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ABSTRACT

The Cuba Quadrangle is on the extreme eastern gide
of the San Juan Basin with parts of the area in the San Pedr
Mountain and on the extreme southwestern flank of the Chama
RBasin. The area has a semiarid climate and water is an
important factor in controlling the development of the area.
Presently most surface water has been appropriated leaving
ground water the major source of future water supplies.
Because of the geoiogic structure of the area the
ground-water potential is good. Presently terrace gravels,
alluvium, the Cuba Mesa Member of the San Jose Formation anc
the Poleo Sandstone Member of the Chinle Formation are the
major aquifers being utilized. The quantity of water which
may be produced from terrace gravels and alluvium is limitec
but the quality of water obtained from them generally
contains less than 608 ppm total dissolved solids. The Cube
Mesa Member of the San Jose and the Poleo Sandstone Member
the Chinle are the most extensively developed aquifers.
Proper well construction and sanitation are very important
obtaining good gquality water from these aquifers. The Ojo
Alamo Sandstone is used to a limited extent as an aquifer b
generally it yields water which is very high in sulfate.
Potential aquifers which are not presently developed but
would be expected to yield significant quanities of potable
water are the Cliff House Sandstone, Point Lookout Sandstone

Dakota Sandstone, and Madera Formation.
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Many of the aquifers are recharged by infiltration
of precipition and snow-melt, and to a lesser extent by bed

loss from the many streams in the area. Much of this water
moves through the area and does not discharge in the study

area.
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INTRODUCTION

The San Juan Basin is an energy-resource-rich area which
is presently being developed. Near Grants and Gallup, New
Mexico, large deposits of uranium are being mined and further
exploration is discovering new deposits. Coal is being mined
in many areas in the basin and other coal reserves have been
discovered and mines proposed. Because the basin has a
semiarid climate, water is an important factor in controlling
the development of these resources. Presently most surface
water has been appropriated leaving ground water the major
source of future water supplies.

In 1974 the New Mexico Bureau of Mines and Mineral
Resources, the United States Geological Survey, and the New
Mexico State Engineer engaged in a study of the San Juan
Basin's hydrogeology and water resources. The Bureau's
responsibility in this study is to evaluate the hydrogeology
of the Basin. To complete this each aquifer was studied at a
regional scale, cross sections were prepared, and the
petrography of selected rock units was studied. In addition
to the regional portion of this study four
15'-quadrangle—-sized areas were studied in detail to evaluate
the hydrogeology and water resources on a local scale. The
location of each quadrangle was chosen so a unique situation
or problem in the basin could be studied.

The purpose of this investigation was to study in detail

the hydrogeology and water resources of the Cuba 15'



Quadrangle. This area was picked because the hydrogeology
and water resources of the eastern side of the San Juan Basi
had not been studied in detail for quite some time and
because of the expected increase in population due to the
development of energy resources in the area. The specific
objectives of this study were to evaluate the ground-water
potential of the many aquifers in the area and to estimate
the effect San Pedro Mountain may have in contributing

recharge to the Basin.

LOCATION

The Cuba 15' Quadrangle is located in southwestern Rio
Arriba County and in northwestern Sandoval County (fig. 1).
The area is bounded by latitudes 36 and 36° 15 North and
longitudes 106°45  and 187°West. The area contains the San
Pedro Wilderness Area and is composed mainly of U. S. Forest
Service land but also contains private land and the towns of
Cuba, La Jara, Regina, Gallina, and Capulin. The area is on
the extreme eastern side of the San Juan Basin with parts of
the area in the San Pedro Mountain and on the extreme

southwestern flank of the Chama Basin.
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APPROACH AND METHODS

The study is based on geologic and hydrologic data
collected in the field, water quality and petrographic data
obtained in the laboratory, and published data compiled from
the literature on the area.

In the field, the geology was studied by checking
existing maps, mapping the unmapped part of the area (Regina
7.5' Quadrangle), measuring five stratigraphic sections
(Appendix A), and collecting representative rock samples of
the major aquifers. The water resources of the area were
studied by talking with local residents to get a better
understanding of the availability of water and water quality
problems in the area. Thirty-one water samples were
collected from selected wells and springs. Where possible,
depth to water and the depth of the wells were measured
(Appendix D).

In the laboratory, seven rock samples were studied in
thin section with a petrographic microscope (Appendix B) and
ten samples were disaggregated and their texture analyzed
with sieves and hydrometer (Appendix C). Thirty-one wakter
samples were chemically analyzed for major dissolved
constituents by the New Mexico Bureau of Mines and Mineral
Resources Chemistry Laboratory (Appendix E). Six well logs
were examined as an aid in drawing geologic cross—sections

and estimating individual formation thicknesses (Appendix F).



A search through the existing literature dealing with
the geology and water resources of the area was carried out.
This yielded much information of the physiography, geology,
hydrology, and water resources of the area.

Most quantitative information in this report is given in
metric units, followed by British equivalents in parentheses.
The conversion factors used in this report are presented in
Appendix G. Approximate values, both metric and British,

have been rounded and thus may not be exactly equivalent.

PHYSIOGRAPHY

The study area was divided into three provinces:
Hogback Belt, Chama Slope, San Pedro Mountaig (fig. 2).
Although these provinces were recognized on the basis of
their unique hydrogeologic setting (as will be shown below),
they are also physiographically distinct and thus provide a

useful approach to the following discussion.

Hogback Belt

The Hogback Belt is located on the western side of the
province (fig. 2). Near the mountain front sandstone cuestas
or hogbacks separated by broad valleys, formed by the less
erosion-resistant shales, are the dominant landforms south of
the Rio Puerco and north of San Jose Creek. Farther west

from the mountain front the dip of the strata decreases and
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sandstone-capped mesas are the predominant landform. Betweer
the Rio Puerco and San Jose Creek large west-sloping gravel
terraces predominate. In this province several deep stream
valleys have cut through the terraces exposing the steeply

dipping sedimentary rocks below.

Chama Slope

This province is in the northeast portion of the study
area and is dominated by gently to moderately dipping
Mesozoic and Paleozoic sedimentary rocks; dip is northward
off San Pedro Mountain. In this province sandstones form
large cuestas or mesas and the less resistant shales form
large valleys between them. The province is heavily forestec
except where the land has been cleared for farming. The

Chama Slope is on the extreme southwestern flank of the Chame
Basin and is separated from the San Juan Basin by the

Archuleta Anticlinorium.

San Pedro Mountain

Most of the eastern side of the study area 1s in the Sar
Pedro Mountain province. This province is the northernmost
extention of the Nacimiento Uplift. Elevations range from
approximately 268¢ -~ 3220 m (8888 - 10,590 ft). The
Nacimiento Fault scarp was arbitrarily chosen as the western
boundary of the province and the contact between the Madera

Limestone and the Abo Formation was arbitrarily chosen as the



northern boundary. With the exceptions of the western margi:
and local stream—cut valleys, the province has little
topographic relief. The province is the headwaters for the
Rio Puerco, Rio de las Vacas, and Rio Gallina, and is draine
by many other smaller streams. The province is underlain by
Mississippian and Pennsylvanian sedimentary rocks and
Precambrian igneous and metamorphic rocks. The bedrock is
generally covered with a thin veneer of alluvium or

colluvium.

CLIMATE

The study area has a varied climate as a result of its
varied topography. The U. S. Forest Service operates a
weather station for the U. S. Weather Bureau in Cuba. TFor a
thirteen-year period (1963 - 1978) the average annual
precipitation was 32.33 cm (12.73 in), with most of the
precipitation occurring during the months of July, August,
and September as a result of afternoon orographic
thunderstorms. The average annual ftemperature for Cuba 1is
approximately 8¢ C (46° F) with July being the warmest month
and December and January being the coolest months (U. S.

