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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.

18




- 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.

2>




LHIRRS v~

! '

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 called the Archuleta
anticlinorium by Wood, Kelley, and MacAlpin (1948).

The area of this report is in the southeastern part of the
Central basin (fig. 4). The eastern part of the area includes part
of the belt of sharply folded rocks west of the Nacimiento uplift
and includes also a segment of the monocline on the west side of the

French Mesa-Gallina uplift.
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' The rocks in the Nacimiento uplift and the eastern part of the
Ban Jua:n Basin range in age from Precambrian to Recent (table 2).
Granite and metamorphic rocks of Precambrian age form a basement on
which younger sedimentary rocks rest. The Precambrian rocks form the
bulk of San Pedro Mountain and Sierra Nacimiento, and they have been
encountered at depths of 13,000 feet or more in wells drilled in the
eastern part of the San Juan Basin. Paleozolc rocks, which lie on the
Precanbrian basement rocks, consist of thick beds of limestone, shale,
sandstone, and conglomerate of Mississippian, Pennsylvanian, and
Permian ages. These rc;cks crop out on Slerra Nacimiento and San
Pedro Mountain (Renick, 1931; Wood and Northrop, 1946; Fitzsimmons,
Armstrong, and Gordon, 1956). The Paleozolc rocks are present also
in the subsurface of the San Juan Basin, but in that region they are
buried too deeply to be considered as practical sources of ground water.

The Paleozoic rocks are overlain by a thick sequence of Mesozolc

rocks consisting of sandstone and shale of Triassic, Jurassic, and
Cretaceous ages. Triassic rocks that are mainly red beds crop out in a
structural sag between San Pedro Mountain and Sierra Nacimiento and
in the belt of steeply dipping rocks along the west side of the
mountains. Jurassic rocks, consisting 61’ sandstone, variegated shale,
and thin units of limestone and gypsum, also crop out in this belt.
Cretaceous rocks, consisting of thick units of sandstone and shale s
crop out in the belt of steeply dipping rocks and are the surface rocks
in mich of the San Juan Basin outside of the Central basin. The
Mesozolc rocks are present in the subsurface of the Central basin, also.
Some of these rocks are potential sources of ground water on the southern
and eastern margins of the Central basin (Renick, 1931), but in the
southern part of the Jicarilla Apache Indian Reservation most of the
Mesozoic rocks are at depths of more than 3,000 feet, and only the
uppermost Cretaceous rocks are considered to be practical sources
of ground water in that region.
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Cenozoic rocks, consisting of thick units of sandstone and shale
»
of early Tertiary (Paleocene and Eocene) age, are the surface
rocks in most of the Central basin and are the main aquifers from

vhich potable water may be obtained in this region.
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Stratigrephy

The oldest rocks mapped in the present investigation are those
of the Mesaverde Group of Late Cretaceous Age. Rocks older than the

Mesaverde are shown on the geologic map (fig. 5) as Cretaceous and

Figure 5.~-Geologic map of the southern part of the Jicarilla
Apache Indian Reservation and adjacent region to the south and
¢

east, New Mexico.

older rocks, undivided, and they range in age from Precambrian to

late Cretaceous, as shown in table 2.




Rocks of Cretaceous age

¥

Mesaverde Group

Rocks in the eastern part of the San Juan Basin that were mapped
as the Mesaverde Formation of late Cretaceous age by Renick (1931),
Dene (1936, 19h8))and Wood and Northrop (1946) have recently been
reclassified as the Piesaverde Group by Beaumont, Dane, and Sears (1956).
The Mesa.verde Group in the area of this report consists of the Po:lnt
Lockout Sandstone, Menefee Formation, and the La Ventana Tongue of the
Cliff House Sandstone, in ascending order. The Mesaverde Grdup was not
subdivided during the mapping for this investigetion, but the three

formations of the group seem to be present throughout the area.
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Extent and thickness.~-The Mesaverde Group crops out nearly

| cc;ntinu::ualy from south to north along the eastern side of the
area (fig. 5) and 1s distributed continuously in the subsurface west
of the outcrops. The Mesaverde Group is about 560 feet thick in
sec. 35, T. 21 N., R. 1 W. (Renick, 1931, p. 43-L4li). The Point
Lookout Ssndstone 18 sbout 1850 feet thick, the Menefee Formation is
347 feet thick, and the La Ventana Tongue of the Cliff House Sandstone
is 37 feet thick. In the subsurface to the west the Mesaverde Group
is about 840 feet thick at the Sun 0il Co. No. 1 McElvain well in
sec. 23, T. 21 N., R. 2 W., and almost 1,700 feet thick at the Shell
0il Co. No. 1 Pool Four well in sec. 22, T. 21 N., R. 5 W.

In the northeastern part of the area the Mesaverde Group is 647
feet thick at outcrops in sec. 5, T. 24 N., R. 1 E. (Fittei', 1958,
p. 19 and p. 49-51). The Point Lookout Sandstone is 95 feet thick,
the Menefee Formation is 375 feet thick, and the La Ventana Tongue
is about 110 feet thick. In the subgurface to the southwest the
Mesaverde Group is sbout 630 feet thick at the Reading and Bates No. 1

Duff well in sec. 24, T, 24 N., R. 1 W.
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Lithology.--The goint Lookout Sandstone consists of buff, gray,

) - ’
and tan sandstone which generally is thick to massive bedded. The

sandstone 1s mainly nmedium-grained, but it contains a few beds of
fine-grained sandstone and some thin beds of shale. The sandstone is
relatively resistant to erosion and forms small ledges and hogbacks.
‘me. Menefee Fomatioﬁ consists of shale and interbedded thin to
thick sandstone and thin beds of coal. The shales are ligh‘b- to dark-ﬂ ra_.3
and generally carbom.cec‘:us » containing at places lenses of coal and
coaly shale. The sandstones are white, gray, buff, and brown, lenticular
stream~-channel deposits of fine to coarse-grained quartz sand. The
Menefee Formation underlies small strike valleys and steep slopes
between the Point Lookout Sandstone and the La Ventana Tongue.
The La Ventana Tongue of the Cliff House Sandstone consists of gray,
buff, and orange-brown, thick to thin, medium-grained sandstone and
some interbedded gray shale near the top. The s;mdstone is relatively
resistant to erosion and forms steep cliffs in areas where the .i'ocks dip
gently, and hogback ridges where the rocks dip steeplyl. The main
hogback of the Northern Hogback Belt is held up by the La Ventana Tongue.
The Point Lookout Sandstone was deposited as beach and near-shore
nﬁrine sand. The Menefee Formation was deposited‘;e.n a swampy coastal-
plain environment, and the La Ventana Tongue was deposited mainly in

a near-shore marine enviromment.
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Contacts.~-The Point Lookout Sandstone is gradational into the
underlying Mancos Shale of Late Cretaceous age. This gradation occurs
in a tizin zone at the ﬁase of the Point Lookout, where thin tongues
of the Point lLoockout are interbedded with thin tongues of the Mancos

Shale. The contact of the La Ventana Tongue of the Cliff House Sandstone

Lota
and the overlying Lewis Shale ofnCretaceous age is gradational by
intertonguing.
2
’
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Water-bearing properties.--Although data are not available on

the water-bearing properties of the Mesaverde Group in the area, the
beds of sandstone in the Mesaverde are porous and they shouldbbe good
aquifers. Renick (1931, p. 49) reported that the porosity of several
rock samples analyzed ranged from 13.71 to 28.32 percent. Renick
(1931, p. 49) reported also that water of good quality issues from
springs in sandstone oi: the Mesaverde Group south of the area of this
réport. Areags of recharge are at outcrops on the margins of the
Central basin at‘altitudee higher than the altitude of the Mesaverde
within the basin. Thus, artesian conditions are to be expected where
the Mesaverde is in the subsurface. In most of the area, except

at places on the east side, the Mesaverde Group is at depthsof 2,000
to 6,000 feet, and the group is not considered to be a practical
source of ground water where it is deeply buried.

