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Geology and ground-water resources of southern part of
Jicarilla Apache Indian Reservation

and adjacent areas, New Mexico

By
‘Elmer 'H. Baltz and S. W. Vest

Abstract

The southern part of the Jicarilla Apache Indian Reservation and
the adjacent areas comprise about 1,300 square miles in parts of
Rio Arriba, Sandoval, and McKinley Counties, N. Mex. The area is in
the eastern part of the San Juan Basin, a large structural and
drainage basin in the east-centrai part'oi; the Colorado Plateau
physiographic province. 8Six phyaiografmic sectors in the area are
here named: the Penistaja lCuestas, Largo Plains, Tapicitos Plateau,
Yeguas Mesas, San Pedro Foothills, and Northern Hogback Belt.

The area lies in the Central basin of the San Juan Basin and is
bounded on the east by the French Mesa-Gallina uplift and the
Nacimiento uplift where rocks ranging in age from Precambrian to
Cretaceous crop out. Rocks of Late Cretaceous age crop out along the
southern and eastern sides of the area, and rocks of Tertiery age crop

out in most of the area. _




The oldest rocks that were mapped are those of the Mesaverde Group
of La;e Cr;taceoug age. Other Upper Cretaceous rocks mapped include in
ascending order: the Lewis Shale, the Pictured Cliffs Sandstone, the
Fruiﬁland Formation and Kirtiand Shale, undivided, and the Ojo Alamo

Sandstone. The Mesaverde Group ranges from 560 to about 1,700 feet

" thick in the area and consists of thick to thin sandstone, shale,

and some coal. These rocks might yield potable water at shallow depth
along the east side of the’area but in most of the area they are deeply
buried and contain mineralized water. The Lewis Shale is about 1,900
feet thick in the northern part of the area but thins abruptly to
about 500 feet thick in the southwestern part because lower beds of
the Lewis grade laterally into sandstone of the Mesaverde Group. The .
Lewis Shale does not yield potable water to wells. The Lewis Sﬁale l
is overlain conformably by the Pictured Cliffs Sandstone, which ranges
in thickness from 35 feet in the east-central part of the area to

235 feet in the subsurface in the southﬁpstern part. Ns» }F




R Ry .
«——The Pictured Ciiffs does not yield potable water to wells in the
ireé, aqd'it contains miperalized water and ngtural gas at places in
the subaurface.. |

Restiné conformably on the Pictured ClLiffs throughout the area
1sAa complex sequence of sandstone and shale assigned to the undivided

Fruitland Formation and Kirtlend Shale. These rocks range in thickness

from 60 to 100 feet in the east-central part of the area, to 450 feet

' in the western part of thé area. Sandstone beds in the Fruitland and

Kirtland might yield small amounts of water to wells at places in the
southern and northeastern parts of the area, but in most of the area
these rocks are not potential aquifers. In the subsurface of the
northern half of the area.sandstones in the lower part of the

Pkt tand Ht M3l ok Shinbein. vetiaklighll s Bomeaitiralised Wil
The undivided Fruitland Formation and Kirtland Shale are overlain un-
conformebly by the Ojo Alamo Sandstone, w@ich égnges in thickness from
70 to 80 feet in the southern part of Eﬁe area to 200 feet in the
northern part. The Ojo Alamo is an important aquifer in the southern
part of the area, and it is the deepest aquifer from which large

amounts of potable water may be expected in most of the area.




Rocks of Tertiary age include, in ascending order, the Racimiento
Yormatich, the San Jose Formation, and several dikes of igneous rocks.
The Racimiento Formation of Paleocene age rests conformably on the
0jo Alamo Sandstone and ranges in thickness from 540 feet in the east-
central part of the area to 1,750 feet in the subsurface in the north-
central paﬁ:. In the southern half of the area the Nacimiento consists.
mostly of shale with a few intercalated beds of sandstone, and it does
not yleld vater to wells: In the northern half of the area the Nacimiento
consists of shale and thick beds of sandstone which yield potable water |

to wells at a few places. These sandstone beds may be feasible sources

of large supplies of water from deep wells.




