R Py B s T g et s vt

e

HYDROGEOLOGY AND WATER RESOURCES OF THE
CHICO ARROYO/TORREON WASH AREA,
SANDOVAYL A&D MCKINLEY COUNTIES,

NEW MEXICO

by

Steven D, Craigg

Submitted in Partial Fulfillment
of the Requirements for the Degree of
Master of Science in Geology

New Mexico Institute of Mining and Technology

Socorro, New Mexico

April, 1980



s ENE Vo i b AT

RERFR RO R P

Frontispiece. Abandoned windmill along Abra de Los Cerros.
Cerro de Guadalupe volcanic neck (Tertiary) in background
intruded Upper Cretaceous strata of Mulatto Tongue of the
“ancos Shale (view southwest from NWl, Sec35, T16N, R2W).
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ABSTRACT

The Chico Arroyo/Torreon Wash area lies in the southeastern part
of the San Juan Basin, a Laramide structural depression in northwestern
New Mexico. The climate of the area is semiarid. Most of the land is
presently used for the grazing of livestock and sufficient water sup-

plies exist for stock needs. Development of water resources for stock

|

use include earthen catchment dams, wells, and developed springs. If
future stock-water supplies are needed the Gallup Sandstone, Mulatto
Tongue of the Mancos Shale, Peint Lookout Sandstone, sandstones in the
Menefee Formation, and possibly alluvium could be most economically dev-
eloped.

The area is one of potential coal development and since no surface-
water supplies exist, ground water must be considered as the cnly pos-
sible source of future water supplies for ceoal mining purposes. The
Gallup Sandstone and the Westwater Canyon Member of the Morrison For-
mation are probably the two major aquifers available to coal mining
companies.

Aquifers in the area are recharged directly by transmission losses
from streams crossing outcrop areas and by precipitation falling on out-
crop areas. The aquifers are recharged indirectly by subsurface leakage
betwecen geologic units. Movement of ground water is generally from the
north and south toward Chico Arroyo. Yields from wells and springs are
commonly very low, 0.064 lps (1.0 gpm), or less. One exception is a
flowing well completed in the Gallup Sandstone. This well originally
flowed about 26 lps (400 gpm), but {low is now regulated at about one-—

half this rate.
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The best quality water occurs south of Chico Arroyo, especially
in the Gallup and Foint Lookout Sandstones, and in the Menefee Tormation.
Water quality within a particular geologic unit tends to deteriorate
north of Chico Arroyo. Dissolved-solids contents south of Chico
Arroyo range from 328 ~ 4,270 ppm, whereas north of Chico Arroyo, the
range is from 750 — 10,272 ppm. Quality of water In alluvium is gen-
erally poor and is probably independent of the locality selected for

well drilling.
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INTRODUCTION

PROBLEM AND PURPOSE

Water—-resource problems for residents of the San Juan Basin are
many and varied. Most available surface water has been allocated and,
therefore, ground water must be further utilized if communities expect
to meet increasing demands on water supplies. In many isolated parts of
the Basin domestic and stock-water supplies are at a premium. Yields
from existing wells and springs are commonly very low, and water quality
is, in many instances, marginal.

The San Juan Basin contains an abundance of energy resources which
continue to be developed at an accelerating pace. Ground-water con-
straints and impacts of development must be considered. Since 1974 the
New Mexico Bureau of Mines and Mineral Resources (NMBMMR), the U. S.
Geological Survey, Water Resources Division (USGS, WRD), and the New
Mexico State Fngineer Office (IMSEO) have been cooperating in a regional
study to determine the availability of ground-water supplies for energy-
resource development. The NMBIMR portion of the study has involived
identifying potential aquifers, characterizing the geologic framework of
the Basin, and determining how if controls the occurrence, movement,

Irn corder to
n orier C

[#2}

. up-—

and qualiry of the Basin's grouwnd waier (Stone, eTan
plement the regiomal study, the NMBMMR has supported four master's theses,
each involving a unique hydrogeologic problem or setting, in seclected 15~
minute-quadrangle-sized areas in the Basin. The work reported here is
one of these.

The general purpose of thils study was Lo examine the hydrogeolog
and water resources of the Chico Arroyo/Torreon Wash area. This arca

was selected because of its potential for coal development and because
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it lies within the southeastern ground-water-discharge area for San Juan
Basin aquifers. Specifically, the major objectives of this study were
the following:
1) to analyze the stratigraphic framework of the area,
identify potential aquifers, examine their petro-
graphic characteristics (texture, composition, poro-
sity), and assess the role these factors play in
controlling the occurrence, movement, and quality of
ground water in the area;
2) to obtain hydrologic data for the Point Lookout Sand-
stone and for coal-bearing zones in the Menefee For-
mation, and assess the aquifer potential of these rocks;
3) to quantify interactions between ground water and sur-
face water this discharge area; and

4) to inventery wells and springs in the area.

APPROACH AND METHODS

The hydrogeology and water-resource potential of the area was exam-
ined through field work, laboratory analyses, and review of available lit-
erature.

Field work was accomplished mainly during June, 1978 and June, 1979,
and consisted of several phases. Five stratigpaphic sections were mea-
sured, described, and selectively sampled (Appendix A). A geologic map
of the area was prepared by field mapping, photogeologic mapping, and
compiling geology from existing maps (Plate 1; Fig. 9, p. 30). Area wells
and springs were inventoried (Appendix H). This involved the identifi-
cation of aquifers or sources of water, measurement of well depth and

water depth in accessible wells, estimation of discharge from pumping
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wells and springs, and collection of water samples.

Five coal-test-holes drilled by NMBMMR were completed as water
observation wells (Appendix F). Two of these wells were completed in
coal-bearing zones of the Menefee Formation and three were completed in
the Point Lookout Sandstone. These were developed, aquifer tests were
performed, and water samples obtained (Appendix G). The general approach
to the construction of these wells was given by Stone and Craigg (1979).
Additional details regarding well construction, locations, and testing
methods are given in Appendix F; results of aquifer tests are summarized
in Appendix G.

Laboratory analyses and compilation of field data were accomplished
mainly during the Spring of 1979 and July through September, 1979. This
portion of the study included petrographic analyses of rock samples
(Appendices B and C) and examination of drill core and cuttings from
selected Torreon Wash coal-test holes (Appendices D and E). TIwo core
samples of sandstones from the Menefee Formation and three of the Foint
Lookout Sandstone were commercially tested for porosity as well as
horizontal and vertical permeability (Appendix 1.). Geophysical logs
were used in conjunction with describing cuttings and in constructing
the stratigraphic cross—section of the area (Plate 2). Water samples
were analyzed by the NMBMMR Co evaluate water quality within particular
geologic units {Appendix I). The water budget.of Chico Arroyo was anal-
yzed in an attempt to quantify relationships between ground water and
surface water in the area.

Available literature on the geology, hydrology, climate, soils,
vegetation, and land ownership in the area was reviewed to supplement the

field and laboratory studies.



PREVICUS INVESTIGATIONS

several workers have studied various aspects of the geology and
hydrology of the region of interest. Dutton (1885) was among the first
to visit the area and conducted reconnaissance work, reporting mainly
on the volcanic rocks in the southern portion of the area. Johnson
(1907) also studied the volcanic rocks, attempted to interpret their
origin, and discussed their relationship to the surrounding Cretaceous
strata. In now classic works, Hunt (1936) and Dane (1936) conducted
field studies of the stratigraphy and coal beds in rocks of the Mesa-
verde Group in the Mount Taylor and La Ventana areas. In Hunt's re-
port the volcanic rocks in the southern part of the area were clasgified
as to rock LyPe. In another important paper, Sears and others (1941)
discussed the stratigraphy of transgressive and regressive Cretaceous
deposits in the southern San Juan Basin. The general stratigraphy of
Cretaceous rocks and strippable coal fesources of the San Juan Basin
were summarized by Shomaker and others (1971). The geology and coal
deposits in the Cuba-La Ventana-Torreon areas were summarized by Beau-
mont and Shomaker (1974), and were discussed in greater detail by
Shomaker and Whyte (1977).

In recent stratigraphic and sedimentologic studies conducted in
the area, Mannhard (1976) investigated the La Ventana Tongue of the
C1liff House Sandstone and its relationship to aésociated deposits of
the Menefee Formation and Lewis Shale. Shetiwy (1978) studied the
Point Lookout Sandstone and associated deposits of the Menefee Formation
and Mancos Shale. Molenaar (1974) discussed the relationships of the
Gallup Sandstone to associated deposits of the Mancos Shale and Cre-

vasse Canyon Formation in the southeastern San Juan Basin.
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Few papers deal specifically with the hydrogeology of the region.
Renick (1931) conducted reconnaissance investigations in western San-
doval Cbunty. Baltz and West (1967) studied the ground-watexr rasources
of the southern part of the Jicarilla Apache Indian Reservation and
adjacent areas. Shomaker and Stone (1976) discussed major and minor
potential aquifers associated with coal trends in the ¥ruitland, Menefee,
and Crevasse Canyon Formations. Brod (19795 investigated the water re-
sources of the Ambrosia Lake area. Anderholm (1979) studied the water
resources of the Cuba area.

The most recent geologic work was conducted by Tabet and Frost
(1979), who studied coal-bearing zones in the Menefee Formation and
mapped much of the bedrock geology of the Torreon Wash area in detail.
This study provided a wealth of subsurface data because four holes were
drilled per township; one of these was cored and the rest were logged.
Stone and Craigg (1979) summarized preliminary results of the water
observation well program set up in conjunction with the Torreon Wash

coal study.

NUMBERING OF WELLS AND SPRINGS
Wells and springs are numbered according to the NMSEO method.

The nNuuber describes the geogiaplhac lucation of
consists of digits which correspond to township, range, section, and
quarter-section(s), respectively (Fig. 1). In unsurveyed areas where

projection of section lines is impossible, wells and springs are located

by latitude and longitude.

UNITS OF MEASURE
Quantitative information presented in this report is given in

metric units followed by the English equivalents in parentheses. Table 1
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Table 1.

FPactors for converting

metric units to Tnglish units,

metric unit - conversion

factor = English unit

centimeters (cm)
meters (m)
kilometers (km)
. ) 2

square kilometers (km™)

. 3
cubic meters (m™)

. 3
cubic hectometers (hm™)

cubic meters per second

(m3/5)
: 3
cubic meters per day (m~/d)
liters per second (Ips)

meters squared per day

(mz/d)

kiloNewtons per square meter

(kN/m2)‘

2

0.

.54

3048

.6093

.59

.00379

.0012335

.02832

W45

L0639

L0929

145

inches (not abbreviated)
feet (ft)
miles (mi)

\ .2
square miles {(mi”)
gallons (gal)
acre~-feet (acre-ft)

cubic feet per second

(ftg/s)
gallons per minute (gpm)
gallons per minute (gpm)

feet squared per day

(ftz/d)

pounds per square inch (psi)

R
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gives information nccessary for converting metric units to English

units. The amount of rounding required varies with the intended pre-
cision of the measurements. For example, large values such as distances,
elevations, depths, thicknesses, and volumes commonly are approximate

and very little precision is lost in rounding. An attempt has been

made to retain a similar degree of precision in converting from one

system of measurement to the other.
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GEOGRAPHIC SETTING

LOCATION AND ACCESS

The study area is located 4.0 km (2.5 mi) south of Torreon Trading
Post and 6.4 km (4.0 mi) west of San Luis, in Sandoval and McKinley
Counties, New Mexico (Fig. 2). It covers about 635 km2 {245 miz) and
is a 15-minute~quadrangle-sized area. It is bounded by 107 07730" -
1077 22" 30" West Longitudes and by 35 30' - 35 45' North Latitudes. It
consists of the four 7.5-minute quadrangles Canada Calladita, Arroyo
Empedrado, Cerro Parido, and Guadalupe.

Access to the arca is mainly by traveling south from Torreon Trading
Post, south from Torreon Navajo Mission, or west from State Highway 44
opposite the entrance to Holy Ghost Spring recreation area. Roads are

only light duty or unimproved dirt and are constructed on shales which

makes travel practically impossible during wet periods.

LAND OWNERSHIP AND USE

The areal distribution of land ownership in the study area is
shown in Figure 3. Most of the land is federally owned and is controlled
by the Bureau of Land Management (BLM). A small portion is owned by the
State of New Mexico. The novthern part of the area falls in the so-
called "checkerboard area', where local tracts of land are owned by the
Navajo Tribe. A few parcels of land are privately owned, mainly by ab-
sentee landlords. The land ownership is approximately 75 percent Federal,
5 percent State, 10 percent Indian, and 10 percent Private,

The dominant use of the land is for grazing of beef cattle on lands
leased from the BLM. In the northern part «{ the area sheep and goats

are tended by Navajo herdsmen. Tn the southwest, on Mesa Chivato, the
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BLM supcrvises a firewood-cutting area and many people from Albuquerque
and other areas utilize this resource.

At present the only agriculture is at Guadalupe, where the sole
i resident maintains a garden irrigated by means of a developed spring
% (0jo del Padre). In the north, Navajos also tend small gardens near their
hogans. Prior to the 1940's several farming communities along the Rio
Puerco used impounded water for irrigationl These settlements, known as
Cabezon, Guadalupe, and Casa Salazar, are now abandoned except for three

3 Co . . .
: or four families who continue to reside in the hamlets.

CLIMATE

The climate of the region is semiarid with an average annual pre-
cipitation of about 25 ~ 30 ecm (10 - 12 iﬁches). The approximate areal
distribution of annual precipitation is shown in Figure 4. Greater pre-
cipitation is associated with higher altitudes. TFor example, Mesa
N Chivato, about 600 m (2,000 ft) above the surrounding area, receives
an average of 30 cm (12 inches) of precipitation annually, whereas the
lowlands receive only 25 cm (10 inches).

The U. S. Weather Service maintains a station at Torreon Navajo

Mission, 6.4 km (4.0 mi) north of the study area. Records from this

station for the years 19865 - 1977 indienatre an average annual temperature

S I AR S e,

of 9.7°C (49.4°F), and an average annual precipitation of 25.18 cm

(9.91 inches). Precipitation at the station varies seasonally, with a
i distinct rainy season during July through September. During these months
'f as much as 65 percent of the total annual precipitation may occur
% (Table 2). Annual deviations from the average precipitation can be

quite large, however, on the order of plus or minus 10 em (4 inches).

Potential gross annual lake evaporation in the area is large,
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Figure L, Distribution of average annual precipitation (cm)
in the study area (from Burecau of Reclamation, 1974).
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amounting to about 127 cm (50 inches), or neari five times the average
s ’ g

annual precipitation (Bureau of Reclamation, 1.974).

TOPOGRAPHY AND DRALNAGE

The area lies in the éoutheastern portion of the Navajo Section and
in the northeastern portion of the Datil Section of the Colorado Plateau
Physiographic Province of Fenneman (193L).

Topography in the northern and southeastern parts of the area
generally consists of mesas and buttes formed of soft shale capped by
erosion~resistant sandstone. For example, Chacra Mesa in the north is
capped by the Cliff lHouse Sandstone (Fig. 13-A, p. 38 ), and Mesa San
Luis in the south is capped by the Point Lookout Sandstone (Fig. 20,

p. 51). Badland topography 1s commonly formed on soft, easily ero-
dable shales in the Menefee Formation and Mancos Shale.

in the Guadalupe Quadrangle the topography is dominated by volcanic
necks which have intruded nearly horizontal sedimentary rocks of Cret-
aceous age. The tops of these necks commonly stand 180 - 300 m (600 -
1,000 £t£) above the surrounding, dissected lowlands. BSome of the more
impressive necks are Cerro del Guadalupe (Frontispiece), Cerro Salado,
Cerro Cuate, Cerro del Ojo Frio, Ce?ro de Santa Clara, and Cerro Parido.
Cabezon Peak., just east of the study area, is the most prominant neck
and rises to a height of about 550 m (1,800 ft; Fig. 5-A).

Most of the southwestern part of the area is an extensive upland
known as Mesa Chivato (Fig. 5-B). This feature is capped by a sequence
of lava flows and contains several, scatterred, local volcanic centers.
Mesa Chivato stands about 550 — 600 m (1,800 - 2,000 ft) above the sur-
rounding countryside.

Chico Arroyo is the major drainageway in the area (Fig. 2, p. 13).
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Figure 5. Topography in the southern part of the Chico Arroyo/Torreon
Wash area. A) Three prominent volcanic necks along the Rio Puerco:
from left to right, Cerro de Santa Clara, Cabezon Peak, and Cerro de
Guadalupe. These Tertiary-aged features have intruded nearly horizon-
tal Cretaceous strata, in this instance a limy, silty zone above the
Gallup Sandstone (view northeast from SWg, Sec6, TL5N, R3W). B) An
unamed mesa formed on the Hosta Tongus of the Point Lookout Sandstone
(in foreground); Mesa Chivato and Bear Mouth volcanic neck (in back-
ground). The incised stream in foreground is Chico Arroyo (view west
from NWk, Sec30, T16N, R3W).
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Drainage is toward the southeast into the Rio Puerco, the master stream
for this area. A recording stream gage and cable car have been in oper-—
ation for several years at the mouth of Chico Arroyo, just above the con-
fluence with the Rio Puerco (Fig. 27, p. 82 ). Streams in the area are
ephemeral, except locally, where spring discharge results in intermit-—
tent flow.

Arroyos are commonly deeply entrenched into alluvium and shale
(Fig. 6). Cross sections are box-like with steep, vertical walls. Most
impressive is the Rio Puerco near Guadalupe. In this vicinity the stream
width is about 120 - 150 m (400 - 500 ft), and depth of entrenchment is
about 15 m (50 ft). According to Renick (1931), local residents reported
that in the 18%0's the Rio Puerco was only L.5m (5 ft) wide and 1.8 m
(6 ft) deep. If this is true, then most of the downcutting has occurred
during the last 80 or 90 years. Frosion is accomplished mainly by
bank caving. TFor example, several bridges and culverts have either
washed out or have gradually fallen because of lateral bank extension

(Fig 6-3).

SOILS AND VEGETATION

Five general soil associations have heen recognized in the study

area by Maker and others (1971. 1974). These include the Chriceoionbur

£

Navajo, Basalt Rockland-Cabezon-Torreon, Persayo-Billings-Badland, Las
Lucas-Litle~Persayo, and Travesilla~Persayo-Rockland associations
(Fig. 7). The pertinent characteristics of the soils are discussed be-

low and summarized in Table 3.

Christianburg-Navajo Association
This association occurs principally in valley bottoms along major

drainageways. Maker and others (1971) mapped it only in the southeastern
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Figure 6. Erosion and bank caving in the Chico Arroyo/Torreon Wash
area. A) Confluence of Chico Arroyo and Rio Puerco (in center of
picture) showing box—~like cross sections. These streams have downcut
into the Mulatto Tongue of the Mancos Shale. Small tributary incised
into alluvium in lower right (view south from NWy, Sec20, T16N, R3W).
B) Recently washed-out culvert and stream crossing on Chico Arroyo.
Wash out probably occurred during Spring, 1979 runoff. The stream has
downcut through alluvium and is incised into the Cleary Coal Member
of the Menefee Formation at this locality (view morth from NWk, Sec2,
T16N, RS5W).

T
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1971, 1974).
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part of the arca along rhe Rio Puerco, bub it probably occurs along other
drainageways as well. The soils occur on nearly level to gently-sloping
surfaces and are associated with fine-grained alluvium. They are slightly
to moderately saline, and some are alkaline.

The association supports a fair cover of natural vegetation includ-
ing western wheatgrass, mat mubhly, red muhly, alkali sacaton, saltgrass,
greasewood, chamiza, shadscale, and some big sapebrush and rabbitbrush.

Under ideal conditions the soils would be suitable for irrigation.
Yowever, problems with severe gullying, bank slumping alecng streams,
flooding, salt accumulation, very slow permeabillity, along with the

small size, irregular shape, and isolated nature of many of the areas

tend to restrict their suitability for irrigation.

Basalt Rockland~Cabezon-Torreon Agsociation

This association occurs on Mesa Chivato in the southwestern part of
the area. The soils are formed on Tertiary basaltic rocks, and to a lim-
ited extent, on Quaternary eolian deposits. Many of the soils are stony
as they are associated with outcrops on the éscarpments and mesa fronts.

Vegetation on this association is variable. Grasses occur in open,
meadowlike areas and include mountain muhily, mountain brome, Arizona
fesque, western s Woody species ncoonr dn
dense stands consisting of ponderosa pine, pinyon, juniper, and various
shrubs.

Rasalt rockland and Cabezon soils are nonirrigable because of high
stone content, shallow soil depth, and low water-holding capacity. Tor-
reon soils are considered to be irrigable, but their location on top of

Mesa Chivato, together with the small size and irregular shape of the

areas, tend to limit their irrigation potential.
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tersayo~Billings—Badland Association

This association cccurs in the southeastern quarter of the area
along broad, guently sloping, incised valleys, and strongly sloping to
rolling and steep uplands. The valleys contain deep soils, whereas up-
land azreas contain shallow soils associated with sandstone and shale out-
crops. The soils avre developed residually on sandstone or shale or on
alluvium derived from these materials,

The association supports a fair cover of grasses and shrubs in-
cluding galleta, alkali sacaton, western wheatgrass, Indian ricegrass,
blue grama, sand dropseed, winterfat, shadscale, rabbitbrush, and chamiza.
Scatterred, sparse stands of pinyon and juniper also occur.

The soils are fairly suitable for drrigation. Limiting factors in-
clude local, severe gullying, shallow soil depths in upland areas, sal-

inity problems, and low water—holding capacity.

Las Lucas-Litle-Persayo Association

This association occurs in the east-central part of the area, mainly
on gently to strongly sloping and rolling uplands. The soils are cal-
careous and highly erodable. They are formed on shales.

Vegetation consists mainly of ‘alkali sacaton, western wheatgrass,
Indian ricegrass, galleta, ring muhly, three—awn grass, winterfat, cham-
iza, rabbitbrush, and broom snakeweed. Scatterred, thin stands of pin-
von and juniper trees occur locally.

The soils have several limitations for irrigation and may nct be
suitable as croplands. When underlain by shales, the free movement of
water is restricted, and local salinity problems may develop. This is
especially true of the Las Lucas and Litle soils. Persayo soils are
not suitable for irrigation because of shallow soil depths, low water-—

holding capacity, and salinity.
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Travesilla-Persayo-Rockland Association

This association occurs in the northern half of the area on nearly
ievel to strongly sloping and rolling uplands, and on steep escarpments
and breaks. It is rough and broken, and is formed mainly on sandstone
and shale.

Vegetation is generally sparse, consisting of blue grama, galleta,
western wheatgrass, alkali sacaton, Indian ricegrass, sand dropseed,
three-awn grass, chamiza, winterfat, and rabbitbrush. Scatterred, thin
stands of pinyon, juniper, and big sagebrush accur locally, especially
where the soils are formed on sandstomnes.

Use as irrigated cropland is severely restricted because of salin-
ity, drainage, flooding, and ercsion problems. When underlain by
shales, the movement of water through the soil is restricted, and water-
logging problems may develop. Shallow soil depths further reduce the

irrigation potential.
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GEOLOGIC SETTING

The study area lies in the southeastern portion of the San Juan
Basin, a Laramide, northwest-trending, asymmetric structural depression.
Structural relief in the Basin is about 1,800 m (6,000 ft). The Basin
covers an area of about 77,000 ka (30,000 miz) at the eastern edge of
the Colorado Plateau, in northwest New Mexico and southwest Colorado.

The central Basin is bounded by steep uplifts (Fig. 8).

The Basin contains a thick sequence of marine and nonmarine sed-
imentary deposits ranging in age mainly from pennsylvanian through Quat-
ernary. These deposits attain a maximum total thickness of about 4,270 m

(14,000 ft) in the central part of the Basin near Gobernador.

STRUCTURAL FRAMEWORK

The general structural framework of the Torreon Wash area has been
described as a gentle, northwestward-dipping bloclk (Tabet and Frost,
1579). Regional strike of the rocks is northeast; dips vary from O -
10 toward the northwest. The study area lies along the western edge of
the Rio Puerco fault zone and the strata are offset by a series of
northeast-trending, high-angle, normal faults (Fig. 9; Plate 1). These
faults are usually downdropped on the west, and maximum displacements
are pﬁly about 15 m (50 ft). Tabet and Frost (1979) reported displace-
ments of up to 45 m (150 ft) along some of the more major faults. Com-
monly however, major sandstone units, such as the Point Lookout Sandstone,
are not compleLely offser. The faulting is most apparent along contin-
wous, resistant outerops of major sandstone units, such as the CLIff
House, Point Lookout, and Gallup Sandstones. Dips of the strata become
gradually steeper and the fault blocks rise in a step-like fashion toward

the steep uplift along the western flank of the Sierra Nacimiento. Also
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EXPLANATION FOR FIGURE 9

lertiary igneous rocks: Tb, basalt flows; Ti, intrusions
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Modiflied from Tahet
and others (1979)
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Area mapred by author

Figure 9. Generalized geologlic map cof the Chico Arroyo/Torreon Wash
area (see Plate 1),




associated with the dominant northeast-trending fractures are scveral
basaltic dikes.

No obvious folding can be observed in cutcrops in the area. On
a styructure contour map, drawn on top of the Point Lookout Sandstone,
Tabet and Frost (1979, Fig. 13, p. 30) show a small dome and two gentle,

northward-plunging anticlinal features.

STRATTGRAPHIC FRAMEWORK

Strata in the Chico Arroyo/Torreon Wash area consist mainly of
Upper Cretaceous marine and nonmarine sedimentary deposits (Fig. 10).
Molenaar (1977) summarized the depositional history of many of these de-
posits throughout the San Juan Basin area. In ascending order these
strata include the "Lower' Mancos Shale, consisting of offshore marine
deposits; the Gallup Sandstone, a regressive beach deposit; the Mulatto
Tongue of the Mancos Shale, offshore marine; the Hosta Tongue of the
Point Lookout Sandstone, a transgressive beach deposit; the Satan Tongue
of the Mancos Shale, cffshore marine; the main body of the Point Look-
out Sandsteone, a regressive beach deposit; the Menefee Formation, con-
sisting of continental deposits ofrsandstone, shale, clavstone, and

coal; and the Cliff House Sandstone, a transgressive beach deposit.

intruded and overlain by volcanic rocks of Tertiary age. Lava flows

occur on Mesa Chivato which have several local sources, but are ultimately

related to the Mount Taylor complex to the southwest. Locally, especially

in the Guadalupe Quadrangle, the Cretaceous rocks are intruded by volca-

nic necks and dikes (Frontispiece; Fig. 5-A, p. 19; Plate 1).
Quaternary-aged deposits include alluvium, eolian sand, terrace

deposits, and, locally, landslide debris.
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MAJOR POTENTIAL AQUIFLRS

Major potential aquifers are those geologic units which are known
water producers in the area and for which sufficient hydrologic data
exist to evaluate their aquifer potential. In descending order these
include the Menefee Formation, Point Loockout Sandstone, Mulatto Tcngue
of the Mancos Shale, Gallup Sandstone, and Westwater Canyon Sandstone

Member of the Morrison Formation.

MENEFER FORMATION (CRETACTOUS)

Geologic Characteristics

The Menefee Formation crops out mainly in the northern half of the
area and along the slopes around Mesa Chivato (Plate 1). Topography
formed the unit is commonly rolling to rough, broken, and steep. The
Menefee conformably overlies the Point Lookout Sandstone and is confor-—
mably overlain by the CLiff House Sandstone. Intertonguing occurs leo-—
cally at both contacts.

In general the Menefee Tormation consists of interbedded, light
brown to gray, thick- to very thick~bedded sandstones; vellowish gray
re olive ovay. medium— to thick-bedded siltstones; light brownish-gray,
thick- to very thiclk-bedded shales and claystones; medium—- to very
thick-bedded carbonaceous shales; and coal beds of variable thickness.
Most of the coal beds range from 0.2 - 1.0m (0.5 — 3.0 ft) in thickness,
but may attain a thickness of up to 4 m (14 fu).

Three members have been recognized in the Chico Arroyo/Torreon Wash
arca. In descending order these are the unnamed 'Upper Member', Al-
lison Member, and Cleary Coal Member. The "Upper Member' is present

enly in the northern part of the area. Contacts between the members arc
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gradaticnal, and therefore somewhat arbitrary, but they are recognizable.
The contacts are economic in that, as mapped by Tabet and others (1979),

they were based essentially on the presence or absence of coal.

The "Upper Member' ié approximately 200 m (650 ft) thick in this
area (Tabet and Frost, 1979, p. 17). It consists mainly of local sand-
stone lenses up to 12 m (40 f£t) thick, silFstones, barren (noncarbonaceous)
shales and claystenes, and an abundance of carbonaceous shales and coals
(section SDC-1, Appendix Aj; Appendix E; Tig. 11). The unit is more
sandy in the lower part, near the contact with the Allison Member, and
more carbonaceous in the upper part.

Textural (mechanical) analysis of one sandstone outcrop sample
(sample SDC-1-4b, Appendix C) showed it to be fine grained and poorly
sorted. Silt-plus-clay content was 22 percent, very fine-plus-fine-sand
content was 71 percent, and medium-plus-coarse-sand content was 7 percent.
Mineralogic analysis of the same sample yielded 73 percent frameworl
componients. The rock plotted in the lithic arkose field on Folk's

(1974) triangular diagram (Appendix B).
PP

Thic'mess of the‘Allison Member ranges from about 120 - 170 m

(400 - SSO‘ftg Tabet and Frost, 1979, p. 15). It consists of sandstones
up to about 15 m (50 ft) thick, siltstones, ard barren gray shales and
claystones (Appendix E). Thin carbonaceous shales and coals do occur
locally, but Tabet and Frost (1979) reported that these make up no more
than 5. percent of the member. Just above the contact with the Cleary
Coal Member, the Allison forms steep cliffs about 60 m (200 ft) high.
These cliffs consist of vertically-stacked sequences of sandstone bodies.
Individual sandstone bodies are lenticular in cross section and commonly

have scour bases. Tabular siltstone beds up to I m (3 ft) thick are
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Figure 11. Soft-sediment deformition in a sandstone of the "Upper
Member" of the Menefee Formation. lammer is positioned between two
deformed, thin-bedded, carbonaceous sandstone beds {(photo taken at
Black Mountain, SF%, Secl5, T18N, R4W) .

Figure 12, Abandoned coal shaft in Cleary Coal-Member of the Menefee
Formation. The coal bed is about 1w (3 £t) thick. Tabet and Frost
(1979) gave further details about this prospect (photo taken near south
bank of Torreon Wash, MW, Sec34, T17N, R4W) .




PRERECR % SR R W e = B [— RPN

associated with these sandstone bodies.

The thickness of the Cleary Coal Member ranges from about 60 -

90 m (200 - 300 ft; Tabet and Trost, 1979, p. 12). It consists of scat-
terred sandstones, siltstones, barren gray shales and claystones, and
abundant carbonaceous shales and coals (Appendices D and E; Fig. 12, p. 35).
The unit is more carbonaceous in the lower part and more sandy in the

upper part, near the contact with the Allison Member. Iron-stained con-
cretions are commonly associated with carbonaceous zones.

Textural analyses of two core samples from sandstones showed sorting
to be poor and modal grain size to be fine sand. Silt-plus-clay content
was 16 and 18 percent, very fine-plus-fine-sand content was 53 and 72
percent, and medium-plus-coarse-sand content was 11 and 29 percent (sam-—
ples €5-2-87 and C6-5-37.2, Appendix C). Mineralogic analyses of the
same samples vielded framework percentages of 76 and 82 percent, respect-

ively. Both rocks plotted in the lithic arkose field (Appendix B).

