkish ~ay. The sand 1s arkosic. The
_;ramlismposedofwlcanic materials.
vmtiamterhearingmiﬁltoz_m

s

*‘*tm, law)35‘1'-05)1..........---..........-... 501 SHQ

landstone, canzlameratic, with saoe thin
weds of siltstone, pdnkish sray. The fine
;0 coarse sand is arzegsic. The fine gravel
i5 rcleanic material., Hater Doaring.......iiieniiieen oh6 ad

Jandgtone, Tinceto cofrse-grained, slightly
ciiiy, pinkigh gray. IThere is 3 little
:::av&.. » cmpcsed of voleanics, included
1t the arkocic send. Weter-bearing.........o..ieele-. S ey

- .t

HMltgtone, sandy to clayey, gravish sinke..iieeiiao., % i )

Jeulstors, flaceto coargesraived, slightly
33287 Zayisa piak. The sand is arkosic.

PV o -~ AT "'7!‘{‘.
u.ﬁ:."' '}'w&l:-.-.c"’AAQv'ttl-Il!l..‘tl...lth‘bqa.-oa- §4"J IS
A B . ~apier . o> o b Kardad Spy
SALLDURNG, SAny, RISl Olli. ciecii ittt T AR

laragIing, Jing-te crarses alusd, slizhily
3xitv,; zarigz pink. e sand iz arkosic.

dean on e e ot S
s gl - P KO “dl,
ey e B T 1 R
EENCE S .'I‘A;‘, ,_-,j'iml _-?14.:.;».-.-c---..-o--o:o-.o-g.-so-aun--— R S R

::...:c:::. Jimgese peddumerained, slisgatly
silly, mwgrdsh aink. The send is arsosic.

tigy g
me Iuw -
B Bc Xd 230 s =Lz B

jammlc, flite mained, dashk reddlol SRy . cee i v aan e 555 AL

Ty cary Y e ———y e 2 S - 25
= BCE RADIED o Tt PR rs G fISREE c S obhilie oc: 2 A

- e - L Jy 1 S 8
Bobg: ihy JAneeno mdivmexalned; 3ilby to
: ey o -
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Sle ~.esLocs of wells and test holes.
well 3 +, Tuaje Janyom.--Continued

mdifverenvisced mt Senta T2 oupe-Coantt 'd.
Tasalzic suclde, with sor admised saod and

loxdatone, Jlueecd aedimegrelned, aldgholy
siliy, sravish pink, The gand is &rkogic. . {
_‘ﬁw-h_’ﬁr%.-.-.....-.......a--..--.-...-.-....~.... ;{' 9’\35

oy, silyy to clayey silistone, with scme ‘
Zn.’m’ :;‘&JisaQi.nk.............-..--....-‘...-.....o.. 9\45 l'wl

:__';:.zm‘fsm".e, finpeto comrse-alined, slightly
siley, oindish Joray. The swx is arkosic.
J&I’-T;‘u‘%"'.‘.-?lL PRI I BN SRR I 2R B SR IR 2L K A B SR K B B 2R IR BN B NP IR A BE SN R R AR A N B N B AN ) l’ml 1'021;

Jlilsione exl Dinpesrnined candotons, intere
wdiled, with sare tidn clay beds, is]
i e madt is aecbadir ater-vesring

.y

by M -~ Fe ~ eyl TN
IMEL el IO Ly i e et naract st nsancran l,u&’v l,.u..)

T e - NS gy 2 3 By o
,J,‘_‘,’,,". __:‘___}-‘,:':‘am‘_‘-.-.', ity v ;:—a)"----;..'xo--ran'c-sn-l'-
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Tanle Y.e-Logs of vells and test bales.

G 5 W Cangyoa
wu‘ e, 5, +e 19 3., He 7 e
Altitude, oround Suodice, 5,&
' Totel depth, 1,997 feet
Crilled Wy Teoms mter Walls, Inc.