, The 'San Jose Formation of Eocene &ge rests unconformably on the
Racimiento Formation and crops out in most of the area. The San Jose
ranges in thickness from 200 to 750 feet in the southern part of the
nre\e. to 1,800 feet in the northern part. Four lithologic units were
distinguished and mapped. These are hexje named the Cuba Mesa, the
Regina, the Llaves, and the Tapicitos Members of the San Jose Formation.
The Cuba Mesa Member, the basal part of the formation, is mostly
conélomeratic ﬁrkosic sa.;dstone ranging in thickness from 40 to 780
feet. The Cuba Mesa Menber intertongues with the overlying Regina

Member which consists of variegated shale with interbedded thick to thin

_sandstone. The Regina Member ranges in thickness from 400 to 800 feet

in the southern part of the area to 1,640 feet in the subsurface of the
east-central part. In the northern third of the area the Regina Member

the lever part of
grades northward into,the Llaves Member which consists mainly of

A
conglomeratic arkosic sandstone and is as much as 1,300 feet thick. A
persistent medial sandstone unit of the Llaves Member overlies the
Regina Member in most of the northern part of the ma The upper part
of the Llaves Member grades westward into the Tapicitos Member which
consists of red shale and interbedded thin to thick sandstone. The
Tapicitos Member is present only in the northern third of the area.
Bandstone beds in all of the members of the San Jose yleld water to wells
and the thick sandstones of the Cuba Mesa and Llaves Members may be
practical sources of large amounts of water for deep wells in parts of

the area.




' Igneous rocks of Miocene(?) age occur as Iesseiwme dikes in
the nortl;-central part of the area. These rocks do not yleld water to
wells, but they may locally impede the westward movement of water in
the San Jose Formation and older rocks.

Unconsolidated gravel of Tertiary or Quaternary age caps several
high terré.ces at the foot of San Pedro Mountain. Gravel of Quaternary
age caps lower-level terraces and occurs in stream channels and valleys
in fhe seame part of the ;rea. The gravel ylelds small supplies of
potable vater to wells and springs. ¥elley—fillimg alluvium occurs in
all of the major valleys and contains small amounts of water at many

places.




beds form the eastern limb of a major north-treﬁding synclinal bend

The northwest-trending axis of the San Juan Basin extends diagonally
across the northern part of the area, and in most of the area the rocks
dip senily northeast. A staggered system of northwesterly plunging
anticlinal noses occurs in the eastern part of the area near thé
Nacfabiento uplift. The angular unconformity between the San Jbse and
Nacimiento Formations indicates that these folds were formed mainly in
late Paleocene time, possibly as the result of right shift along the
Nac;miento fau;t which m%rks the boundary between the San Juan Basin and
the Nacimiento uplift. Near the eastern margin of the area, adjacént
to the Nacimiento ﬁplift, the rocks dip steeply west, and at places are

vertical or are overturned and dip steeply éast. These steeply dipping

wvhich lies immediately west of the Nacimiento fault. A local angulaf
unconformity between the Regina Member of the San Jose Formation and

the older rocks indicates that the synclinal bénq.was formed mainly in
early Eocene time, although furthef deformation occurred after

deposition of the San Jose Formation. ‘A sinuous, westffacing monocline
lies north of the Nacimienfo uplift at the eastern side of the San Juan
Basin and the western side of the contiguous French Mesa-Gallina uplift.
The rocks of the northeastern part of the area dip west on the monocline.
The rocks are broken by faults at a few places in the eastern part of
the area, but the stratigraphic displacements on the faults are 200 feet

and less.




The principal sources of ground-water recharge are precipitation
’ »
and streamflow on outcrops of the aquifers in the eastern and southern

parts of the area, at altitudes of 7,000 to 8,000 feet. Fhese—ouicrops

San Juan-Basin. Most of the ground water wmeves—deown—dip—tevward-the
Interior-eof—theCentrel—basin—and is discharged from outcrops at lower

altitudes, mainly—inrthowesternmpart—of—the—aresa, where the water is
v P 4 4

dissipated by evapotranpﬁpration. Seepage investigations of the
San Juan River indicate that the increment of ground-water discharge
to the river in relation to the flow of the river is too small to
detect. Therefore, withdrawal of ground water from the Jicarilla
Reservation would not measureably affect the flow of the San Juan River.