Deep vells in the San Juen Basin have produced oil and gas from
the Mesaverde Group at places, and saline water at of.her places.
Fresh water has encroached downdip along the margins of the basin and
has replaced part of the saline water. However, the depth to which
this flushing has taken place has not been determined, and it may
vary because of local conditions. Potable water is to be expected

in the Mesaverde near outcrops only.
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Levis Shale

Extent and thickness.-~The Lewis Shale of Late Cretaceoup gee

‘crops out in e north-south belt along the east side of the area

(fig. 5) end is distributed continuously in the subsurface west of
the outcropé. The belt of outcrop of the Lewis Shale is adjacent

to and west of the Mesaverde Group, and the structural attitudes of
the units are similar.: The Lewis Shele dips—serthwest~aad crops out
as low hills rig;ng above alluviated valleys in T. 20 N., R. 1 W. In
the San Pedro Foothills the Lewiss;:;.:& vertical to overturned, end is
exposed discontinuously in the walls of canyons and in valleys. In
the Northern Hogback Belt the Lewizm west and crops out on low

hilles and slopes rising above alluviated valleys cut in the ghale.




The Lewis Shale is about 1,900 feet thick at the Reading and
‘Bates No, 1 Duff Well (24.1w.24.424k) in the northeastern part of the
area. The shale thins southwestward in the subsurface. It is about
1,470 feet thick at the Magnolia Petroleum Co. No. 1 Jicarilla .D
wvell (26.3W.24.); 1,530 feet thick at the Sun 0il Co. No. 1 McElvain
vell (21.2W.23.); and aaly 500 feet thick at the Shell 011 Co. No. 1
Pool Four well (21.5W.22.44 center). Much of the thinning takes place |
oui:':a short distance in‘, the subsurface of the southwestern part of
the area. The abmpt thinning takes place also at the surface in the
southeastern part .of the area where the lewis Shale is about 1,400 feet
thick in secs. 2-4, T. 20 K., R. 1 W., but is anly 550 to 660 feet thick
- south of Mesa Pledra Lumbre (Mesa Portal on fig. 5) according to
Dane (1936, p. 111). Both Renick (1931) and Dane (1936) recognized that
the thinning is largely the result of a facies change. The lower part
of the Lewis Shale intertongues with and gradés laterally into the
upper part of the La Ventana Tongue of the Cliff House Sandstone. Thus 4
as the Lewissl\%:c\:mes thinner to the sc;uth, the La Ventana becomes thicker

by angproximately equivalent amount.

.
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Lithology.~--The Lewls Shale is composed of light to dark-gray
.‘ﬁ'ssile.clay shale and some interbedded siltstone, fine-grained sandstone,
band nodular concretionary limestone, containing marine invertebrate
fossils. At most places the lower 100 feet of the Lewis Shale contains
several thin beds of séndstone which are tongues of the La Ventana.

In the sufsurface of the éouthwestem part of the area the Lewls Shale

is very sandy and silty and is only 500 to 600 feet thick. These

beds are believed to be’stratigraphice.lly equivalent to the clay shale

Shale
of the upper part of the Lewis,\in the northern part of the area.




. Contacts.--The contact of the Lewls Shale and the underlying
Mesaverde Group is transitional and intertonguing. The contact of
the Lewis Shale and the overlying Pictured Cliffs Sandstone of Late
Cretaceous ‘p.ge also is transitional and intertonguing. In the
subsurface the intertonguing causes the top of the Lewis Shale to rise
stratigraphically to the northeast as the lower part of the Plctured

Cliffs Sandstone wedges 'out in that direction (figs. 6, 7, and 8).

~ as interpreted from electric laas of wells
Figure 6.--Diagram showing correlations of rock units,along

line A-A' {shoewn on p'.S' q) .
as inferpreted From electric logs efwells and surface s’*‘nd'.'c,m Pl' e
Figure 7.--Diagram showing correlations of rock units Aalong Sechian
line B-B'[shown on gg q)
as iirterpreted Prom electyic logs of wells and surfuce s{'nhamfk i
Figure 8.--Diagram showing correlations of rock units,‘along séetion

line C~C'(shown o; C,'q. q')

Shole 5
N G The Lewisl\and Pictured Cliffs intertongue also at the surface in

the southeastern part of the area.

Water-bearing properties.-~The Lewls Shale does not yield water to

wells in this area, and several water wells drilled in this formation
in T. 24 N., R. 1 E. vere unproductive. Because the formation is
composed largely of clay, shale, it has low porosity and permeability.
Some of the thin sandstones in the lover part of the formation might

yield small amounts of water, but the water is probably saline.




A i Pictured Cliffs Sandstone

Extent and thickness.--The Pictured Cliffs Sandstone of Late

Cretaceous %ge crops out above the Lewis Shale in the southeastern
part of the area (fig. 5), and a zone of thin sandstone, siltstone,
and mtefbedded shale that probably is equivalent to the Pictured
Cliffs was traced along the east side of the area as far north as
sec. &, T. 25 N., R. 1 E. The Plctured Cliffs is present R i
surface of most of the area.

In the southern part of T. 20 N., R. 2 W. the Picturedhliffs
_crops out along the lower part of the erosional escarpment at the east
side of Mesa Portal. On the south slope of the butte in the .
SWd sec. 25, T. 20 N., R. 2 W. the Pictured Cliffs is about 65 feet
thick. The Pictured Cliffs Sandstone 1s present gast of the Rio Puerco
in secs. 17, 19, and 20, T 20 N., R.'1 Aw., but its beds are thin,
shaly, and poorly exposed at places. +In the Nw%- sec. 20, T. 20—'1‘1., R. 1 W.
the formation is about 75 feet thick. Between sec. 17; T. 20 N.y, R. 1 W.
and the center of sec. 23, T. 21 N., R. 1 W. the shale and sandstone

mapped as the Pictured Cliffs are about 45 feet in average thickness.