RLATArTRry alliovis:
Souzléers, cobblas, avel, ssad, anxd silt,
ALl mierials ace of Iatitic compositiom,............. 5 -

Ape owmloerate:
ZEnfioerate, skl w Ay, owy. Tw
scecoe gizes {srevel and cobhles) are
- T Ny ccns;)imzn.; parciyritic latite
amd cuasts 1atite with subordinste
wwrits of latitic pusice. The sand
sizes are martz, i’czdz,{m', and latitic

€y

Camiilroreavviated wald, Suka Te roun:
.J,.'.l?}&ﬁi‘.?, vlnh}m’ m’iﬁ-‘.} m;o--buo'o-‘o.o-.tu-.'vt.“ m l‘;"J

maiotoee, 2riahle, fingelo ccrrsoesraingd,
spEnins aonglawerntic, gey. e sod
,_:'3..;"* o asucks, colorless $o plak
Seldsuar, oaf pink fo yellow cialoedonie

- 3 [y i e Y
..':..-_..:';--.u.quu:;-.-.-.a.'....-c-vo---c'ng-:.v-»or-acrac l‘l‘\) '
b $ Y s - ;v - ¢ nmed o B 3,
SeXyy il 5o sandy, srayich ink, with
—nger, Y —vrnn AT . - 3 2
FEw Tl IRVWei composen xF latdtie
- s r -~ L ¢
L Y A« s et s 1 s v s s a s vt 7 v 2060 ¢vsavbooesamisnaensnvancss :LQ RN

j.:..a;'Lu::,:-zz;z. ridsh owy. e Slom 10
el savel simss are ::m;md aof latitic
Asaiow »"f'“z’; abamiimie porpiyTitie latita,
Lol oot of aritogio sand s mesent. ..o 2% iy

2, cinidsh gay. The fine to
el cizes e coancsed of or-
aolie and suoosdimade lagtide
z@ll mwrers of xrioolie send is

LRI U A I R R AR T IR B A I I I R R A I I I P RN _»‘4—,’

- . S T PO
- . R R O el " oy ex WiTL e T e X
L b E B b el g g e [ R te B X :R:t ’2{{,
ceer epms L C g eped e e Ty
;‘.u‘l. M\!u.ua‘u B A I I I N N I R T R R T N Sy i,

o = e £ b ~ - \ b
ol -Jr:n....., SRy RO 3Ll zinkdgh ooay. The
LI - 2w, #u 5 Y -
Sl Tavel sined @ww SSused of latitic xore
S e i) P gy ey TN E g
o ol Zatlitle cwmice. Tie gaxd ig aTiiopic.
- k> 1y % CWn e Sy
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Zable +.--Logs of wells and test iales.
#ell G 5, Guaje Canyon.--Contimed

sndifferentiated mit, Iuta Fe group--Cont'd.
Say, zoyish oink, ecxtaining aame latitic . L

ﬁmlo.vl!‘.-0--tl"'.o-!l..n.“.'.."Q.Q.l'..‘l.".o 's"n "“-«’-.-
lonclomrate, saxly to slightly silty, nirkigh

oay. Te fine grevel sizes are mainly

latitic mmice. The sand is arkosic. Water -

Lea 35 ETeE
m,-n‘"00""-!..-..'IDO‘Q"..C.‘.QIIO‘DCII.‘DI'.'CQ m )l_.}

Zadstane, fine-b0 mdizmn;%izled.. silty,
Zeyich pink; wiih saoe Sine grovel sizes
serpeged maindy cf latitic pumice. The sand
i B HOEEC e cenrnrsessrsnnsasssconssnnssanossresnenens 52% 336

eagali, fhs-grained, dory Jroy. Tas ypper
xx lower 5 Zeet of the flow are highly

: S eyt e =
.’Eﬁlﬁl&.‘.ﬁl‘.....;.-..............'...................... )\d'J Jl/'

mmaomorete, sandy, sk oy, The fine
mavel sizes are wlcande matarials, gpparently
arived Mraz 8 ncacsdy sourec. w gand is
azosie, !:zaz‘-m‘w 1T .2

Ty sl ey Ay A S ong [ I -
longloroeate, a3 Srom G112 1) R’ very
T ey v, R
e s 8 8 s ra % 204082 veocos 00 asBrssvesoscerssnstdesnes :J;:‘! P
Rt - oy q B - - b
-».&L_,.L(...?L‘......C, B8 TTCLL 3L Wl Yi2e  ogtem -
e
- N Ty
S ’.-—-*'f‘:-...\<a-a’.._‘---.~-.»--4----0-.-¢tv-cc‘v.--vo.- P or § ot
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. - -, v g wn g T e U J S PP R S -
Tonlamente, el JLAG T, AnEdSh TRy,
k] e s M e R 2 Y =
e flne avel zizoes e ogmesed
b e d Y . . 2 ] -
plotniloe xeoeriods, L R '" “i‘m;.c.--..._........ . d R

pag P g, et e . 2 . \:
andsTong, TinR-sc Iedillierained, arzosic,

T St 3 %, g ed al - - - - St e -

wdicw. omoyisa sion. AL eIt i iee e i aniiael . S i

P
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cLoLwnoIm; My U oLy, ovdshipink.. ..ol oLl R