Water in the O0jo Alamo Sandstone and the San Jose Formation varies
widely in chemical quality from one .unit to another, and also within a
unit from one place to another. High concentratign;of sodium relative
to that of calcium and magnesium make*‘some of the water undesifable

for irrigation, and high concentrations of sulfate make some of the water

undesirable for drinking.:




Sm&ll‘supplies of ground water, most of which is potable, canvbe
6bt&ine§'ht depths of a_few feet to a few hun@red feet at most places
throughout the érea. Deep water wells have not been drilled, but the
available dﬁta indicate that the largest yield and the—highest
specific capacit?sof a deep wells would be expected at places where
the greateét thickness of water-bearing sandstone could be tapped. The
ratio of thickness of sandstone to depth of penetration is important
because the depth of dri¥ling necessary to penetrate a certain thickness
of sandstone varies widely throughout tne area. The total thickness of
sandstone below 200 feet and above the base of the 0jo Alamo Sandstone

splected
ranges from 80 to 1,840 feet as determined from electric logs of, wells
drilled for oil and gas.. The thickness of sandstone Below 200 feet
and above the base of the San Jose Formation ranges from O télého feet.
The ratio of the total thickness of sandstone to the depth to the base
of the 0Jo Alamo Sendstone ranges from 0.13 to 0.54, and the ratio of
the thickness of sandstone to the depte to the base of the San Jose
Formation ranges from 0.17 to 0.57. The most favorable place for
developing large-capacity deep wellé} is in T. 25 N., R. 5 W., near
one of the tracts of land that was suggested as suitable for irrigation

by the Bureau of Indien Affairs.



: The specific capacities of 59 wells that tap sandstone aquifers

in the Ba; Juan Basin, including 8 wells in the project area, range
from 0.0002 to 0.015 gpm (gallons per minute) per foot of sandstone
penetrated. The average for the eight wells in the project area is
0.008. If the average specific capacity per foot of sandstone penetrated
(0.008) could be applied to & well in sec. 25, T. 25 N., R. 5 W., and
if 300 feet of drawdown could be tolerated, the yield of a well that
tapped all the beds of sandstone to the base of the San Jose Formation
would be 1,460 gpm, end the yield of a well that tapped all the beds
of sandstone to the base of the 0Jjo Alamo Sandstone would be‘5,5§0 gpm.
The actual yield pfobably would be less than the calculated average.

The calculated potential yleld of deep wells suggests that test

drilling is warranted.




Introduction

e

Purpose and scope

-

The Jicarilla Apache Indian Tribe recently began a series of
studies and long-range plans for economic development of tribal lands

in New Mexico (fig. 1). The economy of the Tribe at present is based

Figure l.--Index map of northwestern New Mexico showing location

. 2
(stippled) of the area investigated for this report.

on mineral leases and royalties, livestock growing, and operation of

a few small farms. Farming now offers little economic stabiiity because
most of the Jicarilla Apaches live near Dulce in the northern part of

£he reservation, where the growing season is too short for many crops.
Boil moisture commonly is deficient throughout the reservation and
livestock raising is somewhat limited by a scarcity of forage. Utilization
of ground-water resources,'especially for irrigatién or industry, would
diversify the tribal economy and provide an increased measure of economic
security for an increasing population. Water may be neéessary also for
secondary recovery of oil and gas in and near the reservation.

' The Jicarilla Apache Tribal Council requested the U.S. Geological
Sufvey to make a cooperative étudy of—part—of—the—reservation to
eppraise the availability end the chemical suitability of the ground
vater for irrigation, 1ndustria1, and domestic use. The southern part
of the reservation was chosen for the study because its climate is more

suitable for farming than theclimate of the northern part.

-

»




' The geology of the southern part of the reservation and the
aedjacent region to the south and east (fig. 1) was mapped and the
subsurface stratigraphy was studied to define aquifers and determine
their areal extent. The areas of recharge and discharge and areas
of probable saturation of many aquifers were determined, and data on

hydrology and chemical quality of water in potential aquifers were

obtained. All the data obtained provide a basis for appraising the
\ ¥ 4 =
ground-water potential of the area.