The members of the Menefee Formation in this area represent the gra-
- dational succession of continental depositional environments ranging from
a coastal swamp (and lower floodplain) associated with the regressing
Point Lookoutr shoreline, to an upper floodplain, and back to a similax
coastal swamp associated with the transgressiug Cliff House shoreline
(Tabet and Frost, 1979). The lower and ubper coal-bearing members were
formed landward from these shorelines, respectively (Molenaar, 1977).
Figure 13 shows typical exposures of the Menefee Formation in the area

and the rock types commenly associated. The lenticular sandstone bodies

represent fluvial environments; tabular siltstones represent crevasse
splay or levee deposits; the gray barren shales and claystones were de-

posited in a well-drained floodplain environment; and the carbonaceous
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Figure 13. Typical exposures of the Menefee Formation in the Chico

Arroyo/Torreon Wash ared. A) '"Upper Member' at Chacra Mesa (section
$pC-1, Appendix A) consists of channel sandstones, barren shales and
claystones, siltstones, and carbonaceous shales and coals. The thick
sequence of flat-bedded sandstones capping the mesa ig the Cliff House
Sandstone (Kch), about 55 m (180 ft) thick at this locality (view north
from SEY, Sec3l, TLSN, R4W). By Allison Member, consisting of channel
sandstones, barren shales and claystones, and siltstones (photo by Dave
Tabet, NMBMMR Coal Geologist; view north from NEY, Sec2l, TL7N, R&W) .
¢} Cleary Coal Member, consisting of channel sandstones, barren shales
and claystomes, siltstones, and carbonacecus shales and coals (photo

by Dave Tabet; iew south from MWz, Sec34, TL7N, REWY .
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shales and coals were deposited 1n a poorly—drained swamp environment

(Mannhard, 1976; Shetiwy, 1978; Tabet and Frost, 1979).

Hydrologic Characteristics

Two observation wells were completed in coal beds of the Menefee
Formation. Well R32 (17N.04W.23.243, Appendix H) is completed in a
1.5-m (5.0-ft)~thick coal bed in the Cleary Coal Member. This well was
tested by the swabbing method (Appendix E) for only 15 minutes, at which
time it was pumped dry. Transmissivity was calculated by the slug method
of data analysis (Lohman, 1972, p. 28) to be 9.3 X 1070 n?/4 (1.0 X 107"
ftz/d). Well C1 (1SN.03W.20.311, Appendix H) is completed in a 4.2-m
(13.7-ft)~thick coal bed in the "Upper Member''. An attempt was made to
test this well by the swabbing method at an average rate of 0.08 lps
(1.3 gpm) for 50 minutes, but the water level could not be lowered by
this method. The well was later tested by the instantaneous recharge or
"siug" method described by Loman (1972, p. 27). The calculated value for
transmissivity using this method was 1.9 m2/d (20.0 ftz/d; Appendix G).

Two core samples from sandstones in the Cleary Coal Member {core
holes C5 and C6) were analyzed commgrcially for porosity as well as hor-
izontal and vertical permeability (Appendix L). Values for porosity were
204 znd 26,2 pevcent. Valuco Ior hovizZon
163 millidarcys, whereas those for vertical permeability were 98 and
314 millidarcys.

Seven other wells completed in the Menefee Formation were inventoried.
At least two of these wells (17N.05W.12.423 and 18N.03W.20.433, Appendix 1)
are completed in sandstones of the Allison and "Upper Member, respectively
USGS, WRD, Albuquerque). The other wells are also probably completed in

sandstones. Three wells (L7N.03W.18.242, 17N.04W.22.331, and 17N.04W.23.

224, Appendix 11) may be partially completed in alluvium. Yields from
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pumping wells are low, 0.0064 lps (1.0 gpm), or less.

Water in wells tapping the Menefee Formation in this area will
probably be under artesian pressure, but flow would not be expected.

Nine springs were inventoried which issue from the Menefee Formation.
A1l these springs are south of Chico Arroyo, and issue from either the
Cleary Coal or Allison Member (Plates 1 and 3). Two sérings, 0jo Azabache
and Coal Spring (16N.05W.15.233 and 16N.05W.15.412, Appendix H), are
associated with a major northeast-trending dike which cuts sandstones in
the Cleary Member. Most other springs occur along nertheast-trending
normal faults (Plate 1). Sandoval Spring (16N.05W.16.124, Appendix H)
issues from a coal-shale contact in the Cleary Member. Barrel Spring
(L6M.04W.34.334, Appendix M; Fig. 34-A, p,107 ) occurs on a northeast
slope of Mesa Chivato and issues from the Allison Member. Yields from

all springs are low, estimated at 0.032 - 0.064 1lps (0.5 - 1.0 gpm) .

Water Quality

Quality of water from the Menefee Formation ranges from fresh to
moderately saline (classification from Swenson and Baldwin, 1965).
Specific conductance ranges from 350 - 8,000 micromhos per centimeter
at 25°C (thos/cm), and total-dissolved-solids contents from 386 -
10,272 narits per milljon (ppm). Available data indirate that fthe
quality of water in the Menefee Formation occurring south of Chico Ar-
royo is generally better than that of water north of the Chico (Fig. 14).
Both well and spring waters plot in the sodium-~bicarbonate to sodium-sul-
fate fields on the Piper diagrams (Figs. 15 and 16). Water from obser-
vation well R32, completed in a coal bed of the Cleary Member, plots in
the sodium-bicarbonate-sulfate~chloride field (Fig. 15). Ixamination of
Figures 15 and 16 reveals that no separation of water types by member of

the Menefee Tormation is possible in this area,
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POINT LOOKOUT SANDSTONE (CRETACEOUS)

Geologle Characteristcics
The main body of the Point Lookout Sandstone crops cut along an
cast-west trend in the east-central portion of the area on Mesa San Luis,

and along a north-south trend on the eastern slopes of Mesa Chivato

b
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-y
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{#late 1). The outcrops on desa San Luls hava been eroded and stri
vack in a northerly directicn on their upper surfaces. The outcrops
ilong Mesa Chivato ave obscured in many places by basaltic colluvium.
surface ewposures of the Point Lookout commonly form steep, vertical
cliffe and escarpments throughout the areca.

The Point Lookout Sandstone conformably overlies the Satan Tongue
o{ the Mancos Shale; the contact is characterized by a distinct, alter-
nating sandstone/shale transition zone (see sections SDC-3 and SDC-4,
Appendix A). The Point Lookout is conformably overlain by the Cleary
Zoal Member of the Menefee Formation, with which it intertongues locally.

The Point Lookout Sandstone is generally characterized by upward-
zeoarsening sequences of light olive-gray to pale brown to yellowish gray,
thick~ to very thiclk-bedded, very fine- to medium-grained, locally cross-
bedded, biloturbated sandstones; tﬁese sandstones locally contain
Ophiomorpha. Dark greenish-yellow to moderate brown, thin- to thick-
bedded shales are commonly interbedded with the sandstones, especially
in the lower parts of the unit. The upper few meters of the Point Look-
put commonly censist of light gray, distinctly laminated sandstone.

Core samples and cuttings of sandstones from the Point Lookout
differ in color from surface samples, core and cuttings being usually
Lipht gray to very light pray. Also in core samples, clay clasts of

various sizes can be observed, whereas in outcrop samples, clay clasts

.



are usually weathered away, leaving a pitted surface (Appendices A, D,
and T).
Textural analyses of two outcrop and five core samples of sandstones
showed that sorting is poor to moderate, and modal grain size varies
from very fine to medium sand. Clay-plus-silt content ranges from 5 -
24 percent, very fine-plus-fine-sand content from 48 -~ 85 percent, and
medium-plus—coarse—sand content from 0 — 46 percent (Appendix C). Figure
17 is a plot of mean grain size (from textural analyses) for samples
taken every 5 ft in the upper 50 ft of a Point Lookout cere. The overall
coarsening-upwarcd trend is well illustrated. Figure 17 also shows three
coarsening—upward and three fining-upward sequnces. Mineralogic anal-
yses of two outecrop and four core samples of sandstones yielded a range
of 73 to 87 percent frameworlk components. Of the individual framework
components quartz accounted for 34 - 50 percent, feldspar plus granitic
rock fragments for 31 - 44 percent, and chert plus other rock fragments
for 10 -~ 27 percent. Cement accounted for 3 - 12 percent, matrix (clay-
sized material filling interstices between grains) for 4 - 8 percent,
and porosity for 5 - 8 percent of the rocks. Two samples plotted in
the arkese field and four plotted in the lithic arkose field (Appendix B).
Thickness of the main body of the Point Lookout Sandstone (not in-
cluding the tranmsition zone at the base) ranges from about 23 - 79 m
(75 ~ 260 ft) in the area (Fig. 18). Ixamination of the thickness map
(Fig. 18) reveals that thickness varies systematically forming a series
of northwest-trending, relatively thicker "ridges' and thinner "troughs''.
Tabet and Frost (1979) concluded that these thicker areas document tem-—
porary stillstands of the Point Lookout shoreline as it regressed in a
step-like fashion toward the northeast. The northwest-trending ''ridpes"

indicate the orientatiocn of the paleoshoreline. The northeastward step-
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from Tabet and Frost, 1979).
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like rise of the Point Lookout can also be seen on the regional cross—
gection of the area (Plate 2).

Depths to the top of the Point Lookout in this area range {rom
0 - 370 m (0 - 1,200 ft! Fig. 19). Depths increase toward the north and
northwest, mainly because of dip of the unit, but also because of higher
surface elevations in the north. Depths to the top of the unit beneath
Mesa Chivato probably range from about 275 - 370 m (900 - 1,200 ft), re-
flecting the higher surface elevations of the mesa.

The Point Lookout Sandstone 1s a regressive, marine shoreline de-
pesit. Shetiwy (1978) recognized three major sedimentary facies in the
main body of the Point Lookout: a shoreface environment, consisting of
thick-bedded, tabular sandstones and thin-bedded shales; a foreshore/
backshore environment, consisting of very thin- to thick-bedded sandstones;
and an estuarine/beach environment, consisting of very thick-bedded sand-
stones containing clay clasts (in ascending order). Shetiwy (1978) also
identified transition zones at the Point Lookout/Mancos Shale contact and
the overlying Menefee Tormation. All the facies identified by Shetiwy
(1978) can be observed in surface exposures of the Point Lookout Sandstone

in the area (Tig. 20).

Analyses of aquifer tests performed on three observation wells com-
pleted in the Point Lockout Sandstone indicate that transmissivity is
very low (Appendices F and G). Calculated values range from 0.0009 - 0.009
2 2, .
m“/d (0,01 - 0.1 ft“/d). None of these wells is perforated throughout
the entire thickness of the unit however, and, since transmissivity is
a function of thickness, the values calculated are not maximum values.

Observation well R21 was tested by both the bailer mathod and the instan-
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FTigure 20. Typilcal exposures of the Point Lookout gandstone in the

Chico Arroyo/Torreon Wash area, on Mesa $an Luis. Four of the sed-
imentray faciles described by Shetiwy (1978) for +he Point Lookout
sequenice are present throughout the area. These facies are labeled
on the photos as follows: 1) offshore-beach transition zone, con-
sisting of thin, discontinuous sandstones and a predominance of
shales; 2) thick-bedded . sandstones, locally interbedded with shales,
deposited in a shoreface environment; 3) c1iff-forming, major sand-
stone unit of the Point Lookout, consisting of very thick-bedded,
massive to cross-bedded sandstones, deposited in the upper beach
environment; 4) thick-bedded, laminated sandstones, deposited in
the backshore enviromment. The gatan Tongue of the Mancos Shale
(kms) grades up into the transition zone.

A) Measured section SDC-3 (Appendix A). Thickness is about 30 m
(100 fr; view east crom SWk, Sec34, TITN, R3W). B) Measured section
ene—-4 {(Appendix A). Thickness ig about 27 m (90 ft; view northwest
from NWY, Secll, T16N, RA4W).
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renteous recharge method; Wells R2Z3 and RZ24 were tested by the swabbing
method (Appendix F). Average discharge values during the tests were
0.02 1ps (0.27 gpm) for R21, 0.07 lps (1.1 gpm) for R23, and 0.09 lps
(1.4 gpm) for R24.

Three core sampies from sandstones in the Point Lookout (core holes
3 and C6) were analyzed commercially for porosity as well as horizontal
and vertical permeability. Values for poroéity ranged from 18.2 - 21.3
nercent. Values for horizontal permeability ranged from 0.81 - 8.9
millidarcys, whereas those for vertical permeability ranged from 0.72 -
5.4 millidarcys (Appendix L). Porosities determined from these analyses
were greater than those determined microscopically (Appendix B) for the
same samples. This difference probably results from the difficulty in
recognizing true porosity in thin sections.

A windmill and a spring located on the south bank of Torreon Wash
were also inventoried. The well (17N.04W.34.213, Appendix 1) has a puaping
vield of 0.03 1lps (0.5 gpm) and a completed depth of 34 m (111 ft).

Yield from the spring (17N.04W.34.213, Appendix 11) could not be determined
because the source is near the base of a deep pool in the arroyo bottom.

Water in wells tapping the Point Lookout Sandstone in this area will
probably be under artesian pressure, except near outcrop areas, where
depths.to the unit are shallow. Confining pressures are probably not
zreat enough to cause flow, however. Leaﬂage from the underlying Mancos

Shale and into the overlying Menefee Formation probably occurs.

YHater Quality
Quality of water from the Point Lookout Sandstone in this avea
ranges from fresh to moderately saline. Specific conductance ranges from

380 - 5,000 thos/cm. Total-disseolved-solids content for waters analyzed
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vanges from 415 - 6,290 ppm. Available data indicate that water quality
is good south of Chico Arroyo, but deteriorates near and north of that
stream (Fig. 21). Waters from the Point Lookout plot in the sodium-~

. hicarbonate, sodium-bicarbonate-sulfate, and sodium-sulfate fields on

the Piper diagram (Fig. 22).

YANCOS SHALE (CRETACTEOUS)

ficologic Characteristics

The Mancos Shale is exposed mainly in the Guadalupe Quadrangle where
it 1s the dominant Cretaceous deposit (Plate 1). Topography formed on
the Mancos is commonly rollong to steep, rough, and broken. Badland topo-
yraphy is common in the southwestern part of the area.

In general the Mancos Shale consists of thin- to very thick-bedded
shales and thin— to thick-bedded, very fine~ to medium-grained, silty
sandstones. Total thickness of the Mancos in this area is about 550 -
£10 m (1,800 - 2,000 ft; Plate 2). The Mancos thins toward the north.
itree divisions of the Mancos Shale are exposed in the study area; the
Satan Tongue, Mulatto Tongue, and 'Lower' Mancos (in descending order).
0#f these three divisions, the Mulatto Tongue is best known hydrologically
and the following discussion will center mainly on it. The other two
divisions will be briefly mentioned since a water sample was taken [rom

zach of them,

‘The Satan Tongue occurs stratigraphically between and separates the
fosta Tongue and main body of the Point Lookout Sandsteone. Thickness of
the unit ranges from about 90 - 120 wm (300 — 400 ft; Plate 2), increasing
from south to north. The Satan Toungue merges with the Mulatto Tonpue

shout midway through the area (Plate 2). The combined thickness of the
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Satan and Mulatto Tongues increases towaur. the north from about 245 -

300 m (800 — 1,000 ft). 1In outcrop the Satan Tongue consists mainly of
olive brown to grayish olive, medium— to very thick-bedded shales inter-
bedded with pale olive, thin- to thick-bedded, very fine- to fine-grained,

<11ty sandstones. Near the gradational contacts with the Hosta and main

tody of the Point Lookout Sandstone the Satan Tongue becomes more sandy

45 sandstone gradually predominates over shale (sections SDC-3 and SDC-4,

Appendix A).

The Mulatto Tongue is the most areally extensive Cretaceous deposit
is the Guadalupe Quadrangle. It occurs stratigraphically below the Hosta
Tengue and above the Gallup sandstone. Before merging with the Satan
Tongue, its thickness 1is about 140 - 150 m (450 - 500 £t). The Mulatto
renerally consists of interbedded, pale brown, thin- to very thick~bedded
shales and yellowish gray, thin- to thick~bedded, very fine- to fine-
yrained, silty sandstones. Locally, especially in the lower part of the
¢nit, medium- to coarse-grained sandstone bodies and limy, silty zones
sccur. - These zones are discussed with the Gallup Sandstone (sectien

£pC-5, Appendix Aj Frontispiece; Fig. 5~A, p. 19). The Mulatto Tongue

appears to be more sandy overall than the Satan Tongue.

fhe only "Lower' Mancos Shale exposed in the study area is in the
wicinity of Cuadalupe and southward. Tt is conformably overlain by the
Gallup Sandstone and separates the Gallup from the Dakota Sandstone be-—
iow (Plate 2). Thickness of the "ower' Mancos is about 30C m (1,000 ft)

PR

in the subsurface. Surface expoSures consist of interbedded, dusky yel-

tow to pale green, thin- to very thick-bedded shales and light brown to

vellowish green, thin- to thick-bedded, fine- to medium-grained sand—

stones (section SDC-5, Appendix A).
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Hydrologic Characteristics

The Mulatto Tongue is considered to have fair aquifer potential in
this area, at least for stock-water supplies. Two wells coumpleted in the
unit were inventoried. A well located in SW#, Secll, T16N, R4W was pump-
ing at a rate of 0.13 lps (2.0 gpm) when inventoried (16N.04W.11.312,
Appendix H). This well is inaccessible so the depth of water and depth
of well could not be measured, and no recogds could be located which gave
this information. It is possible that the well ig completed in the sand-
stone/shale interval which is the northward extension of the Hesta Tongue
{(Plate 2), but, because of lack of compiletion data, it is discussed here.
An abandoned well (16N.03W.35.131, Appendix H; Frontispiece) has a com-
pletion depth of 14.4 m (47.2 ft) and a water level of 1l.1m (36.4 fiu).
This well was probably abandoned because the watexr level is quickly lowered
to near the bhottom of the well when punped.

Four springs were inventoried which have their sources in the Mulatto
Tongue. Ojo Atascoso (1LON.04W.25.433, Appendix H) has been developed by
the BLM, who constructed an enclosed catchment/storage structure which
feeds a stock tank below the source. VYield to the stock tank is 0.064
ips (1.0 gpm). This spring occurs'along a major northeast-trending fault
(Plate 1). 0Ojo de Los Jaramillos (16N.03W.33.342, Appendix F), another
developed spring, associated with a volcanic neck (Cerrode Santa Clara),
issues from the Mulatto Tongue. The soufce of this spring is in a dug,
wood-lined enclosure where the water is collected and directed to three
stock tanks in the vicinity. Yield to the stock tanks was measured at
9,032 1ps (0.5 gpm). An undeveloped spring (LO6N.04W.36.332, Appendix 11)
in an arroyo bottom at the base of a volcanic neck (Cerro del Ojo de
las Yeguas) also issues from the Mulatto. The source is actually four

swall seeps which have a combined yield of 0.13 Ips (2.0 gpm). Inter-
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estingly, a developed spring located only about 245 m {800 ft) ecast,

was dry each time it was visited during 1978 and 1979. The fourth spring
is also undeveloped and occurs in an arroyo bottom in Canon Salado (15N.
03W.20.133, Appendix H). Yield from this spring could not be measured
because the source is several small seeps which flow into a deep pool.
The arroyo is intermittent for a short distance below the spring, but

surface flow is quickly lost by seepage and evapotranspiration.

" Mancos Shale in this area are considered

The Satan Tongue and "Lower’
to have low water-resource potential. Only one spring in each of these
units was located and inventoried; no wells are known to be completed
in either unit. Ojo Frio (1L6N.04W.26.213, Appendix H; Fig. 34-C, p.107 )
is known to have its source in the Satan Tongue. It occurs at the bhase
of a volcanic neck (Cérro del Ojo Fric). The BLM has developed the spring
by constructing an enclosed catchment/storage structure which feeds a
small stock tank below by gravity. Yield to the tank is 0.064 lps (1.0
gpm). This spring scemed to be a reliable source of stock water. Guad-
slupe Springs, located west of Guadalupe (Appendix H; Plate 1), has its
spparent source in the "Lower" Mancos Shale.‘ This spring is not devel-
vped and occurs in an arroyo bottom (Guadalupe Cahon), which is inter-
sittent for a short dictance bolow tho sprin
spring is 0.064 1ps (1.0 gp@ or less, but the discharge seems to be con-

stant.

witer Quality

Quality of water from the Mulatto Tongue is variable, ranging from
fresh to moderately saline. Specific conductances of water from wells
xre 2,000 pmhos/cm for the pumping well and 3,500 pmhos/cm for the aban-

frped well. Dissolved-solids contents are 1,770 and 4,195, respectively,



specific conductunces of waters from springs range from 800 - 3,000
pmhos/cm;  dissolved-solids contents range from 740 - 3,105 ppm (Appendix
I). Five of the waters from the Mulatto Tongue plot in the sodium-
sulfate field and one plots in the sodium-bicarbonate field (Fig. 23).
Water from Ojo Frio, the developed spring in the Satan Tongue,
has a specific conductance of 560 thos/cm and a dissolved-solids content
of 328 ppm. The water plots in the sodium-bicarbonate field (Fig. 23).
The water from Guadalupe Springs, in the "Lower" Mancos, has a specific
zonductance of A,OOO/umhos/cm, a dissolved-solids content of 4,270 ppm,

sud plots in the sodium~-sulfate field (Fig. 23).

CALLUP SANDSTONE (CRETACEOUS)

Geologic Characteristics

The main body of the Gallup Sandstone crops out in the scouthern
half of the area along the Ric Puerco and its tributaries (Plate 1). The
Gallup forms resistant escarpments and commonly weathers with a rounded,
"beehive' appearance. Maximum thickness of the unit in this area is about
20m (60 fr); surface e#posures may vary locally in thickness. The Gallup
Sandstone conformably overlies the "Lower' Mancos Shale and is conformably
gverlain by the Mulatto Tongue of the rancus Shale.

Molenaar (1974) has shown that the main body of the Gallup in this
area consists of the Gallego Sandstone Mewber. This unit extends north-
ward from the outcrop area for only a few kilometers to a line which
roughly connects Star Lake, Chaco Canyon, and Shiprock, beyond which it
is removed by pre-Niobrara crosion (Molenaar, 1973).

The Gallup Sandstone genervally consists of very light gray to pink-
ish gray, medium- to thick-bedded, very fine- to fine-grained, locally

crosg-bedded, bioturbated sandstones (section SDC-5, Appendix A).
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Textural analyses of three samples from the Gallup showed that
sorting is poor to moderate, and modal grain size ranges from very fine
to fine sand. Clay-plus-silt content ranges from 3 - 30 percent, very
fine~plus—fine-sand content from 75 - 94 percent, and medium-plus-coarse-
sand content from O — 17 percent (samples SDC-5-1A, SDC-5-1B, and SnC-5-1C,
Appendix C). Mineralogic analyses of these same samples showed that
framework varies from 64 — 87 percent (58 - 69 percent quartz, 25 - 38
percent feldspar plus granitic rock fragments, and 4 - 6 percent chert
plus other rock fragments). Cement ranges from 2 - 34 percent (usually
caleite), matrix from 2 - 6 percent, and porosity from 0 - 8 percent.

All three samples plotted in the arkose field (Appendix B).

The Gallup Sandstone in this arca is a regressive shoreline deposit
(Molenaar, 1974). Associated with the Gallup here is a zone of locally
discontinuous sandstone bodies or limy, silty intervals up to about 0 m
(20 ft) thick. These zones occur about 20 m (60 ft) or more stratigraphi-
cally above the top of the Gallup (section SDC-5, Appendix Aj Tig. 5-4,
p. 19). The sandstone bodies are commonly medium tc coarse grained and
bioturbated. The limy, silty intervals consist of thin-bedded siltstones
and shales, and discontinuous, wedge-shaped, fine-grained silty sand-
stones up to about 3 m (10 ft) thick. Molenaar (1974) suggested that
these zones may be associated with offshore bars. Stone and Mizell
(1978) recognized a resistive zone on electric logs at the same horizon
which extends at least to the Colorado border in the northeastern part
of the San Juan Basin. They interpretted this zone to be a limy or a
silty interval. Field observation of these intervals confirms their

interpretations.



lNydrologic Characteristics

One flowing well (16N.04W.36.232, Appendix H; Fig. 34-D, p. 107)
is known to produce water from the Gallup Sandstone. This well was
drilled in 1971 by Homestake Partners and was converted to a water well
by the BLM. Total depth is reportedly 184 m (602 ft). The initial flow
was 25 lps (400 gpm) at a pressure of 655 kN/m2 {95 psi). TFlow is now
regulated by valves at about 13 lps (200 gpm) at a pressure of 4438 kN/m2
(65 psi). A private company determined, by flow meter, that /5 percent
of the flow comes from an interval 1lying between the depths of 142.7 and
143 w (468 and 469 ft). The remaining 25 percent of the flow comes from
an interval lying between the depths of 125 and 128 m (410 and 420 ft).

Another flowing well located west of the study avea, in SWi, Secl9,
T16N, R5W, reportedly taps the Gallup Sandstone. This well is a converted
01l well drilled in 1962 to a total depth of 381 m (1,251 ft). Flow is
veportedly 7.7 lps (120 gpmj USGS, WRD, Albuquerque). No other data are
available and the well was not visited.

Water in the Gallup Sandstone in this area is under artesian pressure,
often great enough to cause flow. Leakage of water from the Gallup into
the overlying Mulatto fongue of the Mancos Shale probably occurs; leakage
of water from the ”Lowerh Mancos into the Gallup also probably cccurs.

0jo del Padre (15N.03VW.09.444, Appendix H), a spring located in
fuadalupe, has its source in the Gallup Sandsténe. This spring is devel-
oped for both stock and domestic uses, Although yield from the spring
is small, measured at 0.064 lps (1.C gpm), it is constant and rcliable
according to the sole resident of Guadalupe (Luciano Sanchez, personal

communication, 1979).

water Quality

Water analyzed from the Gallup Sandstone is fresh. Water from the
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BIM flowing well has a specific conductance of 580 pnmos/cm and a total-
dissolved-solids content of 390 ppm. Water from Ojo del Padre has a
specific conductance of 600‘PHMOS/Cm and a dissolved-solids content of
626 ppm. Both of these waters plot in the sodium-bicarbonate field on
the Piper diagram (Fig. 24). The concentrations of major dissolved ions
are given in Appendix I.

Water from the flowing well west of the study area reportedly had
a specific conductance of 3,130‘pmhos/cm in 1962. No chemical analysis
was available, but a strong hydrogen sulfide odor was reported (USGS,

WRD, Albuquerque).

WESTWATER CANYON SANDSTONE MEMBER, MORRISON TFORMATION (JURASSIC)

Geologic Characteristics

The Morrison Formation 1s not exposed in the study area, but is ex-
posed several kilometers to the east along the western flank of the Sierra
Nacimiento, and to the southeast near San Ysidro. The Morrison is uncon-
iformably overlain by the Dakota Sandstone of Cretaccous age. The Morrison
is generally divided into three members in the southern part of the San
Juan Basin. In descending order these are the Brushy Basin Shale, West-
water Canyon, and Recapture Shale Members. The Westwater Canyon is hydro-

‘iugically the most important unit and is the only one discussed.

Shomaker and Stone (1976) swmnarized the liLhologic characteristics
+{ the Westwater Canyon as light gray to pale yellowish-brown, [ine- to
-warse-grained sandstone. Analyses of five thin sections show Chat the

.Késtwator Canyon plots in the arkose or lithic arkose fields {Stone, 1979b

2

samples SJR-18, SJR-19, SJIR-20, SJR-30, and 1A-12(6), Table 2 p. 15).

=

tomaker and Stone (1976) reported that thickness ranges from about 9 -

32 m (30 -~ 300 LL) ), with an avaerape ol 50 m (165 ). Thickness of the

O R
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Westwater Canyon in the study area is probably no more than 46 m (150 fr).

Maximum depth to the unit is about 1,100 m (3,600 ft; Plate 2).

Hydrologic Characteristics

No wells in the study area are known to produce water from the West-
water Canyon Member. Shomaker and Stone (1976) summarized results of two
aquifer tests performed on the unit in the vicinity of Crownpoint, New
Mexico. They reported yields of 14.2 and 20.7 Ilps (221 and 323 gpm) with
drawdowns of 59.9 and 061.3 m (195 and 201 ft) from static water levels of
-106.8 and 117.4 wm (350 and 385 ft). Specific capacities were 0.23 and
0.34 1ps/m (1.1 and 1.6 gpm/ft). Transmissivities computed from the tests
were 25 and 28 mz/d (270 and 310 ftz/d), respectively,

Water in wells tapping the Morrison Formation in this area will not
only be under artesian pressure, but may flow. Subsurface leakage into
the overlying Brushy Basin Shale Member probably occurs from the Westwater
Canyon, and leakage from the underlying Recapture Shale Member probably

occurs into the Westwater Canyon Member.

Water Quality

Water-quality data from the Morrison TFormation in this part of the
San Juan Basin are sparse, but Shomaker and Stone (1976) reported that
water from the Westwater Canyon is generally fresh in the vicinity of
Crownpoint. The total-dissolved-solids content for water from a well
in Sec20, TI7N, R12W was reportedly 447 ppm, and included 250 ppm bicarb-
onate, 48 ppm sulfate, and 119 ppm sodium. Water from this aquifer may
be more saline in the study area, however, because of increased distance
from outcrop and because of leakage from adjacent units containing poorer

guality water.
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MINOR POTENTIAL AQUIFERS

Minor potential aquifers are those geologic units for data are too
sparse to evaluate their aquifer potential, and which, for various reasouns,
have limited water-resource potential in the area. In descending order
these include alluvial deposits, basaltic rocks (especially lava flows),
the C1iff House Sandstone, Hosta Tongue of the Point Lookout Sandstone,

and the Dakota Sandstone.

ALLUVIUM {QUATERNARY)

Geologic Characteristics

Alluvium in the Chico Arroyo/Torreon Wash area occurs mainly in the
banks adjacent to and in the channels of streams (Fig. 6, p. 21; Plate 1).
At least two ages of alluvium are present; older deposits that are now
incised, and modern deposits of the floors of the incised channels. Many
of the major streams also are incised into bedrock, commonly shale.

No textural analyses were performed on alluvial samples, but, based
on visual examination, the deposits consist of light brown, clayey, silty,
very fine- to medium-grained sand. Much of this material is probably local-

ly derived from sandstone and shale outcrops in the area.

Mo reliable thickness daia could be obtaiced, but drillers’ lugs
were examined for reported thiclknesses (USGS, WRD, Albuquerque). A
drillers' log from a hole drilled in Torreon Wash in NE%, Sec22; TI8N,
ROW, gave an approximate thickness of 24 m (80 ft) for alluvium. Another
record from a well dug north of the study area in Sec20, TL8N, R4W (Vin-
cente Arroyo?) reported about 12 m (40 fr) of alluvium. Maximum thickness
of the bank alluvium at the Chico Arroyo gaging station is & m (20 It;

¥Fig. 27, p. 82 ).
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Hydrologic Characteristics

Water-level depths in wells completed in alluvium or suspected to
be at least partially completed in alluvium range from 6.2 - 10,0 m
(0.7 - 33.0 £ft). Yields from these wells are low, with a maximum of
0.064 1ps (1.0 gpm). The well in Torreon Wash was reportedly tested at
a rate of 1.5 - 2.4 1ps (23.0 - 38.0 gpm) for 6.75 hours, with 8.0 m
(26.0 ft) of drawdown. No recovery data are available, but assuming an
average discharge of 2.0 1ps (30.5 gpm) during the test, specific cap-
acity of the well would be 0.25 Ips/m (1.2 gpm/ft).

No springs were located which are known to issue from alluvium.

Water Quality

Water from alluvium in the area is generally slightly to moderately
saline. Three wells in the study avrea may be partially completed in al-
luvium, although the Cleary Coal Member of the Menefee Formation is pro-
bably the principal aquifer (17K.03W.18.242, 17N.04W.22.331, and 17N.04W.
23,224, Appendix H). Specific conductances of water from these wells are
4,000, 1,200, and 8,000 pmhos/cm) respectively. Dissolved-solids contents
are 4,185, 750, and 10,272 ppm (Appendix I). The waters plot in thé
sodium-sulfate, sodium-bicarbenate, and sodivm-sulfate fields, respectively
(Fig. 15, p. 42).

USGS, WRD files in Albuguerque were examiﬁed for other wells completed
{n alluvium in this area. Two wells north of the study area are reportedly
completed in alluvium and the Menefee Formation. These wells are located
along Torreon Wash in NWY, Sec22, TLEN, R4W, and SE%, Sec23, TISN, RAW.
Specific conductances of water from these wells are.3J68O and §,280
pahos/em, respectively. The Cabezon well, located east of the study area
a#long the Rio Pucrco (SWY%, Sec6G, TL6N, R2W), is reportedly completed in

alluvium and the "Lower" Mancos Shale. Specific conductance of water from
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this well is reportedly 7,050 FnMos/cm.