Weather Bureau Files, Albguerque, New Mexico, weather data).
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GEOLOGIC SETTING

STRATIGRAPHIC FRAMEWORK

Precambrian metamorphic and igneous rocks; Paleozoic,

Mesozoic, and Tertiary sedimentary rocks; and Quaternary

sediments are exposed in the study area (Table 1).
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Table -1. Generalized stratigrphic column for Cuba Quadrangle; modified
from Baltz (1967).

:éggthem System *Series 1ithologic Unit Thickness meters (£
| Quatexrnary %igiggoggge . Alluvium’ 0 - 42 (0 - 140
. - Unconformity '
Quaternary Plels§ocene Terrace Gravel 0 - 35 (0 - 11.0
or Tertiary jor Fliocene Unconformity . : A
o | §b1quiucFm.. 0 - 15 (0 - 50)
g Eocene ——— Unconiormity
'8 o . San Jose Tm. 61+ — 610 (200+ - 20
g Tertiary ~-Unconformity —
& ) ’ Nacimiento Formation{l75 - 304 (537 - 100
’ Paleocene :
Ojo Alamo Sandstone| .27 — 60 (90 - 195)
N Unconformity g :
. Kirtland Shale/ 35 - 58 (116 - 130
'] Fruitland Fm. T
Pictured Cliffs Ss. 0 10 (0 - 33)
Lewis Shale 304 - 610 (1000 - 20
Cliff House Sandstone 5 — 15 (16 - 50)
. Cretaceous - Menefee Formation _ 76 — 106 (250 - 350
Point k
oLnL15Ronau" 45 - 45 (150 - 250)
3
s Mancos Shale 548 - 670 (1800 - 22
N
3 -
g Dakota Sandstone 50 — 80 (165 — 265)
" “Unconformity
Morrison Formation 80 - 245 (265 - -805
Jurassic Todilto Formétion 30 - 35 (100 -~ 115
Entrada Formation 70 - 85 (230 - 280
Unconformity’
Triassic . ‘Chinle Formation 177 - 300 (580 - 10
* ynconfornity :
Yeso Formation 0 - 45 (0 - 150)
0 Permian . ‘
- Abo Formation 45 - 884 (150 — 290
8 Unconformity
"2 lPennsylvanian Madera FormaFlon 120 - 475 (400 - 15
- . Unconformity -
Mississippian Arroyo. Penasco Fm. 0 - 40 (0 - 130)
Unconformity
' Precambrian
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The Paleozoic rocks consist of limestones, sandstones,
conglomeratic sandstones, and shales. The Mississippian and
Pennsylvanian strata are of marine origin. The Permian,
Triassic, and Jurassic strata were deposited in continental
settings. The Cretaceous strata consist of sandstone and
shale deposited during a series of transgressions and
regressions of a major sea present during Late Cretaceous
time. The Tertiary strata consist of sandstones,
conglomeratic sandstones, shales, and a volcanic chert which
were deposited in continental environments.

Several papers have summarized portions of the
stratigraphy in the study area. A paper by Baltz (1967)
discusses the stratigraphy of the interval including Point
Lookout Sandstone through Recent deposits. Gibson (1975)
discussed the stratigraphy of the Madera Formation through
Mancos Shale in the Gallina 7.5' Quadrangle. Renick (1931)
discussed the stratigraphy of the Madera Formation through
Recent deposits in western Sandoval County. A paper by
woodward and others (1977) presents a detailed discussion of
the Precambrian rocks of the northern portion of the

Nacimiento Uplift.

STRUCTURAL FRAMEWORK

The study area includes parts of the east-central
portion of the San Juan Basin, the northern portion of the

Nacimiento Uplift, and the southwestern flank of the Chama
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Basin (fig. 3). Kelley (1958) first defined the San Juan
Basin and its boundaries. The San Juan Basin is separated
from the Nacimiento Uplift by the Nacimiento Fault and from
the Chama Basin by a monoclinial flexure on the western side
of the French Mesa-Gallina Uplift (Kelley and Clinton, 1969)

Baltz (1967, Plate 7) reported a series of north- to
northwest— plunging anticlines and synclines on the eastern
sidelof the San Juan Basin including the area covered by thi
study. These structures began to form before deposition of
the San Jose Formation and continued to form during
deposition of that unit (Baltz, 1967, p. 60). Because the
area is extensively covered with terrace gravels these
anticlines and synclines are not readily observable but usir
stratigraphic relationships and subsurface data they can be
recognized (Baltz, 1967, p. 684). A large anticline plunges
northward off the northern margin of San Pedro Mountain.
This anticline has been referred to as "the Nacimiento nose’
(Gibson, 1975, p. 135).

The north—-south trending Nacimiento Fault forms the
ecastern boundary of the San Juan Basin in the study area.
The fault generally consists of several fault planes which
join and splay throughout the study area (fig. 4). Hutson
(1958, p. 32) reported that the fault plane is very nearly
vertical and has a dip of 83° SE in sec. 24, T23N, RIW.
Wwoodward and others (1972, p. 2386) stated "At deep
stratigraphic and structural levels the Nacimiento Fault is

steep but flattens upward. The fault tends to be steep wher
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there is little stratigraphic separation, buf dips more
gently where there is greater displacement." Baltz (1967, p.
62) estimated the maximium displacement of the Nacimiento
Fault to be 3,948 m (10,000 ft; Plate 1). Woodward and
others (1972, p. 2393) discussed several smaller normal

faults in the Vallecito de Rio Puerco area which are older

than the Nacimiento Fault (Plate 1).

The ngrthern portion of San Pedro Mountain is truncated
by a northwest-trending normal fault named the "San Pedro
Mountain Fault" by Huktson (1958, p. 33), who also reported
that this fault extends west of the Nacimiento Fault to sec.
34, T23N, RIW. Baltz (1967, p. 76) reported that Hutson had
been mistaken and that the San Pedro Mountain Fault
terminates at the Nacimiento Fault. Baltz (1967, p. 77)
stated that "...the San Pedro Mountain fault is probably a
rotational normal fault hinged at the southeast end. The
fault was procduced probably by local vertical and horizontal
tension forces during down buckling and north-northeastward
shift of the San Juan Basin along the Nacimiento and Gallina
faults." Along the northern end of the Nacimiento Uplift
(near the Rio Gallina) several normal faults are present
(Plate 1). Gibson (1975, p. 135) explained that these faults
were caused "...by tensional force perpendicular to the

anticlinal axis."”
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GEOLOGY AND WATER-BEARING CHARACTERI3ZTICS OF

STRATIGRAPHIC UNITS

In this section rock units are described in descending
stratigraphic order. The amount of detail in the descriptior
of each unit depends on the amount of data collected in the
field and the importance of the unit as an aquifer or
potential aquifer in the study area. A more detailed

description of the stratigraphic characteristics of the

important aquifers and adjacent units is given in Appendix A

QUATERNARY DEPOSITS

Alluvium and Colluvium (Recent and Pleistocene)

Many of the stream valleys in the area contain alluvium
which consists of pebbles, sand, silt, and clay-size
particles and is generally coarser grained near the mountain
front. The thickness of the alluvium ranges from zero near
the upper reaches of the major streams to 43 m (146 ft) or
more in sec. 20, T2IN, R 1 W as reported by Baltz and West
(1967, p. 73). Bryan and McCann (1936) reported that a well
in La Jara penetrated 15.5m (51 ft) of valley f£ill and a wel
in Cuba penetrated 26.5 m (87 ft) of valley fill. A
driller's log of a well in the NE 1/4 of sec. 15, T23N, RIE
indicates 12.2 m (48 ft) of alluvium (New Mexico State

Engineer's Office Files).
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In the San Pedro Mountain province alluvium is less than
12 m (49 ft) and generally ranges from 4 - 4 m (¥4 - 13 £t)
thick. 1In this area the exposed igneous and metamorphic
rocks are extensively fractured near the surface. The
alluvium is recharged in the early spring and late summer as
a resul- of infiltration of snow melf and precipitation.