Location and extent of area
L . g

The area investigated (figs. 1 and 5) includes approximately
1,300 square miles in parts of Rio Arriba, Sandoval, and McKinley
Counties, northwestern New Mexico. The eastern boundary is along the
foothills and lower slopes of Sierra Nacimiento and San Pedro Mountain
in Sandovel County, and along the western margin of the irregular
belt of lower mountains 3nd mesas north of San Pedro Mountain in
Rio Arriba County. The other boundaries were chosen to include
the southern part 6f the Jicarilla Apache Indien Reservation aﬁd the

area to the south where potential aquifers crop out.




Previous work

m' geology of parts of the area has been mapped and described
briefly in several reports. The southern and eastern parts of the
area vere included in recomnaissance mapping by Gardner (1909), who
aiso described briefly the stratigraphic relations of Cretaceocus and
Sertiary yooha S5 SRENRC RS 1010). ‘Besthk (1951) sagbed the
rocks along the west side of Sierra Nacimiento and San Pedro Mountain,
studied the stratigrephy and structure of these rocks, and &% binannd
ground water conditions in the east-central and southeastern part of
the area. Dane (1932) described briefly the latest Cretaceous and

Paleocene rocks of the region, and (Dane, 1936) mapped the rocks in

Tps. 20 and 21 K., Rs. 1-5w3\asapartofa study of the

1a Ventana-Chacra Mesa coal field to the south.

Dane (19hs) also published a chart and description of the latest
Cretaceous and Tertiary rocks of the eastern side of the San Juan
Basin, including & description of the rocks in—pm-ts—:é:zanamv belt
in the eastern part of the area of the present report. ‘ Wood and
Northrop (1946) mapped the Racimiento Mountains (Sierra Kacimiento),
San Pedro Mountain, and the foothills to the west, which had been
m previously by Renick (1931). The Dulce-Chama area, which was

mapped by Dane (1948) includes T. 26 N., Rs. 1 E. and 1 V.

: sout part of the Jic Re tion and much of the
to the east hawe not bee mwu:m\ticXY
::XYVN formati rank in ks of ertiary have not been

ion
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‘ Sevsral earlier investigations were concerned with the ground-
water resources in end near the Jicarilla Reservation. A brief
reconnaissance study was made by G. C. Taylor, Jr. in 1929
(unpublished data) to determine the availability of potable water
in the southwestern part of the reservation. Fred A. F. Berry
(1957) (anubnshed data) summarized briefly the ground-water
potential of the reservation. S. W. West and J. R. Rapp made a

. . 2
reconnaissance of the geology and ground-water hydrology in and near

the southern part of the reservation in 1958 (unpublished data).




- Present work

Field vork for this report Qaa done from May to October 1959 and
15 May 1960 by E. H. Baltz, assisted by S. R. Ash. The geology
(fig. 5) of the eastern part of the area was mapped in detail and
stratigraphic studies were made in order to differentiate the rock
units to the west. All the geologic mapping was done on aerial
photographs. e

Wells and sp#ings were inventoried in the part of the area
adjacent to the Jicarilla Reservation, and water levels in the wells
were measured where possible. Much information on wells was supplied
' by the owners and other residents, and by the following well dfillers:
Branch Drilling Co., C. W. Dunn, L. J. Ingrem, J. C. Leeper, P
J. G. Mathews Drilling Co., L. Messer, F. I. Northcutt, R. L. Reed,
T. W. Stevenson, and Turner Drilling Co. Samﬁiea'ot water were obtained

from wells and springs and were analyzed by the U.S. Geological Survey
’

for their principel chemical constituents. Records of wells and springs

and chemical analyses of water from the southern part of the Jicarilla

Reservation had been obtained previously by G. C. Taylor, Jr.,

~

8. W. West, and J. R. Rapp.
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A pleanimetric base map was compiled at a seale of 1:63,360
(1 inch equals 1 mile) from the La Ventena, Cubas, Llaves} and Horse Lake
15-minute quadrangle topographic maps of the U.S. Geological Survey,
50-m1nute Quadrangle planimetric maps of the New Mexico State ﬂishway
Commission Planning Survey, and the Resources Map of the Jicarilla
Indian Reservation. The geology of the eastern part of the area was
plotted on the topographic maps, and transferred to the planimetric
base map. The geology of the r;st of the area was transferred directly
from the photographs to the planimetric base map by using a Saltzman
overhead proJector; The locations of wells and springs were marked on
aerial photographs in the field and the locations were transferred later
to the base map by inspection and compariscon with the geologic map.