IGNEOUS ROCKS (TERTIARY)

Geologic Characteristics

Igneous rocks of basaltic composition {Hunt, 1936) occur mainly in
the southern half of the area, where they overlie and intrude Upper Cret-
aceous strata. A thick sequence of sheet-like, columnar-jeinted, locally
scoriaceous volcanic flows caps Mesa Chivato (Fig. 5-B, p. 19; Plate 1).
Several scatterred, dome-shaped volecanic centers dot the top of the mesa.
These flows are ultimately related to the Mount Taylor voleanic comple:
southwest of the area. Maximum aggregate thickness of the flows is about
60 m (200 fr), but outcrops on top of the mesa are sparsc because of bur-
ial by Recent eolian deposits.

Dikes intruding the Cretaceous strata usually follow the dominant
northeast-trending fracture pattern in the area (Plate 1). The dikes are
vertical, and are usually less than 0.3 m (1.0 ft) thick. They are com-
monly traceable in outcrop for distances of up to 0.8 km (0.5 mi).

Volcanic necks are especially common in the Rio Puerco valley, in
the Guadalupe Quadrangle, where they reach heights of up to 300 m
(1,000 ft; Fig. 5-A, p. 19; Frontispiece). The Cretaceous strata in-
truded by the ncecks remain essentially horizontal, with little or no
obvious structural deformation or metamorphism. Small normal faults are
associated with a few of these necks (Plate 1). The necks represent the
conduits which fed former volcanoes. Johunson (1907) supgested that the
volecanoes stood at about the same elevation as Mesa Chivato. He further
suggested, as had Dutton (1885), that the flows capping Mesa Chivato were
once connected with those capping Mesa Prieta, justC east of the study arca.

In hand specimen the basaltic vocks are usually very dense and hard,
P RS s
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brownish black in color, and aphanitic in rtexture. Locally, scoriaccous
2 >J

materials are associated with the flows on Mesa Chivato.

Hydrologic Characteristics
Hydrologic characteristics of volcanic rocks could not be evaluated
as no wells are known to produce water from these rocks in the area.

A few springs, however, are associated with volcanic features., For
example, Barvel Spring (16N.04W.34.334, Appendix H) issues frowm the Al-
lison Member of the Menefee Formation a short distance below the basalt
flows on Mesa Chivato (Plate 1). DBoth Coal Spring and Ojo Azabache (16N.
05W.15.412 and 16N.05W15.233, Appendix H) are associated with a single
northeast-trending dike (Plate 1), These springs issue from the Cleary
Coal Member of the Menefee at the contact with the dike. 0Ojo Frio and
0jo de Las Jaramillos (16N.04W.26.213 and 16N.03W.33.342, Appendix H)
occur at the base of wolcanic necks and issue from the Mancos Shale

(Plate 1).

Hater Quality
Quality of water from the flows on Mesa Chivato could not be evaluated,

but would be expected to be good because the Mesa is a recharge area.

LLIFT HOUSE SANDSTONE (CRETACEQUS)

fieologic Characteristics
The Cliff House Sandstone crops out only in the extreme nerthwestern

art of the study area on Chacra Mesa (Fig. 13-A, p. 38). In this arca

the CLiff House consists of light brown to dusky yellow, thick- to very
thick-bedded, very fine- to fine-grained, locally cross-bedded, biocturbated
sandstones.  These sandstones commonly contain scatterred Ophicmorpha,

Thickness of the Clilf louse at Chacra Mesa 1s about 54 m (180 [t). Zones



of light olive-gray shales and silty shales abour 3 - 10 m (9 - 30 ft)
thick are interbedded with the sandstones (section SDC-1, Appendix A).
The contact between the Cliff House and the underlying Menefee Formation
is conformable, but variable. At most localities the contact is sharp,
but locally, it is transitional or intertonguing.

The Cliff House thins rapidly toward the north and northeast. In
the vicinity of Torreon School it consists of two sandstone tongues
separated by about 350 m (165 ft) of Lewis Shale. Tabet and Frost {1979)
reported that the upper tongue at this locality is about 14 m (45 ft)
thick, and that the lower tongue is about 8 m (25 ft) thick. A short
distance northeast, where Highway 197 crosses the outcrep at Black Moun-
tain (Secll, TI8N, R4W), these two tongues grade laterally into the Lewis
Shale and can be observed to pinch out.

No samples from the CLliff House were analyzed, however, Hollenshead
and Pritchard (1961) analyzed 19 core samples of this unit from scatterred
wells in the San Juan Basin. They found that the average mineralogic com~
position of framework components was 80 percent quartz, 13 percent feldspar,
and 7 percent rock ffagments. This average composition would plot in the
subarkose field. An outcrop sample analyzed by the author from SE%, Secl3,
T22N, R13W, also plotted in the subarkose field (Stone, 1979b, sample

~r
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Hydrologic Characteristics

Hydrologic characteristics of the Cliff House Sandstone could not be
evaluated. Transmissivities, however, would probably be low, perhaps sim-
ilar to those of the Point Lookout Sandstone (Appendix G). A well drilled
north of the study area (SWY, Sec23, T19N, R5W), was reportedly completed
in the CLiff House (USGS, WRD, Albuquerque). Total depth of this well is

Yah m (471 ft).  In 1976, the water level was 53 m (175 fr), and the yield



was 0.064 1ps (10 gpm).

Shomaker and Stone (1976) reported that in the general area, specilic
capacities of wells completed in the CLiff House Sandstone are low, commonly
less than 0.2 lps/m (1.0 gpm/ft). They also reported that well performance
is variable because of varying thickness and character of the aquifer at
different localities.

Water in the Cliff House wauld be expected to be confined. Leakage of
water into the overlying Lewis Shale probably cccurs; leakage of water from

the underlying Meneflee Formation into the Cliff House also probably occurs.

Water Quality

Quality of water from the CULLiff House Sandstone could not be evaluated
in the study area. Watér from the well north of the study area had a spec-
ific conductance of 3,400 pmhos/cm in 1976. Shomaker and Stone (1976) re-
ported that quality of water from the Cliff House is usually marginal. Re-
ported specific conductances range from 1,500 - 5,000 umhos/cm, and total-
dissolved-solids contents range from 1,200 - 3,500 ppm. They further stated
the waters contain hfgh concentrations of sodium, potassium, bicarbonate,
sulfate, and chloride.

Subsurface leakage of water ffom units containing poorer quality
water would tend to decrease the guality of water from the CLiff llouse

Sandstone.

HOSTA TONGUE OF THE POINT LOOKOUT SANDSTONE (CRETACEOUS)

Geologic Characteristics
The Hosta Tongue crops out in the southwestern part of the area at
the base of the slope around Mesa Chivato, and above the Rio Puecrco and

Chico Arroyo (Plate 1; Fig. 5-B, p. 19; Fig. 25). One stratigraphic
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o Figure 25. Typical exposure of the Hosta Tongue of the Point Lookout
; . Sdndstone in the southwestern part of the Guadalupe Quadrangle, on
B . Banco de la Casa. The Hosta is roughly 60 m (200 £t) thick at this
L locality. Note the two-story ruin on top of the butte at leftr {view
LRy west from NWj, Sec23, TI5N, R4W).
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eelion was measured through the losta Tongue {section SDC-2, Appendix A).
v this locality it consists of yellowish gray, thick- to very thick-bedded,

cery fine- to fine-grained, locally cross-bedded, bioturbated sandstones.
incally, these sandstones contain Ophiomorpha and the clam Mactra. Thick-
w2ss of the unit is about 2§ m (95 ft) at this locality.

Textural analysis of a sample from this locality showed the rock to be
roorly to moderately sorted, with a modal grain size of wvery fine sand.
“iay-plus-silt content was 20 percent, very fine-plus-fine sand content was
' percent, and medium-sand content was 1 percent (sample SDC-2-2, Appendix

Y. Mineralogic analysis of the same sample vielded 91 percent framework
; 24 Y ! ) It

saponents (47 percent quartz, 35 percent feldspar plus granitic rock frag-

conts, and 18 percent chert plus other rock fragments), 14 percent cement,
# percent matrix, and 6 percent porosity. The rock plotted in the lithic
arkose field (Appendix B).

The Hosta Tongue is an interesting stratigraphic unit in that it is
separated from the main body of the Point Lookout Sandstone by the Satan
vongue of the Mancos Shale (Plate 2). The Hosta undergoes rapid changes in
thickness from south to north in the Guadalupe Quadrangle. In the extreme
~authwestern part of the quadrangle, it is roughly 60 m (200 ft) thick at
sancos de la Casa (Fig. 25; Plate 1). Hunt (1936) mapped the Crevasse Can-
won Formation directly underlyine the Hosta at this locality and for about
5 km (3 mi) farther north. Wyant and Olson (1978) mapped the Gallup Sand-
stone at this locality, in exactly the same position as that where Hunt
£1936) had mapped the Crevasse Canyon Formation. Lateral tracing of surface
~xposures revealed that the losta Tongue thickens southward, and no evidence
#f either the Crevasse Canyon Formation or Gallup Sandstone could be found.
“rom Banco de la Casa, the Hosta thins rapidly northward for about 13 km
{8 mi), until, in the vicinity of Cerro Cuate (Plate 1), it consists of only

a2 zone of interbedded sandstone and shale. The total combined thickness of
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this sandstone/shale interval is only about 15 m (30 ft). As noted by
Hunt (1936), this zone can be traced northeastward in outcrop for several
kilometers. Electric logs show that this zone continues northward to the
vicinity of Chacra Mesa, where it grades laterally into the Mances Shale
{(Plate 2).

Maximum depth to the Hosta Tongue, beneath Mesa Chivato, is roughly

between 400 and 460 m (1,300 and 1,500 ft).

Hydrologic Characteristics
No wells in the genpral area are known to produce water from the
Hosta Tongue, and no springs were observed issuing from the unit. Hydro-
logically, however, the Hosta would probably be a leaky, confined unit.
Low values of transmissivity and specific capacity, along with small vields,

would be expected.

Water Quality
Quality of water from the Hosta Tongue could not be evaluated, but
would probably be similar to that of the main body of the Point Lookout

Sandstone (Appendix 1).

DAKOTA SANDSTONE (CRETACLEOUS)

Geologic Characteristics

The Dakota Sandstone is not exposed in the study area, but its geo-
logic characteristics in the region have been well documented (Owen, 1973;
Landis and others, 1973; Molenaar, 1977). EFast of the area, along the
western flanks eof the Sierra Nacimiento, and southeast of the area, near
San Ysidro, the Dakota Sandstone consists of three distinct members on

the basis of lithology: a vellow brown, fine-grained, ledge-forming sand-
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stone at the top; a shale and carbonaceous shale unit in the middle;

and a light gray, conglomeratic, ledge-forming sandstone at the base.
Eyamination of electric logs from oil wells in the study area reveals
that this three-member subdivision is also valid in the subsurface

(Plate 2; Appendix K). Thickness of the upper sandstone unit ranges from
about 9 — 12 m (30 - 40 ft), that of the middle shale unit from about

g - 18 m (30 - 60 ft), and that of the lower sandstone unit from about
9~ 15 m (30 - 50 ft). The approximate total thickness of the Dakota Sand-
stone in the study area is 43 ~ 46 m (140 - 150 ft). Depth to the unit
should reach a maximum of about 900 m (3,000 f£t) in the northeast part of
the area.

Mineralogic analysis of an outcrop sample from SEL, Sec36, T21N, RIW
by the author revealed 89 percent framework components (78 percent quartz,
19 percent feldspar plus granitic rock fragments, and 3 percent chert plus
other rock fragments), 6 percent cement, 3 percent matrix, and 2 percent
porosity. It plotted in Fhe subarkose field (Stone, 1979b, sample SJR-Z,
Table 2, p. 15). Grain size ranged from very fine to medium sand, and the
modal grain size was fine sand. Another outcrop sample, from SE%, Secld,
T13N, R1OW, consisted of 84 percent framework (57 percent quartz, 42 per=—
cent feldspar plus granitic rock fragments, and 1 percent chert plus other
vock fragments), 4 percent cement, 0 percent matrix, and 6 percent porosity.
The rock was fine to medium grained, well‘sorted, and the modal grain size
was fine sand. It plotted in the arkose field (Stone, 1979D, sample 1A-16,
Table 2,»p. 15). Textural analysis of a different sample from the same
locality as that of the above, consisted of 14 percent clay and silt, 80
gercent very fine and fine sand, and 6 percent medium and coarse sand.

¥odal grain size was fine sand (Stone, 1979b, sample BB-6, Table 1, p. 10).



iivdrologlic Characteristics

One flowing well (16N.03W.17.333, Appendix 1) in the study area, a
sonverted oil well drilled in 1959, is known to produce water from the
tskota Sandstone. Total reported depth of this well is 561 m (1,840 fr).
The top of the Dakota was penetrated at about 544 m (1,785 ft). Flow from
the well is regulated by valves on the casing, and is directed into an
carthen stock tank (Fig. 34-E, p.107 ). Tlow was estimated at 0.3 - 0.6
ips (5 - 10 gpm). Interestingly, Reniclk (1931) predicted the Dakota would
seour at a depth of about 458 ~ 519 m (1,500 - 1,700 ft) at this same lo-
;&1ity, and that the water would be under sufficient arteslan pressure (o
“low. Another converted oil well, located north of the study area in Seclé,
TION, R3W, is reportedly completed in the Dakota at a depth of more than
1,220 m (4,000 ft). ©No other completion data exist, and the well was not
visited. '

Water in the Dakota Sandstone in this area will not only be under
asrtesian pressure, but will probably flow. Leakage of water into the over-
iving Mancos Shale probably occurs, and leakage of water from the under-—
Iying Morrison Formation into the Dakota also probably occurs. Shomaker
and Stone (1976) reportéd that transuissivities are very low for the Dakota
n this area. Specific capacities are also low, estimated at 0.01 - 0,04

&oad

ips/m (V.03 - 0.20 gpm/fc).

water Quality
Water from the Dakota Sandstone in this area is slightly to modevately
C.aline. Water from the flowing well in the study area has a specific con-
ductance of 2,500 pmhos/cm, and a dissolved-solids content of 1,885 ppm
ixppendix I). Water from this well plots in the sodiummsulfatc field on
vhe Piper diagram (Fig. 23, p. 60). A strong hydrogen sulfide odor was

roted when the water was sampled. Water from the flowing well north of the




study area has a specific conductance of 10,100 pmhos/em {(USGS, WRD, Albu-
guerque). Shomaker and Stone (1276) reported that east of RIOW, the total-
dissolved—-solids content ranges from 2,611 to 59,259 ppm, and that the waters

zre high in sodium and bicarbonate.




ANALYSIS OF WATER BALANCE IN CHLCO ARROYO

Chico Arroyo drains an area of about 3,550 ka (1,370 miz) in the
_suthern and southeastern San Juan Basin. The drainage basin is roughly
«iliptical and elongated in a northeasterly direction (Fig. 26). Inasmuch
55 the study area lies within the southeastern ground-water discharge area
fur San Juan Basin aquifers, an attempt was made to quantify relationships
wotween ground-water and surface-water discharge. Although this attempt
.t with only limited success, several useful things were investigated:

1) the relationship between average annual basin pre-
cipitation and annual runoff was quantifled;

2) sources of sustained flows were identified; and

3) possible sources of water loss in the basin were

examined.

FRECIPITATION

Rainfall data for the drainage basin of Chico Arroyo were obtained from
sw0 major sources; the US Weather Service in Albugquerque, and the US Bureau
+tf Reclamation Precipitation Map for New Mexico, 197Z.

Records from two weather stations in the basin were used to examine
the seasonal distribution of precipitation. Rainfall totals from the Torreon

Savajo Mission and Star

~1_ e T P S O N R o ™ v
ake weacher scations show that most ¢ jokel ~nual

t-‘(

¢winfall occurs during the summer rainy season, usually from July through
spptember (less commonly from June through October). During this period,
s% much as 75 percent of the annual precipitation may occur. HMost of this
ryinfall is probably in the form of intense, convective afternoon thunder-—
rtorms (Table 2, p. 17).

Average annual precipitation for the drainage basin was determined by
the isohyetal method (Gray, 1970; Linsley and others, 1975) to be 29.2 cm

{11.5 inches). Isohyets were transferred from the US Burecau of Reclamation
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Figure 26. Drainage basin of Chico Arroyo (stippled) and relation-
ship to thesis area (cross-hatched).




Precipitation Map for New Mexico (1972).

RUNOFF

All discharge records were obtained from the USGS, WRD, Albuquerque,
surface-water files.

Discharge has been measured at the mouth of Chico Arrovo for 35 years,

3/s).

with an average annual discharge for this period of 220 m3/s (7,770 fx
Several years ago, a continuous-recording stream gage was installed at the
south of the stream, 0.3 km (0.2 mi) upstream from the junction with the

tio Puerco (Fig. 26, p. 79; Fig. 27).

Runoff occurs in the Chico Arroyo drainage basin at many times through-
out a given year, but volumes vary epormously, depending mainly on season.
This strong seasonal control on runoff is shown graphically on the monthly
discharge hydrograph (Plate 4). Peaks commonly occur during the summer and
carly autumn months, whicﬁ coincide with the summer rainy season from July
through September. During this period, afternoon thunderstorms may generate
remendous volumes of runoff. Compariscn of rainfall data with discharge
fata for the summer rainy season shows that up to 99 percent of the annual
¢ischarge recorded at the gage may occur during this period (Table 4).

Other seasonal variations in diécharge are also apparent from examin-—
ation of Plate 4. TFor example, the period from October through November is
cenerally one of decreasing monthly flow, recording the drier autumn sea-
son. December through March is commonly a period of increasing flow;

sast likely the result of seasonal change in rainfall patterns from the

{er autumn season to the frontal storm systems of winter. Toward the
vnd of this period, snowmelt from the Mount Taylor arca also probably con-
cributes to flow. The period frem April through June is usually one of

decreasing runoff.  This decrcase is probably related to the combination
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depletion of flow from spowmelt and a scasonal change in rainfall pat-

corns, reflecting a drier spring period.

The effects of individual storms or storm systems on hydrograph shape
-an be seen on hydrographs constructed for wvarious time intervals. For
cxample, Figure 28 shows the daily discharge at the gage from September
32 through October 16, 1966. Two storm recessions are well shown on the
¢raph: the first storm probably occurred late September 30, with a peak
runoff of 0.004 m3/s (36 ft3/s) on October 1; the second storm preobably
seeurred late on October 7, with a peak runoff of 0.0006 m3/s (5.2 ftg/s)
sn October 8. Tigure 29 shows the mean weekly discharge from July 16
through October 5, 1976. Effects of the summer rainy season on hydrograph
shape are well shown on this graph. Three peaks and recessions are ap-
sarent. The steeply rising and falling limbs are conspicuous and represent
the input from various storms in the drainage basin. The falling limbs
rapidly approach zero discharge before the rise resulting from the next
storm occurs.

In order to determine a quantitative relationship between average an-
pnal basin precipitation and annual runoff, theoretical volumes of runoff
were computed (based on various percentages of the average basin precipita-
tion). These values were then compared to actual recorded volumes at the
caping station. Using the value of Z2¥.Z cm (11,5 dnches) for average basin
precipitation, runoff volumes were computed for 0.5, 1.0, 1.5, 2.0, 3.0,
and 4.0 percent (Table 5). The 35-year average discharge of 220 m3/s
(7,770 ft3/s) represents 1.86 percent of the average annual precipitation
recieved in the basin. Runoff for the water years 1966 - 1978 (a water
vear is defined as the period from October 1 of a given year through Sep-
cmber 30 of the following year) ranges from 0,32 - 4.1 percent of the

average annual precipitation. The average runoff for this 13-year period
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175 mg/s (6,151 ftB/s) and represents 1.45 percent of the average an-
wual basin precipitation. Figure 30 is a hydrograph showing the annual re-
sorded discharge at the gaging station for the water vears 1966 - 1978.

:lso shown on the graph are the 35-year average discharge and the average
#ischarge for 1966 — 1978. By examination of the graph, ycars of rela-
tively low or high discharge can be seen. Table 5 (p. 87) gives the basic
snnual discharge datafrom 1966 — 1978, along with corresponding percentages
.f the average basin precipitation the values represent. Also given in the
table are annual precipitation totals for the Torreon Mission and Star Lake
woather stations. Examination of the table reveals that years of relatively
wigh runoff do not necessarily coincide with years of high rainfall. The
wijor reason for this discrepancy is the time of year when most of the rain-
fall occurs, usually from July through September.

The low values of runoff are probably characteristics of semiarid
drainage basins. In a previous study, Stome and Brown (1975) obtained run-
off values of 2.3 ~ 7.7 percent of precipitation for individual storm/run-—

2 2
ff events in a small, semiarid drainage basin covering 13 lkm~ (5 mi ).
They concluded that the range of values reflected the influence of various
aarameters such as direction of storm movement, storm intensity/duration,
and time since last storm (antecedent moisture conditions).

Chico Arroyo is an intermittent stream throughout a short reach
from around Sec36, TL7N, R5W to Sec9, T16N, R4W, a distance ol about 6 lan
{4 mi). The source of intermittent flow is a combination of discharge from
4 spring located in the channel bottom (SE4, SWi, SWL, Sec30, T17N, ROW;
Viate 3), and input from various other springs in smaller, tributary arroyos
{Plate 3). The intermittent flow in Chico Arroyo commenly does not reach

the paping station at the mouth of the stream. This was obscrved during

rhe field seasons of 1978 and 1979, and is also apparent from examination
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of discharge records. Records of discharge for the periods October

through November, February through March or April sometimes indicate a sus-
tained flow in the channel, however. This is probably because during these
periods, evapotranspiration losses.are at a minimum, freezing of water in
the channel does not occur frequently, and masking of the sustained dis-
charge by larger volume flows 1s not common. Figure 31 is a daily dis-
charge hydrograph from November 13, 1970 through January 3, 1971, The
rigsing and falling limbs on this hydrograph show what is probably the re-
cult of fluctuating discharge due to intermittent flow generated by the
input of springs near Chico Arroyo.

The springs which discharge into Chico Arroyo occur south of the
stream, at the base of the slope around Mesa Chivato (Plate 33. The im-~
~odiate source of the water from these springs is the Menefee Fovmation.
Upward leakage of water from the Point Lookout Sandstone, and also possibly
deeper geologic units, could also contribute to spring flow in this area.
“his is especially true for the spring located in the chamnel of Chico
srroyo, mentioned above. In this vicinity, the top of the Point Lookout
srobably lies at a shallow depth below the alluvium. Water levels in two
»f the observaticn wells (R23 and R24, Appendices W, T, and G), both com-
sleted in the Point Lookout, just south of Chico Arroyoc, are practically at
the same elevation as the channel boriom.  This would tend Lo sugpesc 0
taint Lookout does contribute to spring flow in this area. Other, deeper
vnits also may contribute to spring flow by upwafd leakage through permeable
or semipermeable geologic units.

Ideally, water-quality data can be used to help define ground-water
svstems contributing to stiream flow in an area (Van Voast and Novitzid,
L968).  This is difficult in the Chico Arroyo area because waters f{rom

springs contributing to intermittent {lows probably have at least two major
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ources.  The main source is probably the Mount Taylor region to the south-
cust. Water from that area moves northward and discharges around the base
i Mesa Chivato (Figs. 32 and 33, p. 101 and 102 ). The second source is
wrobably a combination of of waters moving west and southwest from the Sierra
Nacimiento area, and deeper waters moving southeast from the central part

~f the San Juan Basin area. Separation based on water quality types into
nallow and deep ground-water flow systems is difficult in this area because
~f the effects of upward leakage of water, and subsequent mixing of waters
from the different sources. The distribution of water quality in the

{hico Arrovyo area is shown on Plate 3. Water quality is generally better
south of Chico Arroyo; this may reflect the shallower ground-water f£low
system with a source in the Mount Taylor region. A surface-water sample
taken during low-flow conditions in April, 1978, is probably representative
of intermittent flow in the channel of Chico Arroyo. Chemical analysis of
the water showed 2,380 ppm dissolved solids, with high concentrations of
sodium, sulfate, and bicarbonate (USGS, 1978, Water-Data Report NM~-78-1,

5. 215). Chemistry of this water, however, is the result of various pro-
nesses inecluding dissolution of ions along the stream bed, evaporation of
water during flow above the sampling point, and mixing of waters from the

various sources contributing to the intermittent [low,

WATER LOSSES

Of the average annual precipitation récieved in the drainage basin of
Chico Arroyo, ouly a small amount, probably less than 4 percent, reaches
the gaging station as runoff. If 4 percent or less runs off, then 96 per-
cent or more must be lost. This loss cccurs in various ways including

wppnape into alluvium, seepage into bedrock units, and eva otransniration.
1 3 L) bl r

“yeh of the initial loss of water probably occurs during runoff due to




cransmission loss in alluvial channels. Eventually, much of the water which
cufiltrated into the alluvium and was retained as interstitial pore moisture,
secomes subject to evapotranspiration. The major effect of evapotranspir-
stion, then, is probably the reduction of recharge volumes, especially to
the alluvial aquifers.

Gregory and Walling (1973) gave 2 generalized water—-balance equation
for any drainage basin as:

P=Q+E+ds;

where P = available precipitation,
. Q = runoff,
E = evapotranspiraticn, and
As = changes 1in storage.

?or the purposes of this study, the value for P is the average annual basin
precipitation, and that for Q is the 35-year average annual discharge. Fot-
ential evapotranspiration for the drainage basin was computed by the Thorn-
waite method (1948). This method uses mean monthly temperatures, an annual
neat index, and relative day lengths as constants for a particular drainage
Hasin. AS no temperature maps were available, a nonweighted arithmetic mean
was obtained for the basin by using temperature records from four weather
stations in the area which are probably representative of various regions
in the basin. Thirteen-year recordé were uged from the Torreon Mission,
Star Lake, Chaco Caryon, and Cuba stations (US Weather Service, Annual Re-
ports, 1965 - 1977). A monthly average temperature for each station was
computed, and then monthly averages for the drainage basin were determined.
The results are summarized in Table 6.

Annual potential evapotranspiration was computed by the Thornwalte

formula (Thornwaite, 1948), given below:

e = cta = 1.665%5 a

i

. )
where ¢ mean basin monthly temperature (TC),
T = annual heat index (the sum of monthly
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indices: the value for I in this study
is 39.26; Table 6, p. 94),
a = an exponent related to 1 by the expression,

a = 0.000000675(T°) - 0.0000771(I°) +
0.01792(1) + 0.49239 (the value for a
in this study is 1.356), and

a constant.

]

c
thornthwaite (1948, p. 92) gave precalculated values of the monthly heat
indices, i, for given mean monthly temperatures (Table 6, p. 94).

" According to Thornwaite (1948) the values computed for evapotranspir-
stion are ”unadjustgd” values. To obtain adjusted values, correction factors
»hich account for unequal day lengths between months at particular latitudes
were given by Thornwaite (1948, p. 93). The adjusted values are given in
Table 6, p. 94). Summation of the monthly potential evapotransplration val-
ues gives an annual total of about 84 cm (33 inches). This value is pract-
ically three times the average annual basin precipitation of 29.2 em (11.5
inches), not surprising for a semiarid environment. Multiplying the annual
vatenti:l evapotranspiration by the drainage basin area gives an annual pot-
antial evapotranspiration of 2.8 X 103 hmB/year (2.3 X 106 acre-ft/yvear).

The water—balance equation can now be evaluated for the storage term,
fis. By substitution, 4s =P - Q - E = -1.8 X 103 hmB/year (-1.5 ¥ l06
acre~ft/year). This value represents a storage deficit of almost twice the
average annual basin precipitation. Expected annual losses may amount to
%6 percent or mere of the average annual precipitation, or 9.8 X lO2 hm3
{?:9 X 105 acre-~ft). This is only about one-half the calculated storage
deficit, and about one-third the calculated potential evapotranspiration.

The values obtained for the storage deficit and potential evapotrans-
niration by the Thornwaite formula may not be very realistic because of any
combination of the following Ifactors:

1) there is no knowledge reparding the status of soil

moisture (antecedent moisture conditions);
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2) the effect of moisture deficiency on the reiation-
ship between actual and potential evapotranspiration
is not certain, but Linsley and others (1975) re-
ported that the rate of evaporation from an initially
saturated soil plot tends to decrease with time;

3) there is no regarding vegetation density (water-
table plants are confined to stream channels, whereas
nonwater—~table plants grow sparsely above the chan-
nels);{

4) there is no knowledge concerning parameters such as
intermittent cloud cover, fluctuating solar radia-
tion, or wind speed near the ground; and

5} the value computed for evapotranspiration is only
a potential value, therefore the additional compli-
cation of water availability, both:on the land sur-
face and in soil pores, is important. In other
words, if water is not available, it cannot be lost
to the atmosphere.

Obviously, further investigation is nceded concerning water losses
wofore any major conclusions can be made. Conclusions based on the values
compured rrom the Thornthwaite formula should be regarded with skepiacism.
The major conclusion which may be drawn from this study is that overall,
{hico Arroyo and other intermittent streams in this area are losing streams

throughout most of their courses.




HYDROGEOLOGY

Hydrogeology is the study of geologic contrels of the occurrence,
movement, and quality of ground water in an area. Once the geologic and
hydrologic characteristics 5f an area have been delimited, their relation-
ship may be assessed. Although many geologic controls can be generalized

for most hydrologic systems, each area has its own set of peculiarities.

GROLOGIC CONTROLS OF QROUND—WATER OCCURRENCE

Ground water in the Chico Arroyo/Torreon Wash area occurs mainly in
the intergranular pore spaces of sandstone and alluvium, in fractures in
coal beds, and, to a lesser extent, in fractures in basalt f{lows.

The occurrence of ground water in sandstones 1s primarily controlled
by their porosity, permeabllity, and geometry. These factors are in turn
controlled by depositional and postdepositional history of the sandstone.
FYor example, the Point Lookout Sandstone, Hosta Tongue of the Point Lookout,
and Gallup Sandsteones are all of marine shorezone origin (Molenaar, 1977),
and would be expected to have similar values of porosity and permeability.
llowever, the geometries of these units control their aquifer potential at
a given locality. The Hosta Tongue and Gallup Sandstone both thin northward,
and eventually grade into the Mancos Shale (Plate 2). The aquifer potential
of these two units therefore is greatly reduced in a northerly direction.
The Point Lookout Sandstone, though varying in thickness locally (Fig. 18,
p. 47; Plate 2), has more or less a sheet-like geometry. This geometry
results in a more uniform distribution of hydrologic characteristics through~
out the area. Ground-water occurrence in units deposited in a continental
envirvonment, in addition to being controlled by gepmetry of individual
sandstone bodies, is alsc controlled by the location and distribution of
theée bodies. For example, the Menefee Formation contains lenticular-

shaped channel sandstone bodies which are commonly elongate in a northeast-
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ributed. Ix-

pos

erly direction, and are probably essentially randomly dis
nloration for ground water in this unit is therefore largely a "hit-or-—
miss' proposition. Given ideal circumstances, units such as these should
yield small amounts of water to wells. During recent test driliing by
NMEMMR into coal-bearing zones of the Menefee, several channel sandstones
were penetrated. Some of these were dry, a few contained oil, and others
contained poor-quality water (Dave Tabet, NMBMMR Coal Geologist, personal
communication, 1979). Coal beds in the area are also lenticular shaped,
discontinuous, elongate bodies.

An additional control on ground-water occurrence in this area may be
subsurface fracturing, resulting in increased secondary nermeability. Yoz
example, coal beds in the Menefee Formation are commonly fractured and do

yield water to wells (observation wells R32 and Cl, Appendices H, G, and

v

).
Fracture permeability may be partly responsible for the high flow reported
from the BLM flowing well (16N.04W.36.232, Appendix "), completed in the
Gallup Sandstone. This well is located very near a major fault (Plates 1
and 3).

Transmissivity of an aquifer is controlled by its thickness and permea-
bility. Assuming constént permeability, transmissivity will vary with
thickness and vice versa.