: In the San Pedro Foothills and in the Northern Hogback Belt,
the rock.s that are probably equivalent to the Pictured Cliffs are
exposed at many places and were found at other places by digging
through a thin scil cover. In this reglon the thickness of the
Plctured Cliffs varies, but it averages about 35 feet. North of
sec. 23,. T. 21 N.; R. 1 w; the outerop belt of the Pictured Cliffs
is g very narrov and the formation was not mapped as a separate unit,
but vas included with the overlylng undivided Fruitland Formation end
Kirtland Shale of Late Cretaceous gge as far north as
gec. &, T. 25 N., R. 1 E. In a landslide scar in the
NE} sec. 4, T. 25 N., R. 1 E. shaly rocks equivalent to the Pictured
Cliffs are about 58 feet thick. North of here the shaly beds were
excluded from the undivided Fruitland Formation and Kirtland Shale

and were mapped with the Lewls Shale. 5
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The.Pict‘ured Cliffs Sandstone 1s widely distributed in the
subsurface of the area, as determined by a study of electric logs
of wells drilled for oil and gas (figs. 6, 7, and 8). The formation
is about 235 feet thick at the J. D. Hancock No. 1 Brown well
(21.5W.33.332). The thickness diminishes northeestward becsuse of
the wedge-out of the lower part of the Plctured Cliffs into the
upper part of the Lewisl Shale and also because of depositional
tbinning of tﬁe Pictured Cliffs. At the Magnolia Petroleum Co. Ko. 1
Cheney-Federal yeil (26.2W.8.223), & zone of interbedded shaly
sandstone, siltstone, and interbedded silty and sandy shale about 80
feet thick is correlated with the Pictured Cliffs Sandstone. In the
subsurface of the eastern part of the area the Pictured Cliffs thins
to the north, as it does in outcrops, but a thin zone of sandy shale
and shaly sandstone persists to the north, as it". does in the outcrops.
Because of the exaggerated vértical scale of the correlation
diagrems (figs. 6, T, and 8), the Pictured Cliffs is not combined with
the undivided Fruitland Formation and Kirtland Shale on the diagrams.
The thickness of the Pictured Cliffs Sandstone in the subsurface tends
to be more or less constant across the area in a north-northwest

direction. The formation thins to the east-northeast.
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Lithology.--The Pictured Cliffs Sandstone is composed of varied

proportions of thin to thick bedded sandstone, siltstone, and shale.

In the subsurface of the southwestern part of the area the Pictured
Cliffs is mainly sandstone, but it contains beds of siltstone, and
shale. The Pictured Cliffs thins northeastward and, as Judged by
1nterpre£ation of electric' logs of wells, the thinning is accompanied
by a gredual change from & predominantly sandstone facies to a facies
of thin, argillacecus, fine-grained sandstone, siltstone, and interbedded
shale.

At outcrops west of the Rio Puerco the Pictured Cliffs Sandstone

is composed mainly of very fine grained to medium-grained sandstone.

In the SW} sec. 25, T. 20 N., R. 2 W., the lower part of the Pictured
Cliffs is mainly soft, yellowish-brown to buff sandstone about 15

feet thick. The middle part of this sandstone is tangentially cross-
bedded and it forms ruaty;veatheri:vg ledges. Above the sandstone is
olive-colored soft clay shale about 5+feet thick. The shale is overlain
by soft sandstone and interbedded poorly exposed shale about 10 feet
thick. The upper part of the Pictured Cliffs is a.bout 35 feet thick,
and consists of two beds of fine:-'rto medium-grained slightly micaceous

sandstone separated by a bed of gray clay shale 3 feet thick.




In sec. 4, T. 25 N., R. 1 E., rocks equivalent to the Pictured Cliffs

these rocks were mapped with the Lewis Shale.

Eaﬁt of th Rio Puerco in the southeastern part of the area the

‘sardstone beds of the lower part of the Pictured Cliffs are very thin,

fine greined, ahd somevﬁat concrétiouary. The sandstone at the base

of the formation in the NWi sec. 20, T. 20 N., R. 1 W. is about 2.5 feet
thick and at places, it forms brown-weathering concretions. Light to
dark gray sandy shale, about 35 feet thick, containing thin concretionary
siltstone and thin, fine-grained sandstone beds overlies the basal
sandstone. The upper paxrt of the Pictured Cliffs is about 38 feet thick,
and it consists of three beds of fine- to medium-grained sandstone
interbedded with shale. The highest bed of the Pictured Cliffs at

this locality is about 5 feet thick, and it consists of olive-gray,

very sandy clay shale containing marine fossils.

At most places in the San Pedro Foothills and Northern'Hbgback Belt,
rocks equivalent to the Pictured Cliffs Sandstone (but mapped with the
Fruitland and Kirtland) consist of a lower unit that is 20-25 feet
thick and consists of shale with 1nterbééded thin rusty-weathering

’

concretionary sandstone, and an upper unit that is 15-20 feet thick

and consists of two or more soft, fine-grained, shaly sandstone beds.

consist of shale with several very thin beds of siltetone and fine-

grained sandstone containing plant fragments. North of this locality

Many of the beds of the Pictured Cliffs Sandstone contain
lignitized fragments of fossil plents scattered through the rocks
and forming thin mats on* bedding planes. The carbonaceous material
is associated with marine invertebrate fossils and characterizes the

Pictured Cliffs of the eastern part of the area.
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~ Contacts.--The Pictured Cliffs Sandstone rgsta conformably on
the Lewis Shale and intertongues with it. In the subsurface and at
the surface west of the Rio Puerco in the southeastern part of the
area, the Pictured Cliffs is overlain conformably by carbonaceous
t0 coaly shale and beds or' thin sandstone and siltstore which are -
the basal parts of the undivided Fruitland Formation and Kirtland
Shale. Also, at many pla.ces in the northern Hogback Belt, north of
sec. 20, T. 2& K., R. 1 E., rocks equivalent to the Pictured Cliffs
are overlain confoi'mably by sandy carbonaceous shale, 15-30 feet thick,
containing silicified fossil wood and thin, rusty-weathering siltstone
and fine-grained sandstone beds. The carbonaceous shale beds seem to

Formation Shale

be absent at most places where the h'uit]and/\and KirtlandAare exposed
in the San Pedro Foothills. At many of these places rocks equivalent
to the Pictured Cliffs are overlain with slight erosional unconformity
by thin to thick, coarse-grained sandstone whose stratigraphic position

Formot con Shole the strat: graphic position of
in the undivided m:ltlnnd,\and ;urtlan‘dl\is higher than,the carbonaceous

A
shale. Locally, the upper part of the rocks equivalent to the Pictured
Cliffs is thin or absent. These relations may be the result of
slight local unconformity caused by scouring or channeling, and they
seem to indicate that there was slight uplift or folding in the San
Pedro Mountain area not long after deposition of the Pictured Cliffs

Sandstone.




Water-bearing properties.--The Pictured Cliffs Sandstone does

g »
not yield potable water to wells in this area. In much of the area

the sandstones are thin, fine-grained and clayey, and they appear to

the swbsurfaceof the
have low porosity and permeability. The sandstone in thehsouthern part

of the area is thicker and more porous, but interpretation of electric
logs of wells in this part ;\ihe area indicates that the water probably
is highly saline. In the area investigated, and elsewhere in the

8in Jusn Pasin, daep wells havé produted meturel gas or highly saiine

wvater from the Pictured Cliffs.
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.
Fruitland Formation and Kirtland Shale, undivided

A thin but stratigraphically camplex sequence of shale, siltstone
and sandstone lies on the Pictured Cliffs Sandstone throughout the
area. Gardner (1909, p. 1) and Renick (1931) apparently included part
of these rocks with the Lewls Shale and part of them with overlying
rocks which they assigned to the Puerco Formation. Dane (1936) found
that the aequencé of shale, siltstone, and sandstone is equivalent
to rocks mapped on the west side of the Central basin by Bauer and
Reeside (1921) and Reeside (1924) as the Fruitland Formation and the
overlying Kirtlend Shale, both of Late Cretaceous Age. Dane (1936,

p. 115, and pl. 39) arbitrarily combined the two formations east of
sec. 7, T. 19 K., R. 2 W. and mapped them as the Kirtland Shale ,
because the basis for distinguishing thg two ’formtions was sald to
become less evident eastward. Howevcaf, because rocks probably
equivalent to both the h'_uitla.nd Formation and the Kirtland Shale occur
in the present area of investigation, these rocks are designated in

this report as the undivided Fruitland Formetion and Kirtland Shale.
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Extent and thickness.~-The undivided Fruitland Formation and