B BT <. R | rom ot .
ShalZiomy, Jlaeeuwo sonvtae Tuined, pdnlden
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e Tamy ey [l lsteis SERCUES S Y A , £y yesd ey s A
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Zaale .-~ g5 of wells and test hales.

Yell G 3, Cvale Canyom.e-Continued

irfareitdated wnll, Ssata Do oup--Cont'd.
Sogedl, Fissesralined, ACE TR ccaciiiennsianaraenesses 1,000 1,070

3‘-&“&-‘4{1 m’e&m, l‘mshmv-.'looonv.o‘..910000¢»a--o l’m 1,0?6

.;.:wm, fine~yoined, siliy o clnyey, )
oink., The amxl 15 ari®sife ... cearrerenvaeaas 1,070 1,303

st treccia, dark gregs to rown. T
'c.}.‘:i‘...c-cnncnnntunl‘ngi-oo.no‘..c..'s..'...O."'qoo.ovu l’@’) 1,1'35

Zay, sty o nky, FOYIsh AiK...eeceseeeioeieee. L1355 1,185
Jecdibore, Sineeto medhwesrained, slightly

sity, avish yink. Toe sond is arkosic.
he‘!‘ &rn&-..--....-o:..n.-non..a-oo;..o-oo-.-q-a'-n. l’ll;i)' 1,1‘:}.

-
1.
H
L
&

Tlidone, sendy o clagmy, srayish pink.....

msall, Uiopesalied, dA0E ST s esrvrorieresseeneneas LRl 1,258

T e i F ewy el

., Mneeselsed, reclish pink,
¥ E} . w3y 23 -
;‘L"‘;,Guﬂ;ﬂ‘0’....0.‘."‘...Q....'.II..""..."".”..‘. l;:.))\) l,~»“-’—.

4,.‘2‘.",.,.“,’_“ :f_._,- 'hn._mt-, \aD-\.--. ’;’w«----ve.--'-a-_;'ao--4.-w~ l’»ji!'l 1,‘-&'

T eye - Hegma o - o k] A% XY
:&3';!&:‘: :..n:.».,..‘w;g-aaaqv-n~.a..cp-y»-.:-co--.noac.o-‘-co ,'.2v-f~.2.l 1,3}1
LARALy Jhilrm TAIEE, I AT s craicinreniiescananaes L AGL 0 1,200
e [ - - - - $om’ o R B -
LIy sunny Wy elover, gravden pinl.a..eeeaaaaelals 1,300 307G
R e T
DATERE . U ao-nt Lol raired, ariogic.
oaa e .« =iy
-'..-V --wbu‘..‘ I R I I R R A B T T S Y l,jj‘) .:.’_;:5{
Wur. @ ' P e L T h P o 4 T e
e o s akmemy, 2mydsR ins.oolooie e L0800 1,48
L] PR SR S + T o
CLOOERTA cu s 1L ohun e L, asl. dmier o
fedmiisietl ,

- ~ . tE R
J.'ﬁ... M N i e s B a s b e s et A e it A s e b ey 4'-.!“"—? l,w-'l_;,
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Tatie %..-logs of wells and test holes.
well € 3, Guaje Canyom,-eCortimed

"

(=eet) '

Untiifrorentiated wmit, Sania Pe prop--Cont'd.
Jandstaye and siltatone, intexrbedded, as
the fi¥e receedirs units, and coataining
a few thin beds of nk clay. The sand
is arkoolc. Some dads are water-bearing,
ag follows:

1,301 to 1,31

1,53 to 1,5%

1,551 %o 1:5‘3('

1,059 to 1,995

1,1’05 to 1,746 '
l,uﬂ-otol,3ﬁo,'..--..-~-o.o.a-.-_-.o-.o.oao..o.- 1,‘491 l’m !OD'
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