The occurrence of several springs south of Chico Arroyo is apparently
controlled by northeast-trending, normal faults. Many of these springs oc—
cur directly on the faults (Plates 1 and 3). Otﬁer springs are associated
with dikes which follow the same northeasterly fracture pattern as do the
faults. Springs in the southeastern part of the area are commonly associated
with volcanic necks and their existence may be controlled by local fractur-

ing near the necks.
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GEOLOGLC CONTROLS OF GROUND-WATER MOVEMENT

Ground-watey movement consists of three major parts: Recharge, or the
process by which ground water is replenished; Flow, the process by which
ground water moves from arcas of recharge to areas of discharge; and Dis-

charge, the process by which ground water is depleted.

Recharge

Recharge of an aquifer is enhanced when the aquifer lies at or near the
surface where it may intersect runoff. Uplift, along with folding and fault-
ing, have placed aquifers in the Chico Arroyo/Torreon Wash area at the sur-—
face both inside and outside the study area. Recharge in this area is both
direct (from the surface itself) and indirect (from the surface by means of
other geologic units). A certain amount of subsurface recharge probably
also occurs between leaky, confined units and thelr confining layers. Major
means of recharge to units in this area are by transmission loss ol runoff
crossing outcrops, and by the infiltration of precipitation falling directly
on outcrops. Outcrop belts in the area are quite extensive laterally and
rmuch recharge probably occurs outside the study area. Two principal areas
of recharge are believed to exisﬁ ouﬁside the study area. The first is

the flanks of the Mount Taylor complex to the south and scuthwest. The

o
1

£ +he Ci-vra Naeims

Sizvra Nac ento to the northenet

HELONG Lo LRE WESTETRH
past, and southeast. Geologic units such as the Dakota Sandstone and the
Horrison Formation are not exposed in the study area, and aside from sub-
surface leakage, recharge to these units occurs totally outside the area.

A1luviun is recharged mainly by transmission loss of runoff in stream chan-

nels, and to a lesser extent, by discharge of water from bedrock units.
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Flow

Movement of ground water occurs in flow systems. In these systems,
flow is commenly through interconnected pore spaces. Ground water in con-
{ined bedrock aquifers flows from areas of higher potentiometric surface
to areas of lower potentiometric surface. 1In unconfined (or water table)
squifers, water moves from areas of higher water table to areas of lower
water table, in response to gravity. The direction of ground-water [low
wmay be controlled by the orientation of permeable zones, structural dip,
wr regional topography.

Flow of ground water in bedrock units in this area is down-dip away
fyom recharge areas. Direction of flow is roughly toward Chico Arroyo,
from the north and south. Figures 32 and 33 show general directions of
ground-water flow in the Menefee FTormation and Point Lookout Sandstone,
respectively. Lack of data does not permit contouring of the potentiometric
surface for the Point Lookout north of Chico Arroyo, but ground-water flow
from the south is well shown. A component of flow toward the southeast
from deep aquifers in the San Juan Basin is also thought to exist in this
repion (Forest Lyford, Hydrologist, USGS, WRD, personal communication, 1979).
Movement of water in alluvium in this area would be expected to be down-
slope in response LO gravity, in basically the same directions as streanm

flow.

Uischarge

Geologic controls of discharge are much like those of recharge.
cround water in unconfined aquifers, such as alluvium, discharges wherever
the water table intersects the iand surface. Ground water in confined aguifl-
¢rs, such as bedrock units in this area, discharpges wherever the potentio-—

«otric surface is at or above the 1and surface and the aquifer has access
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o the iand surface by mcans of outcrop or [ractures.
Ground-water discharge in the Chico Arroyo/Torreon Wash area is both
satural and induced. Natural discharge consists of spring flow, especially
the southern part of the area around the base of Mesa Chivato, and evapo~
sranspiration, especially along channels. Induced discharge cccurs at pump-

‘neoand flowing wells.

LEOLOGIC CONTROLS OF GROUND-WATER QUALITY

A commonly used measure of ground-water quality is dissolved-solids
content. Dissolved materials in ground water in this area come from dis-

Lslution of minerals in rocks through which the water flows, subsurface

inakage, and mixing with waters from adjacent units. For example, the
reint Lookout Sandstone is a leaky, confined aquifer., In arcas of recharge,
teakage from the overlying Menefee Formation would probably ocecur, result-
ing possibly in reduction of water quality in the Point Lookout Sandstone.
Lo ground water flows down~dip, away from recharge areas, leakage of water
ivom the Point Lookout into the Menefee Formation would occur, Leakage
witer from the underlying Mancos Shale into the Point Lookout would also
soeur, probably reducing water qualipy in the Point Lookeout. In alluvial
ayuifers, water quality may be reduced in downstream areas because of the
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Locally, lithology exerts a strong control on the quality of ground
viter. For ewample, the high sulfate content of waters Irom coal beds in
the Menefee Tormation is probably the result of dissolution of iron-sulfide
inerals, and the oxidation of organic materials. Calcium and carbonate

v 1

in pround waltcers in the avea probably result from dissolutdion of calcite

Ground water in the area is commonly of the sodium-sulfate or

sedium-bicarbonate types. The source of much of the sodium in the waters
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may be clay minerals in the matrix of sandstones, and subsurface leakage
and mixing with waters from semipermeable shales.

Quality of water from the Menefee Formation and Point Lookout Sandstone
in the area is generally better south of Chico Arroyo (Fig. 14, p. 41 and
¥ig. 21, p. 54). This water-quality separation is most cobvious in the
Point Lookout. The water from this unit gradually becomes worse toward
Chico Arroyo from the south, and totally deteriorates north of the streamn.
This quality difference probably results from mixing of waters moving toward
Chico Arroyo from the north and south. Also waters moving north from the
recharge area on Mount Taylor, may have a shorter residence time in the

rocks, therefore resulting in better water quality south of Chico Arroye.
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WATER USE AND SUPRLY

RURAL DWELLINGS

Few permanent dwellings are located in the study area, and the in-
habitants of the scatterred homes obtain water for domestic uses mainly
from local sources. For example, the sole permanent regident of Guadalupe
obtains water from a developed spring, Ojo del Padre, which igssues from
the Gallup Sanstone (Appendices H, 13 Plate 3). Water from this spring is
of good quality and is used for domestic needs, irrigation of a small gar-
den, and for watering stock. A well completed in the Cleary Coal Member
of the Mepefee Tormation (L7N.04W.27.444, Appendix H), is located along
Torreon Wash, at the seasonal residence of Max Tachias. This well 1is
equipped with a windmill and the water, although of marginal quality, is
used for both domestic and stock needs. The seasonal residents of the
Joe Montoya and Frinest Montoya shacks use water from developed springs
(L6N.05W.13.333 and 16N.05W.13.422, Appendix 11D in the Menefee Formation
to meelt their needs. These springs are also used for watering stock.
Many of the absentee ranchers who graze beef cattle in the southern part
of the area obtain their drinking water from the DLM {lowing well (1L6N.04W,
36.232, Appendix H; Fig. 34-D), completed in the Gallup Sandstone. Local
residents in the vicinity of Torreon Trading Post, north of the study area,
obtain water from a developed spring, 0jo Encino. This spring is located
to the northwest (SW#, Sec23, T20N, RSW; Javin Tanner, owner Torreon Trad-
ing Post, personal communication, 1978). The water is supplicd by means
of a pipeline.

Should future water supplies be required for local domestic needs, the
Point Lookout Sandstone and Gallup Sandstone offer the best aquifer poten-
tial in the southern part of the arca. In the north, channel sandstones

and possibly coal beds in the Menefee Formation are the best targets for
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 Vigure 34. Development of water resources in the Chico Arrovo/
Torreon Wash area. A) Barrel Spring (16N.04W.34.334, Appendix H),
on the northern edge of Mesa Chivato, issues from the Allison Mem-
ber of the Menefee Formation. The spring was developed by the
BLM. Yield is 0.03 1ps (0.5 gpm). B) Windmill on south bank of
Arroyo Piedra Lumbre (17N.03W.18,242, Appendix H). Well is com-—
pleted in Cleary Coal Member of Menefee Formation and also pos-
sibly in alluvium. Note thick vegetative growth resulting from
local wet conditions around stock tank {view west from NEE, Sec
18, Ti70, R3W). C) 0jo Frio (16N.04W.26.213, Appendix H), a
spring developed by the BLM, issues from the Satan Tongue of the
Mancos Shale. This spring is associated with a volcanic neck
known as Cerro del 0jo Frio (view northeast from NE%, Seclb,
T16N, R4W). D) Flowing well (16N.04W.36.232, Appendix H) com-—
pleted in the Gallup Sandstone. The BLM has constructed a pipe-
line which feeds several stock tanks in the ares (Plate 3).
Note normal fault in Hosta Tongue of Point Lookout Sandstone
in background (view south from NE#, Sec36, TL6EN, R&W).
E) Flowing well (16N.03W.17.333, Appendix H) converted from
0il well tapping Dakota Sandstcne (view east from SW&, Secl?,
T16N, R3W).




cater wells, althoush water quality may be marginal. Alluvium would also
vield small quantities of water to wells, but because of insufficient data

no reliable predictions concerning the aquifer-potential of alluvium can

be made. Springs in the area also offer potential for water resources,

cgpecially when developed.

LIVESTOCK

Water for stock use is obtained mainly from wells and springs (Tig.
34, p. 107). A major source of stock water in the southern portion of the
srea is the BLM flowing well (16N.04W.36.232, Appendix H; Fig. 34-D, p.
t07). The BLM has constructed a pipeline from this well which feeds sev—
zral small stock tanks along its rvoute (Plate 3). The BLM has also con-
srructed reservoirs by damming small arroyos to collect runoff. Cabezon
fieservoir, Ned Tank, Seco Tank, and Laguna Cuarenta are some of the larger
veservoirs (Plate 3).

Sufficient quantities of stock water probably already exist in the
arca. If future supplies are needed, the Menefee Formation in the northern
part of the area, and the Point Lookout Sandstone, Gallup Sandstone, and
Mulatto Tongue of the Mancos Shale elsewhere would yield sufficient amounts
of water to wells. Several undevclobed springs could also be developed

for stock-water supplies.

runas

YRERGY-RESOURCE EXPLORATION AND DEVELODTMENT

Teton Exploration is presently conducting deep test-drilling inte the
Morrison Formation for wranium in the area, and the NMBEMMR recently com-
pleted a test-drilling program to evaluate coal resources in the Menecfee
Yormation (Tabet and Trost, 1979). Water ugsed for these drilling operations
was taken mainly from the BIM flowing well (LON.04W.36.232, Appendix ).

completed in the Gallup Sandstone.



Water will be required for development of the Menelee Formation coal
reserves in this area. Since streams are cphemeral, ground water is the
only source of suitable water gupplies for future coal development. Water
uses related to coal mining were summarized by Shomnker and Stome (1976,
p. 43). Water is required mainly for the washing of coal, boiler feed,
cooling, and reclamation of strip-mined lands. If gagification becomes
feasible, water will also be required as a processing fluid.

Only two geologic units could be expected to yleld water in large
enough quantities and of good enough quality for future mining operations
in the area. These units are the Gallup Sandstone and Westwater Canyon
Member of the Morrison Formation. Obtaining water rights for water in the
Gallup Sandstone could be difficult, since the BLM has developed a pipe-
line from the flowing well (L6N.04W.36.232, Appendix 1), and has future
plans for additional development of this unit. The Dakota Sandstone has
little potential as a source of water for mining operations because of
small yields and poor water quality. The Point Lookout Sandstone is also
a poor candidate mainly because of small yields, but also because water

guality deteriorates north of Chico Arroyo.



SUMMARY AND CONCLUSLOKNS

1. The major aquifers in the Chico Arroyo/Torreon Wash area are the
Gallup Sandstone, Point Lookout Sandstone, and sandstones in the Mene-
fee Formation.

2. The Mulatto Tongue of the Mancos Shale, Hosta Tonpue of the Point Look-
sut Sandstone, and alluvium also offer some potential for development
of water supplies.

3. The Callup and Point Lookout Sandstones can be most economically dev-
eloped in the southern part of the area. In the northern part, the
Menefee Formation and possibly alluvium are the major candidates for
water supplies.

L. Cround water in bedrock units is under artesian pressure. Wells In the
Gallup and Dakota Sandstones could be expected to flow.

5. Yields from most units in the area are very low, because of low per-
meability and transmissivity. Therefore, it is important in this area
that the ehtire thickness of a particular unit be penctrated and perfor-
ated or screened to obtain maximum yields.

6. Springs are most common in the southern part of the area, at the base
of the slope around Mesa Chivato; Many springs are assoclated with
northeast-trending faults and dikes, or with volcanic necks. VYields
from springs are very low.

7. Quality of ground water in the area ranges from fresh to moderately

saline, but is comuonly marginal for domestic uses. The Gallup and Point
Lookout Sandstones will yield fair quality water, but the quality can

be expected to deteriorate toward the north in responsc Lo increasing
depth of the unit and distance {rom outcrop.

. DProper well construction should be a major consideration for wells




completed in any geologic unit in this area. Care should be taken to
avoid setting perforations adjacent to shaley zones, because water qual-—
ity will be adversely affected,

9. A wide range of flow conditions are recorded at the Chico Arroyo gag-
ging station. These conditions are mainly the result of seasonal var-
fiations in precipitation in the drainage basin. Several consecutive
weeks of zero flow occur, usually during May, June, October, and mid-
winter. Short-lived, high-discharge flow events cccur during the sum-
ner rainy season during July through September in response to after-
noon, convective thunderstorms. As much as 75 percent of the annual
precipitation may occur during this period and as much as 99 percent
of the annual runoff at the gage may occur.

10. Intermittent flows in Chico Arroyo and other streams in the area are
the result of discharge from springs. Intermittent flows are most ob-

vious during periods of low evapotranspiration, and when they are not
masked by higher discharge flows from storm events. Thie usually oc~
curs from February through March or April.

11. Between 0.3 and 4.0 percent of the average annual precipitation re-
ceived in the drainage basin of Chico Arroyo flows past the gaging
station at the mouth of the stream. The remainder of the precipita-
tion is losl by evapuiranspiration and by seepage into alauvial o
nels, other surficial deposits, and bedrock units.

12. Most ground water moving toward Chico Arroyo is probably underflow,
and is thus not discharged at the surface. Most ground water which is
discharged is probably from the Mount Taylox area to the southwest,
and has a relatively shallow source. Some upward leakage and surface
discharge of water from dceper geolopic units probably occurs, but it

is masked by the shallower ground-water discharge.
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Ground water in this area occurs wainiy in che intergranular pore
spaces of sandstones and alluvium, in fractures in coal beds, and, to
a lesser extent, in fractures in basalt flows.

Occurrence of ground water in the area is controlled primarily by
depositional environment. Many springs in the area are controlled by
2 northeast~trending fracture system, and by fractures associated with
volcanic necks.

Major metheds of recharge to uunits in the area are by transmission
loss of runoff from streams crossing outcrop areas, by precipitation
falling on outcrop areas, and, to 2 lesser extent, by subsurface leak-—
age of water between units.

Two major areas of recharge exist outside the study area for bedrock
aquifers. One is the northern flanks of Mount Taylor to the south and
southwest. The other is the westexrn flanks of the Sierra Nacimiento,
to the northeast, east, aund southeast.

Tlow of ground water in the area is roughly from the north and south
toward Chico Arroyo.

Ground water discharges by means of springs and evapotranspiration.
Spring discharge is apparently controlled by northeast~trending faults.
Water quality appears to be somewhat better south of Chico Arroyo,
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recharge area in the southwest. Toorer quality water north of Chico
Arroyo is probably the result of slower ground-water f£low from the
Sierra Nacimiento area, and upward leakage from deeper units discharg-
ing toward the southeast.

Geologic controls of water quality are composition of the aquifer,

depth of the aquifer, and distance from outcrop or recharge area.

Subsurface leakape between units will adversely affect water quality.



21, At the present time, the major use of land in the areca is grazing of
livestock. Sufficient and rellable water supplies exist for steck
needs. If additional supplies are needed, several undeveloped springs
in the southern part of‘the area could be developed.

22. The Gallup Sandstone and Westwater Canyon Member of the Morrison Tor-
matrion are the two major aguifers available for water supplies should
coal mining be initiated in this area. .Water from wells tapping either
unit will not only be under artesian pressure, but may flow. The Gal-
lup Sandstone thins northward and its aquifer potential would be great-
ly reduced in a northerly direction.

73. During coal-stripping operations in the Mencfee Formation, mine seepage
will ocecur from rocks associated with coal beds, and from the coal
beds themselves. Mining in the Cleary Member will probably be hindered
by upward seepage from the Point Lookout Sandstone.

%4, Tt was fortupate that the study area overlapped in part with the NMDBMMR
Torreon Wash coal project because valuable hydrologic information was
obtained from the observation wells completed in the Menefee TFormation
and Ppint Lookout Sandstone. These will also provide valuable data in
the future, especially should cogl mining be intitiated in the area.
Therefore, they should be monitored at least annually. Water levels

LA J T T ea
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should be meastred, Watél dSeuples Lohel and aRaly
condition of each well checked. This monitoring could be performed
by NMBMMR personnel or by USGS, WRD Albuquerque personnel during rou-

tine maintenance checks to the gaging stations on the Rio Puerco and

Chico Arroyo.
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APPENDIX A

DESCRIPTIONS OF MEASURED SECTIONS

Five stratigraphic sections were measured to provide information
sn the thicknesses and lithology of potential aquifers and associated
secks. Table A-1 summarizes the location and units covered by the
ﬁﬁasured sections.

All sections were measured by the Jacob's staff method for
sxposures on slopes, and by using a steel tape for steep cliffs. Bedding
thicknesses were measured with the Jacob's staff or ruler. Grain sizes
were estimated by comparison with a sand card; sorting was estimated by
romparison with Figure 12-1 in Compton (1962, p. 214); roundness was
gstimated by comparison with samples on a sand card, Composition of

rock units was determined with a hand lens and acid bottle containing

hydrochloric acid.
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one of the following two methods:
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T = thickness of bad

= sample taken at 0.25 thickness above midpoint

= sample taken at 0,50 thickness (at midpoint)

= gample faken at 0.75 thickness below midpoint
sample taken at 1.0 thickness to left of line of
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measured section, at midthiclkness
e = sample taken at 1.0 thickness to right of line o
measured section, at midthickness

al

W“hen the thickness of a particular sandstone unit was greater than the
tength of one Jacob's staff, or 1.6 m (5.2 ft), the unit was sampled

by method 1; when the thickness was less than one Jacob's staff length,
the unit was sampled by method 2. For laboratory znalyses, samples

were selected from point b, or from midthickness. Samples from measured
section SDC-5 were selected from points a, b, and ¢. In interbedded

»

sandstone and shale sequences, units which were representative of the

r.ajor ok types in the se;uence Wwerd sadmpled.

Precision of Jacob's staff measurements was determined by measuring
up a control section (SDC-1) three tiwmes. The thicknesses determined
were 20.3 m (66.6 ftr), 20.1 m (65.9 ft), and 20.4 m (66.9 ft)., The

mean was 20.3 m (66.6 ft), variance was 0,015, and standard deviation

vas 0,12, Accuracy was not determined.
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Table A-1. Location and units covered by measured stratipraphic
sections in Chico Arroyo/Torreon Wash area (abbreviations for

units same as Plate 1).

Section number Location Units covered
SPC-1 SE%, sec31, TI8N, R4W Xmf, Kch
SDC-2 SEX%, sécBé, T16N, R&W Kom, Kph, Kms
SDpC-3 SW%, sec34, TI7N, R3W Kms, Kpl
SDC-4 NWY, secll, TI16N, R4W Kms, Kpl
5DC-5 35" 31' 52"N. lat. Kml, Kg, Kmm

107° 08' 57"W. long.




All descriptions start at the top with & heading giving the
section number, geographic location, 7.5-minute guadrangle, location
with respect to roads or landmarks, legal description, county, date
weasured, and the names of the analyst(s). The descriptions begin
with the uppermost unit and proceed down section down the page to the
lowermost unit measured. Units were numbered in the field starting at
the bottom. The general format for describing individual rock units is

follows:

5

@

CENERAL ROCK TYPR(S)--color; bedding/internal structures;
other primary structures; texture; major composition of
grains, matriz, cement; induration; nodules/concretions;
fossils: miscellaneous characteristics; contact with
unit above,
When a unit is identical to one previously described, the reader is
referred to the first description of that rock type, rather than
repeating the description.
The source and definition of descriptive field terms used are

listed below (from a reference sheet compiled by W. J. Stone).

BEEDDING SIZE (McKee and Weir, 1953, as modified by Ingram, 1954;
Campbell, 1967):

Very thick beds > 100.0 em (1 m)
Thick beds 30.6 - 100.0 cm
Medium beds i0.0 - 30.0 cm
Thin beds 1.0 - 10.0 ¢m
Very thin beds < 1.0 cm

BEDDING UNIFORMITY (Dunbar and Rodgers, 1963):

Regular - beds do not wvary in thickness laterallwv
Irregular =~ beds do vary in thickness laterally

Even - all beds in vertical succession similar in size
Uneven - vertically adjacent beds not similar in size
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$53; Campbell, 1867):

'

INTERNAL STRUCTURE OF BEDS (McKee and Weir, 1

Very thick laminae > 30,0 mm

Thick laminae 10.0 - 30.0 mm

Medium laminae 3.0 - 10.0 mm

Thin laminae 1.0 ~ 3.0 mm

Very thin laminae < 1.0 mm

Mascive no laminae distinguishable

REDDING/LAMINAR SURFACE SHAPES (modified from Campbell, 1967):

Planar Surfaces are further described as to
Wavy continuous/discontinuous and parallel/
Curved nonparallel.

RIPPLE MARKS (Pettijohn, Potter, and Siever, 1973; Allen, 1969):

1, Plan view
Continous pattern
Straight - (rectilinear) parallel crests, normal to current.
Catenary — parallel crests but not straight, nor everywhere
normal to current, may grade into sinuous oY
lunate forms.

Sinuous - nonparallel crests, not everywhere normal to
current.
Discontinuous pattern
Lunate - cresentic, extremeties point up-current.
Lingoid = cresentic, extremeties point down-current.

2. Cross-section view
Symetrical/Assymetrical
Climbing/'"Normal"

CROSS STRATIFICATION (Allen, 1963; Jacob, 1973: McKee and Weir, 1953):

1. Magnitude (Jacob, 1973);

Small scale < 0.05 m
Large scale 0.05 - 5.0 m
Very large scale >5.0m

9. Relation with lower bounding surface (Jacob, 1973);
Concordant
Tangential
Discordant

3. Dip (Jacob, 1973);
Low angle 2.0° - 15.0°
High angle >15,0°

4. Grouping (Allen, 1963);
Solltary
Grouped



5. General Shape (modified from Hexee and Weir, 1953);

Planar
Tabular — sets bounded by parallel planar gsurfaces.
Wedge - gets bounded by converging planar surfaces,
Nounplanar
Trough — sets bounded by curved surfaces.

GRAIN SIZE (Wentworth, 1922):

Boulders > 256.0 mm
Cobbles 64,0 - 256.0 mm
Gravel Pebbles 4.0 - 64.0 mm
Granules 2.0 - 4.0 mm
Very coarse sand 1.0 - 2.0 mm
Coarse sand 0.5 - 1.0 mm
Sand Medium sand 0.25 - 0.5 o
Fine sand 0.125 - 0.25 mm
Very fine sand 0.0625 -~ 0.125 mm
Fines Silt 0.0039 - 0.0625 mm

Clay < 0.,0039 mm
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MEASURED SECTICN SDC-1, LA SALADITA {Canada Calladita 7.5°7
quadrangle). South—facing slopes about § im (5 mi) southwest
of Torreon Trading Post, and 0.2 km (0.13 mi) north of east-
west dirt road, on northeast side of La Saladita arroyo;

MWy, NWy, SEY, sec.3l, T18N, R4W, Sandoval County; sectiocn

through Menefee Formation measured by S. D. Craigg, June 1978;

section through CLiff House Sandstone measured by Steven Craigg

and Scott Anderholm, June 1978 (see Fig. 13-A, p. 38; Plate 1)

UNIT LITHOLOGY THICKNESS:

r

M

(FT)

CLIFF HQUSE SANDSTONE

20 SANDSTONE—dusky yvellow (5Y6/4) weathered 4.2
and fresh; beds thick, irregular, uneven,
with medium curved (continucus/parallel)
laminae; large scale, discordant to
tangential, low-angle, grouped, trough
cross bedding present throughout unit;
grains fine, well sorted, subrounded;
composed mainly of clear quartz and
feldspar with clay matrix and calcite
cement; well indurated; locally bioturbated;
top of unit eroded.

19 SILTY SHALE—like silty shale in unit 15 1.4
belowa

18  SANDSTONE--light olive (10Y5/4) weathered, 2.7
dusky vellow (5Y6/4) fresh; beds thick,
irregular, uneven, with thin to medium
planar (continuous/parallel) laminae;
large scale, concordant, low-angle,
grouped, wedge-planar cross bedding
present throughout unit; grains fine to
medium, moderately well sorted, subrounded;
composed mainly of c¢lear quartz and feldspar
with clay matrix and calcite cement; well
indurated; locally bioturbated; contact with
above sharp, conformable.

(13.8)

(5.0)

(8.9)
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17 STLTY SHALE--1ike silty shale in unit 1

N

16 SANDSTONE--light brown (5YR6/4) weathered and 9.5 (31.2
beds very thick, regular, uneven, massive;
grains fine to medium, moderately well sorted,
subrounded:; composed mainly of clear quartz and
feldspar with clay matrix and calcite cement;
bioturbated and contains scattered Ophicmorphaj;
contact with above sharp, conformable.
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15 SILTY SHALE--dusky yellow (5Y6/4) weathered, 3.4 (1
1ight olive-gray (5Y5/2) fresh; beds thin to
medium, regular, umeven, with thin to medium

planar (continuous/parallel) laminae; calelte
cement; moderately indurated; contact with
above sharp conformable.

14 SANDSTONE~--light brown (5YR6/4) weathered and 13.5 (46 .3)
fresh; beds medium to very thick, irregulayr to
regular, uneven, either massive or with thin
to medium planar (continuous/parallel) laminae;
large scale, discordant to concordant, low to
high-angle, solitary, wedge-planar, cross
bedding scattered throughout unit; grains fine
to medium, moderately well sorted, subangular

to subrounded; composed mainly of clear gquartz
and feldspar with clay matrix and calcite
cement; moderately to well indurated; lecally
bioturbated and contains abundant Ophiomorpha;
contact with above sharp, conformable,.

TNTERBEDDED SANDSTONE AND SHALES 10.0 (32.8)
SANDSTONE--1ight brown (3YR6/4) weathered and
fresh; beds medium to very thick, irregular to

o o

with medinm plgnm* (COﬂtiﬂUOUS/

Tegulnry, unsven,
parzilel) laminae; grains fine to medium, well
gsorted, subrounded; composed mainly of clear
quartz and feldspar with clay matrix and calcite
cement; well indurated; locally bioturbated and
contains scattered Ophiomorpha; contact with

Shales sharp, conformable.
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SHALE--pale yellowish-brown (i0YR5/2) to dark
vellowish-orange (10VR6/6) weathered and freshj
beds medium, regular, uneven, with thin planar
(continuous/parallel) laminae; noncalcareous
cement; moderately indurated; contact with
Sandstone sharp, conformable.

Contact of unit 13 with unit 14 is sharp, conformable.

Measured thickness of Clifflouse Sandstone = 54.3 (178.6)
“JPPER MEMBER'" OF MENEFEE FORMATION
12 INTERBEDDED SANDSTONE, SHALE, and COALY SHALE 19,7 (64.6)
¢ SANDSTONE--like sandstone in unit 10 below.
b SHALE~-like shale in unit 10 below.
& COALY SHALES-~grayish black (N2); beds very thick,
regular, uneven, with thin to medium planar
{continuous/parallel) laminae; noncalcareous
cement; moderately indurated; coal occurs in
thin layers along laminae planes; contact with
Sandstones sharp, erosional,
Contact of unit 12 with unit 13 in line of this
measured section is gradational, conformable, but
at other localities on the same outcrop, the contact
{s sharp, conformable or erosional, or is intertonguing.
11 SANDSTONE--light olive-grav (5Y5/2) weathered, 12.5 (41.0)

grayish yellow-green (5GY7/2) to dark
greenish-vellow (10Y6/6) fresh; beds very
thick, irregular, uneven, with medium planar
(continuous/parallel) to medium curved
(continuous/nonparalliel) laminae; large

scale, low to high-angle, grouped and

opposed, trough cross bedding present throughout
unit, especially near top in iron-staived,
calcite-cemented concretionary bodies; grains
medium to coarse, moderately sorted, subrounded
to rounded; composed mainly of clear quartz and
feldspar with clay matrix and calcite cement;
moderately indurated; contact with above sharp,
conformable.
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10 INTERBEDDED SANDSTONE AND SHALE 19.7 (64.,6)
b SANDSTONES——light brown (3YR6/4 weathered,
grayish-pink (5R8/2) fresh; beds thick to
very thick, irregular, uneven, with
medium wavy {continuous/parallel) laminae;
grains fine to medium, moderately well
sorted, subangular to subrounded;
composed mainly of clear quartz and
feldspar with clay matrix and noncalcareous
cement ; moderately indurated; contact with
Shales sharp, conformable.

a SHALES--light brownish—gray (5YR6/1)
weathered, pale brown (5YR5/2) to dar:
yvellowish-orange (10YR6/6) fresh; beds very
thick, regular, uneven, with medium planar
{continuous/parallel) laminae; noncalcarsous
cement; poorly indurated; contact with
Sandstones sharp and either ercsional or
conformable.

Contact of unit 10 with unit 11 is sharp, erosional.

9 SANDSTONE--light olive-gray (5Y5/2) weathered, 11.0 (36,07
grayish vellow-green (5CGY7/2) fresh; beds
very thick, irregular, uneven, with medium
planar (continuous/parallel) to wmedium
curved (continuous/nonparalliel) laminae;
large scale, tangential, low to high—angle,
grouped and opposed, trough cross bedding
present throughout unit, especially near top
in iron-stained, calcite—cemented concretionary
bodies about 1 by 2 m (3 by 6 ft) in size;
grains medium to coarse, moderately sorted,
subrounded to rounded; composed mainly of
clear quartz and feldspar with clay matrix
and calcite cement; moderately to well
indurated; contains scattered dense iron
(giderite?) nodules about 5 em (2 in) wide
and 40 em (16 in) long which follow bedding
planes; contact with above sharp, conformable.

& INTERBEDDED SANDSTONE, SHALE, and CARBONACEQUS 6.8 (22.3)
SHALE

¢ SANDSTONES——1light brown (5YR6/4) weathered,
grayish-pink (5R8/2) fresh; beds medium to
thick, dirregular, uneven, with medium wavy
(continuous/parallel) laminae, some beds
contain interference rvipple marks and root
borings(?) on upper surfaces; grains fine to
medium, moderately well sorted, subangular to
subrounded; composed mainly of clear quartz
and feldspar with clay matrix and noncalcareous
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cement; moderately indurated; contact with

Sheles sharp, conformable.

b SHALES——1ight brownish—gray {5YR6/1) weathered,
pale brown (5YR5/2) fresh; beds very thick,
regular, uneven, with medium planar {(continuous/
parallel) laminae; noncalecareous cement; poorly
indurated; contact with Sandstones sharp, and

either erosiomal or conformable.

a CARBONACEOUS SHALES-—grayish-black (N2) weathered
and fresh; beds very thick, regular, uneven, with
medium planar {continuous/parallel) laminae;
noncalcareous cement; poorly indurated; contains
remains of plant stems and leaves; contact with
Sandstones sharp, and either erosicnal or
conformable.

"Contact with shales gradational, conformable.
Contact of unit 8§ with unit 9 is sharp, erosional.

7 SANDSTONE--light brown (5YR6/4) weathered, 4,7 (15.4)
grayish—-pink (5R8/2) fresh; beds medium to
thick, irregular, uneven, with medium wavy
{continuous/parallel) laminae; contains
sinuous, assymetricl ripple marksin upper
part of unit, crest height = 0.2 cm (0.08 in),
wave length = 1.2 cm (0.2 in), striking
northwest/southeast, current towards
northeast; grains fine to medium, moderately
well sorted, subrounded; composed mainly of
clear quartz and feldspar with clay matrix
and noncalcareous cement; moderately indurated;
contains scattered discontinuous iron nodules
about 4 cm (1.6 in) wide which follow bedding
planes; contact with above sharp, conformable.