Kirtland' Shale are present above _the Pictured Cliffs Sandstone at

the surface a.nd‘ in the subsurface throughout the area. The Fruitland

uﬁ Kirtlanﬁ Formations crop out in the southwestern and southern

parts of the area (fig. 5) where they form low rounded hills and

benches, and steep slopes beneath cuestas held up by the overlying

0jo Alamo Sandstone of lLate Cretaceous ,age. North of T. 21 K., R. 1 W.
Frwitland F:ﬁm.:t‘ion and :

beds laterally equivalent to the'\Kirtland Shale {ofPeme;-1936) were

said by Dane (1946) to be included in the Lewis Shale as far north as

the southern part of T. 25 N., R. 1 E. However, detailed examination

and mapping in the San Pedro Foothills and Northern Hogback Belt

indicate that, throughout this area, the undivided Fruitland Formation

and Kirtland Shale (and the Pictured Cliffs Sandstone) form a
persistent lithologic unit which can be differentiated from the Lewis
Shale. Judging from Deane's (1946) stratigraphic sections measured
in Tps. 23-24 N., R. 1 W. and Tps. 24-26 N., R. 1 E., beds which he
included at different places in the upper part of the Lewis Shale, in
the Ojo Alamo Sandstone, and in the lowest parts of the Nacimiento
Formation of Tertiary age and the Animas ?‘omtion cf;’:gre;tacems and
Tertiary age are equivalent to the undivided Fruitland Formation and

Kirtland Shalewof this report.




West of the area of this report, in T. 20 N., R.6 W., the
combined thickness of the Fruitland and K:lrtland/‘was estimated to be
8lightly less than 600 feet (Dane, 1936, p. 11%). The sequence thins
eastvard, and in the BWd sec. 25, and NE} sec. 26, T. 20 K., R. 2 V.

Lormotions—
the Fruitland and Kirtlandjare 246 feet thick (see fig. 8). 1In the
SE}NER sec. 8, and SWinwd sec. 9, T. 20 N., R. 1 W., the sequence is
126 feet thick.
. 2 :

In the San Pedro Foothills and the Northern Hogback Belt the
Fruitland and Kirt.la.nd,\dip steeply and form & narrow, discontinuous
belt of soft shale and rounded sandstone ledges, and the thickness of
the sequence is varied. In the NW{SE} sec. 11, T. 21 N., R. 1 W. the
sequence 1s about 128 feet thick, including at the base 27 feet of
sandstone and shale equivalent to the Pictured Cliffs Sandstone. In
the SW%NE& sec. 34, T. 23 N., R. 1 W. the sequence is about 220 feet
thick, including 31 feet of the Pictured Cliffs. South of Almagre
Arroyo in the NE} sec. 2, T. 23 N., R. 1 W. the undivided Fruitland and

: . ;
K:Irt]and,\are 84 feet thick, including 33 feet of poorly exposed

sandstone and shale equivalent to the Pictured Cliffs.
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Earrations

_ The Fruitland and Kirtlandjthicken north of sec. 20, T. 24 K., R. 1 E.
and neax: the center of sec. 8, T. 24 N., R. 1 E. they are about 200
feet thick, including 46 feet of the Pictured Cliffs. The thickness
is varied to the north and is about 280-300 feet, including 35 feet
of the Pictured Cliffs, in the NENWL sec. 29 and
the NE} sec. 17, T. 25 N., R. 1 E. The sequence is less than half as
thick in T. 26 N., R. 1 E.

2

‘ In the subsurface east of the Continental Divide the thickness of

the Fruitland and Kirtland fesmetiens is varied as it is in the outcrops.

However, in the subsurface west of the divide, the sequence thiikens

Frwitlond and h’irﬂam
irregularly vestward. In the northwestern part of the area the‘\sequ'eme

are
is about 450 feet thick at the Northwest Production Co. No. 1-7
Jicarilla 152 well (26.5W.7.332). In the subsurface of the south-

" Fruitland and Kirtland are
western part of the area&sﬂmequanm,is 300-400 feet thick (fig. 6(_)32




Lithology.-~The undivided Fruitland Formation and Kirtland

- Shale consist of varied proportions of dark to light-gray and olive-

green clay shAIe » bentonitic clay, sandy shale and siltstone, and
interbedded white, buff, brown, and greenish-gray, fine to very coarse
grained sandstone.

The lower part of the sequence consists of light to dark-gray,
sandy, carbonaceous shale containing thin beds of rusty-weathering
siltstone and fine-grained sandstone, and at placea, silicified wood.
Thin beds of 1mpﬁre coal are present near the base of the Fruitland
and Kirtlandmouthem part of the area. This basal unit ranges
in thickness from O to 30 feet and is present in the scutheastern
part of the area and most of the Northern Hogback Belt. In the San
Pedro Foothills it is present locally but is absent at mw ﬁlnces.
The basal unit seems to be present in the subsurface of most of the area.
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h In.the subsurface of the southern part of the area the basal

unit is overlain by shale and interbedded thin siltstone. Some of

these siltstones thicken northward and grade into a unit of sandstone
about 80 feet thick in the subsurface of the northern part of the

area (fig. 6). At the surface in the Northern Hogback Belt the basal
unit of the Fruitland and Kirtland)is overlain by several beds of soft
fine-grained sendstone and interbedded shale. The sandstone beds
contain marine fossils and thickensnorthward. In the

SEANE} sec. 17, 7. 25 N., R. 1 E. this unit is 85 feet thick and consists
of two beds of fine to coarse-grained, olive-gray-weathering,
Halymenites-bearing sandstone. The Halymenites-bearing sandstone
correlates with the northward-thickening sandstone unit in the subsurface.
At outcrops north of sec. 4, T. 25 N., R. 1 E. most of the
Halymenites-bearing sandstone unit seems to be absent because of slight
erosional unconformity with sandstone higher in the Fruitland and

Formotroms
Kirtland)sequence.
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, At o.utcrops in the southeastern part of the area and in the
San Pedro Foothills the basal unit of the Fruitland and Kirtland,‘is
overlain by a medial unit composed of sandstone and shale. The
sandstone at the base of the medial unit is brown to nearly white,
finexgrained to very coarsejgrained, crosgbedded, and ranges from a
few feet to 7O feet thick. This sandstone is overlain by soft, dark-
gray bentonitic shale and interbedded olive-green shale and soft
sa;xdstone, all 30 to 10:) feet thick. At many places in the area the
sandstone st the base of the medial unit contains fossil wood which has
been replaced by silica and limonite. Small siliceous pebbles of
sevexal'g;g;were found in the sandstone on & butte in the
SWi sec. 25 and on a hill in the MWL sec. 25 7. 20 N., R. 2 W. The
sandstone is composed mainly of fine-to medium-grained quartz sand,
but it also contains much angular coarse-grained to gramle-size quartz,

wut‘\e.reJ :
pink and green chert fragments, and pink and vhite feldspar fragments.