This wate; is stored in the ground-water system and slowly
discharges into the perennial streams in the San Pedro
Mountain area.

Chemical analyses of water from the alluvium and two
streams in the San Perdo Mountain area show that water in
alluvium is of good quality generally less than 609 ppm total
dissolved solids (Table 2). The quality of water from the
two streams is probably a good estimate of the gquality of
water in the alluvium in the San Perdo Mountain area (samples
'SA-2 and SA-3, Table 2). 1In general wells completed in
alluvium would yield significant quantities of potable water
for domestic use. Baltz and West (1967, p. 34) reported
yields for wells completed in alluvium in the study area
ranging from 1.1 x10~>- 9.8 xl@—znﬂﬁminute (3—-26 gpm) .
Colluvium occurs along the margins of San Pedro Mountain and
along most of the terraces and ridges of the area. The
colluvium ranges from deposits of boulders, cobbles, and
pebbles of igneous, metamorphic, and sedimentary rocks near
the mountain front to generally fine-grained slope-wash
deposits along the sides of the gravel terraces and ridges of

the area. The colluvium is generally less than 1 m (3.3 ft)
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thick but along the mountain front the deposits may be much

thicker.

QUATERNARY/LATE TERTIARY DEPOSITS

Terrace Gravels (Pleistocene oOr Pliocene)

Terrace gravels of Quaternary oOr Late Terkiary age occur
along the margins of San Pedro Mountain. These gravels were
deposited on the beveled surfaces of Paleozoic, Mesozoic, and
Tertiary rocks and have slopes ranging from 2 - 10 . Erosion
has dissected these terraces in many places, exposing the
older sedimentary, igneous, and metamorphic rocks below. In
a paper on the upper Rio Puerco pediments Bryan and McCann
(1936) described two major pediment surfaces on the eashtern
side of the mountain front (fig. 5). The La Jara pediment
surface (they explained) is approximately 61 m (209 f+) above
the present grade and the Rio Leche pediment is approximately
27.4 m (9@ ft) above the present grade. Terraces on the
northern margin of San Pedro Mountain near Gallina Plaza
range from 2225 - 2316 m (7300 —~ 7660 f£t) in elevation.

The gravels are generally less than 35 m (116 f£t) thick,
and primarily consist of pebbles, cobbles, and boulders of
metamorphic and igneous rock types derived from San Pedro
Mountain although the terraces on the north side of San Pedro
Mountain near Gallina contain limestone pebbles and cobbles

derived from the Mississippian and Pennsylvanian limestones
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of the area. The gravels also contain sand, silt, and
clay-size particles and are poorly sorted. The average grain
size of the terrace deposits generally decreases away from
the mountain front.

Many of the terraces contain minor amounts of ground
water, wﬂere the water is perched on impermeable strata.
Springs and seeps issue from many of these terraces
especially in the area east of Cuba. Several wells dug into
the terraces produce domestic water supplies. Most of the
springs which issue from t+he terraces are at the lowest
margin of the terrace remnant. Many area residents reported
that most of the springs flow all year with highest flows in
the spring and late summer. This is probably in response %o
the increase in infiltration of snow melt and precipitation
during these times of the year.

Springs which issue from the terrace gravels and wells
tapping them generally yield good quality water (Table 3).
Water quality is generally better near the mountain front due
to the shorter residence time for the water there. The
terraces are recharged by infiltration of precipitation and

by bed loss from the many streams which cross the terraces.

TERTIARY DEPOSITS

Regina Member, San Jose Formation (Eocene)
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The Regina Member of the San Jose Formation consists of
variegated shales and siltstones with some interbedded very
fine to coarse—grained sandstones. The Regina interfingers
with the Cuba Mesa Member of the San Jose Formation and
varies in thfckness throughout the study area. A measured
section east of the study area in sections 28, 32, and 33,
T21N, R2W documents this extensive interfingering
relationship (section SA-5, Appendix A). A well in sec. 28,
T23N, R1W penetrated 356.6 m (1170 ft) of Regina (Appendix )
and approximately 91 m (308 ft) of Regina is exposed in
outcrop just west of the well. Baltz (1967, p. 58) reported
that in sec. 17, T24N, R1W the Regina is 499.9 m (1640 ft)

thick.

In the Regina area many unsuccessful water wells have
been drilled in the Regina Member. An 83.8-m- (273-ft-) deep
well in sec. 19, T23N, R1IW and several wells north of La Jara
obtained water in the Regina, (sample BZ-48, Appendix Bj;
Baltz and West, 1867, p. 74). Baltz and West (1967, p. 78)
reported a spring issuing from a sandstone in the Regina, in
the SW 1/4, sec. 22, T23N, R1W, which yields approximately
.95 X l@”Bmg/min (0.25 gpm; sample BZ-S-18, Appendix B).
Chemical analysis of the water issuing from this spring
yielded 960 ppm total dissolved solids (sample BZ-5-18,
Appendix E). In general the Regina would not be expected to

vield significant quantities of potable water in the study

area.



24

Ccuba Mesa Member, San Jose Formation (Eocene)

The Cuba Mesa Member is the lowest member of the San
Jose Formation. It consists of medium- to coarse-grained,
moderately well sorted sandstone which locally contains clay
lenses. A sample from near the top of this unit consisted of
a medium-grained, poorly sorted, strongly fine-skewed
sandstone (sample SA-TSJCM-1, Appendix D). The thickness of
this unit varies throughout the area as a result of an
erosional unconformity at the base of the unit in some areas
near the mountain front and an interfingering relationship
with overlying and underlying units (section SA-5, Appendix
A). At the type section on the north end of Cuba Mesé, Baltz
(1967, p. 46) reported the Cuba Mesa to be 238.4 m (782 ft)
thick and near the mountain front he (p. 47) estimated the
unit to be less than 46 m (158 ft) thick. This abrupt
thinning of the Cuba Mesa was observed in the field at
severalrlocations but lateral tracing of the Cuba Mesa is not
possible along most of the mountain front due to lack of
exposures.

The Cuba Mesa is an imporktant aguifer near its outcrop
belt north of Cuba and has good potential as an aquifer near
Regina but has not been extensively used because of the great
thickness of the overlying Regina Member. A fest hole in
sec. 28, T23N, R1IW (Appendix F) encountered the top of the
unit 360 m (1180 ft) below the ground surface and penetrated
155.5 m (518 ft) of the unit; the water level was 64.6 m (212

ft) below the ground surface. This well was the only well
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out of four wells drilled by the Regina Mutual Water
Association that penetrated the Cuba Mesa. The other wells
were drilled to a depth of 395 m (1990% ft) and abandoned (R:
Dennis, Dennis Engineering, personai communication, 1979).
The chemical quality of water in the Cuba Mesa varies
from well to well (Table 4). It can be seen that the water
in some aréas contains considerable amounts of iron. Local
residents reported that the taste of the water seems to
improve the longer the well is used and the more the well i
pumped. Comparison of analyses made in 1959 and 1978 of
water from the same well seems to document this (samples
SA-13 and BZ-66, Appendix E). The dissolved iron in the

water dropped from 14 ppm in 1959 to 1.35 ppm in 1978.