6 INTERBEDDED SHALE and CARBONACEQOUS SHALE 4,6 (15.1)
b SHALES—-grayish orange-pink (5YR7/2)
wearhered, pale reddish-brown (1CRE/A)

fresh; beds very thick, regular, even,
with thin planar (continuous/parallel)
laminae; noncalcarecus cement; poorly
inudrated; contact with Carbonaceous
Shales gradational, conformable.

a CARBONACEOUS SHALES-—dusky brown (5YR2/2)
weathered and fresh; beds very thick, regular,
even, with thin planar (continuous/parallel)
laminae; noncalcareous cement; poorly indurated;
contains remains of plant stems and leaves;
contact with Shales gradational, conformable.




Contact of unic © with unit 7 is sharp, ercsional.

5 SANDSTONE-—~pale yellowish-green (10GY7/2)
weathered and fresh; beds thick to very
thick, irregular, uneven, with medium
curved (continuous/parallel) laminae; large
scale, tangential, low to high—angle,
grouped, trough cross bedding present
throughout unit; grains medium toc coarse,
moderately sorted, subangular to rounded;
composed mainly of clear quartz and feldspar
with clay matrix and noncalcareous cement:
moderately indurated; unit becomes slightly
carbonaceous in uppevr part: contact with
above gradational, conformable.

4 SHALE--pale v lowish-green (10GY7/2)
weathered, pale reddish-brown (10R5/4)
fresh; beds very thick, regular, even,
with medium wavy (continuous/parallel)
laminae; noncalcareous cement; moderately
indurated; locally contains plant stem
molds; contact with above sharp, erosional.

3  SANDSTONE-~light brown (5YR6/4) weathered,
pale yellowish-green (10GY7/2) fresh;
single very thick bed, dirregular, with
madium wavy {continucus/parallel) laminae;
grains fine to medium, moderately well
sorted, subrounded; composed mainly of
clear guartz and feldspar with clay matrix
and noncalcareous cement; moderately
indurated; contact with above sharp,
conformable.

2 CLAYSTONE--pale brown (5YRS5/2) to grayish-
orange pink (5YR7/2) weathered and fresh;
single very thick bed, regular, even,
massive; noncalcareous cement; moderately
indurated; contact with above sharp,
erosional.

1 GRANULAR SANDSTONE-~pale brown (5YR5/2)
weathered and fresh; single thick bed,
irregular, massive; grains fine-sand to
granules, poorly sorted, subangular to
rounded; composed mainly of clear quartz,
feldspar, and lithic fragments with clay
matrix and noncalcarecus cement; well
indurated; contains dense iron nodules
about 5 cm (2 in) thick and 40 cm (8 in)
long; locally contains plant stem remains;
contact with above sharp, conformable,

6.1

1.8

1.3

(20.0)

(6.6)

(5.9)

(1.3)
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TOTAL SECTIOH THICKNESS = 144.9 (475.7)

base of lowest portion of Menefee Formation

Measurement was begun atl

exposed at this locality, just above the contact with alluvium.
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MEASURED SECTION SDC-2, CERRG DEL OJC DE LAS YEGUS (Guadalupe
7.5' Quadrangle). HNortheast—facing slopes 6.4 km (4.0 mi) north
of Guadalupe, and 0.8 km (0.5 mi) west of north-south dirt road,
below small volcanic neck (Cerrc del Ojo de las Yegus); SW%, SWk,
SEY%, Sec.36, T16N, R4W (projected), Sandoval County; section
measured by Steven Craigg and Scott Anderholm, June 1978 (also
see Plate 1).

UNIT LITHCLOGY THICKNESS: M (FT)

SATAN TONGUE OF MANCOS SHALE

14 INTERBEDDED SILTY SANDSTONES and SHALES 1.1+ (36.4)

b SILTY SANDSTONES——yellowish-gray (5Y7/2)
weathered and fresh; beds medium to thick,
regular, uneven, with thin planar
(continuous/parallel) laminae; grains
very fine to fine, well sorted,
subangular; composed mainly of clear
gquartz and feldspar(?) with clay matrix
and noncalcareous cement; moderately
indurated; contact with Shales sharp,
conformable.

a SHALES--dark yellowish-green (10GY4/4)
weathered and fresh; beds medium to thick,
regular, uneven, with thin planar
{continuous/parallel) laminae; noncalcareous
cement; poorly indurated; contact with Silty

fal T N T e e ~ .o
Scalus Lulles sSHarp, voulQrilaui€.

Partially covered by sandy gravel deposits.

HOSTA TONGUE OF POINT LOOKOUT SANDSTONE

13 SANDSTONE--yellowish-gray {(5Y7/2) weathered 29.0 (95.2)
and fresh; beds thick to very thick, regular,
uneven, with thin to thick planar {(continuocus/
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parallel to discontinucus/parallel) laminae;
large scale, concordant, low-angle, scllitary,
wedge-planar cross bedding present throughout
unit; grains fine, well sorted, subangular to
subrounded; composed mainly of clear quartz
and feldspar with clay matrix and calcite
cement: well indurated; locally bioturbated
and contains Ophiomorpha throughout unit;
contact with above sharp, conformable.

~
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Thickness of Hosta Tongue = 29.0

YULATTO TONGUE OF MANCOS SHALE/EOSTA TONGUE OF POINT
LOOKOUT SANDSTONE TRANSITION ZONR

INTERBEDDED SANDSTONES and SHALES 12.0 (39.3)
SANDSTONES—~yellowish—gray (5Y7/2) weathered
and fresh; beds thin to very thick, regular,
uneven, with thin to thick planar {(continuous/
parallel) laminae; grains very fine to fine,
well sorted, subangular to subrounded; composed
nainly of clear quartz and feldspar(?) with
clay matrix and calcite cement; moderately
indurated; generally bioturbated and contains
scattered Ophiomorpha and bivalves; contact
with Shales sharp, conformable.

[

TN

a SHALES—-pale yellowish—brown (10YR6/2) weathered
and fresh; beds medium, regular, uneven, with
thin to medium planar (continucus/parallel)
laminae; noncalcareous cement; moderately
indurated; contact with Sandstones sharp,
conformable.

Contact of upnit 12 with unit 13 is sharp, conformable.

MULATTO TONGUE OF MANCOS SHALE

11 INTERBEDDED SANDSTONES and SIHALES 8.0 (26.2)
b SANDSTONES-—grayish—vellow green (5GY7/2)
weathered and fresh; beds thin to thick,




regular, uneven, with thin planar
{continuous/parallel} laminae; grains

very fine to fine, subangular to
subrounded; composed mainly of clear quartz
and feldspar(?) with clay matrix and
calcite cement; moderately indurated;
locally bioturbated; contact with Shales
sharp, conformable.

a SHALES——pale brown (5YR5/2) weathered,
dark reddish=-brown (10R3/4) fresh;
beds thick to very thick, regular,
uneven, with thin planar {continuous/
parallel) laminae; noncalcareous cement;
poorly indurated; contact with Sandstones
sharp, conformable.

Contact of unit 11 with unit 12 is gradational, conformable.

10 SANDSTONE——like sandstone in unit 4 below. 2.3 (7.5
9 SHALE-—-like shale in unit 7 below. 1.4 (4.6
8 SANDSTONE-—like sandstone in unit 6 below. 0.9 (2.9
7 SHALE--pale brown (5YR5/2) weathered, 0.6 (2.0)

dark reddish-brown (10R3/4) fresh;
beds thick, regular, uneven, with
thin planar (continuous/parallel)
laminae; noncalcareous cement; poorly
indurated; contact with above sharp,
erogional.

6 SANDSTONE--yellowish-gray (5Y7/2) 1.3 (4.3)
weathered, grayish yellow-green (5GY7/2)
fresh; beds medium to thick, regular,
uneven, with thin planar (continuous/
parallel) laminae; grains fine, well
sorted, subrounded; composad mainly of
cliear quartz aud feldspar witlt Clay
matrix and calcite cement; well indurated;
generally bioturbated; contact with above
sharp, conformable.

5 INTERBEDDED SANDSTONES and SHALES--—same as 12.0 (39.3)
unit 2 below.

contact of unit 5 with unit 6 is sharp, conformable.

I~

SANDSTONE-—yellowish-gray (5Y7/2) weathered 0.9 (2.9}
and fresh; single thick bed, regular, with
thin to medium curved to wavy {continuous/
parallel) laminae; large scale, tangential,




jot
[
Lo

low-angle, grouped, trough cross bedding
present throughout unit; grains fine, well
sorted, subrounded; composed mainly of clear
quartz and feldspar with clay matrix and
calcite cement; well indurated; contact

with above sharp, conformable.

3 INTERBEDDED SANDSTONES and SHALES--same as 14.8

unit 1 below.

Contact of unit 3 with unit 4 is sharp, erosional.

2 LIMY SANDSTONE OR SANDY LIMESTONE--yellowilish- 0.8

gray (5Y7/2) weathered and fresh; single
thick bed, regular, with medium planar
{continuous/parallel) laminae; grains

very fine to fine, well scrted, subangular
to subrounded; composed mainly of clear
quartz and feldspar(?) with calcite cement;
well indurated; locally bioturbated and
contains cephaloped fragments; contact
with above sharp, conformable.

fa—

b SANDSTONES-—vellowish—gray (5Y7/2)
weathered, grayish yellow-green
{56Y7/2) fresh; beds thin to thick,
regular, uneven, with medium planar
{continuous/parallel) laminae; grains
fine, well sorted, subrounded;
composed mainly of clear quartz and
feldspar with clay matrix and calcite
cement; well indurated; locally
bioturbated; contact with Shales sharp,
conformable.

a SHALES--pale brown (5YR5/2) weathered,
dark reddish-brown (10R3/4) fresh; beds
thick to very thick, regular, uneven, with
thin planar (continucus/parallel) laminae;
noncalcareous cement; poorly indurated;
contact with Sandstones sharp, conformable,

Contact of unit 1 with unit 2 is sharp, conformable.

TOTAL SECTION THICKNESS = 114.6

INTERBEDDED SANDSTONES and SHALES 19.5+

(48.5)

(2.6)

(63.9)

(375.6)

Measurement was begun at the base of a tongue—shaped slope formed

on the Mancos Shale, just above the contact with alluvium,



MEASURED SECTION $DPC—3, LA CANADA SANTIAGO (Arroye Empedrado 7.5
quadrangle). Southwest—facing slopes on Mesa San Luls, 9.6 km

(6 mi) west of San Luis, and 2.8 km (1.75 mi) north of Cabezon
Community Reservoir, on east side of road across La Catiada
Santiago arroyo;' NEY, NEY, SWjy, sec.34, T17N, R3W, Sandoval
County; section measured by Steven Cralgg and Scott Anderholm,
June 1978 (see Fig. 20-A, p. 50; Plate 1).

UNIT LITHOLOGY THICKNESS: M (FT)

POINT TLOOKOUT SANDSTONE

11  SANDSTONE-—light olive-gray (5Y5/2) 3.0 (3.8)
weathered and fresh; beds thin te thick,
irregular to regular, uneven, with thick
planar (continucus/parallel) laminae;
grains fine to medium, moderately well
sorted, subangular to subrounded;
composed mainly of clear quartz and
feldspar with clay matrix and calcite
cement; moderately indurated; unit is
slope-forming and weathers with a pitted
appearance; top of unit eroded.

10 SANDSTONE-—light olive-gray (5Y5/2) 17.3 (56.8)
weathered and fresh; beds thick to
very thick, regular, uneven, either
massive or with medium planar
{continuous/parallel Lo discouiiiwous/
parallel) laminae; large scale,
tangential to concordant, low-angle,
solitary, wedge-planar cross bedding
occurs locally in calcite-cemented,
well inurated concretionary zones;
grains fine to medium, moderately well
sorted, subangular to subrounded;
composed mainly of clear quartz and
feldspar with clay matrix and calcite
cement; well indurated; unit contains
abundant Ophiomorpha; contact with
above sharp, conformable.




% SHALE——dark greenish-yellow (10Y6/6) 0.4 (1.3)
weathered, light olive-gray (5Y5/2)
fresh; beds medium, regular, uneven,
with thin planar (continuous/parallel)
laminae; noncalcareous cement; moderately
indurated; conract with above sharp,
conformable.
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QANDSTONE-—dusky vellow (5Y6/4) weathered, 2.4
pale ollve (10Y6/2) fresh; beds thick,

regular, even, with medium planar

(continuous/paralle) laminae; grains fine,

well sorted, subangular to subrounded;

composed mainly of clear quartz and

feldspar with clay matrix and calcite

cement; moderately indurated; contact with

above sharp, conformable.

7 SANDSTONE-—light olive-brown {(5Y5/6) 1.5 (4.9)
weathered, pale olive (10Y6/2) fresh;
single very thick bed, regular, massive;
grains fine to medium, moderately well
sorted, subangular to subrounded;
composed mainly of clear quartz and
feldspar with clay matrix and calcite
cement; well indurated; contains
geattered iron—stained concretions
about 2 by & cm (1 by 2 in) in silze;
contact with above sharp, conformable.

6 SANDSTONE-—light olive-gray (5Y6/1) 1.6 {5.,3)
weathered, pale olive (10Y6/2) fresh;
beds thick, regular, uneven, with
medium planar (continuous/parallel)
laminae; grains fipe to medium,
moderately well sorted, subangular
to subrounded; composed mainly of clear
quartz and feldspar with clay matrix
and calcite cement; moderately indurated;
contact with above sharp, conformable.

5 SANDSTONE—-light olive-brown (5Y5/6) 2.8 (9.2)
weathered, pale olive (10Y6/2) fresh;
single very thick bed; regular, massive;
grains fine, well sorted, subangular;
composed mainly of clear quartz and
feldspar with clay matrix and calcite
cement ; well indurated; contains scattaered
iron-nodules about 2 by 2 cm (1 by 1 in)
in size; contact with above sharp,
conformable.

Measured thickness of Point Lookout Sandstone = 29.0 (95.2)
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SATAN TONGUE OF MANCOS SHALE/POINT LOOKOUT SANDSTONE TRAMSITIOWN ZONE

L 4 INTERBEDDED SILTY SANDSTONES and SILTY SHALES 17.4  (57.0)

i 5 SILTY SANDSTONES--pale olive (10Y6/2)
s weathered and fresh; beds thin to thick,
irregular to regular, uneven, either
massive or with thin to medium planar
(continuous/parallel) laminae, some

beds are lenticular and scour-like
bases; grains very fine to fine, well
sorted, subangular; composed mainly of
clear quartz and feldspaxr(?) with clay
matrix and calcite and silica(?) cement;
moderately to well indurated; generally
bioturbated; contact with Silty Shales
sharp, conformable.

SILTY SHALES—-dark greenish-gray (10Y6/6)
weathered, light olive gray (5Y53/2) fresh;
beds medium to thick, regular, uneven, with
thin planar (continuous/paraliel) laminae;
noncalcareous cement; moderately indurated;
contact with Silty Sandstones sharp, and
either erosional or conformable.

foi)

Contact of unit 4 with unit 5 is sharp, conformable.

3 Interval covered by thick talus and 11.4 (37.4)
colluvial deposits; unit is slope-
forming and most likely consists of
thin-bedded silty sandstones and
thick-bedded silty shales.

SATAN TONGUE OF MANCOS SHALE

2 SILTY SANDSTONE--light olive-—gray (5Y5/2) 0.3 (1.0)
weathered, grayish yellow green (5G6Y7/2)
fresh; one medium bed, regular, with
thin planar (continuous/parallel) laminae;
grains very fine to fine, well sorted,
subangular; composed mainly of clear quartz
and feldspar(?) with clay matrix and
calcite cement) well indurated; unit is
locally bioturbated; contact with above
sharp, conformable.
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. SILTY SHALE-~light olive-brown (5Y5/6) te 2.7
grayish olive (10Y4/2) weathered and
fresh; beds thin, regular, even, with chin
wavy to planar (continuous/parallel)
laminae; calcite cement, moderately
indurated; contact with above sharp,
conformable.

N
(o]
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TOTAL SECTION THICKNESS = 60.8 (199.5)

“sasurement was begun at the base of a tongue-shaped slope formed
on the Mancos Shale, just above the contact with alluvium.
selenite crystals were abundant at this localitye.



MEASURED SECTION SDC-4, RINCON LARGO (Arroyo Empedrado 7.5°
Nuadrangle). Northwest-facing slopes on Hesa San Luils, 16.6 km
{11.4 mi) west of San Luis, and 1.2 km (0.75 mi) north of

Chico Arroyo/Torreon Wash stream junction, on southeast side

of Rincon Largo arrovo; NEk, NEY, NWy, Sec.ll, TI6N, R4W,
Sandoval County; section measured by Steven Craigg,

September 1978 (see Fig.20-B, p. 50; Plate 1).

UNIT LITHOLOGY THICKNESS: M (FT)

POQINT LOOKOUT SANDSTONE

13 SANDSTONE--pale olive (10Y6/2) 3.6 (11.8)
weathered, light olive-gray (5Y5/2)
fresh; beds thick to very thick,
irregular to regular, uneven, either
massive or with thick planar
{continuous/parallel) laminae; grains
fine to medium, moderately well sorted,

g subangular to subrounded; composed

' mainly of clear quartz and feldspar
with clay matrix and noncalcareous
cement; poorly to moderately indurated;
unit is slope—forming and partially
covered by eolian(?) sand; top of unit

eraded.
12 SANDSTONE--yellowish gray @ :v7/2) 12.2 (40.0)
Viealhered, pale olive {10V 1) [iesn;

beds thick to very thick, rezular,
uneven, either massive or with thin

to medium planar (continucus/parallel)
or curved (discontinucus/parallel)
laminae; large scale, tangential,
low—angle, soclitary, trough cross
bedding occurs locally in calcite-—
cemented, well indurated concretionarwv
zones; grains fine to medium, moderately
well sorted, subangular to subrounded;
composed mainly of clear quartz and
feldspar with clay matrix and calcite




cement In cross—bedded zones, noncalcarcous
cement In planar-bedded and massive zones;
well indurated: unit contains abundant
Ophiomorpha; contact with above sharp,
conformable.

1] LIMY SILTY SANDSTONE-—light olive (10Y5/4) 0.6 (2.0)
weathered, yveliowish gray (5Y7/2) fresh;
single thick bed, irregular, massive;
grains fine, well sorted, subrounded;
composed mainly of clear quartz and
feldspar with calcite cement; well
indurated; contact with abeve sharp,
conformable.

I~

i) SANDSTONE-—yellowlsh gray (5Y7/2) weathered, 3. (10.5)
pale olive (10Y6/2) fresh; beds thick

to very thick, irregular, uneven,

either massive or with thin to medium
planar (continuous/parallel) or curved
(discontinuous/parallel) laminae; large
scale, tangential, low-angle, solitary,
trough cross bedding occurs locally in
calcite—cemented, well indurated, iron-—
stained concretionary bodies about 0.5 m
(1.6 ft) thick and 4 to 5 m (13 to 16 ft)
long; grains fine to medium, well sorted,
subangular to subrounded; composed mainly
of clear quartz and feldspar with clay
matrix and calcite cemenlt in cross—bedded
zones, noncalcareous cement in planar—
bedded and massive zones; contains
scattered Ophiomorpha; contact with

above sharp, conformable.

9 INTERBEDDED SILTY SANDSTONES and SILTY SHALES— 1.7 (5.6)
like unit 1 below.

rontact of unit 9 with unit 10 is sharp, conformable.

2
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3 LIMY SANDSTONE—~yellowish pray (O07/2) 0.0 {
weathered, pale olive (10Y6/2) fresh;
single thick bed, irregular, with medium
curved {discontinuous/parallel) laminac;
large scale, tangential, low-angle,
solitary, trough cross bedding present
throughout unit; grains fine to medium,
moderately well sorted, subangular to
subrounded; composed mainly of clear
quartz and feldspar with clay matrix and
calcite cement; well indurated; contact
with above sharp, conformable.




7  3HALE~-moderate brown {5YR3/4) weathered and
fresh; single very thilck bed, regular, with
thin planar (continuous/parallel) laminac;
noncalcareous cement; moderately indurated;
contact with above sharp, conformable.

6 LIMY SANDSTONE--pale brown (5YR5/2) weathered
vellowish gray (5Y7/2) fresh; single thick
bed, regular, with medium to thick planar
{continuous/parallel) laminae; grains fine
ro medium, moderately well sorted, subangular
to subrounded; composed mainly of clear quartz
and feldspar with clay matrix and calcite
cement; well indurated; contact with above
sharp, conformable.

5  SANDSTONE~-like sandstone in unlt 3 below.

L INTERBEDDED STILTY SANDSTONES and SILTY
SHALFES-—gsame as unit 1 below.

Contact of unit 4 with unit 5 is sharp, conformable.

3 SANDSTONE~-yellowish gray (5Y7/2) weathered
pale olive (10Y6/2) fresh; single very
thick bed, irregular, massive; grains
fine, well sorted, subangular; composed
mainly of clear quartz and feldspar with
clay matrix and calcite cement; well
indurated; bioturbated; contact with above
sharp, conformable.

Measured thickness Point Lookout Sandstone =

G.5

2.7

1.1

1.6

26.8

(4.

D
Nt

(1.6)

(8.9

(3.6)

(5.2)

(87.9)

SATAN TONCUE OF MANCQS SHALE/POINT LOOKQUT SANDSTONE TRANSITION ZONE

2 INTERBEDDED SILTY SANDSTONES and SILTY SHALES
STLTY SANDSTONES——pale olive (10Y6/2)
wealhered, yellowish gray (3Y7/2) [resi;

beds thin to thick, irregular to regular,
either massive or with thin to medium

planar {continuocus/parallel) laminae, some
beds are lenticular and have scour-like
bases: grains very fine to fine, well sorted,
gsubangular; composed mainly of clear quartz
and feldspar(?) with clay wmatrix and calcite
and silica(?) cement; moderately to well
indurated; generally biloturbated; contact
with Silty Shales sharp, conformable.

o’

12.5

(41.0)



‘a SILTY SHALES--light olive-gray {5Y5/2) weathered
and fresh; beds medium, regular, uneven, with
thin planar (continuous/parallel) laminae;
noncalcareous cement; moderately indurated;
contact with Silty Sandstones sharp, and
elther erosional or conformable.

Contact of unit 2 with unit 3 is sharp, conformable.

SATAN TONGUE OF MANCOS SHALE

INTERBEDDED SILTY SANDSTONES and SHALES 1dad4 (47.,24)
b SILTY SANDSTONES—-—grayish-yellow green
(5GY7/2) weathered and fresh; beds
thin to thick, irregular to regular,
uneven, with thin planar to curved
(continuous/parallel) laminae; small
scale, concordant to tangential,
low—-angle, solitary, wedge-planar
and trough cross bedding present
throughout Sandstones; grains fine
to medium, well sorted, subangular;
composed mainly of clear gquartz and
feldspar(?) with clay matrix and
calcite cement; moderately indurated;
contains scattered bivalve fragments;
contact with Shales sharp, conformable.

a BSHALES——dusky vellow (5Y4/6) to grayish
olive (10Y4/2) weathered and fresh;
beds thin to thick, regular, uneven,
with thin planar (continuous/parallel)
laminae; calcite and silica(?) cement;
moderately indurated; contact with Silty
Sandstones sharp, and either erosional
or conformable.,

Contact of unit 1 with unit 2 is gradational, conformable.

TOTAL SECTION THICKNESS = 56.4 (185.0)

Measurement was begun about halfway up a tongue—~shaped slope formed
on the Mancos Shale.
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WEASURED SECTION She-5, GUADALUPE CA&bN {(Guadalupe 7.3 quadw:ugle).
South-facing slopes 1.2 km (C.75 mi) south of Quadalupe where
sorth—south dirt road makes abrupt turn to west, on north side of
road; 35°31'92" north latitude, 107°08'57" west longitude (Ignacio
rhavez Grant), Sandoval County; section measured by Steven Craigg
and Seott Anderholm, June 1978 (see Plate 1).

UNIT LITHOLOGY THICKNESS: M (FT)

MULATTO TONGUE OF MANCOS SHALE

S SANDSTONE--moderate vellowish-green (10GY6/4) 6.4 (21.0)
to light brown (5YR6/4) to pale brown {5YR5/2)
weathered, moderate yellowish-green
(10GY6/4) to light brown (5YR6/4) fresh;
beds medium to thick, regular, uneven, with
medium planar (continuous/parallel) laminae;
grains medium to coarse, moderately sorted,
subrounded to rounded; composed mainly of
clear quartz and feldspar with clay matrix
and calcite cement; well indurated; contains
scattered spheroidal concretions up to 0.5 m
(1.6 ft) in diameter with crystalline
calcite centers; unit is generally
bioturbated, contains Ophiomorpha, bivalves,
and locally contains finely-disseminated
plant fragments.

4 INTERBEDDED SANDSTONES AND SILTY SHALES 19.1 (62.6)
b SANDSTONES——yellowish gray (5Y7/2) weathered

and fresh; beds thin, regular, even, with

medium planar (continuous/parallel) laminae;

grains fine, well sorted, subrounded;

composed mainly of clear quartz and feldspar

with clay matrix and calclte cement; well

indurated; contact with Silty Shales sharp

conformable,

4 SILTY SHALES——moderate brown (5YR4/4) to
pale brown (5YRS5/2) weathered and fresh;
bedg thin, regular, uneven, with thin




planar to wavy (eontinuous/parallel) laminae;
noncalcareous cement; poorly indurated; contact
with Sandstones sharp, conformable.

Contact of unit 4 with unit 5 Is sharp, conformable.

GALLUP SANDSTONE

3 SANDSTONE--very light gray (N8) to pinkish 1.5 (4.9)
gray (5YR8/1) weathered and fresh; beds
mediun to thick, regular, uneven, with-
medium curved (noncontinuous/parallel)
laminae; large scale, tangential,
low-angle, grouped, trough cross bedding
present throughout unit; grains fine to
coarse, mederately sorted, angular to
subrounded; composed mainly of clear
quartz and feldspar with clay matrix
and calcite cement; well indurated;
contact wirh above sharp, conformable

Line of measured section offset 0.5 km (0.3 mi) to southwest into
valley (see Plate 1),

2 SANDSTONE-~moderate yellow-green (5GY7/4) 18.7 (61.4)
to moderate greenish—yellow (10Y7/4)
weathered, yellowish gray (5Y7/2) to
grayish yellow—gretn (56Y7/2) fresh
beds thick, regular, uneven, with medlum
planar (contlnuous/parallel) laminae;
grains fine to medium, moderately Uell
sorted, subrounded; comqued nainly of
clear quartz and fe]dspaL with clay
matrix and calcite cement; well indurated;
contains scattered spher01dal iron-
stained concretions up to 0.5 m (1.6 ft)
in diameter with crystalline calcite
centers; unit is generally bioturbated
and ntg¢n; Cphiomorpha; weaileis wiils
a ”beehlve—llke” surface; contact with
above sharp, conformable.

Measured thickness of Gallup Sandstone = 20.2 (66.2)

"LOWER" MANCOS SHALE

! INTERBEDDED SANDSTONES and SHALES 9.0+ (29.5+)
b SANDSTONES-~pale brown (5YRS5/2) to light




brown (5YX6/4) to moderate yellowish-green
{(10GY6/4) weathered, light brown (5YRG/4) to
moderate vellowish-green (10GY6/4) fresh; beds
thin to thick, regular, uneven, with thin to
medium planar {continuous/parallel) laminae;
grains fine to medium, moderately well sorted,
subrounded; composed mainly of clear quartz and
feldspar with clay matrix and calcite cement;
well indurated; generally bioturbated; contact
with shales sharp, conformable.

s SHALES-~dusky yellow (10GY3/2) to very pale
green {10G8/2) weathered and fresh; beds
thin, regular, even, with thin wavy
(continuous/parallel) laminae; contact with
sandstones sharp, conformable,

Contact of unit 1 with unit 2 is sharp, conformable.

TCTAL SECTION THICKNESS = 54.7 (179.3)

Veasurement was begun at the lowest portion of the Mancos Shale
exposed at this lecality, at the contact with alluvium in
Guadalupe Canot.




APPENDIX B

RESULTS OF MINFRALOGIC (THTN-SECTTION) ANALYSES

Thirteen thin sections of rock samples from potential aquifers
cere examined to determine the amounts of framework components,
satrix {clay filling interstices between grains), cement, and
sorosity. Three samples were from channel sandstones in the
"venefee Formation, six were from the Point Lookout Sandstone, one
was from the Hosta Tongue of the Point Lookout, and three were
from the Gallup Sandstone. Two Menefee and four Point Lookout
samples were from drill core. Samples closely correspond to those
used for the trextural analyses (Appendix C).

Thin sections were either prepared in the NMBMMR laboratory oT
were commercially prepared (Western Petrographic). All slides were
stained for potassium feldspar by the cobalto-nitrate method.

The analyscs were performed with a binocular polarizing
microscope and mechanical stagej point counts were recorded with
manual lahoratory counters. Prior to each point count, a hand
speciman corresponding to each thin section was examined. General
procedure was to first scan each thin section to become familar with
constituents present, noting useful parameters such as grain-size
range, model grain-size, general sorting, range of elongation indices
(Folk, 1974), and accessory minerals. The technique used for point
counting consisted of two phases. The first involved counting 100

noints to determine percentages of cement, matrix, porosity, and



Lramework. Counting was then resumed, recording only framework

of 300 framework points had been counted.

o

solnts, until a tota

“able B-1 and Figure B-1 summarize results of the mineralogic

analysese.

Operator precision was checked by performing three point counts
s the same sample, at the same point spacing, but scanning the slide
' different ways (rable B-2). Accuracy was not determined, but

sperator bias was checked by comparing results of three point counts

tv the author with results of a point count by Brown (1976, sample
CAR-B, p. 1403 table B-3).
Point count data were analyzed with the aid of a computer

srogram originally written by Williams and Randazzo (1076). This

]

program was modified by the author for use with the point counting
technique employed in this study and the computer at YVew Mexico Tech.
“he program is on file at the NMBEMMR. The printouts which follow
contain the following information:

1) Sample number, total points counted, and
framework points counted (always 300).

2) Numbers of points counted for individual
ponstituents (QTZ = quartz, KSPAR = pot-
assium fledspar, PLAG = plagioclase feld-
spar, UNDFS = undifferentiated [eldspar,
GR-RF = granitic rock fragments, VRF =
other igneous rock fragments, MRF = meta-
morphic rock fragments, CHERT = chert
rock fragments, CARF = carbonate rock
fragments, SSRF = sandstone rock frag-
ments, SHRF = shale and siltstone rock
fragments; FECM = iron-oxide cement,

CACM = calcite cement, SICM = silica

cement, CLAY = matrix, any clay material
filling interstices between grains, POROSITY =
thin-section porosity). The last five
constituents are noted only in the first

100 points counted and thus directly re-
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Figure B-1. Framework composition and classification for potential

aguifers in the Chico Arroyo/Torreon Wash area. Samples identified
by analysis number (table B-1). 0 = quartz, F = feldspar plus gran-

itic rock fragments, RY = chert plus other rock fragments (Folk, 1974)
4= average for Menefee Formation, ¥ = average for Point Lookout
Sandstone, Y = average for Gallup Sandstone,¢0 = average for all

samples.
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. Results of operator bias check!

Percentages
Quartz . Feldspar Rock fragments Framework
arown (1976) 57 37 9 71
Run 1 61 34 5 73
Uraigg Run 2 58 34 8 280
Run 3 53 34 13 78

‘sample AR-B (Brown, 1976, p. 140)




L4

resent whole rock percentages.
I

3) TFramework percentages (based on 300
points); used to classify the rock
(Folk, 1974).

4%  Group name {based on the field in which a
rock plots on a triangular diagram like
Fipure B-1).

5) Specific name (based on the most commonly
occurring feldspar).