A
The sandstone seems to be a series of overlapping or coalescing
stream-channel deposits resting unconformably on old& rocks in the
eastern part of the area. The shale of the medial unit at most places
contains several bed.s of carbonaceous bentonitic clay which swells

during weathering to produce a characteristic hummocky, cracked outcrop.
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The medial unit persists northward in the San Pedro Foothills

aa'xl Nox:hhem Hogback Belt. The thickness of the basal sandstone
varies considerably. In sec. 10, T. 23 N., R. 1 W., south of State
Highway 96, the basal sandstone is as much as 70 feet thick and forms
& resistant "r1b" of sandstone which contains much silicified wood.
At other places the basul sandstone consists of granule-bearing
sandstone several feet thick. A ridge-forming, fine to coa._rse-grained
sandstone as much as 56—70 feet thick in outcrops between Arroyo
Blanco and Canoncito de Las Yeguas resembles the Ojo Alamo Sandstone.
However, the sandstone seems to correlate with a westward-thinning
sandstone beneath the 0jo Alamo in the subsurface (fig. 7), and it is
correlated with the basal sandstone of the medial unit of the

At this /or_a.la"l'g
Fruitland and Kirtland ;emaﬁeas. “!{he 0jo Alamo seems to be represented
at the surface by poorly-exposed, soft conglomeratic sandstone that
holds up discontimuous low hills west of the m;\itland and Kirtland

outcrops. .




In the NEf sec. 17, T. 25 N., R. 1 E., the ridge above the
Halymenites-bearing sandstone of the Fruitland and Kirtland is capped
" by a hdrd, ledge-forming sandstone 14 feet thick, conteining small
peb'blés and silicified wood. This hard sandstone was correlated
tentatively with the 0Ojo Alamo Sandstone by Dane (1946). However,
the sandstone and an overlying poorly exposed unit of shale about 80
feet thick are assigned, in this report, to the medial unit of the
undivided Fruitland Formation and Kirtland Shale. The shale is over-
lain by a coarse-grained conglomeratic sandstone assigned to the Qjo
Alamo in this report. Thin sandstone beds in the shale below the
hard sandstone of the medial unit of the Fruitland and Kirtland
thicken ebruptly to the north and merge with the hard sandstone to
form a massive lédge of cross-bedded sandstone as much as 60-100 feet
thick. Near the center of sec. 4, T. 25 N., R. 1 E. the shale of
the medial unit is cut out by an unconformity at the base of the 0Ojo
Alemo, and in the NEf sec. 4 the 0jo Alemo Sandstone rests unconformebly
on the massive sandstone of the Fruitland and Kirtland. These combined
sandstones cap the high hogback or cuesta above the steep slopes of
lewis Shale in T. 27 N., R. 1 E. Thin remnants of the shale of
the medial unit of the Fruitland and Kirtland are present at places
along the sandstone cliffs on the east face of the cuesta, and t+—is
P s o P g oo dthe sandstone of the Fruitland and Kirtland
1 from the overlying Ojo Alamo Sandstone at these places. Elsewhere
along the cliffs, the contact was mapped arbitrarily at & notch 50-60
feet above the base of the lowest thick sandstone bed. The combined
sandstones of the 0jo Alamo and the undivided Fruitland and Kirtland
4n T. 26 N., R. 1 E. are those mapped and described by Dane (1946 and
1948) as the basal sandstone of Animas Formation at this place.
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. In the southeastern and southern parts of the area the upper part
of the undivided Fruitland Formation and Kirtland Shale consists of
several beds of fine-to coarse-grained sandstone and interbedded olive

and gray shale. Some of the sandstone beds in this upper unit are

‘1ithologically similar to the overlying Ojo %lamo Sandstone, but they are

more evenly bedded and slightly finer grained. 1ocally, sandstone beds

“Fartatrorrs
of the upper unit of the Eruitland and Kirtlandarest on & chamneled

surface. In the NE} sec. 26, T. 20 N., R. 2 W. the sandstone beds in the
: “Farmations

" upper,unit of the Fruitland and Kirtlandphold up two prominent

topographic benches separated by a slope which is underlain by shale.
upper
TheAunﬂ.t ef-sandsbone-and interbedded shede is about 90 feet thick, but
en—the south méde of the erosional reentrant south of the benches most
of the unit is cut out by an erosion surface at the base of the Qjo
Alamo Sandstone which caps Mesa Portal. Farther south the sandstones of
the upper unit are present beneath the Ojo Alamo, but they wedge out into
€
shale of the Fruitland and Kirtland near the socutheastern edge of
Mesa Portal. Ledge~forming sandstones present locally 1n. the upper peart
Frrwakrvne
of the Fruitland and Id.rtla.nd,\in the southwestern part of the area
probably are equivalent to the upper unit at the east side of Mesa Portal.
To the north and northeast on both sides of the Rio Puerco
. wact C Fertractithe-
sandstones of the upper ,‘pa:d; of the Fruitland and Kirtland“hold up small
topographic benches below the Ojo Alamo, but these sandstones seem to have
been truncated by the Ojo Alamo in the eastern part of
sec. 8, T. 20 N., R. 1 W.,-where the total thickness of the undivided
Fruitland Formation and Kirtland Shale is about 126 feet, in contrast

to a thickness of 246 feet west of the Rlo Puerco.
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The unf.ta of the undivided Fruitland Formation and Kirtland Sha.le
are recognizable to some degree in the subsurface. In the southwestemrn
part of the area the lowest beds consist of carbonaceous to coaly
shale with a few beds of persistent carbonaceous siltstone and fine-grained
sandstone, all about 30-40 feet thick. Shale beds above the basal unit
contain a few thin beds of siitstone vhich. thicken to the north and
northeast and grade laterally into shaly sandstone which is apparently

2 -
equivalent to the coarse-grained Halymenites-bearing sandstone that

~ erops out in the Northern Hogback Belt. The Halymenites-bearing sandstone

may be equivalent to the Pictured Cliffs Sandstone of the northern pert

of the San Juan Basin (the "northeast lobe of the Pictured Cliffs" of

Silver, 1950, p. 111-112), but this has not been established with certainty.
Sandstore beds of the medial unit thin westward and becon;e' shaly

but some of the sandstone beds are locally as much as TO feet thick at

vells drilled for oil and gas east of the Continental Divide near the

San Pedro Foothills and Northern Hogback Belt. Beds of sandstone that

are equivalent to those in the upper unit of the Fruitland end Kirtland

Formetiens in the southeestern and southern parts of the aree become

thinner and finer grained in the subsurface northward and westward

from the outcrops.
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+ Contacts.--The basal unit of the undivided Fruitland Formation
and Kirtland Shale rests conformably on the Pictured Cliffs Sandstone
in most of the area. At places in the San Pedro Foothills the bas&l
unit is absent, and stratigraphically higher coarse-grained sandstone of
the medial unit méts on fine-to medium-grained sandstone of the Pictured
Cliffs. Where these relations were observed the contact is irregular
" and scoured. The local thickening and thinning and the erosional relations
: ot
of units within the Fruitland and Kirtland,indicate that slight folding
of the rocks occurred in the vicinity of the east side of the area of
investigation during deposition of the Fruitland and Kirtland.
/ The contact of the Fruitland and Kirtland Fomsetiess with the

,overlylng Ojo Alemo Sandstone is unconformable. At all localities where

/
" /’ the contact was observed the Ojo Alamo rests on an irregular erosional

s

.surface cut on beds of the Fruitland and Kirtlahd, The variation in

//' 'thickness of the Fruitland and Kirtland in the eastern part of the area

4

it

n ¢
‘indicates slight local tolding’a.na erosion prior to deposition of the

A

,/' 0jo Alamo.