Nacimiento Formation (Paleocene)

The Nacimiento Formation consists of variegated
carbonaceous shales and claystones with interbedded
sandstones and lignites. Baltz (1967, p. 38) reported that
the Nacimiento Formation is 163.7 m (537 ft) thick in the
center of sec. 11, T21N, RIW and estimated that the formati
thickens to as much as 305 m (1888 ft) in sec. 34, T23N,
RI1W. Along the mountain front the Nacimiento varieé
considerably in thickness as a result of the angular and
erosional unconformity between it and the overlying San Jos
Formation. Baltz (1967, p. 39) reported that the Nacimient
Formation generally contains more sandstone north of T22N,
R1W than is seen near the south end of Mesa de Cuba and may

~Aankain ac mneh as 50 vercent sandstone north of T23N.
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Baltz and West (1967) reported on two wells completed in
the Nacimiento Formation. One of the wells was dry and the
other one probably received most ot its water from overlying
alluvium. Because of the generally fine-grained nature of
the Nacimiento Formation, the lateral discontinuity of its
sandstones, and the poor exposure of the unit in the recharge
area, the Nacimiento Formation is generally not considered an
aquifer in the study area. Locally sandstone beds in the
Nacimeinto Formation may contain water and north of T22N, R1W
the unit may conktain considerable amounts of water, but the
underlying Ojo Alamo Sandstone and the overlying San Jose

Formation would be much more dependable aguifers.

0Ojo Alamo Sandstone (Paleocene)

The Ojo Alamo Sandstone generally consists of two beds
of grayish-orange, medium- to coarse- grained, poorly
cemented sandstones which are separated by an interval of
olive-gray shale. Representative samples of the upper and
lower sandstones were determined to be medium-grained, poorly
sorted, strongly fine-skewed, K~-feldspar—-bearing arkoses
(samples SA-II-11 and SA-II-13, Appendices C and D). A
sample from the SW 1/4, sec. 28, T29N, RI12W consisted of a
fine-grained, very poorly sorted, lithic arkose (Stone, 1979,
p. 15). Locally the sandstones contain abundant olive~gray
clay galls and in many areas contain significant amounts of
clay matrix. Crossbedding is common in some areas as well as

conglomeratic layers which contain pebbles ranging from 3 -7
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cm (1 - 3 in). Local residents report that pyrite is found
in drill cuttings of wells in the Ojo Alamo; the iron-stained
nature of the 0jo Alamo in outcrop is probably due to
oxidation of this pyrite. A measured section in the SE 1/4,
sec. 22, T21N, RIW yielded a thickness of 11.6 m (38.8 ft)
for the lower sandstone, 7.2 m (23.6 ft) for the middle
shale, and 12.6 m (41.3 ft) for the upper sandstone (section
SA-2, Appendix A). A well in sec. 16, T23N, RIW penetrated
59.4 m (195 ft) of Ojo Alamo Sandstone (Appendix F). Baltz
(1967, p. 32) reported that on the north side of San Jose
Creek in sec. 34, T23N, RIW the Ojo Alamo Sands%hone is
approximately 27 m (99 ft) thick. This large variation in
thickness is probably due to the unconformable contacht of the
0jo Alamo Sandstone with the underlying Kirtland
Shale/Fruitland Formation {undivided). Baltz (1967, p. 34)
suggested that on the eastern side of the San Juan Basin as
much as 426.7 m (146@¢ ft) of Kirtland Shale/Fruitland
Formation may have been eroded prior ko deposition of the Ojo
Alamo. Baltz (1967, p. 34) also pointed out that there is
evidence suggesting local uplift and erosion during
deposition of the Kirtland Shale/Fruitland Formation on the
eastern side of the Basin and that this may explain the large
difference in thickness of these units on the eastern and
western sides of the San Juan Basin.

The sandstones of the Ojo Alamo are generally good
aquifers because of their coarse-grained nature. Near Cuba

the Ojo Alamo Sandstone is found close to the surface and is
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therefore the main aquifer in the area. The aquifer is
generally artesian as a result of the underlying shales of
the Kirtland Shale/Fruitland Formation and the overlying
shales and siltstones of the Nacimiento.

In 1957 an aquifer test was performed by Foster and
Bushman (1957) on a well in the SW 1/4, SE 1/4, NW 1/4, sec.
28, T21N, RIW which was completed in the 0jo Alamo. At this
location the Ojo Alamo consists of two sandstones separated
by a shale. The upper sandstone was found to be 12.5 m (41
ft) thick, the shale 5.5 m (18 ft) thick, and the lower
sandstone 17.4 m (57.1 ft) thick. The data obtained from
this test, (Appendix H) were analyzed using the Jacob

Straight Line Method (figs. 6 and 7). The transmissivities

obtained were 12.1 m*/day (138 ftz/day) for the drawdown tes

and 9.29 n%/day (186.8 ft“/day) for the recovery test. The

storativity calculated was 2.77 X1¢™° . 1In June 1979, the

author performed an aquifer test on a well in sec. 6, TZ0N,

RI1W which was reportedly completed in the upper sandstone of

the Ojo Alamo. The upper sandstone was reported to be

screened its total thickness of 7.6 m (25 ft). Recovery datbt
from the test (Appendix H) yielded a transmisivity of 8.45 m
/day (91.8 £t /day; fig 8). A specific capacity of 3.4 X101
/minute (#.274 gpm/ft) was calculated at 7 hours 55 minutes
after pumping was started. The transmissivity value
calculated agrees well with the transmissivity values
reported for the Ojo Alamo by Brimhall (5 - 15 m~/day (56 -

164 £+~ /day, 1973).
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The Ojo Alamo is generally artesian but no flowing wells
were observed in the study area. Wakter has been encountered
in the 0Ojo Alamo iﬁ the Mesa Portales area southwest of the
study area in many uranium test holes but only one test hole
yvielded flowing water (Dale Carlson, Triple S Exploration,
personal communication, 1979).

" The quality of water from the Ojo Alamo varies from one
place to another (Table 5). The water has a high sulfate
content and generally is poor in quality very close %o

recharge areas or areas where the 0jo Alamo crops out.

CRETACEOUS DEPOSITS

RKirtland Shale/Fruitland Formation/Pictured Cliffs Sandstone

These units are undifferentiated in this study because
of their complex sktratigraphic relationships and poor
exposure in the sﬁudy area.

The Pictured Cliffs Sandstone consists of interbedded
yellowish—-gray, olive-gray, and grayish- orange claystones,
silty shales, and sandstones with some local thin- bedded
limestones. One sample of this unit was determined to be
poorly sorted, strongly fine-skewed muddy sandstone (sample
SA-II-4, Appendix D). The Pictured Cliffs in this area 1is
not well developed and consists mainly of a zone of
interbedded sandstone and shale between the Lewis Shale and

the Fruitland Formation.
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The Kirtland Shale/Fruitland Formation (undivided)
consists of olive-gray carbonaceous claystones and
orange—-gray, fine— to medium-grained sandstones. Two samples
of this interval were determined to be poorly sorted,
strongly fine-skewed, muddy sandstones (samples SA-I1-6 and
SA~II-8, Appendix D). Locally the sandstones contain
siliceous pebbles and silicified wood. The thickness and
position of the sandstone and claystone units within the
Kirtland/Fruitland vary from one area to another because of
the mode of deposition of these units: non-marine coastal-
and .alluvial-plain deposition (Molenaar, 1977). In some
areas near Mesa Portales southwest of the study area,
sandstones of the Kirtland/Fruitland are directly overlain by
sandstones of the Ojo Alamo Sandstone (Dale Carlson, Triple S
Exploration, personal communication, 1879). The sandstones
in these units are sometimes quite resistant to erosion, as
can be seen in ~he common corners of sections 19, 11, and 15,
T23N, R1W. This sandstone has been called Kirtland by Baltz
(1967) and Ojo Alamo Sandstone by Fassett (1977). It is the
author's belief that this sandstone is Kirtland because of
the type of wood replacement, the large amount of
carbonaceous material, and the coarse-grained nature of the
unit.