4 zero in a particular column on the printouts indicates that the

constituent was not observed.
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APPENDIX C

RESULTS OF TEXTURAL (MECHANTCAL) ANALYSES

Fourteen mechanical analyses of selected samples from potential
aquifers in the study area were performed to determine their general
textural characteristics (sand, silt, clay content ). Of the samples
analyzed, three were from channel sandstones in the Menefee Tormation,
seven were from the Point Lookout Sandstone, one was from the Hosta
Tongue of the Point Lookout, and three were from the Gallup Sandstone.
Two of the Menefee and five of the Point Lookout samples were selected
from core. All samples closely correspond to those used in the
mineralogic analyses (Appendix B). Table -1 gives the source of
samples used in the textural analyses.

All analyses were performed in the NMBMMR by the author, except
where notes. Disapgregation and sieving procedures were those of
¥olk (1974). The pan fraction ( 4¢) from each sieve run was further
znalyzed by hydrometer according to the method given by Royse (1970).
Sratistics used to describe results are those of Folk {(1974). For
the sieving phasz of the analyses, a quarter—phi-interval sieve set
was used and samples were weighed to the nearest one~hundredth of
4 gram with a triple-beam balance.

Results of the textural analyses are plotted on a trilinear
diagram (fig. C-1). End-members are silt plus clay, very fine plus
fine sand, and medium plus coarse sand. All samples plot in the very

finc plus fine sand field except for one Point Lookout sample, which
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MEDIUM PLUS COARSE
SAND

| ?i, A |
VAN

/ \
/

_/f
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/ f%
°)
5, 3.,x - R
o 3
SILT PLUS CLAY “ VERY FINE PLUS

FINE SAN

Figure C-1. Texture of selected samples from potential aquifers in
the Chico Arroyo/Torrecn Wash area. Samples identified bv analysis
number (table C-1). 50 percent lines marked for reference.
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~lots in the central part of the diagram., ©On a similar disgram prepared
o Stone (1979b, Fig. 3, p. 12), Upper Cretaceous rocks also plotted in the

very fine plus fine sand field.

As reported by Stoune (1979b, p. 13), much of the fine fraction may
.2 secondary, a result of diagenesis and weathering. For example, if mud-
lasts and weathered feldspars are present in a sample, the percentages of
iav reported in the textural analysis would be too great, and the median
‘rain-size would be too fine.

Textural data were analyzed with a computer program (on file at NMBMMR )
«iich calculates various statistics from the basic data. Output for each
mple consists of two pages which give the following information:

Page 1 - Sample number, initial sample weight, sum
of size fraction weights, experimental
sample loss weight, a table giving the
gize~class weights, percentages, and
cumulative percentages, and a table giving
the statistics computed for the sample

(Folk, 1G74);

Page 2 - Sample number, and a cumulative curve and
histogram plotted on the same set of axes.
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APPENDIX D

DESCRIPTIONS OF CORES

Two cores from 2.5-inch—diameter test holes drilled during the
NMBMMR Torreon coal study were described in'order to gsupplement
information obtained from measured sections of the Menefee Formation
and Point Lookout Sandstone. Both core holes were spudded in the
Cleary Coal Member of the Menefee and partially penetrated the
Point Lookout.

General lithologic characteristics of the core were described
by basically the same methods as those used for describing units in
measured sections (Appendix A). Some details readily observed in
outerop are lost in core samples. For example, bedding size/
regularity, scale of cross beds, unit geometry, continuity and
intertonguing of units, and macrofossils may not be as apparent in
cores. Core samples, nonetheless, do provide valuable information
concerning aquifer characteristics in the subsurface because effects
of weathering are minimal.

The general format used in descrbing the cores is basically that
used for measured sections, with some modifications:

GENERAL ROCK TYPE——color; bedding/internal struc-—
ture (if apparent); other primary structures; tex-—
ture; grain composition, matrix, cement; indura—
tion; miscellaneous constituents and characteris-

tics; concretions/nodules; fossils: contact with
above unit.



[R5
i

Much of the terminology used is identical to that used for measured
sections (Appendix AJ.

geveral intervals in the cores, especially poorly-indurated
coails, coaly shales, and shales, were locally fragmented, resulting
in partial or total loss of the core. In these instances, only
the major rock types present are reported for the interval, or in
the case of no core, a missing interval is reported.

When a lithologic unit is identical to a previously described
unit, the reader is referred to the first description of that roclk
type, rather than repeating it several times.

Depths are reported only in feet since they were recorded in
this manner during drilling.

Fach description begins with a heading giving the core
number, location, total depth drilled, stratigraphic units penetrated,
date drilled, name(s) of the analysts(s), and date described.
Numbering is down the page in order the rock types were encountered
during drilling, so that depths increase downward. A comments
section is included at the end of each description in which
information such as formation tops, thicknesses of particular
intervals, and other miscellaneous informatien 1is reported.
Stratigraphic units penetratea are given at the lefthand werjgin

of a page, under the depth column.

L BT b hn s ko e L i e e a1 s s S
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NMBMMR CORE HQOLE C5 (CaRada Calladita 7.5' Quadrangle); SE%, NWY, NWk,
Sec5, T16N, R4W, Sandova! County, Total depth, 200 ft (61 m), Units
penetrated--Menefee Formation (Cleary Coal Member), Point Lookout Sand-
stone, Drilled, May 1978, Core described by Steve Craigg and Barbara
Spence, August 1979,

UNIT DESCRIPTTION DEPTH: TT

Not cored, 0,0 - 10,0

CLEARY COAL MEMBER OF MENEFEE FORMATICON

1 SILTY SANDSTONE--~yellowish gray (5Y7/2) to light 10.0 - 11,0
olive-gray (5Y6/1); single thick bed with thin to
medium horizontal laminae; grains very fine to fine,
well sorted, subangular to subrounded; composed
mainly of clear quartz and feldspar with clay mat-
rix and noncalcareous cement; moderately indurated;
locally iron stained; finely~disseminated carbona-
ceous material scattered throughout unit and ceoo-
centrated along laminae planes; trace of muscovite,

2 CLAYEY SILTSTONE--medium gray (N5) to light gray 11,0 -
(N7); single thick bed with thin to medium horiz-
ontal laminae; noncalcareous cement; moderately in-
durated; muscovite common along iaminae planes;
trace of carbonaceous material; contact with above
sharp, probably erosional,

jay
[a]
B

3

3 SILTY SANDSTONE--yellowish gray (5Y7/2) to greenish 12,2 - 13,8
gray (5GY6/1); single very thick bed with very thin
to thin curved laminae; grains very fine to fine,
well sorted, subangular to subrounded; composed mainly
of clear quartz and feldspar with clay matrix and
silica(?) cement; well indurated; trace of carbona-
ceous material; contact with above sharp, conformable,

4 COAl-~black (N1); moderately indurated; vitreous; 13.8 - 16,3
blocky; trace of amber; contact with above sharp,

probably erosional,

Interval missing, 16,3 - 18.3




10

11

12

£33

CLAYEY, CARBONACEOUS SILTSTONE--brownish black
(5YR2/1) to brownish gray (5YR4/1); single thin
bed with very thin horizontal laminae; noncalcar-
eous cement; moderately indurated; carbonaceous
material occurs along laminae planes,

SILTY SANDSTONE--light gray (N7); single medium
bed with thin to medium horizontal and inclined
laminae; grains very fine to fine, well sorted,
subangular; composed mainly of clear quartz and
feldspar with clay matrix and noncalcareous ce-
ment; moderately indurated; trace of carbonaceous
material and mud clasts; contact with above sharp,
conformable,

CLAYEY, CARBONACEOUS SILTSTONE--like unit 5 above;
contact with above sharp, probably erosional,

SHATE--medium dark gray (N4); single thio bed with
very thin horizontal laminae; noncalcareous cement;
poorly indurated; trace of carbonaceous material;
contact with above sharp, conformable,

COALY, CARBONACEQUS SILTSTONE--medium dark gray
(N4) to dark gray (¥3); single thick bed with
very thin to thin horizontal laminae; noncalcar-
eous cement; moderately indurated; coal occurs
along laminae planes and throughout unit as frag-
ments or clasts 3 - 4 cm in size; contact with
above sharp, conformable,

COAL-~1like unit 4 above; contact with above sharp,
erosional,

SHALE--1ike unit 8 above; contact with above sharp,
couformable,

CLAYEY SILTSTONE--light gray (N7) to light olive-
gray (5Y6/1); single thick bed with medium horiz=-
ontal laminac; noncalcaivecus coment; mederately
indurated; contains scattered fragments of coal;
contact with above sharp, conformable,

Interval missing,

13

14

CLAYEY SILTSTONE--like unit 12 above.

SILTY SANDSTONE-~light gray (N7) to medium gray
(N5); single thick bed with thin horizontal lam-
inae; grains very fine to fine, well sorted, sub-
angular; composed mainly of clear quartz and feld-
spar with c¢lay matrix and silica(?) cement; well
indurated; trace of carbonaceous material along
laminae planes; noncarbonized leaf fragments com-
mon; contact with above sharp, conformable,

18.3 -

18,5 ~

18.9 -

20,3 -

20.6 -

23.1 -

25,1 -

26,5 ~
28,3 -

30,0 -

18.5

18.9

20,6

23,1

28.3
30.0

31.0
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15 SILTY SHALE--greenish gray (5GY6/1); single thick 31,0 - 32.1
bed with thin to medium wavy laminac; noncalcareous
cement; poorly indurated; trace of muscovite and
finely-disseminated carbonaceous material; contact
with above sharp, probably erosional.

16 CLAYEY SILTSTONE--light gray (N7) to greenish gray 32,1 - 33,2
(5GY6/1); single thick bed with medium horizontal
laminae; noncalcareous cement; moderately indurated;
trace of muscovite and finely-disseminated carbona-
ceous material; contact with above sharp, confor-
mable,

17 SILTY SANDSTONE--greenish gray (5GY6/1); single 33.2 - 34,3
thick bed with thin to medium wavy laminae; grains
very fine to fine, well sorted, subangular; nouncal-
careous cement; moderately indurated; trace of fine-
ly-disseminated carbonaceous material; contains
lenses of clay 2 - 3 cm long and clay-filled root
tubes; contact with above sharp, confcrmable,

18 CIAYEY SILTSTONE--like unit 16 above; contact 34,3 - 36,5
with above sharp, probably erosional,

Lo
o
wn
1

L
~4
<

o

19 SHALE--medium dark gray (N4); single thick bed
with thin to medium horizontal laminae; noncal-
careous cement; moderately indurated: trace of
carbonaceous material which increases downward;
contact with above sharp, conformable,

20 SHALEY COAL~-light brownish-gray (5YR6/1); single 37,6 - 38,2
medium bed with wavy discontinuous laminae; non-
calcareous cement; poorly to moderately indurated;
contact with above gradational, conformable,

21 SHALE-~like unit 20 above; contact with above 38.2 - 39.3
gradational, conformable,

22 SHALEY COAL--1like unit 20 above; contact with 39.3 -~ 40,0
above gradational, conformable.

23 SILTY SHALE--medium light gray (N6); single thick 40,0 - 41,6
bed with medium horizontal laminae; ncncalcarecus
cement; poorly to moderately indurated; locally
contains fragments of coal 1 - 2 cm wide and 4 - 5
cm long; contact with above sharp, conformable,

24 CONGLOMERATIC MUDSTONE--medium gray (N5) to yel- 41,6 - 42,1
lowish gray (5Y7/2); single medium bed, massive;
contains siltstone and claystone clasts in a mud
matrix with calcite cement; moderately to well
indurated; contact with above sharp, conformable(?),

Interval missing, 42,1 - 45,2
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SILTY SANDSTONE--light gray (N7); single medium bed
with thin horizontal laminac; grains very fine to
fine, well sorted, subangular; composed mainly of
clear quartz and feldspar with clay matrix and cal-
cite cement; moderately indurated; trace of finely-
disseminated carbonaceous material; iron nodules
{siderite?) 1 - 2 cm wide and 3 - 4 cm long scat-
tered throughout unit,

Interval missing,

27

28

29

30

SANDSTONE-~very pale orange (10YR8/2); single

thick bed with medium horizontal laminae; grains
fine, well sorted, subangular; composed mainly of
clear quartz and feldspar with clay matrix and cal-
cite cement; moderately to well indurated; trace

of muscovite,

SANDSTONE--very pale orange (10YR8/2); beds
thick with medium inclined laminae (cross beds);
cross bed sets about 9 cm thick, low angle, op-
posed, trough(?); grains fine to medium, moder-
ately well sorted, subangular to subrounded; com-
posed mainly of clear quartz and feldspar with
clay matrix and calcite cement; moderately to
well indurated; trace of muscovite and finely-
disseminated carbonaceous material concentrated
along laminae planes; contact with above grada-
tional, conformable.

SANDSTONE--very pale orange (10YR8/2): beds thick
and either massive or with medium wavy laminae:
grains medium, well sorted, subrounded; composcd
mainly of clear quartz and feldspar with clay mat-
rix and calcite cement; well indurated; trace of
finely~disseminated carbonaceous material concen-~
trated along laminae planes; unit becomes iron
stained toward base; contact with above gradational,
conformable,

CLAYEY SILTSTONE--medium light gray (N6); single
medium bed with thin horizontal laminae; noncal-
careous cement; moderately indurated; trace of
carbonaceous material along laminae planes; con-
tact with above sharp, erosional,

SANDSTONE--light gray (N7); single thick bed with
thin to medium horizontal laminae; grains fine,
well sorted, subangular; composed mainly of clear
quartz and feldspar with clay matrix and calcite
cement; trace of muscovite and carbonaceous mat-
erial along laminae planes; contact with above
sharp, conformable,

45,2 - 45,6
45,6 - 66,0
66,0 -~ 68,0
68,0 - 74,0
74,6 - 83,5
8§3.5 - 84.0
84,0 ~ 85,5
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31 CLAYEY STLTSTONE--like unit 29 above; ceontact 85,5 - 86,3
with above sharp, erosional,

32 SANDSTONE--very light gray (N8) to light gray 86,3 - 90,5
(N7); thick beds, generally massive, but with
medium inclined laminae (high-angle cross beds)
near top; grains fine to medium, moderately well
sorted, subrounded; composed mainly of clear
quartz and feldspar with clay matrix and silica(?)
cement; well indurated; trace of muscovite and
carbonaceous material along laminae planes; local-
ly iron stained; contact with ahove sharp, con-
formable,

]

33 STILTY SANDSTONE--~1lilke unit 25 above; contact 9
with above sharp, erosional,

.5~ 91,0

34 SANDSTONE--medium light gray (N6) to light brown- 91,0 - 92.0
ish-gray (5YR6/1); single thick bed with medium
horizontal laminae; grains medium to coarse, mod-
erately well sorted, subrounded; composed mainly
of clear quartz and feldspar with clay matrix and
calcite cement; moderately to well indurated; con-
tains mud clasts in upper part of unit; centains
scattered pyrite crystals and siderite(?) nodules;
trace of muscovite and carbonaceous material along
laminae planes; contact with above gradational,
conformable,

35 SILTY SANDSTONE--brownish black (5YR2/1) to light 92,0 - 93,7
brownish-gray (5YR6/1); single thick bed with thin
to medium wavy laminae; grains very fine to fine,
well sorted, subangular; composed mainly of clear
quartz and feldspar with clay matrix 2nd noncal-
careous cement; moderately indurated; -race of
tarbonaceous material along laminae planes; con-
tact with above sharp, erosional,

36 SILTY SANDSTONE--medium light gray (N6) to light 93,7 - 96,0
brownish-gray (5YR6/1); single thick bed with thin
to medium horizontal laminae; grains very fine to
fine, well sorted, subangular; composed mainly of
clear quartz and feldspar with clay matrix and sil-
ilca(?) cement; well indurated; trace of carbonaceous
material along laminae planes; locally iron stained;
contact with above gradational, conformable,

37 COAL--1ike unit 4 above; contact with above sharp, 96,0 - 96,9
erosional,

a8 SHALE--1ike unit 19 above; contact with above 96,9 - 97,1
gradational, conformable,




3% COAL--11ike unit & above; concact with above 97.1 - 93.8
gradational, conformable,

40 CARBONACEOQUS SHALE--medium dark gray (N&4); single 98.8 ~ 101,3
thick bed with thin horizontal laminae; noncal-
careous cement; poorly indurated; contact with

above gradational, conformable,

i

41 COAL--1like unit 4 above; contact with above 101.3 102.1

gradational, conformable,

42 SILTY, CARBONACEQUS SHALE--grayish black (N2) 102.1 107.8
to medium dark gray (N4); beds thick with thin

to medium horizontal laminae; noncalcareous ce-

ment; poorly to moderately indurated; trace of

finely-disseminated carbonaceous material along

laminae planes, coal fragments, and carbonized

plant stems; contact with above gradational, con-

formable,

43 SANDSTONE-~1light brownish-gray (5YR6/1); beds 107,8 - 113.9
thick to very thick, either massive or with
medium inclined laminae (cross beds 2 - 3 cm
thick); grains very fine to fine, well sorted,
subangular to subrounded; composed mainly of
clear quartz and feldspar with clay matrix and
calcite cement; moderately to well indurated;
contains (siderite?) nodules up to about 5 cm
in diameter; locally burrowed; contact with
above sharp, conformable,

116,8

b4 SHALE--1ike unit 19 above; contact with above 113,9
sharp, erosional,

i

45 SILTY SHALE--medium dark gray (N4) to greenish 116,8 - 120.0
black (5G2/1); single very thick bed with thin

horizontal laminae; noncalcareous cement; poorly

to moderately indurated; locally contains frag-

ments of cecal; contact with above gradational,

- econformable,

¥
—
N
&
O

46 SANDSTONE~~-like unit 30 above; contact with above 120,0
sharp, conformable,

!
bt
(A
—

°
L

47 SILTY SHALE--like unit 45 above; contact with above 120,9
sharp, probably erosional,

48 SANDSTONE-~-1like unit 30 above; contact with above 121,5 - 122.5
sharp, couformable,

49 CLAYEY SILTSTONE--~like wunit 29 above; contact with 122.5
above sharp, probably erosional,

|
ot
2
(%]
®
~4

50 SANDSTONE--1like unit 30 above; contact with above 123,7 - 124,2
sharp, conformable,
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CLAYEY STILTSTONE--1like unit 29 above; contact with 1242 1248

above sharp, probably erosional,

(%51
et

52 SANDSTONE--1ike unit 30 above; contact with above 124 .8 125.0

sharp, conformable,

53 CLAYEY SILTSTONE--like unit 29 above; contact with 125.,0 125,5

above sharp, probably erosdional,

54 SHALEY COAL~-1like unit 20 above; contact with 125.5 - 126,7
above sharp, conformable,

1

55 STLTY SHALE--like unit 45 above; contact with 126,7 - 128.,0

above gradational, conformable,

56 Frapmwmented interval--fragments include Silty 128.,0 130,0
Shale (unit 55), Shaley Coal (unit 54), and

Sandstone (unit 52),

57 SILTY SANDSTONE--light olive gray (5Y6/1); single 130.0 - 132.4
thick bed with thin to medium inclined laminae

{cross beds 3 -~ 5 cm thick); grains very fine to

fine, well sorted, subangular; composed mainly of

clear quartz and feldspar with clay matrix and

noncalcareous cement; moderately indurated; trace

of noncarbonized plant stems,

58 CARBONACEQUS SHALE--olive black (5Y2/1); beds 132.4 137,64
thick to very thick with thin horizontal lam-

inae; silica(?) cement; well indurated; carbon-

aceous material concentrated along laminae planes;

contact with above sharp, probably erosional.

I

59 SANDSTONE--1light brownish-gray (5YR6/1); single 137.4
very thick bed with medium wavy laminae; grains
fine to medium, moderately well sorted, subang-
ular to subrounded; composed mainly of eclear quartz
and feldspar with clay matrix and silica(?) cement;
well indurated; trace of muscovite and iron-oxide
heavy minerals; contains clay lenses about 1 - 2
mm thick and 2 - 4 cm long; contact with above
sharp, conformable,

142.3

60 SHALE--olive gray (5Y4/1); single very thick bed 142.3 - 145.1
with medium horizontal laminae; noncalcareocus ce-
ment; moderately indurated; contact with above
sharp, erosional,

61 SANDSTONE-~1ike unit 59 above; contact with above 1451 - 146.,9
sharp, conformable,

62 SHALE--like unit 60 above; contact with above 146,.9 - 147.2
sharp, erosional.




63 SANDSTONE--1ike unit 5% above; contact with 147.2 - 148.,5
above sharp, conformable,

64 SHALE--1like unit 60 above; contact with above 148,5 - 148.,7
sharp, erosional,

POINT LOOKOUT SANDSTONE

65 SANDSTONE-~1light brownish-gray (5YR6/1) in up- 148,7 - 155.1
per part, very light gray (N8) in lower part;
beds medium to thick, either massive or with
medium horizontal laminae; grains fine to med-
ium, moderately well sorted, subangular to sub-
rounded; composed mainly of clear quartz and feld-
spar with clay matrix and silica(?) cement; well
indurated; trace of iron-oxide heavy minerals;
contact with above sharp, conformable,

66 SILTY SHALE--brownish gray (5YR4/1); single med- 155,1 -~ 155,7
jum bed with thin horizontal laminae; silica(?)
cement; well indurated; contact with above sharp,
probably erosional,

67 SANDSTONE-~1ike unit 65 above; contact with above 155,7 - 158.0
sharp, conformable,

68 SANDSTONE--1light brownish-gray (5YR6/1); single 158,0 ~ 161.,0
very thick bed, massive; grains fine to coarse,
moderately sorted, subangular to subrounded; com-
posed mainly of clear quartz and feldspar with
clay matrix and calcite cement; well indurated;
trace of iron-oxide heavy minerals; contains car-
bonaceous lenses about 1 - 3 mm thick; gradually
coarsens downward in grain size; contact with above
gradational, conformable,

69 SILTY SHALE--like unit 66 above; contact with 161.0 - 161,6
above sharp, erosional, :

70 SANDSTONE-~1like unit 68 above; contact with above 161,6 - 162.5
sharp, conformable.

71 STLTY SHALE--like unit 66 above; contact with 162,5 - 162.,9
above sharp, erosional,

72 SANDSTONE--very light gray (N8); beds thick to 162.9 - 180.0
very thick, cither massive or with medium horiz- e
ontal laminae; grains fine to mediuw, moderately

well sorted, subangular to subrounded; composed
mainly of clear quartz and feldspar with clay mat-
rix and calcite cement; poorly to well indurated;




trace of iron-oxide heavy minerals; unit gradually
fines downward; contact with above sharp, confor-
mable,

73 SHALE--olive gray (5Y4/1l); single thin bed with 180.0 180.,2
thin horizontal laminae; noncalcareous cement;
moderately indurated; contact with above sharp,

probably erosional.

14 SANDSTONE--very light gray (N8); single thick 180.2

bed, massive; grains fine to medium, moderately

well sorted, subangular to subrounded; composed

mainly of clear quartz and feldspar with clay mat-

rix and silica{?) cement; well indurated; trace of
iron-oxide heavy minerals; contains clay clasts up

4 cm in diameter, but most are 1 cm or smaller;

contact with above sharp, conformable,

i
[y
oo
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°
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15 SHALE--1ike unit 73 above; contact with above 181.3 181.6

sharp, probably erosional.

76 SANDSTONE--light gray (N7); beds thick to very 181.6 200.0
thick, massive in upper half, medium horizontal

and inclined laminae in lower half; grains fine,

well sorted, subangular to subrounded; composed

mainly of clear quartz aud feldspar with clay mat-

rix and calcite cement; poorly indurated in lower

half, well indurated in upper half; trace of iron-

oxide heavy minerals; contact with above sharp,

conformable,

COMMENTS

Top Point Lookout Sandstone placed at base of interbedded carbonaceous
sandstone and shale sequence, where major sandstone interval begins,

Depth of penetration into Point Lookeout Sandstone is about 51 £t (16 m),




NMBMMR CORE HOLE C6& (Mesa Cortada 7,5' Quadrangle); NEY, NEY, NWj, Secl7,
T16N, R5W, McKinley County. Total depth, 251 ft (76.5 m), Units pene-
trated=~Menefee Formation (Cleary Coal Member), Point Lookout Sandstone,
Drilled, July 1978, Core described by Steve Craigg, October 1978 and
August 1979,

UNIT DESCRIPTION DEPTH: FT

Not cored, 0.0 - 12,0

-A
L
i

CLEARY COAL MEMBER OF MENEFEE FORMATION

1 SANDSTONE~-~dusky yellow (5Y6/4) to light gray (N7); 12,0 - 31,0
beds thick with medium horizontal laminae in uppex
part and inclined laminae in lower part (cross beds);
grains fine to medium, moderately well sorted, sub-
angular to subrounded; composed mainly of clear quartz
and feldspar with clay matrix and calcite cement; mod-
erately indurated; trace of muscovite and biotite,

2 SANDSTCHE~-yellowish gray (5Y7/2); beds medium to 31,0 - 39.6

thick with medium inclined laminae (cross beds) in

upper part and massive in lower part; grains fine to

eoarse, moderately sorted, subangular to subrounded;

composed mainly of clear quartz and feldspar with

clay matrix and calcite cement; moderately to well

indurated; trace of muscovite, bictite, and carbon-

suebus material zlong laminas piancs; contact with

above gradational, conformable.

3 CLAYSTONE--moderate yellowish-green (10Y7/4); sin- 39,6 - 42,0
gle thick bed, massive; silica(?) cement; well in-
durated; brittle; trace of noncarbonized plant stems;
contact with above sharp, probably erosional.

4 SILTY SANDSTONLE--light olive gray (5Y6/1); single 42,0 - 44,0
thick bed with medium horizontal laminae; grains
very fine to fine, well sorted, subangular to sub-
rouwndod; couposed mainly of clear quartz and feld-
spar with c¢lay matrix and noncalcarcous cement; poor-
ly indurated; trace of nmoncarbonized plant stems
and carbonaccous material along laminae planes; con-
tact with above sharp, conformable,
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11

12

14

15

16

INTERBEDDED CARBONACEQUS SHALE, CLAYSTONE, and 44,0
COALY SHALE---CARBONACEOUS SHALE and CLAYSTONE--

light brownish-gray (5YR6/1); Shale has thin hor-

izontal laminae, Claystone is massive, silica(?)

cement, well indurated; Shale is gradational into
Claystone; carbonaceous material occurs along lam-

inae planes, COALY SHALE--dark gray (N3); thin to

medium laminae; silica(?) cement; well indurated;

coal occurs in 1 - 2 mm layvers along laminae planes;
contact with above sharp, probably erosional,

C0AL--black (N1); moderately to well indurated; 46,0
vitreous; blocky; trace of amber; contact with
above sharp, conformable,

INTERBEDDED SHALE and CLAYSTONE--light brownish- 46,5
gray (5YR6/1); Shale has thin horizontal to wavy

laminae; Claystone is massive, silica(?) cement;

well indurated; Shale is gradational into Clay-

stone; trace of carbonaceous material along lam-

inae planes; contact with above sharp, conformable,

SHALEY COAL--brownish black (5YR2/1); single thick 53.0
bed with medium horizontal laminae; noncalcareous

cement; poorly laminated; countact with above sharp,
conformable,

INTERBEDDED SHALE and CLAYSTONE--like unit 7 above; 54.5
contact with above sharp, conformable.

COAL--like unit 6 above; contact with above sharp, 57.5
conformable,

INTERBEDDED SHALE and CLAYSTONE--like unit 7 above; 58.1
contact with above sharp, conformable,

COAL~~1like unit 6 above; contact with above sharp, 59.2
conformable.
COALY SHALE--1light brownish-gray (5YR6/1); single 60.5

medium bed with medium curved laminae; calcareous ce-
ment; poorly indurated; coal occurs in 1 - 2 mm layers
along laminae planes; contact with above sharp, confor-
mable,

CO0AL--1ike unit 6 above; contact with above sharp, 61,0
conformable,

INTERBEDDED SHALE and CLAYSTONE--like unit 7 above; 61.5
contact with above sharp, conformable,

COAL--1like unit 6 above; contact with above sharp, 68,7
conformable,

46.5

53.0

57.5

58.1

59.2

60.5

61.0

61,5

68.7

69.1
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17 INTERBEDDED SHALE and CLAYSTONE-~like unit 7 above; 69,1 - 71,2
contact above sharp, conformable,

18 STLTY SANDSTONE--medium gray (N5); medium beds either 71,2 - 76,4
massive or with thin to medium horizontal laminag;
egrains very fine to fine, well sorted, subangular to
subrounded; composed mainly of clear quartz and feld-
spar with clay matrix and silica(?) cement; well in-
durated; trace of muscovite, biotite, and finely-dis-
seminated carbonaceous material; contact with above
sharp, conformable,

19 SANDSTONE«-1ike unit 2 above; contact with above 76,4 ~ 78.0
gradational, conformabile,

20 SILTY CLAYSTONE--medium dark gray (N4); single med- 78.0 - 78.3
jum bed, massive; silica(?) cement; well indurated;
contact with above shayp, probably erosional.

21 SANDSTONE--1like unit 2 above; contact with above 78.3 - 79,0
sharp, conformable.

22 COALY SHALE--brownish black (5YR2/1); single thick 79.0 - 80,5
bed with medium horizontal laminae; noncalcareous
cement; poorly indurated; coal occurs in 1 - 2 mm
layers along laminae planes; a 5-cm-thick ccal bed
occurs at the top of the unit; contact with above
sharp, probably erosional,

23 CLAYEY SILTSTONE--light brownish-gray (5YR6/1); beds 80.5 - 103.8
thick to very thick, massive; silica(?) cement; well
indurated; contains carbonized plant stems locally;
contact with above sharp, conformable,

24 SANDSTONE--very light gray (N8); beds medium to 103.8 - 107.4

thick and either massive or with thin to medium
horizontal to inclined laminae; contains low-angle
cross beds locally; grains fine to medium; moderately
well sorted, subangular to subrounded; composed mainly

- 0T clear quartz and feldspar with clay malrix and cai-
cite cement; well indurated; trace of muscovite and
carbonaceous material; contact with above sharp, con-
formahle,

25 CLAYEY SILTSTONE--like unit 23 above; contact with 107,4 ~ 113,0
above sharp, probably erosional.

26 SANDSTONE--1ike unit 24 above; contact with above 113,00 - 117.4
sharp, conformable,

27 CLAYEY SILTSTONE--like unit 23 above; contact with 117,4 - 116.1
above sharp, probably erosional,




122.3

28 COAL--1ike unit 6 above; contaci with above sharp, 119.1 -
conformable,
: 28 CLAYEY SILTSTONE--like unit 23 above; contact with 122,32 - 125.8
i ' above sharp, conformable,
i 30 SILTY SANDSTONE--like uunit 18 above; contact with 125,8 - 128.6
i above sharp, conformable,
‘ 31 SHALE--brownish gray {5YR4/1); single medium bed 128.6 - 129.1
with medium horizontal laminae; noncalcareous ce-
ment; poorly to moderately indurated; contact with
above sharp, probably ercosional,
: B 32 COAL--like unit 6 above; contact with above sharp, 129.1 - 132.1
§ v conformable,
33 INTERBEDDED CARBONACEOCUS SHALE and CLAYSTONE--gray- 132,1 - 135,1
ish black (N2); Shale has thin horizontal laminae,
: ) Claystone is massive, silica(?) cement; well indur-
i Lk ated; carbonaceous material occurs throughout unit;
; e contact with above sharp, conformable,
34 SILTY SANDSTONE--1like unit 18 above; contact with 135,1 - 137.2
iy above sharp, conformable,
E 35 COAL~~1ike unit 5 above; contact with above sharp, 137.2 - 139.3
| conformable,
POINT LOOKOUT SANDSTONE
i 36 SANDSTONE--dark gray (N3); single thick bed with 139,3 - 140,9
4 medium wavy laminae; grains fine, well sorted, sub-~
‘ﬂ angular; composed mainly of clear quartz and feld-
% cpar with clay matriy and £ili2a(?) cement; well ip-
? ‘,f _ durated; carbonaceous material scattered throughout
‘ff‘, unit; contact with above sharp, conformable,
i 3 37 SANDSTONE--very light gray (N8):; massive(?); grains 140,9 - 155.2

RTINS ' fine to coarse, poorly to moderately sorted, subang-
RUR ular to rounded; composed mainly of clear quartz and
' ' feldspar with clay matrix and silica(?) cement; well
indurated; trace of muscovite and iron-oxide heavy
minerals; contact with above sharp, confermable,
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38 SANDSTONE--madium light gray (Wé); either massive 155,2 - 188.7
or with medium to thick inclined laminae; low-angle
cross bedding cccurs locally in sets about 8 cm
thick; grains fine to coarse in upper part and fine
in lower part of unit, moderately to well sorted,
subangular to subrounded; composed mainly of clear
quartz and feldspar with clay matrix and calcite
cement; moderately to well indurated; iron-oxide
heavy minerals common in the cross-bedded zones;
unit gradually fines downward; contact with above
gradational, conformable.