‘ " Hate‘r-'bearing properties.-- Only one well (20.3W.35.24k4; see fig. 10)
is known to have obtained potable water from the undivided Fruitland
Formation and Kirtland Shale in the area. This vell vhich is mo
longer in use, ylelded only small amounts of water. Elsewhere in the
southern part of the area sandstone beds in the Fruitland end Kirtland Aséesss
probably would yield small quantities of water to wells where these |

} rocks are below the vater table. '
| In the aou;theastem part of the area, east of the Rio Puerco, the
‘ e
Fruitland and Kirtlandycontain only a few beds of sandstone. These
beds are clayey, and they probably have low porosity and permeability.
These sandstones would yleld only very small quantities of water, if any,
and the water probably would be very saline. Similar conditions are to
" be expected in the San Pedro Foothills and the scuthern part of the
Northern Hogback Belt. The basal sandstone of thg medial unit might yleld
S st P il e 1548 ARt A L Forthern Hogback Belt.
Deep wells drilled for oll and gas have yielded highly saline water
; ‘ ~rrretees
and natural gas from the Fruitland and Kirtle.nq. Rocks of the lower
part of the Fruitland and Kirtland and the underlying Pictured Cliffs
Sandstone are reservoirs for some of the extensive natural gas fields of

the eastern part of the San Juan Basin.




0jo Alamo Sandstone

. Bxtent and thickness.--The Qjo Alamo Sandstone of Late Cretacewa

age crops out in an irregular band above the undivided Fruitland
{ Formation and Kirtland Shale almost contimucusly across

T. 20 N., Rs. 1 to 5 W. (fig. 5) where it ceps northward-sloping cuestas
and forms steep cliffs faging south, southeast, and southwest,

According to Dane (1936, p. 121) the thickness of the Ojo Alemo is about
170 feet just west Qr San Ysidro Wash (Arroyo San Ysidro on fig. 5 of
this report). In a composite section measured in the NWLNE} sec. 26 and
the NEINE} sec. 23, T. 20 N., R. 2 ¥., the OJo Alamo is 70 to 80 feet

of blhe wpper wnit

thick (excluding wpper sandstones pOf the Fruitland and Kirtland
Fermations. that were mapped with the Ojo Alamo at this place by Dane,
£1936). East of the Rlo Puerco the Ojo Alamo forms northwestward-
sloping cuestas. In the SE—,}NEﬁ—;f sec. 8,\ T. 20 N., R. 1 W. the Ojo
Alamo 1s a little more than 60 feet thick, and in the

SANEL sec. 22, T. 21 H., R 1W. it is 91 feet thick.

In the San Pedro Foothills the Ojo Alamo Sandstone dips steeply
west, and at places it 1s vertical orgslightly overturned. The OJjo
Alamo forms low, rounded ridges exposed in the walls of the canyons
vhich drain San Pedro Mountain in this sector. In the
SEfSWE sec. 11, T. 21 N., R. 1 W., the Ojo.Alamo is 113 feet thick. The
Ojo Alamo is well exposed along an abandoned irrigation ditch north of
San Jose Creek in the SWiNE} sec. 34, T. 23 K., R. 1 W., vhere it 1s
about 90 feet thick.




The ‘OJo Alamo Sandstone 1s poorly exposed or covered at many
places in the Northern Hogback Belt, but the outcrops are adequate to
establish its identity and persistence in this region. In
secs. 10 and 15, T. 23 N., R. 1 W. the pebble-bearing 0jo Alamo is
poorly exposed on the slopes west of a high rib formed by sandstone of
the Fruitland and Xirtlnnd,femt&ons. The Ojo Alamo forms low, westward-
dipping ridges of conglomeratic sandstone in the northeastern part of
T. 23 N., R. 1 V. and near the soutl east corner of T. 24 K., R. 1 W.
In the NEL sec. 2, T. 23 N., R. 1 W. the Ojo Alamo is about 110 feet

-thick.s The Ojo Alamo forms a poorly exposed low ridge of pebble-bearing

sandstone Just east of the Northcutt rench house in

sec. 30, T. 24 N., R. 1 E. In+the SE}-seev20yT24 N, Rr31-E. In the
88} sec. 20, T. 24 N., R. 1 E. the 0jo Alamo is tentatively identified as
a poorly exposed yellowish sandstone lying Jjust west of a ranch road.

A light gray sandstone containing silicified wood on the ridge just east
of the road is included with the Fruitland and Kirtlend. In

sec. 17, T. 24 N., R. 1 E. the poorly exposed 0jo Alamo forms a low ridge
and rests on dark-gray and btlack shale of the Fruitland and Kirtland.

The Ojo Alamo is covered by alluvium at most places in the northern part
of T. 24 N., R. 1 E. and the southern part of T. 25 N., R. 1 E. but at
places it holds up low hills masked largely by sandy soi?.r ‘Along the
Forest Service road in the SE: sec. 8, T. 25 N., R. 1 E., a thick sandstone
correlated with the Ojo Alamo rests on dark gray and olive shale of the
Fruitland and Kirtland, Northward from sec. 8, T. 25 N., R. 1 E., the
OJjo Alamo is more resistant to erosion, and it forms westward-sloping
ledges. It caps a high cuesta in T. 26 N., R. 1 E., where it rests on
sandstone of the Fruitland and Kirtland. In the

SWiSE} sec. 33, T. 26 N., R. 1 E. the Ojo Alamo is elmost 200 feet thick,
and it rests unconformably on sandstone, about 50 feet thick, of the
medial unit of the Fruitland and Kirtland. These combined sandstones were

&scribed as the basal sandstone of the Animas Formation by Dane (1946

and 1948). The Ojo Alamo caps the high cuestas from

sec. 33, T. 26 N., R. 1 E.'to the northern boundery of the area, and it
rests on sandstone of the Fruitland and Kirtlandsfrom which it can be
differentiated with certainty at only & few places.
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‘ . ,The q.jo Alamo Sandstone is distributed continmuously throughout
the area in the subsurface. In the southern part of the area the

,OJo Alamo ranges in thickness from 80 to 100 feet, and it thickens to
the north and northeast as it does at the surface. Thin tongues of
sandstone in the lower part of the Nacimiento Formation of Tertiary age
a3eo thicken northward and merge with the underlying OJ?AT;;;‘(ngs. 6
and 7). In the northern p}art of the area the 0jo Alamo ranges in

thickness from ebout 180 to about 200 feet.
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Lithology.--The OJo Alamo Sandstone 1s caomposed of several beds
of buff, ';;an, and brown, medium-grained to very coarse grained sandstone
containing thin lenses of olive to gray shale. The sand is mostly
angular to subangular quartz. Other common constituents as-::g;‘a?m

pink feldspac and

and granules of,\red, gray, and green chert_ and-pink—feldsperm Pebbles
ranging rmm half an inch to several inches in dlameter are scattered
through the sandstones and, locally, the lower few inches to several
feet of the formation is ;ebble to cobble conglomerate. Most of the
pebbles and cobbles are well-rounded, gray and white quartz and quartzite,
but red, yellow, and green siliceous pebbles, and pebbles of sandstone
and shale also are present. In sec. 36, T. 24 N., R. 1 W., the Ojo
Alamo contains numerocus 2 to 3-inch pebbles of volcanic rock including
a8 distinctive pink rhyolite porphyry. logs replaced by silica or
limonite are common in the 0jo Alamo at many localities. These fossils
are similar to those found in sandstone of the Fnﬁtland and Kirtland.
formations. ¢
At outcrops the QOjo Alamo Sandstone 1s moderately indurated by
sllica, clay, and ferruginous campounds that cement the sand grains.
Some hard, thin beds are highly ferruginous and rusty-weathering.
Tangential crosabeddim characterizes the formation, but the several beds
of sandstone tend to weather as massive units. In the southern part
of t".he area the lower half, approximately, of the Ojo Alamo forms a
massive cliff. The upper half, which is more highly cross-bedded and
less resistant, forms mtmd:ed slopes and ledges set back from the cliffs

of the lower half.