There has been much debate about the stratigraphic
relationships and extents of the Pictured Cliffs Sandstone,
Fruitland Formation, and Kirtland Shale in the Hogback Belt

north of Cuba because of poor exposure and the thin nature of
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the Pictured Cliffs in this area. It is bevond the scope of
this study to settle this debate and the reader is referred
to articles by Baltz (1967) and Fassett and Hinds (1971) for
a more complete discussion.

The thickness of these units varies throughout the are:
A measured section in the SW 1/4, NW 1/4, sec. 23 and SE 1/¢
NE 1/4, sec. 22, T21N, R1W (section SA-2, Appendix A) yielde
g thickness of 7.3 m (24f%) for the Pictured Cliffs and 35.¢
m (116.1 ft) for the Kirtland/Fruitland. North of this are:
very few outcrops completely expose these units, making
correlation very difficult. Baltz (1967, p. 25) reported
that the sequence is approximately 67 m (229 ft) thick, whic
includes 9.4 m (31 ft) of sandstone and shale equivalent to
the Pictured Cliffs in the SW 1/4, NE 1/4 sec. 34, T23N, RI1Y
Thickﬁesses reported on scout cards on file at the New Mexit
Bureau of Mines and Mineral Resources for the
Kirtland/Fruitland are 57.9 m (199 ft) in sec. 21, T22Z2N, R
and 47.7 m (156.5 f£) in section 10, T23N, R1W.

North and west of the study area the Pictured Cliffs i:
geﬁerally thicker and consists of fine-grained sandstone
which yields significant gquantities of natural gas and sali
water. In the study area the Pictured Cliffs is relatively
thin and very fine-grained and thus would not yield
appreciable quantities of potable water.

No wells were found in the study area which obtained
water from the Kirtland/Fruitland interval. Some sandstone

in the upper part of the section may yield impotable water.



37

In areas where these upper sandstones are directly overlain
by sandstone of the Ojo Alamo, rhe combined sandstone
interval may yield significant quantities of water. Although
this condition has not been observed in outcrop, it may occur

at places in the study area.

Lewilis Shale

The Lewis Shale consists of olive-gray shale with some
interbedded siltstone and very fine grained sandstone. In
siltstones and concretionary zones fossil ammonites and
pelecypods are well preserved and very abundant. In many
locations along the mountain front the Lewis contains
intraformational faults, which were a result of the ktension
caused by the abrupt bending of the strata along the
Nacimiento Fault. A well in sec. 23, T21N, R2W penetrated
475.5 m (1568 ft) of Lewis (Appendix F).

No wells were found in the study area that obtained
water from the Lewis Shale. Low permeabilities would be
expected for the Lewis as a result of the fine-grained nature
of the deposit. South of the study area significant
quantities of water were produced from the Lewis (Dana
Duncan, McCurdy Consultants, personal communication, 1878).
This water was found in areas where the Lewils is extensively
fractured near the Nacimiento front. This situation may also

exist in the study area although the quality of this water

would not be expected to be very good.



38

Cliff House Sandstone

The Cliff House Sanﬁstone consists of light~brown to
orangish-brown, fine- to medium-grained, well-sorted
sandstone. Locally the sandstone is iron stained and
contains carbonaceous material. A sample of the Cliff House
from sec. 13, T22N, R13W was determined to be a coarse silt,
medium~grained, well-sorted subarkose (Stone, 1979, p. 15).
Southwest of the study area the Cliff House intertongues as
many as Six times with the overlying Lewis Shale, (Molenaar,
1977). This intertonguing relationship was not observed in
the study area, buht an intertonguing relationship was
observed between the Cliff House and Menefee Formation north
of the study area in the SE 1/4, sec. 34, T26N, Rl1E. The
Cliff House varies in thickness throughout the study area; in
a measured section in the NE 1/4, sec. 11, T23N, RIW it is
5.5 m (18.1 ft) thick (section SA-1, Appendix A). Renick
(1931, p. 43) measured 11.3 m (37 ft) of Cliff House 1in the
SE 1/4, sec. 35, T21IN, RIW. A well in the NE 1/4, sec. 23,
T21N, R2W penetrated 13 m (43 f£t) of CLlLiff House (Appendix F)
and a scout card on file in the New Mexico Bureau of Mines
and Mineral Resources reports the Cliff House %o be 33.5 m
(119 £t) thick in sec. 21, T22N, R2W.

No wells were found in the study area which obtained
water from the Cliff House; this unit would be expected to
yield potable water but because it is thin it would probably

not yield significant quantities of water.



Menefee Formahion

The Menefee Formation consists of interbedded olive-gray
siltstones, dark-green claystones, fine- to medium-grained
sandstones and thin coals. Carbonaceous plant fragmenkts are
very abundant throughout the unit. A measured section in the
NE 1/4, sec. 11, T23N, RIW (section SA-1, Appendix A)
presents a detailed-description of the upper 88.7 m (291 ft)
of the Menefee. A section measured by Renick (1931, p. 44}
in the SE 1/4, sec. 35, T21N, R1W yielded a thickness of
165.9 m (347.3 ft) for the Menefee. The Menefee thickens %o
the éouth and west of the study area; a well in the NW 1/4,
sec. 28, T18 N, R4W (Appendix F) penetrated 354.8 m (1164 f£t)
of this unit. Because the Menefece was deposited in a
continental nearshore environment, charachterized by numerous
streams and swamps, the sandstones in this unit are laterally
discontinuous and are generally less than 18 m (33 ff) thick.

No wells were found in the study area that obtained
water from the Menefee Formation although the sandstones in
the unit would probably contain small amounts of water.
Renick (1931, p. 35) reported porosities of 24.69 and 13.71
percent for two samples of sandstone from the Menefee
collected south of the study area. Wells drilled in the
sandstones and fractured coals in the Menefee south of
Torreon, New Mexico, encountered o0il and very poor gquality
water (Dave Tabeh, New Mexico Bureau of Mines and Mineral
Resources, personal communication, 1978). This poor quality

is probably due to the presence of sulfide minerals and the



finS
&

large amounft of clays and carbonaceous material in the
Menefee. Water derived from the sandstones and fractured

coals in the study area would also be expected to be of poor

quality.

Point Lookout Sandstone

The Point Lookout Sandstone consists of gray to tan,
medium- to fine—grained, moderately well sorted sandstone.
Several samples of the Point Lookout from sec. 5, T29N, R16W
consisted of very fine to coarse grained, moderately sorted
arkose (Stone, 1979, p. 15). A section measured by Renick
(1931, p. 47) in the SE 1/4, sec. 35, T21N, RIW yielded a
thickness of 54.7 m (179.5 ft) for the Point Lookout. A well
in sec. 23, T21N, R1W (Appendix F) penetrated 73.5 m (241 £r)
and a section measured by Shetiwy (1978, p. 223-225) in the
SE 1/4, sec. 1, T23N, R1W yielded a thickness of 46.2 m
(151.6 ft) for the Point Lookout.

Although the Point Lookout would be expected to yield
potable water, no wells were found in the study area which
obtained water from this unit. Renick (1931, p. 35) reported
a porosity of 28.32 percent for a sample of the Point Lookout
from the NWw 1/4, sec. 20, T19N, RI1W. Several agquifer tests
in the Torreon area, southwest of the study area yielded
transmissivities on the order of l@nl— l@*3m1/day (lﬂ'r—lﬂ"L
fta/day) (Steve Craigg, New Mexico Tech Graduate Student,
personal communication, 1979). The total-dissolved-solids

content of the water from the wells in the Torreon area



completed in the Point Lookout ranged from 415 - 667 ppm
(Stone and Craigg, 1S579). Wells completed in the Point
Lookout in the study area would be expected to yield water o
equal or better gquality because of a similar position
relative to recharge areas and the similar lithology of the

Point Lookout in the two areas.