39 SILTY SANDSTONE--very light gray (N8); single med- 188,7 - 190.0
sum bed with thin to medium horizontal laminae;
grains very fine to fine, well sorted, subangular;
composed mainly of clear quartz and feldspar with
clay matrix and silica(?) cement; well indurated,
trace of carbonaceous material; ceontact with above
gradational, conformable,

40 SANDSTONE--very light gray (N8); single medium bed  190,0 - 190.4
with thin to medium horizontal laminae; grains fine
to medium, moderately sovted, subangular to sub-
rounded; composed mainly of clear quartz and feld-
spar with clay matrix and silica(?) cement; well
indurated; locally contains scattered mudclasts;
contact with above gradational, conformable,

41 SILTY SANDSTCONE--like unit 39 above: contact with 190.4 ~ 191.,0
above gradational, conformable,

42 SANDSTONE~-1ike unit 40 above; contact with above 191.0 - 198.7
gradational, conformable,

43 SHALE--medium gray (N5); single medium bed with 198.7 - 1997
thin to medium horizontal laminae; noncalcareous
cement; poorly to moderately indurated; contact
with above sharp, probably erosional,

4Lt CQTLTY SANDSTONE--medium gray N5Y to very light 199.7
gray (N8); single thick bed with thin to medium
horizontal to curved laminae; unit contains cne set
of discordant, high-angle, 9-cm~thick cross beds;
grains very fine to medium, wmoderately sorted,
subangular to subrounded; composed mainly of clear
quartz and feldspar with clay matrix and calcite
cement; well indurated; contact with above sharp,
conformable,

ro
o
.

(]

45 SILTY CLAYSTONE--dark gray (N3); single medium bed, 201.0 - 201.5
massive; silica(?) cement; well indurated; contact
with above sharp, probably exrosional,




46 SANDSTONE--1light gray (N7) to light brownish= 201.5 - 239.5
gray (5YR6/1); massive; grains fine to medium,
moderately well sorted, subangular to subround-
ed; composed mainly of clear quartz and feldspar
with clay matrix and calcite cement; well indur-
ated; trace of muscovite and iron-oxide heavy
minerals: locally contains scattered mudclasts;
contact with above sharp, conformable,

47 SILTY, LIMY SHALE--brownish gray (5YR4/1); sin- 239.5 - 240,5
gle thick bed with thin to medium horizontal lam-

jnae; calcite cement; poorly to moderately indur-
ated; contact with above sharp, probably erogional,

48 SANDSTONE~-1like unit 46 above; contact with above 240.5 - 251,0
sharp, conformable. '

COMMENTS

Top of Point Lookout Sandstone placed at bottom of first coal bed where
major sandstone interval begins, at about 139 ft (42 m),

Depth of pehetration into Point Lookout Sandstone is about 112 fr (32 m).




APPENDIX E

DESCRIPTIONS OF CUTTINGS

Seven sets of drill cuttings from 4-inch~diameter test holes
drilled during the NMBMMR Torreon Wash coal study were described in
order to provide additional information concerning the lithology and
o% the Menefee Formation and Point Lookout Sandstone, TFive of the
holes begin in the Cieary Coal Member of the Menefee Formation and
partially penetrate the Point Lookout Sandstone; one hole begins in
the Allison Member of the Menefee and enters the Cleary Coal Member;
another hole is entirely in the "Upper Member' of the Menefee, The
locations of drill holes, total depths, and units penetrated are given
in Table E-1,

In selecting cuttings for analysis emphasis was placed on the
five drill holes which were converted to observation wells in order to
provide information on lithologies of perforated intervals and general
rock types encountered during drilling,

General lithologic characteristics were described with a bineccular
microscope by basically the same techniques used for describing core
(Appendix D). Most detail concerning bedding/internal structures, con-
cretions/nodules, and fossils is lost in cuttings, However, the major
rock types described are still a useful tool in evaluating subsurface
characteristics of aquifers. The general outline used for describing

cuttings is given below:

GENERAL ROCK TYPR--color; texture; grain composition;
matrix; cement; induration; miscellaneous constituents
or characteristics,

Much of the terminology used is identical to that used for measured sec-

tions (Appendix A) and for core descriptions (Appendix D).
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Table E-1. Location, depths, and stratigraphic units penetrated by
NMBMMR test holes, Abbreviations same as Plate 1,

Drill hole Total depth

number Location ft Units penetrated
R13 NW%, Sec26, T16N, R5W 230 Kmfc, Kpl

R21 SEY%, Secl8, T16N, R4W 250 Kmfe, Kpl

R23  SW%, Sec6, TI6N, RSW 250 Kmfc, Kpl
R24 NEY%, Sec2, TLl6N, R5W 250 Kmfe, Kpl

R32 SE%, Sec23, T17N, R4W 240 Kmfe

R&2 WY, Secl7, T17N, R3W 250 Kmfa, Kmfe

el SW%, Sec20, TL8N, R3W 170 Knfu




When cuttings were nct available [or & particular footage, a missing
interval was reported. When a rock type was identical to one previously
described, the reader is referred to the first description rather than
repeating the entire description, Depths are reported in only feet
since they were recorded iﬁ this manner during drilling,

Each description begins with a heading giving the drill hole num-
ber, location, total depth, sampled intervql, sample spacing, strati-
graphic units penetrated, principle aquifer and perforated interval (if
applicable), date drilled, and date described, Descriptions are given
in the order materials were encountered during drilling, so that depths
increase down the page, Stratigraphic units penetrated are given at
the left-hand margin of a page, under the depth column, When a dif-
ferent formation is penetrated the dashed line above that unit indicates
the approximate top of the unit, A comments section is included at the
end of each description to report formation tops (from electric logs)
and depths to particular units,

Relative abundances of rock types present in a particular inter-
val are indicated in the following manner: two rock types joined by
"and" with both rock types capitalized indicates that each makes up
about 50 percent of the sample; two rock types joined by "and" with
only the first capitalized indicates rhat the first rock type makes up
greater than 50 percent and that the second makes up less than 50 per-
cent of the sample; a single capitalized rock type indicates that the

entire sample consists of that rock type,
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MMEMMR OBSERVATION WELL R21 (Cerre Paride 7.5" Quadrangle); SEL, SEZ,
SE4, Secl8, T16N, R4W,.Sandoval County. - Total depth, 250 ft (76 m);
sampled interval, to total depth; sample spacing, 5 ft (1.5 m). Units
penetrated——Colluvium(?), Menefee Formation (Cleary Coal Member), Point
Lookout Sandstone. Principle aquifer, Point Lookout Sandstone, from
100 - 241 ft (30 - 73 m). Drilled June, 1978; cuttings described by
Steve Craigg, July, 1979 (see Plate 1).

DEPTH: TFT " 'DESCRIPTION

COLLUVIUM(?)
0.0 - 10.0 SAND--moderate yellowish-green (5GY7/4); grains fine

to medium, moderately well sorted, subangular to sub-
rounded; clear quartz and feldspar; trace of chert,
muscovite,

CLEARY COAL MEMBER OF MENEFEE FORMATION

10.0 - 30.0 SANDSTONE--moderate yellowish-green (5GY7/4); grains
fine to medium, moderately well sorted, subangular to
subrounded; clear quartz and feldspar; clay matrix;
noncalcareous cement; moderately indurated; trace of
chert, muscovite.

30.0 - 40.0 SANDSTONE and SANDY SHALE--SANDSTONE, same as Sandstone
from 10.0 - 30.0. SANDY SHALE, grayish yellow green
(56GY7/2); trace of fine, subrounded, clear quartz grains;
calcite cement; well indurated; trace of carbonaceous
material. '

»

40.0 - 50.0 SHALE--grayish green (565/2); noncalcareous cement;
moderately indurated; :

50.0 - 55.0 SHALE and COAL--SHALE, like Shale from 40.0 - 50.0.
COAL, black (N1); moderately indurated; vitreous;
blocky.

55.0 - 60.0 CARBONACEOUS SHALE--brownish gray (SYR4/1); noncalcar-

eous cement; moderately indurated; trace of carbonized
plant remains.
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60,0 - 70,0
70,0 - 90,0
90,0 - 95.0
95,0 - 100,0

100,0 -~ 105,0

CARBONACFEQUS SHALE and SHALE--CARBONACECUS SHALEJ
iike carbonaceous shale from 55,0 - 66,0, SHALE,
iike Shale from 40.0 - 50,0,

SHALE--light brownish-gray (5YR6/1); noncalcareous
cement; moderately indurated; trace of carbonaceous
material,

SHALE and Sandstone--SHALE, like Shale from 70,0 -
90,0, Sandstone, medium light gray (N6); grains

fine to medium, well sorted, subangular to subrounded;
clear quartz and feldspar; clay matrix; calcite ce-
ment; moderately indurated,

SHALE~-1ike Shale from 70,0 - 90.0,

SHALE and Sandstone--SHALE, 1like Shale from 70,0 =
90.0. Sandstone, like Sandstone from 90,0 -95.0,

POINT LOOKOUT SANDSTONE

=

=]

w1

°

o
H

140.,0

140,0 - 145,0

145,60 - 165,0

170.0 - 250.0

COMMENTS

SANDSTONE--very light gray (N8); grains fine to coarse,
moderately sorted, subangular to subrounded; clear
quartz and feldspar; clay matrix; calcite cement; well
indurated; trace of chert, muscovite,

SANDSTONE and Shale--SANDSTONE, like Sandstone from
105,0 - 140,0, Shale, brownish gray (5YR4/1); noncal-
careous cement; moderately indurated;

SANDSTONE-very light gray (N8); grains fine, well
sorted, subangular; clear quartz and feldspar; clay
matrix; clacite cement; well indurated; trace of mus-
covite,

ns Shale--SANDSTONE, ilike Sandstone frovw

=1
65,0, Shale, like Shale from 140,0 - 145,0,

SANDSTONE
-1

145.0

SANDSTONE--very light gray (N8); grains fine, well
sorted, subangular; clear quartz and feldspar; clay
matrix; clacite cement; well indurated; trace of mus-
covite; local iron staining on sandstone fragments,

Electric log shows top of Point Lookout Sandstone at approximately 100 ft
(30,5 m), where major sandstone interval begins,

Approximate depth of penetration into Point Lookout Sandstone is 145 ft

(44 m),

1 et e e b A e s bk b rimh



WMBMMR OBSERVATION WELL R23 (Cafiada Calladita 7.5 Quadrangle); NWi,
SWy, SW, Secé, T16M, R4W, Sandoval County, Total depth, 250 ft (76 m);
sampled: interval, to total depth; sample spacing, 5 ft (1.5 m), Units
penetrated-—Colluvium(?), Menefee Formation {(Cleary Coal Member), Point
Lookout Sandstone, Principle aquifer, Point Lookout Sandstone, from
180 ~ 245 £t (55 - 75 m). Drilled June, 1978; cuttings described by
Steve Craigg, July 1979 (see Plate 1).

DEPTH: FT DESCRIPTION

COLLUVIUM(?) and CLEARY COAL MEMBER OF MENEFEE FORMATION

0,0 - 10,0 SAND and SILTSTONE--SAND, yellowish gray (5Y8/1);
grains fine to medium, moderately well sorted, sub-
angular to subrounded; clear quartz and feldspar,
SILTSTONE, light olive gray (5Y6/1); calcite cement;
well indurated.

10.0 - 15,0 SANDSTONE and SILTSTONE--SANDSTONE, pale olive (10Y6/2)
grains fine to medium, moderately well sorted, sub-
angular to subrounded; clear quartz and feldspar; clay
matrix; calcite cement; moderately indurated; trace
of chert, iron-oxide heavy minerals, SILTISTONE, like
Siltstone from 0.0 - 10.0.

“15.0 - 20.0 SANDSTONE-~1like Sandstone from 10,0 - 15.0,

20,0 - 25,0 SHALE--1light brownish-gray (S5YR6/1); silica(?) cement;
well indurated; brittle; trace of muscovite, carbona-
ceous material,

25,0 - 30,0 COALY SHALE and Shale-~-COALY SHALE, dark gray M3}
noncalcaroues cement; moderately indurated; coal occurs
in thin layers along laminae; Shale, like Shale from
20,0 -25,0,

30.0 -~ 40,0 COAL and SILITY CLAYSTONE--COAL, black (N1); woderately
indurated; vitreous; blocky, SILTY CLAYSTONE, light
olive gray (5Y6/1); noncalcareous cement; poorly in-
durated,

40,0 - 45,0 CARBONACEOUS SHALE and Coal--CARBONACEOUS SHALE, dark
gray (N3); noncalcareous cement; moderately indurated;
trace of carbonaized plaant remains, Coal, like Coal
from 30,0 - 40.0.
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SHALE and Carbonaceous Shale--SHALE, olive gray
{574/1); noncalcareous cement; moderately indurated,
Carbonaceous Shale, like Carbonaceous Shale from

40,0 - 45,0,

SHALE--light olive gray (5Y6/1); silica(?) cement;
well indurated,

SHALE and Coal-~SHALE, like Shale from 50,0 - 65,0,
Coal, like Coal from 30,0 - 40,0,

COAL--black (N1); moderately indurated; vitreous:
blocky; trace of amber,

SILTY SANDSTONE--light brownish-gray (5YR6/1); grains
very fine to medium, moderately well sorted, subang-
ular to subrounded; clear quartz and feldspar; clay
watrix; calcite cement; pocrly indurated; trace of
wuscovite,

SANDSTONE--light olive gray (5Y6/1); grains fine to
medium, moderately well sorted, subangular to subround-
ed; clear guartz and feldspar; clay matrix; calcite ce-
ment; poorly indurated; trace of muscovite,

SANDSTONE and SHALE~-~SANDSTONE, like Sandstone from 95,0
- 105,0, SHALE, light brownish-gray (5YR6/1); noncal-
careous cement; moderately indurated; trace of carbon-
aceous material,

SANDSTONE--1ight olive gray (5Y6/1) to grayish yellow
green (5GY7/2) to pinkish gray (5YR8/1); grains fine

to medium, moderately well sorted, subangular to sub-
rounded; clear quartz and feldspar; clay matrix; cal-
cite cement; moderately indurated; trace of muscovite,

COAL and Sandstone--COAL, like Coal from 30,0 - 40,0,
Sandstone, pinkish gray (5YR8/1); grains fine to med-
ium, moderately well sorted, subangular to subrounded;
clear quartz and feldspar; clay matrix; calcite cement;
moderately indurated; trace of muscovite,

SANDY SILTSTONE and Coal--SANDY SILTSTONE, light brown-
ish-gray (5YR6/1); trace of fine, subangular, clear
quartz and feldspar grains; calcite cement; well indur-
ated, Coal, like coal from 30.0 - 40.0.

SANDY SILTSTONL--1ile Sandy Siltstone from 150,06 - 155,0,

COAL~~1like Coal from 30.0 - 40.0.

CARBONACEOUS SHALE and Coal--CARBONACEOUS SHALE | Like

Carbonaceous Shale from 40,0 - 45,0, Coal, like Coal
from 30,0 - 40,0,




POINT LOOKOUT SANDSTONL

180.0 -195,0 SANDSTONE~~1ight olive gray (5Y6/1); grains fine to
mediuvm, moderately well sorted, subangular to sub-
rounded; clear quartz and feldspar; clay matrix; cal-
cite cement; poorly indurated; trace of muscovite,

195,0 - 215,0  SANDSTONE--very light gray (N8) to light brownish-
gray (S5YR6/1); grains fine to medium, moderately well
sorted, subangular to subrounded; clear quartz and
feldspar; clay matrix; calcite cement; moderately in-
durated; trace of muscovite,

215,0 - 250,0  SANDSTONE--light gray (N7) to light brownish-gray
{5YR6/1); grains fine to medium, moderately well sort-
ed, subangular to subrounded; clear quartz and feld-
spar; clay matrix; calcite cement; moderately indura-
ted; trace of muscovite,

COMMENTS

Electric log shows top of Point Lookout Sandstone at approximately
180 ft (55 m), where major sandstone interval begins,

Approximate depth of penetration into Point Lookout Sandstone is 70 ft
{21 m),
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NMEMMR ORSERVATION WELL R24 (Canada Calladita 7.5' Quadrangle); SWX, SE%,
NE%, Sec2, T16N, R5W, McKinley County, Total depth, 250 ft (76 m); sam-
pled interval, to total depth; sample spacing, 5 ft (1,5 m), Units
penetrated——Colluvium(?), Menefee Formation (CGleary Coal Member), Point
Lookout Sandstone, Principle aquifer, Point Lookout Sandstone, from

200 - 240 ft (61 - 73 m). Drilled June, 1978; cuttings described by
Steve Craigg, July, 1979 (see Plate 1),

DEPTH: F¥T DESCRIPTION
COLLUVIUM(?)
0.0 - 5,0 SAND~-yellowish gray (5Y7/2); grains fine to coarse,

moderately sorted, subangular to rounded; clear quartz
and feldspar; trace of chert, muscovite,

CLEARY COAL MEMBER OF MENEFEE FORMATION

5.0 - 10,0 SANDSTONE--pinkish gray (5YR8/1); grains fine to med{um,
moderately well sorted, subangular to subrounded; clear
quartz and feldspar; clay matrix; calcite cement; mod-
erately indurated; trace of chert, muscovite, biotite,

10,0 - 20,0 SANDSTONE and Shale--SANDSTONE, like Sandstone from
5.0 - 10,0, Shale, medium dark gray (N&): silica(?)
cement; well indurated; brittle,

20,0 = 3u,0 SANDSTONE--like Saudsivie from 5,0 - 10,0,

30,0 - 40,0 SANDSTONE and SHALE--SANDSTONE, pinkish gray (5YR8/1);
grains fine to coarse, moderately sorted, subangular
to rounded; clear quartz and feldspar; clay matrix;

calcite cement; moderately indurated; trace of chert,
muscovite, biotite, SHALE, grayish green (10GY5/2);
noncalcareous cement; moderately indurated,

40,0 -~ 45.0 SHALE--1like Shale from 30,0 - 40.0.

45,0 - 60.0 SHALE--brownish gray (5YR4/1); silica(?) cement; well
indurated; brittle,
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SANDSTONE and SHALE--SANDSTONE, grayish yellow
(5¥8/4); grains fine to medium, moderately well sort-
ed, subangular to subrounded; clear quartz and feld-
spar; clay matrix; silica(?) cement; well indurated;
tvace of muscovite, SHALE, like Shale from 45,0 -
60,0,

SANDSTONE--1ike Sandstone from 60,0 - 70,0,

COAL and Sandstone--COAL, black (N1); moderately in-
durated; vitreous; blocky. Sandstone, like Sandstorne
from 60,0 - 70,0,

SHALE-~1light brownish-gray (5YR6/1); noncalcareous ce-
ment: moderately indurated,

SHALE and Sandstone--SHALE, iike Shale from 80,0 - 95,0,
Sandstone, light gray (N7); grains fine, well sorted,
subangular; clear quartz and feldspar; clay matrix;
calcite cement:; poorly indurated; trace of muscovite,

CARBONACEOUS SHALE and SHALE~-CARBONACEOQOUS SHALE,
brownish black (5YR2/1); noncalcareous cement; poor-
1y indurated; trace of carbonized plant remains,
SHALE, like Shale from 80,0 - 95,0,

SHALE--1ike Shale from 80,0 -95,0,

SANDSTONE and SHALE-~SANDSTONE, like Sandstone from
95,0 -~ 100,0, SHALE, like Shale from 80.0 - 95.0,

SANDSTONE and Carbonaceous Shale--SANDSTONE, light
brownish-gray (5YR6/1); grains fine, well sorted, sub-
angular; clear quartz and feldspar; clay matrix; cal-
cite cement; poorly indurated; trace of muscovite,

Carbonaceous Shale, like Carbonaceous Shale from 100.0
- 105.0.

SANDY = SBALE~-1light gray (N7); trace. of fine, subang-

ular, clear quartz grains; noncalcareous cement: mod-
erately indurated,

SANDSTONE-~-light gray (N7); grains fine to medium, mod-
erately sorted, subangular to rounded; clear quartz and
feldspar; clay matrix; calcite cement; poorly indurated;
trace of chert, muscovite, pyrite crystals,

COAL--black (N1); moderately indurated; vitreous; blocky;
trace of amber, :
COAL and CARBONACEOUS SHALE--COAL, like Coal from 165.0

- 170,0, CARBONACEQUS SHALE, like Carbonaceous Shale
from 150,0 - 155.0,



175,060 -~ 180.,0 CARBONACEQOUS SHALE and Sandstone--CARBONACEOUS SHALIL,
1ike Carbonacecus Shale from 150,0 - 155,0, Sand-
stone, very light gray (N8); grains very fine to med-
ium, moderately sorted, subangular to subrounded;
clear quartz and feldspar; clay matrix; noncalcareous
cement; moderately indurated; trace of chert, musco-
vite,

POINT LOOKQOUT SANDSTONE

180.0 - 190,0 SANDSTONE-~~1ike Sandstone from 175,0 - 180.0,

196,0 - 220.0 SANDSTONE-~very light gray (N8); grains very fine to
fine, well sorted, subangular; clear quartz and feld-
spar; clay matrix; noncalcareous cement; moderately
indurated; trace of muscovite,

220.0 - 230,0 SANDSTONE and Shale--SANDSTONE, like Sandstone frowm
190,0 - 220.0, Shale, medium dark gray (N4); noncal-
careous cement; moderately indurated,

236.0 - 250.0 SANDSTONE--1ike Sandstone from 190,0 - 220,0,

COMMENTS

Electric log shows top of Point Lookout Sandstone at approximately 177
(54 m), where major sandstone interval begins,

%ppro§imate depth of penetration into Point Lookout Sandstone is 73 ft
22 m), !

ft
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WMBMMR OBSERVATION WELL R32Z {(Arroyo Ewmpedrade 7,5' Quadrangle}; NE%,
NW%, SE%, Sec23, T17N, R4W, Sandoval County, Total depth, 240 ft

(73 m); sampled interval, to toal depth; sample spacing, 5 £t (1.5 m),
Units penetrated--Menefee Formation {Cleary Coal Member), Principle
aquifer, Coal Bed, from 224 - 229 ft (68 - 70 m), Drilled April, 1978;
cuttings described by Steve Craigg, July, 1979 (see Plate 1),

DEPTH: ¥FT DESCRIPTICN
0.0 - 15.0 Interval missing,

CLEARY COAY, MEMBER OF MENEFEE FORMATION

15,0 - 20,0 SHALE--moderate yellowish-green (10GY6/4); noncalcar-
eous cement; moderately indurated; trace of plant
molds,

20,0 - 35,0 SHALE--dusky vellow green (5GY¥5/2); noncalcareous ce-

ment; moderately indurated,

35,0 - 50,0 SANDY SHALE--light gray (N7); trace of fine, subang-
ular, clear quartz grains; noncalcareous cement; mod-
erately indurated; trace of plant remains,

50,0 - 55,0 SILTY SHALE--light brownish-gray (5YR6/1); noncalcar-
epus cement; moderately indurated,

55,0 - 60,0 SILTY SHALE and Coal--SILTY SHALE, like Silty Shale
~from 50,0 ~55,0, Coal, black (N1); moderately indur-
ated; vitreous; blocky,

60,0 - 70,0 Interval missing,

70,0 - 90,0 SANDSTONE and Silty Shale--SANDSTONE, very light gray
(u8); grains fine, well sorted, subangular to sub~-
rounded; clear quartz and feldspar; clay matrix; cal-
cite cement; moderately indurated; trace of muscovite,
biotite, Silty Shale, like Silty Shale from 50,0 -
55,0,

90,0 - 100.,0 SANDSTONE and Coal--SANDSTONE, like Sandstone from
70.0 - 90.0, Coal, like Coal from 55.0 - 60.0.
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195.0

200,0

205.,0

CARBONACEOUS SHALE and SANDSTONE--CARDONACEOUS SHALE,
dark gray (N3); noncalcareous cement; moderately in-
durated; trace of carbonized plant remains, SANDSTONE,
iike Sandstone from 70,0 - 90,0,

SHALE--brownish gray (5YR4/1); noncalcareous cement;
moderately indurated.

COALY SHALE--dark gray (N3); noncalcareous cement;
moderately indurated; coal occurs in thin layers
along laminae planes,

SANDSTONE--very light gray (N3); grains very fine to
fine, well sorted, subangular to subrounded; clear
quartz and feldspar; clay matrix; noncalcareous ce-
ment; moderately indurated; trace of muscovite, bio-
tite, iron-oxide heavy minerals,

SHALE and Sandstone--SHALE, like Shale from 105,0 -
110,0, Sandstone, like Sandstome from 115,0 - 120,0,

CARBONACEOUS SHALE and Sandstone--CARBONACEQUS SHALE,
1ike Carbonaceous Shale frem 100,0 - 105,0, Sandstone,
like Sandstone from 115,0 - 120,0,

SANDSTONE--1like Sandstone from 115,0 - 120,0,

COAL and Sandstone--COAL, like Coal from 55.0 - 60,0,
Sandstone, like Sandstone from 115,0 - 120,0,

SHALE--brownish gray (5YR4/1); noncalcarcous cement;
moderately indurated; trace of carbonaceous material,

Interval missing,

SANDSTONE~~very light gray (N8); grains fine to mediom,
moderately well sorted, subangular to subrounded;
clear quartz and feldspar; clay matrix; noncalcareous

cement; moderately well indurated; trace of chert,
muscovite,

COAL and Sandstone-~COAL, black (N1); moderately in-
durated; vitreous; blocky; trace of amber, Sandstone,
like Sandstone from 175.0 - 190,0.

SANDSTONE--very light gray (N8); grains fine to medium,
moderately well sorted, subangular to subrounded;

clear quartz and feldspar; clay matrix; ncncalcareous
cement; moderately indurated; trace of chert, musco-
vite, carbonaceous material,

SANDSTONE and SHALE--SANDSTONE, like Sandstone from
195,0 ~ 200,0, SHALE, like Shale from 145,0 - 165,0,
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205,0 - 210.0 SHALE--like Shale from i-3,0 - 1o5.U,

210,0 - 215.0 COAL and Carbonaceous Shale--COAL, like Coal from
55,0 - 60,0, Carbonaceous Shale, 1ike Carbonaceous

Shalie from 100.0 - 105.0.

215.0 - 220.0 CARBONACEOUS SHALE--1ike Carbonaceous Shale from 100.0
- 105.0,

220.0 - 225.0 SANDSTONE--1light gray Chl) grains fine to coarse,
DooTLY S sorted, subDangud 1ar to well rounded; clear quart?
-nd feldspar: clay watrix: caleite cement; mode rataly
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225.0 - 230.0 COAL-~1like coal from 55.0 ~ 60,0,

230,0 - 240.0 SHALE--brownish gray (5YR4/1); silica(?) cement; well
indurated; brittle.




NMBMMR OBSERVATION WELL €1 (Wolf Stand 7.5 Quadrangle); NW%, NW, SWi,
Sec20, T18M, R3W, Sandoval County, Total depth, 170 ft (52 m); sampled
interval, to total depth; sample spacing, 5 ft (1.5 m); coal-bearing
intervais cored., Units penetrated--Menefee Formation ("Upper Member'').
Principle aquifer, Coal Bed, from 155 - 169 ft (47 - 5L m}, Drilled
September, 1978; cuttings described by Steve Craigg, July, 1979,

DEPTH: FT DESCRIPTION
0.0 - 10,0 Interval missing,

“UPPER MEMBER OF MENEFEE FORMATION™

-10,0 - 15,0 SHALE--olive gray (5Y4/1); silica(?) cement;
well indurated; trace of carbonaceous material,

15,0 - 25,0 STLTY SHALE--light brownish gray (5YR6/1); noncal-
careous cement; moderately indurated,

25,0 - 30.0 SILTY SHALE and Silty Sandstone--SILTY SHALE, like
Silty Shale from 15,0 - 25,0, Silty Sandstone, very
light gray (N8); grains very fine to fine, well sort-
ed, subangular to subrounded; clear quartz and feld-
spar; clay matrix; calcite cement; moderately indur-
ated; trace of muscovite, biotite,

30,0 40,0 SILTY SANDSTONE--like Silty Sandstone from 25.0 - 30,0,

40,0 ~ 45,0 STLTY SANDSTONE and Carbonaceous Shale--SILTY SAND-
STONE, like Silty Sandstone from 25,0 - 30,0, Carb-
onaceous Shale, dark gray (N3); noncalcareous cement;
moderately indurated; trace of carbonized plant re-
mains,

45,0 - 60,0 CARBONACEQUS SHALE and COAL--CARBONACEOUS SHALE, like
Carbonaceous Shale from 40,0 - 45,0, COAL, black (N1);
moderately indurated; vitreous; blocky,

60.0 -~ 70,0 CARBONACEOUS SHALE and COALY SHALE-~CARBONACEQOUS SHALE,
1ike Carbonaceous Shale from 40,0 - 45,0, COALY SHALE,
olive black (5Y2/1); noncalcareous cement; moderately
indurated; coal occurs in thin layers along laminac
planes,
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SYLTY SANDSTONE and SILTY SHALE--SILTY SANDSTONE | Ilike
Silty Sandstone from 25.0 ~ 30,0, SILTY SUALE, .ike
Silty Shale irom 15,0 - 25,0,

STLTY SHALE-~-like Silty Shale from 15,0 - 25,0.

SILTY SHALE and Shale--SILTY SHALE, like Silty Shale
from 15,0 -~ 25.0. Shale, medium gray (N5); noncal-
careous cement; moderately indurated,

SHALE and COALY SHALE--SHALE, like Shale from 85,0 -
90,0, COALY SHALE, like Coaly Shale from 60.0 - 70,0,

CARBONACEQUS SHALE and Silty Sandstone--CARBONACEGCUS
SHALE, medium dark gray (N4); noncalcareous cement;
moderately indurated; trace of carbonized plant re-
mains, Silty Sandstone, like Silty Sandstone from
25,0 - 30.0,

CARBONACEQUS SHALE--olive black (5Y2/1): noncalcareous
cement; poorly indurated; trace of carbonized plant
remians,

SHALE--brownish gray (5YR4/1); noncalcareous cement;
moderately indurated,

STLTY SANDSTONE and SILTY SHALE--STLTY SANDSTONE,
light gray (N7); grains very fine to fine, well sort-
ed, subangular to subrounded; clear quartz and feld-
spar; clay matrix; calcite cement; moderately indur-
ated; trace of carbonaceous material, SILTY SHALE,
grayish green (10GY5/2); silica(?) cement; well in-
durated.

CARBONACEQUS SHALE and COALY SHALE--CARBONACEOUS SHALE,
like Carbonaceous Shale from 95,0 - 100,0, COALY
SHALE, like Coaly Shale from 90.0 - 95,0,

COALY SHALE and COAL~~COALY SHALE, like Coaly Shale
from 90,0 - 95,0, COAL, like Coal from 45,0 - 60,0,

SILTY SANDSTONE and SILTY SHALE~-SILTY SANDSTONE, like
Silty Sandstone from 110.0 - 115,0., SILTY SHALE, like
Silty Shale from 15,0 - 25.0,

CARBONACEOUS SHALE and COALY SHALE--CARBONACEOUS SHALE,
like Carbonaceous Shale from 95,0 - 100,0, GCOALY
SHALE, like Coaly Shale from 90,0 - 95,0,

SILTY SANDSTONE and STLTY SHALE--SILTY SANDSTONE, like
Silty Sandstone from 25,0 - 30,0. SILTY SHALE, like
5ilty Shale from 15,0 - 25,0,
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150,0 - 155.0 SHALE and Silty Sandstone--SHALE, wedium dark gray
{(N4); silica(?) cement; well indurated; trace of
plant molds., Silty Sandstone, like 5ilty Sandstone
from 25,0 - 30.0.