A study of the subsurface geology éf the area was done by comparing
electric logs of wells drilled for oil and gas with surface stratigraphic
sections measured in the field. A structure contour map (fig. 9) and
stratigraphic correlation diagrams (figs. 6, 7, and 8) also vere
prepared to illustrate the subsurface keology. : V

The introductory and geologic sections of the text and the section
on the general availability of ground water were written by E. H. Baltz

and the rest of the section on ground water was written by S. W. West.




System of mmbering wells

In this report the wells are designated mainly by location
numbers, but in part by oil cm leagse numbers. The location number®
used by the U.S. Geological Survey and the State Engineer in
designating water wells in New Mexico is a description of the geographic
location of the well besed on the federal system of subdivision of the
public land. The location mumber comsists of a series of numbers
corresponding to the township, range, section, and tract within a

section, respectively, as illustrated by figure 2. If a well has not been

Figure 2.--System of numbering wells in New Mexico

located within a particular tract, & zero is used for that part of the
mmber. In an area transected by the New Mexico Principal Meridian
" the letter "E" ar "W" is used in the second segment of the mumber to
designate the direction (east or west) from the meridian. Springs are
numbered in the same manner, except that the letter "“S" precedes the

L

pumber.




' B ‘ Physiography

Drainage

The area investigated is in the eastern part of the San Juan
Basin, a shallow structural basin most of which is drained by the
. San Juan River and its tributaries. About two-thirds of the area

18 west of the Continental Divide (figs. 3 and 5), and is drained

f Figure 3.--Physiographic index map of the southern part of the
/ Jicarilla Apache Indian Reservation and adjacent region to

the south and east, N. Mex.

by intermittent streams that flow westward and northwestward to

. Canon Largo, which discharges intermittently into the San Juan River.
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- The region east of the Continental Divide is drained by
intermittent streams in the Rio Grande watershed. La Jara Creek
and Rito de los Pinos both are perennial streams in their upper
courses, but become intermittent before reaching Ban Jose Creek.
Ban Jose Creek, which is intermittent for most of its length, flows
southward between San Pedro Mountain and the Continental Divide to
the vicinity of Cuba where it joins the Rio Puerco. ‘

The Rio Puerco flows southward and is the master stream’for
drainage of the southern and southeastern parts of the area. The
Rio Puerco is intermittent below Cuba. Encino Wash and Arroyo
San Ysidro drain intermittently southward and, outside of the area,
Join Torreon Arroyo, a southeastward-flowing intemittent tributary
of the Rio Puerco. Several small vestward-flowinélstreams such as
Rito Leche, Nacimiento Creek, and Senorito Creek (in Senorito Canyon)
are perennial in their upper courses on Sierra Nacimiento, but their
flow becomes intermittent before reaching the Rio Puerco. The Rio

Puerco Jjoins the Rio Grande almost 120 miles south of Cuba.




‘ ‘ ' . Land forms

' ’
Nearly all the San Juan Basin, including the present area of

investigation, lies within the Navajo section of the Colorado Plateau
physiographic province (Fenneman and Johnson, 1946). The land forms
of the area are dependent directly on the geologic structure and the
lithology of the Cretaceous and Tertiary rocks which consist of thick
i ~ units of shale and interbedded thick to thin units of sandstone.

Nez;.rly horizontal units 'of sedimentary rocks have been stripped from
wide areas a.djacerit to the major streams. Outlying mesas and buttes
remain in the interstream-divide é.rea.s. Locally, the major streams
have incised deeply into Cretaceous and Tertiary rocks of the San Juan
Basih, and have formed steep-walled canyons. Where the rocks are

‘ tilted steeply and eroded deeply, the resistant sandstone beds form

"hogback" ridges between valleys cut in shale.