1

Mancos Shale

The Mancos Shale consists mainly of olive-green shales.
Near the middle of the unit a sandy siltstone interbedded
with shale aproximately 22-m (78-ft) thick persists
throughout the area as a ridge. This portion of the Mancos
is often referred to as the Gallup Sandstone oOr basal
Niobrara sandstone by people associated with the oil
industry. Several beds of limestone and limy siltstone, up
to 1 m (3.3 ft) thick, are found near the top of the lower
third of the unit. This interval is generally consiéered ¢
be the Greenhorn Limestone Member of the Mancos Shale. The
Mancos is 655 m (215@ ft) thick in a well in sec. 23, TZ21N,
R2W (Appendix F) and a scout card on file in the New Mexico
Bureau of Mines and Mineral Resources reports a well in sec.
21, T22N, R2W which penetrated 635.8 m (2086 f£t) of the
Mancos.

A well in sec. 15, T23N, R1lE produces small quantities
of water used for domestic purposes from an interval below
the Gallup or basal Niobrara sandstone (sample SA-15,

Appendix B). This water has a total-dissolved-solids
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concentration of 964 ppm and contains 632 ppm sulfate which
is above the recommended limit of 2580 ppm (sample SA-15,
Appendix E; Hem, 1972). The Gallup or basal Niobrara
interval might yield small quantities of water, but generally
the Mancos would not be expected to yield significant

quantities of potable water due to its very fine grained

nature.

#+

Dakota Sandstone

The Dakota Sandstone consists of a lower poorly to
moderately sorted, coarse-grained to conglomeratic, highly
cross—-bedded sandstone (fig. 9) which grades into a
carbonaceous, silty shale containing several beds of
fine—-grained sandstone near the base. Above this silty shale
is a very fine to medium-grained sandstone which contains
abundant marine trace fossils and symmetrical ripple marks
(Siemers and others, 1974). Mineralogically two samples of
the lower unit and one sample of fthe upper unit were
determined to be quartzose sedarenite or quartzose sandstone
arenite, K-feldspar—-bearing subarkose, and K-feldspar-bearing
arkose, respectively (samples SA-4-4, SAR-4-7, and SA-4-12,
Appendix C). Texturally the two samples from the lower unit
were determined to be medium-grained, poorly sorted, strongly
fine-skewed sandstone and a fine-grained, very poorly sorted,
strongly fine-skewed conglomeratic muddy sandstone (samples

SA-4-4 and SA-4-7, Appendix D).
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Figure 9. Cross-bedding and conglomeratic lense in
west—-facing cliff of Dakota Sandstone (NW 1/4, sec. 24
T23N, R1W); conglomeratic lense approximately 1.5 m (5
ft) thick.
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Several authors (Owen and Siemers, 1977, and Saucier,
1974) have suggested that the lower coarse—grained portion of
the Dakota in the study area should be correlated with the
Burro Canyon Sandstone. There is much disagreement between
authors as to what this lower coarse-grained unit should e
called. J. L. Ridgley (USGS, personal communication, 1978)
examined several outcrops in the northern portion of the
study area and found no Burro Canyon but suggested that the
lower unit there was lower Dakota.

The thickness of the Dakota varies throughout the area
as a result of its interfingering relationship with the
ovérlying Mancos Shale and the unconformable contact with the
underlying Morrrison Formation. A measured section in the NV
1/4, sec. 24, T23N, RIW yielded a thickness of 47.6 m (156.2

=7

fr; section SA-4, Appendix A). Owen and Siemers (1977, p.
181) reported approximately 79 m (268 ft) of Dakota and/or
Burro Canyon in a measured section near the Nacimiento Mine
in sec. 11, T26N, RIW. A well in the NW 1/4, sec. 21, T21N,
R2W penetrated 69.2 m (227 ft) of Dakota (Appendix F).

No wells were found in the study area which obtained
water from the Dakota, but the lower rortion of the Dakota
would be expected to yield significant quantities of potable
water. Renick (1931, p. 35) reported porosities of 22.72 anc

17.89 percent for samples of Dakota collected south of the

study area.
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JURASSIC DEPOSITS

Morrison Formation

The Morrison Formation was divided into four members on
the basis of lithology. The lowest member consists of
grayish-red to pale red, very fine to fine-grained sandstones
interbedded with silty claystones. The sandstone beds
predominate ranging from 3 - 8 m (9.8 - 26.2 ft) in
thickness. The next member consists of a very pale orange i«
yvellowish-gray, kaolinitic, very fine to medium-grained,
lenticular sandstone at the base, overlain by pale-red to
light-olive-gray claystones, siltstones, sandstones, and some
limestone beds. Overlying this member is a light-gray to
pale-brown, very fine to coarse—grained, cross-—bedded
sandstone which in some areas 1is conglomeratic. The upper
member consists of olive~gray to dark—greenish—-gray shale.
The thickness of each member varies throughout the study are:
as a result of interfingering of the members and tectonic
elimination of beds. Gibson (1975, p. 167-168) measured a
section in the NE 1/4, sec. 18, T23N, RIW and reported a
thickness of 4.3 m (14 ft) for the upper member, 18.3 m (604
ft) for the sandstone member, 30.5 m (1686 ft) £for the green
shale member, and 27.4 m (99 f£t) for the lower member. A
scout card on file at the New Mexico Bureau of Mines and
Mineral Resources reports that a well in sec. 23, T21N, RI1W

penetrated 245.4 m (865 ft) of Morrison.
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No wells were found 1n the stu
water from the Morrison, but because of the large amount of

sandstone in the unit it has good potential as an aquifer.

Todilto Limestone

The Todilto Limestone consists of gray, thinly bedded,
platy limestone at the base which grades upward into massiv:
éypsum. A measured section in the SW 1/4, sec. 5, TZ23N, RII
yielded a thickness of 2.1 m (6.9 f£t) for the limestone and
33.3 m (199.3 ft) for the upper gypsum (section SA-3,
Appendix A). Renick (1931, p. 3f) reported the Todilto to
32.2 m (185.5 ft) thick in a measured section in the SW 1/4

sec. 1, T19N, RIW. The Todilto can be considered an agquita

in the study area.

Entrada Sandstone

The Entrada Sandstone was divided into three members o1
the basis of color. The basal member consists of moderate
reddish-orange, well sorted, fine-grained, cross-bedded
sandstone, the middle member consists of very pale orange,
well-sorted, fine—grained, cross-—bedded sandstone, and the
upper member consists of grayish-orange well-sorted,
fine-grained sandstone. A sample of the lower unit was
determined to be a very fine grained, poorly sorted,
fine-skewed, K-feldspar-bearing subarkose (sample SA-III-4,
Appendices C and D). A measured section in the SW 1/4, sec.

5, T23N, RIW yielded a thickness of 56.6 m (185.7 ft) for ti



lower unit, 9.8 m (32.2 ft) for the middie unit, and 18.3 m
(60.9 f£t) for the upper unit (section SA-3, Appendix A).
Renick (1931, p. 30) reported a measured section in the SW
1/4, sec. 1, TISN, R1W yielded a total +hickness of 69.3 m
(227.5 ft) for the Entrada.

No wells were found in the study area which obtained
water from the Entrada. Berry (1958, p. 81) stated that the
transmissibility of the Entrada 1is quite high, which would
contribute to the Entrada's potential as a good aguifer.
However, Berry (1959, p. 93) also stated that water in the
Entrada near the center of the San Juan Basin 1is saline.
Water obtained from the Entrada in the study area would not
be expected to be of very good quality owing to the
calcareous nature of the sandstones and the presence of

gypsum in the overlying Todilto Limestone.