155,0 - 160,0 CCAL and Coaly Shale--COAL, like Coal from 45,0 - 60,0,
Coaly Shale, like Coaly Shale from 90.0 - 95,0,

160.0 - 165,0 COAL-~1ike Coal from 45,0 - 60.0,

i65.0 - 170,0 COAL and Carbonaceous Shale--COAL, like Coal from 45.0
- 60,0, Carbonaceous Shale, like Carbonaceous Shale
from 95,0 - 100.0

COMMENTS

Although labeled as a core hole, only the coal-bearing intervals were
cored; these descriptions are included with the cuttings descriptions,

Tt



e e S B A A e L i

NMBMMR DRILL HOLE R13 (Cerro Parido 7.5' Quadranmgle); SWk, NWY, NW,
Sec 26, T16N, R5W, McKinley County, Total depth, 230 ft (70 m); sam-
pled interval, to total depth; sample spacing, 10 ft {3 m}, Units
penetrated--Menefee Formation (Cleary Coal Member}, Point Lookout Sand-
stone, Drilled May, 1978; cuttings described by Steve Craigg, July,
1979,

DEPTH: FT DESCRTIPTION

CLEARY COAL MEMBER OF MENEFEE FORMATION

0.0 - 10.0 STLTY SANDSTONE and Shale--STLTY SANDSTONE, grayish
yellow green (5GY7/2); grains very fine to medium,
moderately well sorted, subangular to rounded; clear
quartz and feldspar; clay matrix; silica{?) cement;
well indurated; trace of muscovite, Shale, grayish
green (5G5/2); noncalcareous cement; poorly indurated;
crumbly; trace of carbonaceous material,

10,0 - 40,0 SHALE--~1like Shale from 0,0 - 10,0,

40,0 - 50,0 COAL and Shale--COAL, black (N1); moderately indur-
ated; vitreous; blocky; trace of amber, Shale, like
Shale from 0,0 - 10,0,

50,0 - 60,0 COAL~-1ike Coal from 40.0 - 50.0.

60,0 ~ 70,0 SHALE--grayish green (10G4/2); silica(?) cement; well
indurated; brittle,

POINT LOOKOUT SANDSTONE

70,0 - 90,0 SANDSTONE--vellowish gray (5Y8/1); grains fine to med-
jum, moderately well sorted, subangular to subrounded;
clear quartz and feldspar; clay matrix; calcite cement;
poorly indurated; trace of chert, muscovite,

90,0 - 100.0 SANDSTONE--pinkish gray (5YR8/1); grains fine to coarse,
poorly sorted, subangular to rounded; clear quartz and
feldspar; clay matrix; calcite cement; moderately in-
durated; trace of chert, muscovite,
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100,0 - 140,0
140,0 - 150,0
150.0 170.0
170,0 - 180.0

180,0 -~ 230,0

COMMENTS
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SANDSTONE--pinksih gray (5YR8/1); grains very fine to
medium, moderately weel sorted, subanguiar to subround-

ed; clear quartz and feldspar; clay matrix; noncalcar-
eous cement; poorly indurated; trace of chert, mus-
covite, biotite, iron-oxide heavy minerals,

SANDSTONE--grayish pink (5R8/2); grains very fine to
fine, well sorted, subangular to subrounded; clear
quartz and feldspar; clay matrix; nocalcareous cement;
moderately indurated; trace of muscovite, biotite,

Interval missing.

SANDSTONE and Shale--SANDSTONE, light olive gray
(5Y6/1); grains very fine to fine, well sorted, sub-
angular to subrounded; clear quartz and feldspar;
clay matrix; calcite cement; moderately indurated;
trace of muscovite, Shale, brownish gray (5YR4/1)
silica(?) cement; well indurated; brittle,

Interval missing.

Electric log shows top of Point Lockout Sandstone at approximately 67 ft
(20 m), where major sandstone interval begins,

Approximate depth of penetration into the Point Lookout Sandstone is

160 ft (49 m).

vt i enn e
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NMEMMR DRILL HOLE R42 (Arroyo Empedrade 7.5 Quadrangle); SWk, SEY, NWi,
Secl?, T17N, R3W, Sandoval County, Total depth, 250 ft (76 m); sampled
interval, to total depth; sample spacing, 5 ft (1.5 m), Units penetrated--
Aliuvium(?), Menefee Formation (Allison and Cleary Coal Members). Drilled
July; 1978; cuttings described by Steve Craigg, July, 1979 (see Plate 1).

DEPTH: FT DESCRIPTION
ALLUVIUM(?)
0.0 - 10,0 SAND--yellowish gray (5Y7/2); grains fine to coarse,

poorly sorted, subangular to rounded; clear quartz and
feldspar; trace of chert, muscovite,

ALLISON MEMBER OF MENEFEE FORMATION

16,0 - 20,0 SANDSTONE and Shale~-SANDSTONE, light brownish-gray
(5YR6/1); grains fine to medium, moderately well sort-
ed, subangular to subrounded; clear guartz and feld-
spar; clay matrix; calcite cement; well indurated;
trace of chert, muscovite., Shale, light olive gray
(5¥5/2); silica(?) cement; well indurated, brittle,

20.0 - 30.0 SHALE~-like Shale from 10.0 - 20.0.

30.0 - 40.0 SANDSTONE and SHALE--SANDSTONE, like Sandstone from
10.0 - 20.0. SHALE, like Shale from 10.0 - 20.0.

40.0 - 45.0 SANDSTONE--1like Sandstone from 10.0 - 20.0.

45.0 - 60.0 SHALE--medium light gray (H6); silica(?) cement; mod-
erately indurated.

60.0 - 75.0 SANDSTONE--1ike Sandstone from 10.0 - 20.0.

75.0 - 80.0 SHALE and Sandstone--SHALE, like Shale from 45.0 -

60.0. Sandstone, like Sandstone from 10.0 - 20.0.

80.0 - 100.0 SILTY SANDSTONE-~light gray (N7); grains fine to med-
ium, moderately well sorted, subangular to subrounded;
clear quartz and feldspar; clay matrix; calcite cement;
moderately indurated.
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CLEARY COAI MEMBER OF MENEFEE FORMATION

105.0 CARBONACEOQUS SHALE——brownish black (5YR2/1); non-
calcareous cement; moderately indurated; trace of
‘carbonized plant remains.

100.0°

105.0 - 115.0 CARBONACEQUS SHALE and COAL--CARBONACEOUS SHALE, like
Carbonaceous Shale from 100.0 — 105.0. COAL, black
(N1); moderately indurated; vitreous; blocky.

105.0 -~ 135.0 CARBONACEOUS SHALE--like Carbonaceous Shale from 100.0
- 105.0.
135.0 - 145.0 SANDSTONE--light gray (N7); grains fine to medium,

moderately well sorted, subangular to subrounded;
clear quartz and feldspar; clay matrix; noncalcar-
eous cement; poorly indurated.

145.0 - 155.0 SHALE and Sandstone-—SHALE, light brownish-gray (5YRE/1);
silica(?) cement; well indurated. Sandstone, like
Sandstone from 135.0 - 145 0.

155.0 - 170.0 SANDSTONE--1ike Sandstone from 135.0 - 145.0.

170.0 - 185.0 SHALE and Sandstone-—SHALE, greenish gray (5GY6/1);
silica(?) cement; well indurated. Sandstone, like
Sandstone from 135.0 - 145.0.

185.0 - 205.0 SANDSTOWE and CARBONACEQUS SHALE--very light gray (N8);
crains fine to coarse, moderately sorted, subrounded to
rounded; clear quartz and feldspar; clay matrix; cal-
cite cement; well indurated; trace of chert, muscovite.
CARBONACEQUS SHALE, like Carbonmaceous Shale from 100.0

- 105.0.
205.0 - 210.0 SANDSTONE~-like Sandstone from 185.0 - 205.0.
210.0 - 220.0 SANDSTONE and CARBONACEQOUS SHALE--SANDSTONE, like Sand-

atone from 185.0 — 205.0. CARBONACEOUS SHALE. like
Carbonaceous Shale from 100.0 - 105.0.

220.0 250.0 SANDSTONE--1like Sandstone from 185.0 - 205.0,

COMMENTS

Contact between Allison and Cleary Coal Members is placed at the first
appearance of carbonaceous shales and coals.
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APPENDIX ¥

METHODS OF CONSTRUCTING, DEVELOPING, AND TESTING WELLS

The study area overlapped in part with the recent NMBMMR Torreon Wash
coal project area (Fig. F-1; Tabet and Frost, 1979). During test drilling intc
coal-bearing zones it was possible to arrange for the completion of five
water observation wells. Three of these wells were completed in the Point
Lookout Sandstone and two were complered in coal beds of the Menefee Forma-
tion. Original plans had called for the completion of seven wells, with two
additional wells to be completed in a shale/claystone, and a channel sandstone
of the Menefee. Geologic and hydrologic conditions encountered during drill-
ing, however, did mot permit these two additiomal wells to be completed. The
general approach to construction of the wells is shown in Figure F~2, whereas,
details concerning location and construction of specific wells is given
Table F-1.

Before aquifer tests could be performed, it was necessary to clean out
the drilling mud and develop the wells. This was accomplished by blowing air
into the casing with a Smith 150-cubic-feet-per-minute air compressor and a
one-inch-diameter plastic air hose. During the cleaning and developing phase,
air was blown into the holes for several minutes. Surging was accomplished
by alternating periods of ajr hlowing with periods of shut-down. Duving
shut—down, the water levels were allowed to recover for several minutes, then
air was again blown into the holes. Each well was cleaned and developed in
this manner for at least three hours. Developing was stopped when the water
¢tleared and when a constant specific conductance was attained. Figure F-3
{llustrates the drilling, cleaning, and developing phases of the program.

Aquifers tests were conducted by one or more of the following methods:

1) Bailer method (Fig. F-4A); A 0.65-pgallon plastic bailer
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Figure F-1.

Relationship of study area to NMBMMR Torreon Wash
coal project area (cross-hatched), and locations of observa-
tion wells.
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Figure F-3. Drilling, cleaning, and development phases of the observation
well program. A) NMBMMR drill rig and crew at observation well Cl; well
is completed in 4.2-m (13.7-ft)-thick coal bed in "Upper Member" of the
Menefee Formation (photo taken from NW4, SW&, Sec20, T18N, R3W).

B) Scott Anderholm (New Mexico Tech graduate student, now with USGS, WRD
Albuquerque) assisting in cleaning and developing obgervation well RI13
(now abandoned). Note 150~cubic-feet-per-minute air compressor, hose,
and water blowing from top of 2.5-inch-diameter plastic casing (photo
taken from NWh, NWi, Sec26, T16N, R5W). C) Author demonstrating method
of keeping air hose in hole after compressor is first turned on.

Black fluid on ground is oil; water has strong hydrogen sulfide odor
(photo by Scott Anderholm at observation well CI1).

b
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Figure F-4. Aquifer-test phase of the observation well program. A) USGS,
WRD personnel demonstrating bailer method at observation well R21; well
is completed in the Point Lookout Sandstone. Note tripod assembly and
gasoline~powered winch in truck bed (photo taken from SEZ, SEL, Secl8,
TL7N, R4W). B) Scott Anderholm and author demonstrating swabbing
method at observation well Cl. Note swabbing mandrel with rubber discs
hanging from tripod assembly, T-bar faucet assembly and can for mea-
surlng discharge, and gasoline-powered winch in truck bed {photo taken
from NWL, SWi, Sec20, T18N, R3W). C) Method of measuring discharge dur-
ing swabbing test. Column of water raised from well by swabs is diverted
into T-bar faucet assembly and out into graduated can.
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was lowered into the well below the water level
and raised back up with a gasoline-powered winch.
Average discharge was measured by counting the
aumber of bailers and dividing the total volume
of water withdrawn by the elapsed time. Bailing
was discontinued when a reasonable drawdown was
attained. Residual drawdown was then measured
by conventional techniques.

2) Swabbing method (Fig. F-4B, F-4C); This method
utilized a specially constructed steel mandrel
with sliding, 2-inch-diameter rubber discs mount-
ed on it. The swabbing tocl was lowered inte the
well below water level and raised back up with
the winch. The rubber discs raised a column of
water from the well, about 5 - 10 gallons. The
average discharge was measured by dividing the
the volume of water discharged into a graduated
can by the elapsed time. After a reasonable
drawdown was attained, recovery was measured by
conventional techniques.

3) Instananeous Recharge or "Slug Method" described
by Lohman (1972, p. 27); In this method a known
volume of water (5 gallons) was poured into the
well. The rate at which the water level returned
to static level was then measured.

The results of the aquifer tests are given in Appendix G.




APPENDIX G

RESULTS OF AQUIFER TESTS

Aquifer tests were conducted on each of the five KMBMMR
observation wells by one or more of the field methods described in
Appendix F. The results of these tests are summarized in Table G-1.
Data from the tests were analyzed by the Instantaneous Discharge ox
Recharge "Slug Method" of data analysis, a type~curve matching given
by Lohman (1972, p; 27-29), Variables used in the data analysis are

the following:

t = time (minutes) since injection or removal of "slug";

r = radius of casing (0.083 ft for all wells);

head inside well above or below initial head

at instant of injection or removal of "slug" (i.e.
at t = 0, or the positive difference between
static water level and water level at instant
"slug' is injected into well);

H

H = head inside well at time t after injection or

removal of "slug' above or below initial head

(i.e. the positive difference between static

water level and consecutive water level

measurements, at a time t).
Data points are plotted on semilogarithmic graph paper. The quotient
H/HO is plotted on the arithmetic scale of the graph, and time t is
plotted on the logarithmic scale (note that H/Ho is always 1.0 or
less, and that it is a dimensionless ratio, and therefore is
independent of units of measurements used in the field). The data
curve is superposed on a best-fit type curve by the usual curve-

matching procedure (Lohman, 1972, Plate 2). A match point is chosen

for the value of t on the data curve, and for the wvalue of Tt/r% on
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the type curve ( a match point for H/HO is not neecded ). The
. . . . ‘ ] 2
transmissivity is then approximated by the equation, 1 = Tt/ra/t,
where_Tt/r% is the match point on the type curve a t is the match point
on the data curve. Transmissivities were computed in units of ftz/d,
2
and then were converted to m“/d.

in the following sections, the procedure will be to give both a

summary table and data curve for aquifer tests conducted on each

observation well.
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Table G-2. Summary of field data from Bailing Test conducted on
observation well RZ17. Aquifer = Point Lookout Sandstone, rate =
0.02 1/s (0.27 gpm), drawdown = 5.37 m (17.6 ft). Theoretical
Ho'= 20.3 ft, by projection of recovery curve,

t jsh
{minutes) ' (ft) . H/H,
4 17.40 0,86
3 16 .80 0.83
&4 16.70 0.82
5 16,54 . 0.81
6 15,90 0.78
7 15.70 . 0.77
12 14,85 0,73
17 13.03 0.64
29 12.06 0.59
38 10,84 0.53
47 9.80 0.48
62 8.60 0.42
87 6.60 0.32

1
Aquifzg test performed by USGS, WRD personnel, 7-27-78 (see Tig F-4A,
p. 242).
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Table G-3. Summary of field data from ITstantanoous Recharge "Slug"
Test conducted on observation well R21*., Theoretical Ho = 7.54 f¢t,
by pouring 5 gal water into well,

: t "
(minutes) C(fe) H/H
i i 5,92 0,79
§ 2 6.00 0.80
; 3 5,96 0.79
% 4 5,88 0.78
: 5 5.88 0.78
6 5.69 0.76
7 5.67 0.76
8 5,65 0.75
9 5.69 0.76
10 5.67 0.76
12 5,57 0.74
14 5,52 0.74
16 5.44 : 0,73
18 : 5.36 0.71
20 5.27 0.70
" 22 5,17 0,69
24 - 5.13 0.68
26 5.00 0.67
28 4,92 0.66
30 4,86 0.65
35 4,67 0.62
40 4,48 0.60
45 4,26 0.57
50 4,09 0.54
55 3.96 _ 0.53
60 3.77 0,50
70 3,50 0.47
80 ' 3.26 0.43
90 2.94 0.39
100 2.79 0.37
110 2.60 0.35
120 2,38 0.21
135 2.17 0,29
150 1,96 : 0.26
165 1.77 . 0.24
180 : 1.59 0.21
210 1.27 0.17
240 0.96 0.13
270 0.68 0.09
300 0.45 _ 0,06
330 0.08 0.01

1Aquifer test performed by S. D. Craigg, 6-23-79.
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Table G-4. Summary of field data from Swabbing Test conducted on
observation well R23%. Aquifer = Foint Lookout Sandstone, ratc =
0.07 1/s (1.1 gom), drawdown = 1,25 w (4.1 ft). Theoretical
H, = 4,45 ft, by projection of recovery curve.

t H ,
(minutes) (£t) . H/HO
10 4,05 0.91
15 3.83 0.86
17 3.79 0.85
19 3.75 0.84
20 3,75 0.84
z1 3,71 0,83
23 3,67 0,82
25 3.67 0.382
27 3.67 0.82
26 3.62 0.81
30 3.58 0.80
315 3.55 0.80
40 3.57 0.80
45 3.55 0.80
50 3.51 0.79
55 3,48 0.78
60 3.45 0.77
i : 70 3.43 0.77
80 3.38 0.76
90 3.33 0.75
106 - 3.32 0.75 .
120 3.30 0.74
150 3.25 0.73
18¢C 3,19 0.72
210 3.28 0.74
240 3.00 0.67

1Aquifer test performed by S. D, Craigg and Scott Anderholm, 8-31-78.
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Table ¢-5. Summary of field data from Swabbing Test conducted on
observation well RE&I. Aquifer = Point Lookout Sandstone, rate =
0,09 1/s (1.4 gpm), drawdown = 1l.4 m (37.4 ft). Theoretical
HO = 37.7 ft, by projection of recovery curve.

i . t ' H

] 4 (minutes) (ft) H/H,
1 37.40 0.99

2 37.00 G.98

3 36.91 0.98

4 36.69 0.97

5 36.52 0.97

6 36.24 0.96

7 36.03 0.95

8 35,72 0.94

9 35.55 0.94

10 35.32 0.93

16 33.89 0.90

21 32.80 0.87

26 31.92 0.84

31 31.04 0.82

46 28.71 0.76

| ; 61 26.69 0.70
| : 76 24.70 0.65
) ; 91 23.03 0.61
(T 106 21.42 0.57
i : 121 20.11 0.53
y E 151 17.88 0.47
i 181 16.10 0.43
; 211 14.31 0.38
! 241 12.89 0.34
: 446 7.30 0.19
| & 806 5.5 0.15

1Aquifer test performed by S. D. Craigg and Scott Anderholm, -4, 5-79.
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Table G-6. Summary of ficld data from Swabbing Test conducted on
observation well RJZl. Aquifer = Cleary Coal Member of Menefee
Formation (coal bed), drawdown = 23.2 m (76 ft), rate = 0.09 1/s
(1.4 gpm). Theoretical HO = 75.8 ft, by projection of recovery

curve.
t H
{minutes) (ft) H/HO
6 75.67 0.998
7 ' 75,55 0.997
8 75.34 0.994
3 75.50 0.996
10 75.50 . 0.996
11 75.42 0,995
12 75.46 0.996
13 75.46 0.996
14 75.44 0,995
i5 75.38 0.9%4
i6 75.42 0.995
21 : 75.38 0.994
5 26 75.25 0.993
31 75.17 0.992
3 36 75.17 0.992
41 75.13 0.991
51 75.09 0.991
31 74.50 3.983
111 75.21 0.979
141 73.36 0.968
171 73.67 0.972
201 73.42 0.969
231 73.13 0,965
A{ 291 72,52 0,957
oy 321 72.42 0.955
3 351 72.17 0.952
{ 381 71.88 0.948
léquzfer test performed by 8, D, Craizs and Scott Anderholm, 9-2%-
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Table G-7. Summary of field data from Instantancous Recharge "Slug”
Test conducted on observation well Cli. Aquifer = "Upper Member!
of Mencfee Formation (coal bed}. Theoretical H = 7.54 ft, by
pouring 5 gal water into well. ©

£ H ,
i {minutes) (ft) . H/HO
: 1 3.01 0.40
2 2.33 0.31

3 1.42 0.19

4 0.95 0.13

5 0.57 0.08

6 0.40 0.05

7 0.31 0.04

8 0.28 0.04

9 0.24 0.03

10 0.24 0.03

12 ’ 0.20 0.03

14 0.12 0.02

16 0.10 0.02

18 0.12 0.02

20 0.07 0.01

22 0.07 .01

24 0.04 . 0.00

26 0.04 0.00

28 0.03 0.00

30 0.02 0.00

35 0.00 0.00-

1
Aquifer test performed by S, D. Craigg, 6-27-79.
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APPENDIX H

RECORDS QOF WELLS AND SPRINGS

Seventeen wells and nineteen springs in the area were inventoried.
Depth to water and total depth in accessible wells was measured with a
steel tape. Pumping yields on wells equipped with windmills were
measured with a stopwatch and 2-gallon bucket. Discharge from springs
was estimated. When possible, water samples were obtained from each
well and spring inventoried.

Wells and springs are reported separately in two tables (Tables H-1,
H-2). The five observation wells completed by the NMBMMR are reported
in Table H-1 and are also discussed in Appendices F and G. Wells and
springs which were not visited are not reported in the tables, Wells
outside the study area are not reported, but their locations and other

pertinent data are specified in the text of the paper.

S e
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APPENDIX T

RESULTS OF CHEMICAL ANALYSES OF WATER SAMPLES

A1l chemical analyses of water were performed by the NMEMMR.
Total-dissolved-solids contents of less than about 7,000 ppm are
numerically equivalent to contents in milligrams per liter (mg/L).
Chemical analyses of well watiers and spring waters are given in two.
separate tables (Tables I-1 and I-2, respectively). Abbreviations for
major dissolved ions include, HCO3 = bicarbonate, Cl = chloride,

SO4 = gulfate, Na = sodium, K = potassium, Mg = magnesium, Ca = calcium,

and TDS = total-dissolved-solids content.
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APPENDIX J

DATA REDUCTTION FOR PIPER DIAGRAMS

Chemical data were reduced for plotting on FPiper Diagrams by
means of a computer program {(on file at NMBMMR). Input consisted of
raw concentrations, in equivalent parts per million (epm), of the
cations calcium, magnesium, and sodium plus potassium, and of the
anions carbonate plus bicarbonate, sulfate, and chlorine. Output is
in the form of a table (Table J-1) giving the sample number, raw data,
and percentages of the ions for plotting purposes. Location and
identification of all samples are given in Appendix H. Abbreviations

for the dissolved ions are given in Appendix I. Piper Diagrams

appear with discussions of the aquifers.
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APPENDIX K

SOURCE OF SUBSURFACE DATA

Electric logs from drill holes were used to select formation tops,
obtain thicknesses, aid in construction of the regional cross—section
(Plate 2), and to derive general information on rock types. These logs,
along with other pertinent information derived from them, are listed be-
low. All the logs are on file at the NMBMMR.

The general procedure for describing ecach log is the following:

+i11l hole number or name, Company oY Agency,
legal description; ground elevation; forma-
tion in which hole was spudded; formation tops.
date drilled.

The following wells and data were used in constructing the regional
cross—section (Plate 2). Numbers correspond to those on the cross sgction.

1. {#1 Federal Tract 16, Hughes and Hughes, McKinley
County, 1,980 FSL, 698FWL, Sec8, T16N, R5W;
ground elevation, 1,990 m (6,523 ft); spudded
in Cleary Coal Member, Menefee Formation; top
of Point Lookout Sandstone, 107 m (350 ft);
top of Satan Tongue, Mancos Shale, 188 m (615
£t): top of Hosta Tongue, 271 m (890 ft); top
of Mulatto Tongue, Mancos Shale, 281 m (920
ft); top of Gallup Sandstone, 421 m (1,380 ft).
drilled, 7/20/66.

2. Cabezon #1, Refiner's Petroleum, Sandoval County,
1,980 ¥NL, 1,980 rEL, Seczd, T17N, R&4W; ygrouud
elevation, 1,959 m (6,423 ft); spudded in Al-
lison Member, Menefee Formation; top of Point
Lookout Sandstone, 180 m (590 ft); top of Satan
Tongue, Mancos Shale, 237 m (778 fr); top of
Dakota Sandstone, 804 m (2,635 ft); top of
Morrison Formation, 848 m (2,780 ft). drilled,

- 6/21 - 7/20/71.



3.

4.

5.

]
o
o

¥. F. Kelly State #1, Plymouth Oil Company, San-
doval Countyv, 660 FNL, 1,980 FEL, Sec32, T18N,
R4W; ground elevation, 1,977 m (6,482 ££); spud~
ded in "Upper Member', Menefee Formation; top of
Point Lookout Sandstone, 359 m (1,178 ft); top
of Mancos Shale, 396 m (1,298 ft): top of Dakota
Sandstone, 1,003 m (3,290 ft); top of Morrison
Formation, 1,049 m (3,440 ft). drilied, 4/13 -
5/21/53.

Torreon #1, Reynold's Mining Company, Sandoval
County, 1,980 FSL, 660 FWL, Sec 22, T18N, R&W;
ground elevation, 1,943 m (6,372 ft); spudded in
"Upper Member', tenefee Formation; top of Point
Lookout Sandstone, 379 m {1,243 ft); top of Man-
cos Shale, 406 m (1,332 ft); top of Dakota Sand-
stone, 1,031 m (3,380 ft); top of Morrison For-
mation, 1,075 m (3,525 ft). drilled, 2/1/56.

Ann #14, Kreatschman and Stowe, Sandoval County,
560 FNL, 1,980 FWL, Sec3im T18N, R3W; ground
elevation, 1,970 m (6,459 fr); spudded in "Up—
per Member', Menefee Formation; top of Point
Lookout Sandstone, 299 m (980 £+); top of Man-
cos Shale, 323 m (1,060 ft); top of Dakota Sand-
stone, 939 m (3,080 ft); top of Morrison Forma-
tion, 982 m (3,220 ft). drilled, 8/3/67.

The following wells and data were used to construct thickness

depth to top maps (Fig. 18, p. 47 and Fig. 19, p. 49%.

R1l Torreon, NMBMMR, McKinley County, SE+, NWL,
Sec29, TI6N, R5W; ground elevation, 1,993 m
(6,535 ft); spudded in Cleary Coal Member, Mene-—
fee Formation; top of Point Lookout Sandstene,
15 m (50 ft). drilled, 5/24/78.

R12 Torreon, MNiBIMR, McKialey County, MWL, NEL
Sec2l, T16N, R5W; ground elevation, 1,989 m
(6,520 ft); spudded in Cleary Coal Member, Mene-
fee Formation; top of Point Lookout Sandstone,
20 m (66 £t), drilled, 5/29/78.

R13 Torreon, NMBMMR, McKinley County, SWE, NWH,
Sec26, TLEN, R5W; ground elevation, 2,022 m
(6,630 ft); spudded in Cleary Coal Member, Mene-
fee Formation; top of Point Lookout Sandstone,
20 m (66 fr). drilled, 5/17/78.

and
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R23 Torrecn, NMBMMR, Sandoval County, SWi, SWL,
Sech, TI6N, RA4W; around elevation, 1,900 m
(6,230 fr); spudded in Cleary Coal Member,
ﬁ Menefee Formation; Lop of Point Lookout Sand-
! stone, 55 m (180 fr). drilled, 6/20/78.

R24 Torreom, NMBMMR, McKinley County, SE&, NE%,
Sec2, T16N, R5W; ground elevation, 1,934 m
(6,340 ft); spudded in Cleary Coal Member,

Ty Menefee Formation; top of Point Lookout Sand-—

stone, 54 m (177 ft). drilled, 6/22/78.

R32 Torreon, NMBMMR, Sandoval County, NWe, SEE,
Sec23, T17N, R4W; ground elevation, 1,382 m
(6,170 fr); all in Menefee TFormation. drilled,
4/19/78.

R33 Torreon, NMBMMR, Sandoval County, SWE, NWEL,
Sec3l, T17N, R3W; ground elavtion, 1,915 m
(6,280 ft); spudded in Cleary Coal Member,
Menefee Formation; top of Point Lookcut Sand-
stone, 32 m (105 ft). drilled, 4/19/78.

R42 Torreon, NMIMMR, Sandoval County, SWL, NWE,
Secl7, T17N, R3W; ground elavtion, 1,902 m
(6,235 ft); all in Menefee Yormation. drilled,
7/7/78.

¢S5 Torreon, NMBMMR, Sandoval County, NWE, NW&,
Sec5, TL7N, R4W; ground elevation, 1,364 m
(6,110 ft); not logged (core hole); spudded
in Cleary Coal Member, Menefee Formation; top
of Point Lookout Sandstone, 45 m (147 ft).
drilled, 5/78.

C6 Torreom, NMBMMR, McKinley County, NEL, NWx,
Secl7, T16N, RS5W; ground elevation, 1,949 n
(6,390 ft); not logged (core hole); spudded
in Cleary Coal Member, Menefee Formation; LoD
of Point Lookout Sandstone, 43 m (140 ft).
drilled, 7/78.

1C~1, Pioneer Nuclear, Inc., Sandoval County,
NW#, SEF, Sec34, TL6N, R4W; ground elevation,
2,173 m (7,125 ft); spudded in Cleary Coal Mem-—
ber, Menefee Formation; top of Point Lookout
Sandstone, 112 m (367 ft); top of Mancos Shale,
135 m (442 ft). drilled, 1975(7).
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#2 Federal Tract 15, Hughes and Hlughes, McKinley
County, 1,660 FSL, 1,980 FiL, Secll, TLOM, R5W:
ground elevation, 1,936 m (6,340 fr); spudded in
Cleary Coal Member, Menefee Formation; top of
Point Lookout Sandstone, 24 m (78 ft); top of
Mancos Shale, 65 m (212 ft). drilled, 7/16/66.

1¢-11, Pioneer Nuclear, Inc., McKinley County,
SWi, NWE, Sec32, T16N, ROW; ground elevation,
2,031 m (6,660 f£); spudded in Cleary Coal Mem~—
ber, Menefee Formation; top of Point Lookout
Sandstone, 3L m (102 ft); top of Mancos Shale,
95 m (312 ftr). drilled, 1975(7).

Torreon Core Hole #2, Tenneco 0il Company, San-—
doval County, SEF, NWk, Sec5, TL7N, R3W; ground
elevation, 1,954 m (6,408 ft); spudded in Allison
Member, Menefee Formationj top of Point Lookout
Sandstone, 261 m (854 ft); top of Mancos Shale,
292 m (956 ft). drilled, 5/23/67.

Sandoval Federal #1, Sun 01l Company, Sandoval
County, 330 FSL, 990 FWL, Sec24, TL8N, R3W
ground elevation, 2,001 m (6,562 ft); spudded in
"Upper Member', Menefee Formation; top of Point
Lookout Sandstone, 336 m (1,102 ft); top of Man-
cos Shale, 367 m (1,204 ft); top of Dakota Sand-
stone, 1,000 m (3,280 ft); top of Morrison For-
mation, 1,043 m (3,420 ft). drilled, 6/9/71.

Torreon Core Hole #7, Tenneco 0il Company, Sandoval
County, 910 FNL, 1,190 TWL, Sec34, TL8N, R3U;
ground elevation, 1,972 m (6,466 ft); spudded in
Allison Member, Menefee Formation; top of Point
Lookout Sandstone, 261 m (856 ft); top of Mancos
Shale, 292 m (957 ft). drilled, 8/7/68.

Glazebrook #1, Bernard King,McKinley County, 990 FSL,
990 TFEL, Sec25, T18N, R5W; ground elevation 2,077 m
(6,810 fr); spudded in C1i€f House Sandstone; ron of
Point Lookout Sandstone, 457 m (1,500 ft); top of
Mancos Shale, 497 m (1,630 ft). drilled, 5/12/57.
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RESULTS OF CORE ARALYSES

Five core sampies from two of the NMBMMR Torreon coal test-holes
(C5, C6) were analyzed commercially (by Core Laboratories, Inc.,
Farmington) for porosity and horizontal and vertical permeabilicy.
Three of the samples were taken from the Point Lookout Sandstone, and
two were taken from channel sandstones in the Menefee Formation (Cleary

Coal Member). Results of these hydrologic tests are summarized in

Table L-1.
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