3 813 relatively distinct physiographic sectors in the mapped
area are here described and named: Penistaja Cuestas, Largo Plains,
Tapicitos Plateau, Yeguas Mesas, San Pedro Foothills, and Northern
Hogback Belt (fig. 3). The physiography of each sector reflects the

geologic structure and stratigraphy which affect the occurrence of

ground water.




Penistaja Cuestas

. ]
The land sﬁrface of the southern part of the area is '
characterized by several large,bcurved, sloping topographic benches
which extend from east to west across the area and are interrupted
by the valleys or canyons of‘southward-draining streams. fﬁis sector
is here named the Penistaja Cuestas. Each major, northward-sloping topo-
grephic bench is a cuests held up by a thick unit of sandstone, and has
a steep, sinuous, érosional escarphent for its southefn edge.

: Each cuestg is separated from the next'cuesta to the north by
an intervening band of valleys and low rounded ﬁills carved from the
‘shale unit§ which 1ntervéne between the cuesta-forming sandstones.
Arroyos and washes that cross the shale units have broad allu#iated
valleys, but where the streams cfoss the cuesta-forming sandstone
units they have narrow valleys or deep 6anyons; The drainage of the

sector is>to the south. ‘ A




The southern and western boundaries of the Penistaja Cuestas
ae'ctor ;re outside the area of this report. The northern boundary is
defined as the Continental Divide from Regina southwestward to the
northwestern part of T. 21 N., R. 4 W. From there the boundary extends
northwestward to the upper part of Vengdo Canyon in T. 22 N., R. 5 W.
Along most of the northerﬁ boundary of the Penistaja Cuestas, the land
surface descends northward abruptly from a series of rugged mesas and
cuestas to the Largo Pléins--a region of nearly horizontal rocks and
low topographic relief. The Penistaja Cuestas sector merges eastward
into the San Pedro Foothills and terminates against the sharply-folded
rocks at the foot of Sierra Nacimiento. The altitudes of the southern-
most cuestas range from a little less than 6,600 feet near the southwest
corner of the area to a little more tha.n 7,300 feet in the southeast
corner. The highest altitudes are along the Continental Divide, where
they range from T,450 feet in the southwestern part of T, 22 My BV S W,

to about 7,700 feet in the southwestern part of T. 22 N., R. 2 W.
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Largo Plains
- ]

Canon Largo in the western part of the area is bordered on the
noftheast and on the southwest by broad plains which slope géntly
toward the intermittent stream. In the west-central part of the area
the plains are as much as 10 miles wide. These plains, here-named the
Largo Plains (fig. 3), have been dissected mildly by the intermittent
gtreams that are tributary to Canon Largo, so that the region is one
of ‘broad, low -mesa.s sépafrated by swales and shallow valleys.v The
upper part of Canon Largo 1s & broad alluviated valley, but in the
west-central part of the area Canon Largo is a Bteep-walled- canyon
whose bottom is almost 200 feet below the plains. 8imilarly, in the
northwestern part of the area, the lower courses of Tapicitos Creek
and smaller tributaries of Canon Largo are steep-walled canyons incised
deeply in the plains.

Altitudes along Canon Largo range from abou:t 6,600 feet near Otero
Ranch to more than 7,000 feet in the southwestern part of T. 22 N., R. 3 W.
Southwest of Canon Largo the pla.ins rise gently to alfitudes of abo‘.;t ‘
7,000 feet. The Penistaja Cuestas rise above the southwestern margin
of the plains. Northeast of Canon Largo the plains slope gently up to
altitudes of 6,800 to 7,000 feet. Northeast of the plains the
intricately dissected mesas of the Tapicitos Plateau rise abruptly.

The tracts of land that the Bureau of Indian Affairs suggested as
being favorable for irrigation are in the Largo Plains sector where the

80il locally is fairly thick and extensive.
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Tapicitos Plateau

' ’
Most of the northern and central part of the area is a high

plateau which has been dissected greatly by the westward-flowing
intermittent streams tributary to Canon Largo. The dissected

remnants of the plateau stand as broad, irregular, sandstone-capped
mesas exiending westward ffom the Continental Divide to the Largo
Plains. The plateau is here called tﬂéZapicitos Plateau for Tapicitos
Creek which heads in théfeastern part of the upland (fig. 5); The
plateau is roughly "V"-shaped, being narrow at the south where it
merges, around the eastern end of the Largo Plains, with thé Penistaja
Cuestas along the Continental Divide in Tps. 21-22 N., Rs. 2-4 W.