TRIASSIC DEPOSITS

Chinle Formation

The Chinle Formation is composed of four members in the
study area: Agua Zarca Sandstone Member, Salitral Shale
Member, Poleo Sandstone Member, and Upper Shale Member (in
ascending order).

The Upper Shale consists of dark-red to maroon,
interbedded silty claystones, siltstones, and fine- to
coarse-grained, poorly sorted sandstones. Gibson (1975, p.

49) estimated that the Upper Shale is approximately 1760.7 m
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(560 ft) thick in the Gallina area. Several we
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the Upper Shale in the Gallina area were dry (Jack Holley,
Gallina Water Forman, personal communication, 1879).
Throughout the study area the Upper Shale would not be
expected to yield water because of its fine—grained nature.

The Poleo Member of the Chinle consists of interbedded,
buff, very fine to coarse~ dgrained, moderately well sorted,
calcareous sandstone and dark-brown conglomerate. The
conglomerate contains chert pebbles up o 7 cm (3 in) in
diameter and generally occurs as lenses within the sandstone.
A sample of this sandstone was determined to be fine-grained,
poorly scrted, strongly fine-skewed, K-feldspar-bearing
subarkose (sample S-38, Appendices C and D). A section
measured by Gibson (1975, p. 159) yielded a thickness of 44.2
m (145 ft) for the Poleo in the SE 1/4, sec. 16, T23N, RIE.
Near Cuba the Poleo ranges from 6 - 41 m (20 - 135 £t) in
thickness (Woodward and others, 1972).

In the Chama Slope province the Poleo is the major
aquifer. Chemical analyses of waters obtained from the Pcleo
show rhat the water is of good guality with total dissolved
solids ranging from 387 ~ 672 ppm (Table 6).

The Salitral Shale Member of the Chinle is composed of
purple to maroon shale with minor amounts of coarse- to very
coarse grained, limy sandstone. The Salitral varies in
thickness throughout the study area; near Cuba the thickness
ranges from 93 - 162 m (365 ~ 335 f£t; Woodward and others,
1972), whereas, near Gallina its thickness ranges from % - 15

m (8 - 50 ft).
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be expected to yleld water

e

The Salitral would no:
because of the fine-grained nature of the deposit.

The Agua Zarca Member of the Chinle consists of
light—-gray to greenish-gray, medium- to very coarse grained,
conglomeratic sandstone with minor amounts of interbedded
reddish to maroon shale. Locally the sandstone contains
abundant plant material which in some cases has been replacec
by- copper minerals. The Agua Zarca varies in thickness
throughout the study area; in the Nacimiento Mine it is 22.9
- 36.5 m (75 - 188 ft) thick (Talbott, 1574, p. 32). Near
Gallina the thickness of the Agua Zarca ranges from # - 18.3
m (§ — 60 ft), necessitating mapping it with the Salitral
Shale because of the rapid thinning of these two menmbers
there.

The Agua Zarca would be expected to yield water
throughout the study area where present because of the
generally coarse-grained nature of the deposit. Near Gallin
the Aqua Zarca and Poleo are orobably in contact and behave
as a single aquifer because of the absence of the Salitral

Shale.

PERMIAN DEPOSITS

Yeso Formation

Several authors have disagreed about the relationships

and extents of the Yeso Formation, Cutler Formation, and Abo
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Formation in the study area. Wood and Northrup (1546)

@)

suggested that Permian rocks south of 36 N latitude should
be divided into the Yeso and Abo Formations and that Permian
rocks north of that line be referred to the Cutler Formation
Baars (1962, p. 168) explained that the two members of the
Yeso in north-central New Mexico grade northward and
nprtheastward into Cutler equivalents Jjust south of the stud
area. Gibson (1975, p. 27) stated that the Yeso is present
in *he Gallina 7.5' Quadrangle and that the facies change
between Cutler and Abo/Yeso is north of the Gallina
quadrangle at approximately 36 12.5' N latitude. Due to th
scope of the study, the complexity of the area, and the
inability to trace the Yeso from 36 N latitude fo the Gallin
area, the author was not able to solve this problem.
Therefore Gibson's suggestions have been followed on the
basis of the evidence he presented and field observations of
the author.

The Yeso Formation consists of orangish-brown, very £fin
to fine—-grained sandstone with minor amounts of clay matrix.
A section measured by Gibson (1975, p. 161) reported the Yes
to be 13.1 m (43 ft) thick in sec. 21, T23N, R1E. Gibson
(1975, p. 34) goes on to say that in sec. 19, T23N, R1IW the
Yeso is 45 m (15¢ ft) thick; near Cuba its thickness ranges
from 3 - 46 m (19 - 158 ft; Woodward, and others, 1972).

No wells were found in the study area which obtained
water from the Yeso. The Yeso would be expected to yield

only small guantities of water in the study area. Water fro
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the Yeso would probably contain a large amount of iron and

other dissolved solids due to the presence of iron and clay

matrix in this unit.

Abo Formation

The Abo Formation is composed mainly of
da;k—reddish~brown to purplish-~red claystone, silty
claystone, and siltstone, but locally contains reddish-brown
to buff, very fine to very coarse grained sandstone,
thin-limestone lenses, and lenses of buff to light-gray
conglomeratic sandstone. The conglomeratic sandstone
contains clasts of metamorphic and sedimentary rock types
having diameters up to 15 cm (6 in) (£ig. 16). The thickness
of the Abo varies considerably in the study area. Gibson
(1975, p. 23) stated, "The formation is an erosional wedge,
thinning eastward from 884 m (290f ft) thick along the west
edge of the Gallina 7.5' Quadrangle to about 335 m (1188 ft)

1E." ©Near Cuba the

el
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thick in sections 25, 26, and 35, TZ23N,
thickness of the Abo ranges from 46 - 229 m (154 - 758 ft;
Woodward and others, 1972).

The nature of the lower contact of the Abo also differs
throughout the study area. Hutson (1958, p. 11) stated that
the contact between the Abo and Madera Formations in the SW
1/4 , sec. 30, T23N, R1E is an angular unconformity. Near
Cuba and along the Nacimiento front the Abo rests directly on
the Precambrian and in the American Parks area the contact is

gradational with the Madera Formation, (Plate 1; Steve Hill,
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ormation (sec. 25,

Figure 19. Conglomeratic zone in Ab
iameter.

o F
T23N, R1W); lense cap 6 cm (3 in) in d
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New Mexico Tech graduate student, personnal communication,
1979).

No wells were found in the study area which obtained
water from the Abo. Just to the south, however, in sec. 6,
T20N, R1W, two springs issue from sandstones in the Abo. On
(unnamed) yields less than 3.7 xl@”3 m>/minute (1 gpm), the
other (Horseshoe Spring) yields significant quantities of
water and has been developed by the United States Forest
Service. Many Cuba residents obtain their drinking water
from this spring because of the poor quality of the water
avaiiable in the Cuba city water system. Water from this
spring contains 298 ppm total dissolved solids (sample SC~1,
Appendix E).

The quantity and quality of the water obtained from the
Abo would be expected to vary owing to the lenticular nature
and great variation in texture and composition of the

sandstones in this unit.

PENNSYLVANIAN AND MISSISSIPPIAN DEPOSITS

Madera Formation and Arroyo Penasco Formation

The Madera Formation (Pennsylvanian) and the Arroyo
Penasco Formation (Mississippian) have been combined for
purposes of discussion because of their similar water-bearin
characteristics and the poor exposure and limited extent of

the Arroyo Penasco.
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arkosic limestones, conglomeratic sandstones, sandstonéS; ar
shales. The gray limestones are generally very fossiliferot
but in some areas they are recrystallized and contain few
fossils. The arkosic limestones are light-gray and contain
angular feldspar amd quartz grains up to 4 cm (1.5 in) in
Qiameter. The conglomeratic sandstones and sandstones are
yellowish-gray to dark-reddish-brown, very fine to very
coarse grained, generally poorly sorted and are locally
cross-bedded. The conglomeratic sandstones contain well
rounded quartzite clasts up to 1% cm (4 in) in diameter. TI

shales are grayish-purple to blackish-red and locally conta:

silt.