, Contacts.--The 0Ojo Alamo Sandstone rests with erosional

unconformity on the undivided Fruitland Formation and Kirtland Shale
in the area of this report. Evidence of scouring and chamneling st
the base of the 0jo Alemo may be observed at meny places. Reeside
(1924, p. 26) discussed the contact of the 0jo Alemo with underlying
beds in the western part of the Central Basin. He sald that the evidence
of an erosional and s]igh_j:ly angular unconformity is clear in that region.
Wu, Dene (1936, p. 118-121) reasoned that the erosion surface at the
baseoftheOJoAla.ﬁoisnomomthanthe;esult of scouring and
channeling by streams corpetent enough to transport and deposit coarse
sediment. He believed thet there was no hiatus between the Ojo Alamo and
underlying rocks. |

The evidence of erosional unconformity &t the base of the OJo Alamo
1s clear in the erea of this investigation and the erosional unconformity
is displayed well along the east side of Mesa Portal. The variation in
thickness of the Fruitland and m& the eastern part of the area

seemsto Indicate that slight folding and erosion occurred there before

swsfon@
deposition of the Qjo Alu:.c#.




The undivided Fruitland Formation and Kirtland Shale are as much
as 150 feet thick in the subsurface of the western part of the ares,
but in the eastern part of the area these rocks are less than half as
thick. Individual beds in the Fruitland and Kirtland do not thin
eastward as would be expected if the overall thimning was the result of
a lesser aﬁxozmt of deposition to the easf as postulated by Dane (1936,
p. 120-121); in fact, some sandstone beds thicken and coarsen eastward
(figs. 7 and 8). It appeizrs that, from west to east, successively lower
beds of the Fruitlend end Kirtland are truncated by the OJo Alemorin the
western part of the area. This would seem to indicate that, prior to
deposition of the Qjo Alamo, the rocks of the eastern part of the basin
\.rere tilted gently to the west and part of the Kirtland was eroded from
the eastern part of the basin. This interpretation is essentially the
same &s the conclusion of Silver (1950, p. 112). _

Brown (1910), Sinclair and Granger (1914, p. 304, and pl. 22), and
Bauer (1916, p. 276) described an erosional unconformity at the top of
the Ojo m?s.'?:ﬁ" "t,;;z-e vicinity of its type locality. Ko(rever, the Ojo
Alamo Sandstone seems to be conformable with the overlying Nacimiento
Formation in the area of this investigation. No evidence of unconformity
wvas observed in outcrops, and subsurface data seem to indicate that the
0Jo Alamo in this area is conformable with the Racimiento and

intertongues with it.
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VWater-bearing properties.--The coarse-grained conglomeratic

sendstones of the 0jo Alamo are porous and permesble and o e
physical characteristics of a good aquifer. The sandstone 1is only
moderately well cemented at outcrops. In the Northern Hogback Belt
the Ojo Alamo is friable, and at many places it forms low rounded hills
cared U saclly LY. Ehare the Ol dlnll Eomee beoks bR It
T. 26 ., R. 1 E. and across the southern part of the area in
T. 20 N., Rs. 1-5 W., the upper part of the Ojo Alamo is only moderately
cemented, and in places it weathers to soft sandy soil and dune sand.
This cheracteristic of the Ojo Alamo probably facilitates infiltration
(n the southernanyd eastern parts of the

of water fram precipitation and from streams flowing across the ou‘bcropsn §
Water-well drillers bese reported that the Ojo Alamo beneath the surface
is soft at places, and that 1t behaves like "quicksand" during drilling.
This indicates that the Ojo Alamo at places in the subsurface is highly
porous and permeable because the spaces between sand grains are only
partly filled with cementing material. » The ylelds of wells that tap the
0Jjo Alamo Sandstone are given in table 3. |

The Ojo Almns;,:f;ta;gerlain at most places by clay shale or silty,
sandy shale of the Fruitland and Kirtlandw and it is overlain
by 'clay shale and silty sandy shalé of the Racimiento Formation. In the
subsurface the underlying and overlying slale beds tend to confine the

water in the Ojo Alamo giving rise to artesian pressures.
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')loet of the water from the OJo Alamo Sandstone is potable
(table 9) .but its chemical quality varies. In the Penistaje Cuestas
west of the Rio Puerco the water from springs and wells is soft and of
good chemical quality. Water from the Ojo Alamo near Cuba is hard,
and 1t contgiﬁs mach dissolved iron.

The Ojo Alamo Sandstone probably is saturated with water in the

_subsurface of the area. Electric logs of wells drilled for oll and gas

' . 2
indicate that the water is not highly saline. However, data on the yield
and quality of water are not available except in or near the outcrop

area.
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: " Rocks of Tertiary age
Racimiento Formation

Rocks of earlsiest Tertiary (pa.leocene) age in the area of this
mestigation were first mapped by Gardner (1909, 1910) as parts of the
~ Puerco and Torrejon Formations of the Nacimiento Group. Renick (1931,
p. 51-53) mapped the Puerco and Torrejon Formations as en undivided
unit having about the seme upper and lower stratigraphic boundaries as
the Bacimiento Group of Gardner (1910, p. T13). |

Dane {1936) mapped a restricted unit as the undivided Puerco(?) and
Torrejon Formations. The lower part of Gardner's (1910, pl. 2)

Puerco Formation was mapped by Dane as the Ojo Alamo Sandstone. The
sandstone beds capping Mesa de Cuba and other mesas to the west that
Gerdner (1909, 1910) and Renick (1931) had included in the Torrejon
Formation were mapped by Dane as part of the Wasatch Formation (now
classified as the San Jose Fomat?@ In & later work Dane (1946) used
the term Nacimiento Formation for the rocks he had mapped earlier as the
Puerco(?) and Torrejon. Simpson (1948, p. 272-273) agreed with this
usa'ge and proposed that "Puerco” and "Torrejon" be considered only as

names of faunal zones in the Facimiento Formation. (Also see

Simpson, 1959) /




'Ihne‘(l9h6) traced the Nacimiento Formation from the vicinity
of Cuba northward along the east side of the San Juan Basin and found
that it is equivalent generally to rocks mapped as the Animas Formation
of Cretaceous and m:ge by investigaters in Colorado. For
this reason Dane (1946) arbitrarily restricted the use of the the tem
Naciniento Formation to the area south of Canoncito de las Yeguas in
T. 25 Nop R 1 E. and appi&ied the term Animas Formation to approximately
the Me rocks north Canoncito de las Yeguas. |