The western boundary of the Tapicitos Plateau is a sinuous
erosional escarpment overlooking the Largo Plains. The eastern
boundary from T. 21 N., R. 4 W. to the central part of T. 24 N., R. 1 W.
is defined as the base of the steep slopes Jjust éast of the Continental
Divide. North of T. 24 N., R. 1 W., the eastern boundary of the plateau
is defined as the base of the slopes west of the Contihental Divide.
The Tapicitos Plateau extends north of the area of this investigation.

~ Altitudes on the Tapicitos Plateau range from about 6,800 feet on
tﬁe lower slopes to a littlevmore than 7,600 feet at the top of the
highest mesas. The tops of many of the mesas are at altitudes between

7,400 and 7,500 feet.
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Yeguas Mesas

' »
Near the northeastern corner of the area, mmerous high mesas

rise about 500 feet above the general level of the Tapicitos Plateau.
The mesas are long and narrow and are separated by deep, steep-walled
canyons cut in thick sandstone beds by the eastward-draining
1ntennittént stream:ACanoncito de las Yeg;las and its tributaries.
Topographic relief from tops of mesas to bottoms of adjacent canyons

is as much as 1,000 feet 'in half a mile at some places. 'I.hié area of

high mesas and deep canyons is here named the Yeguas Mesas sector (fig. 3).

The eastern edge of the Yeguas Mesas 1is a high, irregular, eastward-
facing erosional escarpment overlooking the ridges and valleys of the
Rorthern Hogback Belt. ;
Altitudes in Canoncito de las Yeguas range from about 7 ,600 feet
at the east to a little more than 7,500 feet at the west. The highest
mesas are along the eastern side of the sector where altitudes are as
much as 8,500 feet. The tops of the highest western mesas along the

Continental Divide are nearly 8,000 feet in altitude.
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® iy : San Pedro Foothills

, The foothilis of San Pedro Mountain from the upper drainage of
San Jose Créek to the upper drainage of the Rio Puerco are characterized
by westward-sloping terraces which extend from San Pedro Mountain to
San Jose Creek. The terraces are separated by wvestward-trending valleys
which are mainly broad and shallow at the west, but narrow and deep at
the east. This area is here called the San Pedro Foothills sector .
(fig. 3). Deposits.of g@el cap terraces at several different levels
and occur also in the upper valleys of the major streams. In deep
canyons near the foot of San Pedro Mountain_,nearly vertical beds of
éretaceous and Tertiary sédimenta.ry rocks are exposed. These rocks are
'bevel'fd by the westward-sloping terraces end their structure a.nd
lithology has only minor influence on the land forms.

Altitudes at the west side of the foothills belt renge fram &

little more than 7,000 feet in the ve.ll§y of San Jose Creek south of
La Jara to almost 7,600 feet at the head of the valley north of Regina.
Altitudes of the tops of some of the terraces at the foot of San Pedro

Mountain ere almost 8,400 feet.




g 4 Northern Hogback Belt

' Extending mrthward from the San Pedro Foothills, along the
northeastern edge of the area investigated, Ta belt characterized by
long, narrow, north-and northeast-trending ridges separated by alluvial
valleys. Differential resistance to erosion of the steeply-tilted
agg]ipenta.ry rocks has caused valleys to be cut in the shale units,
leaving the more xfesistm’nt sandstone beds &s nearly para]rl.el ribs, or
"hogbackm rising above the intervening valleys. The hogbacks are
breached by gaps through which the intermittent streams of the belt
 drain eastward to Rio Gellina. The name Northern Hogback Belt (fig. 3)
'1s applied to this sector to distinguish it from the hogback belt
parallel to the front of Sierra Nacimiento south of the areé rinvestigated.
The Northern Hogback Belt is geologically & continuation of the San Pedro

Foothills, but the hogback belt has been eroded more deeply and,

consequently, has different land foms’.




The major topogrephic feature of the Rexthern Hogback Belt is a
high sandstone ridge in the eastern pert of the belt. Although this
hogback is cut at places by transverse gaps, it forms a mainly
contimious ridge from the upper tributaries of San Jose Creek nortiverd
beyond the northern part of the area investigated. The altitude of the
top of this hogback is, at places, a little more than 7,800 feet. The
parrov ridge rises 400 to 600 feet above the flankinz valleys. Sandstcnes
in stretigraphically higher formations form yidges west of the main
hogback, but these sandstones are less resistent to ercsion and the
hogbacks to the west are, for the most part, topcgrephically lower than
the eastern hogback. Also, the porth-scuth contimiity of the western
hogbacks is interrupted by broad, transverse alluviated valleys and low
texraces. Altitudes in most of the hogback belt west of the main
hoghack range from 2 little less then £,900 feet to sbout 7,400 feet. A
large hogback (or steeply-sloping cuestz) in the western part of
T. 26 H., R. 1 E. attains the highest altitude--8,447 feet--c;f the Northern
Hogback Belt. : |

The upper velleys ofArroyoBlancoandAngreArroyoarecut in
soft, gently dipping rocks of Tertiary ege and they do not have the
characteristic la:ﬂ?oms of the Hortherm Hogback Belt. However, these
valleys are at ruch lover altitudes than the Tepicitos Plateau west
of the Continent=l Divide, and they are drained to the esast. For
these reasons they &re included arbitrarily in the Northernm Hogback

Belt.




Climate
»

l;recipitation has been measured at several stations in and neer
the southern half of the Jicarilla Apache Indian Reservation. . The
precipitation records of some stations are short, and the records
of most ste.tions are intermittent. The average monthly precipitation
and the periods of record at six stations are listed in table 1.
The average annual precipitation ranges from 11.91 inches at Otero
Ranch (altitude 6,600 feef) to 16.71 inches at Gavilan (altitude 7,350).
The average monthly precipitation at the six stations is least in June
and greatest in July and August. According to published records of the
New Mexico State Engineer (1956) the average frost-free season near
the southern part of the reservation ranges from 77 days (June 25 to
September 10) at Gavilan (altitude 7,350 feet) to 128 days (May 27
to October 2) at Gobernador (altitude 6,700 feet). In much of the
southern part of the reservation the frc\ost-free season is probably
about 128 days owing to the similari;:.y of altitude and terrain of this
p?.rb of t:he reservation and the region of Gobernador.

June, July, and August constitute the major part of the growing
season; hence, about one-third of the average annual precipitation is
during the growing season. Because the season of greatest precipita-

tion coincides with the growing season, the quéntity of irrigation water

needed per unit area is small but essential for growing crops.

However, the irrigable acreage is large, and, therefore, the total
amount of water needed 4s large.




Geology

Regional setting

The area of this report is in the east-central part of the
San Juan Basin, a large shallow structural basin in northwestern

New Mexico and southwestern Colorado (fig. 4). The east-west width

Figure 4.--Structural elements of the San Juan Basin. Modified
from Kelley (1951, p. 125) and Kelley and Clinton (1960,

fig. 2).

of the basin is about 135 miles, and the north-south length is about

180 miles. The structural elements of the basin were named and described

by Kelley (1950, p. 101-104) and are shown in modified form on figure k.
(o basin within the San Juan Basin)

The Central basiqf which is bounded at the west and north by monoclinal

structures, 1s enclosed hainly by gently inward-dipping platforms

or structural slopes. 0
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The east-central structural boundary of the San Juan Basin is
the Nacimiento uplift, of which Sierra Nacimiento end San Pedro
Mountain are parts. The rocks of the basin have been folded sharply
in a narrow belt along the Nacimiento fault which marks the western
edge of the Nacimiento uplift. North of the Nacimiento uplift the
eastern margin of the Central basin is a low momoclinal flexure on the
vest side of the French lMesa-Gallina uplift (Kelley and Clinton,
1960, p. 50). North of this uplift is & broad arcuate system of
faulted anticlines' and synclines that was call<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>