The Nacimlento Formation of the present report is approximately
the same as the unit mapped as the undivided Puerco(?) and Torrejon

Formations by Dane (1936) and Wood and Northrop (1946) in the southern

and southeastern parts of the area. However, north of Canoncito de las Yeguas

rocks classified by Dane (1946, 1948) as being in the lower part of the
Animes Formation are correlated with the undivided Fruitland and
Kirtland Shede and the Ojo Alamo Sandstone. Beds above the Ojo Alamo in
the northern part of the area that were designated as the Animas Formation
by Dane (1946, 1948) are designated the Nacimiento Formation, and the

name Animas Formation is not used in this report.
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Extent and thickness.--The Nacimliento Formation of early Tertiary

(Paleccene) age is present above the Ojo Alamo Sandstore throughout the
area. The Nacimiento crops ocut in the Penistaja Cuestas sector across
the southern part of the area (fig. 5). In the southeastern part of
the area at the Shell 01l Co. Fo. 1 Pool Four well (21.5W.22.44 center)
the Nacimiento is about 850 feet thick. The composite stratigraphic
section measured in the SEISEL sec. 14 and at the south end of
s also see Ciqg. 3
Mesa de Cuba in sec. 11, T, 20 N., n. 2 W. (localities lc and 14, fig. 5)
indicates that the Nacimiento Formation is about 800 feet thick west of
the Rio Puerco.

In the San Pedro Foothllls the Nacimiento Formation is exposed
discontinuously in the walls of canyons and sides of valleys vhefe its
beds of somber clay and thin sandstone are vertical to slightly overturned,
or dip steeply to the west. Near the center of
sec. 11, T. 21 N., R. 1 W. the Nacimiento is 537 feet thick. Farther
north in T. 22 N., R. 1 W. the Bacimiento. is thinner, but the formation
is estimated to be about 1,006 feet thick in sec.‘ 34, T. 23 N., R. 1 W.

north of San Jose Creek.
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he pﬂcixniento Formation is poorly exposed in discontinuous
low ridges separated by alluvial valleys in the southern part of the
Northermn Hogback Belt. In sec. 20, T. 24 N., R. 1 E. the Nacimiento
is about 600 feet thick, or possibly slightly more because the base of
the formation was not determined with certainty owing to poor exposures.

In the west half of sec. 8, T. 24 H., R. 1 E. the base was not determined

.vith certainty but the Racimiento is at least 1,250 feet thick. North

of Canoncito de las Yeguas, near the center lines of

secs. 17 and 18, T. 25 K., R. 1 E., the Nacimiento is about 1,400 feet

thick, and the base is not exposed at the point of measurement.

The Nacimiento Formation thickens generally northward, although
the thickness is varied in the outcrops along the east side of ;l:he area.
In the subsurface a similar but more regular northward thickening of the
Nacimiento takes place (figs. 6, T, and 8).\ The— formation is 800-850
feet thick in the southerm part of the a;:;eaandis as much as 1,750 feet
thick near the nort:l;‘nbmndary of the area. Well data indicate also that
the Racimiento thins Mlarly eastward in the subsurface near the

eastern side of the Central basin.
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' 1ithalogy.--The Nacimiento Formation consists of shale and interbedded
goft to resistant sandstone. These rocks are of two disbinctly different
lithologic facies in the southern and northern parts of the area; however,
the lateral change in facies takes place so gradually and exposures are
80 discontimoué on the eastern side of the area, that it was impossible

to map any logical lithologic boundary between facies. The Racimlento

" Formation of the southern part of the area consists mainly of clay shale

Soft Sandstone and 0 few’ resistant sandstone beds. In the northern
with some interbedded/\part of the area the Racimiento contains a greater

proportion of sandstone, and near the northern boundary of the area more
than half of the formation consists of sandstone.

R e vICInite bf. tha bartiern $ioh’ Gl iser de OlNe Tk laaneiiion
Formation consists mostly of soft gray and olive-gray, silty, samlv clay
shale. Soft, gray and tan, fine to coarse-grained, argillaceous
sandstone beds occur at several stratigraphic positions in the formation,
end several thin, dark-brown to black lignite beds occur also. Several
lenticular beds of resistant sandstone intm-bedded in gray and olive-grgyv
shale are present in the u;p:;er half of the formation. Farther west,
in the Penistaja Cuestas, éeveral of these sandstone beds are fairly

persistent, and they form small cuestas.




In the San Pedro Foothills northward from the northern part
of T. 22 N., R. 1 W. the proportion of sandstone in the Bacimiento
Formation increases. At places the lower part of the formation contains

thick, fine- to coarse-grained sandstone and interbedded olive-gray and

. gray carbonaceous shale. The middle of the formation is poorly exposed

but vhere observed it seems to consist mainly of gray to olive-gray shale
with \mterbedded lenticular sandstone. The upper part of the Nacimiento
consists of several beds of ridge-forming, conglomeratic, coarse-gz‘éined
arkosic sandstone interbedded with dark-gray and olive~-gray shale and
shaly sandstone. In the San Pedro Foothills between the north fork of the
Rio Puerco and the upper part of Arroyo Naranjo these upper conglomeratic
arkosic sandstones of the Nacimiento are cut out by an unconformity &t

the base of the San Jose Formation which overlies the Racimiento. The
upper sandstones are present locally in sec. 16 and part of

o0, B0, L T BB T A Bl 06 Yo ot sebiiy. nlsdsaatornity

farther south.
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The ab.ove described general lithologic character of the
Racimiento Formation seems to persist in the Korthern Hogback Belt as

far as the northern boundary of the area. However, where the lower part
of the Nacimiento was observed it seems to have a smaller proportion of

sandstone north of the central part of T. 21& N., R« 1 E. than 1t does

to the south. The zone of the upper conglomeratic, arkosic sandstones

of the Racimiento is varied in thickness, and these sandstones are

: 2
absent locally, as in sec. 20, T. 24 N., R. 1 E., where the upper part of

' the Nacimiento is cut out because of angular unconformity with the

San Jose Formation. North of sec. 20, T. 24 N., R. 1 E. the upper
conglomeratic, arkosic sandstones of the Racimiento are persistent and
are overlain by dark-gray and olive-gray sandy shale upon which the
Sen Jose Formation rests at outcrops and in the mbsurfncefof the northern
part of the area. -

In the subsurface the lithologic character of‘the Nacimiento Formation
is similer to that of the surface exposures. In the southern part of
the area the Racimiento consists mainly of shale, but thé proportion of
sandstone increases northward. The upper conglomeratic, arkosic sandstones
exposed at the surface in the Northern Hogback Belt are fairly persistent
in the subsurface in a northwest-southeast direction, but to the south
and southwest the sandstones thin and become discontinuous lenticular
deposits enclosed in beds which are predominantly shale. Near the
outerops of the Necimiento Formation in the southern part of the area the
upper part of the Nacimlento 1s not present because of the erosional and
slightly angular unconfomit} at the base of the overlying San Jose
Formation (figs. 6, 7, and 8).




Contacts.--Where the contact of the Nacimiento Formation and
nnderlyin; OJo Alamo Sandstone was observed no' evidence of unconformity
was discovered. The contact seems to be gradational through a few
inches to several feet of sandy shale. Evidence of intertonguing in <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>