The thickness of the Madera varies considerably
throughout the study area as a result of differences in the
depositional environments and the extent of the
post-Madera/pre-Abo erosion. Gibson (1975, p. 13) reported
that the Madera is 231.7 m (768 ft) thick near the western
boundary of the Gallina 7.5°' quadrangle and thickens to 472,
m (1558 ft) near the Rio Gallina and Rio Capulih area. Neal
the American Parks area (Plate 1) the Madera is approximate.
120 m (499 ft) thick (Steve Hill, New Mexico Tech graduate
student, personal communication, 1879).

Several springs issue from limestones in the Madera;
these springs generally occur where limestone or sandstone
rests on shale. Estimated yields of these springs vary fror

=3
1.9 %16 = ¢.11 m >/minute (6.5 - 30 gpm). Several springs
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the study area issue from fractures in the Madera. Lime
Spring (Plate 2), the largest spring of this type, yilelds a
estimated 0.76 m /minute (200 gpm). -Local residents report
that a cave near the spring extends at least 120 m (406 f£t)
back from the surface. Many springs which issue from the
Madera have been developed for stock or domestic purposes
(fig. 11). Water which issues from the Madera is of good
quality but does seem to have a large percentage of calcium
(Table 7).

The only known outcrops of the Arroyo Penasco in the
study area are in sec. 36, T23N, RIW. A section measured b
Armstrong (1967, p. 35) reports the Arroyo Penasco to consi;
mainly of dolomitic limestone with thin conglomeratic
sandstones near the base and top of the unit. The thicknes
of the Arroyo Penasco in this area ranges from # - 4§ m (9

136 ft; Armstrong, 13967, p. 35).

PRECAMBRIAN ROCKS

The Precambrian consists of various metamorphic and
igneous focks. The specific rock types present and their
‘relationships have been discussed in detail by Woodward and
others (1977, p. 92-99). Tor purposes of this study the
Precambrian rocks were grouped into three categories:
igneous rocks, metasedimentary rocks, and metavolcanic rock
(Plate 1). Precambrian rocks crop out throﬁghout the San

Pedro Mountain province and are extensively fractured in th



007 ~-= == 09 L'l 012 8°L Gz T7'6 Gyl ds €£E-VS
7S¢ €'¢ —-- 071 980 9°'T 0'6 %% 0'9 O¥E ds 6-VS
80¢ 8'¢ —- 921 6'0 %0 ¥8'Z 8% 0'T €£¢ dg 8-vs
88 €'¢ ~-- 0t 0 9°0 9'T pPe 0'T 96 dg 1-V¥S$
$qr 1§ Bl ®D iR b BN 705 1o Y 0DH odAy, Tequny

oTdueg  oTdueg

g xppusddy

UT USATZ UOTIBUIOIUT TEOTWSYD TBUOTITPPY 'SPT[OS PIATOSSTP TBI03F = SAL

‘103 pezATEUBR 30U JUINITISUOD = —— ‘BTQEIVDISP J0U = pu {UOTTTTW asd sjzed

se usATd suoypieizusouo) *Zuradg = dg 9d4y oTdwes Ispun  *SUOTIEBOOT 103

7 931BTg ®9s g xTpusddy uyl ssoyl 031 puodsesixod sisqunu afdueg aT3uripen)
Bgn) ‘UOTJWEIOL BISPEW 2yl wWox] I23'BA punoid o sesiTEuUR TeOTWLY) '/ 9TqEBL

t




o
[e»)

stock

Figure 11. Lion Spring (SW 1/4, sec. 31, TZ23N, RI1E);
enced

tank filled by overflow pipe which comes from
area; view southeast.
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area. Measurement of 41 joint orientations yieided major
trends of approximately N78"E, N35 B, N16°W, and N75°W.
Several small seeps are present in the San Pedro
Mountain area where the Precambrian rocks crop out. These
seeps are generally found in stream valleys and are
seasonally dry. Most of the water in the Precambrian is

confined to fractures. Any wells completed in the

Precambrian rocks would not be expected to yield significant

quantities of water.

HYDROGEOLOGY

The three provinces defined under "Physiography" above

(fig. 2) are hydrogeologically distinct. Tﬁe Hogback Belt
and Chama Slope have completely separate ground-water
systems. The crystalline-rock terrain of the San Pedro
Mountain province permits very little stcrage and ground
water is contributed to either the Hogback Belt, the Chama
Slope, or areas to the south and east.

These provinces form a useful basis for discussion of
the geologic controls of ground-water occurrence, movement,

and quality in the area. Although the controls of occurrence

and movement may be more or less generalized for all aquifers
in a given province, the controls of water gquality cannot and
thus each aquifer is examined individually.

Geologic controls are difficult to assess for the

bedrock aquifers because of the small size of the area as
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compared to the size of the depositional systems which
produced them. Although geologic controls are easier to
recognize for the unconsolidated aquifers, extensive
dissection of the terraces and the scarcity of data on the
characterisics of the alluvium hinder detailed

interpretations.

HOGBACK BELT

Occurrence

Ground wateyr in the Hogback Belt occurs in both
unconsolidated sediments and major sandstone units.
Principal aquifers include alluvium, terrace gravels, Cuba
Mesa Member of the San Jose Formation, Ojo Alamo Sandstone,
Cliff House Sandstone, Point Lockout Sandstone, and Dakota
Sandstone. Although other rock units may contain suitable
quantities and qgualities of wate~ little is known of their
water—-bearing characteristics and the steep westerly dips
place them %too deep for economic development in most of this
province.

The alluvium and terrace gravels generally contain more
water near the mountain front because they are
coarser-grained and are characterized by higher porosity anc

permeability in this area. The terrace gravels would be
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expected to be thicker near the mountain front and in areas
where they overlie shales which were deeply eroded prior to
deposition of the gravels. The alluvium seems to generally
be thicker away from the mountain front. Near Cuba, where
the Rio Puerco and several of its tributaries join, the
alluvium would also be expected to be guite thick. 1In thesc
areas alluvium and terrace g;avels would also be expected tc
yield significant guantities of water. The Cuba Mesa Membe?
of the San Jose Formation and the Ojo Alamo Sandstone are tl
moét developed aquifers in the Hogback Belt. The
transmissivity of the Ojo Alamo is apprbximately 9 m*/day
(100 ft“/day). The Cuba Mesa would be expectsd to have
-ransmissivities equal to or greater than those of the 0Ojo
Alamo because the Cuba Mesa is generally coarser-grained and
beﬁter sorted than the Ojo Alamo. The Cliff House Sandstone
Point Lookout Sandstone, and the upper Dakota Sandstone all
share a marine-shorezone origin (Fassett, 1977, p. 197; Owel
1963) and thus have similar lithologic characteristics. Th
results in similar water—-bearing characteristics for these
units as well. Based on the limited exposures of these
sandstones in the province, their lithologic characteristic
do not seem to vary significantly from place to place and
thus their water-bearing characteristics are expected to be
more or less uniform throughout the area. The Point Lookou
has a porosity of approximately 3% percent (Renick, 1931, p
35): the Cliff House would be expected to have a similar

porosity. The lower Dakota which was deposited in a fluvia
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environment (Grant and Owen, 1974) would bpe expected to have
a higher porosity than either of the above units because of

the very coarse-grained nature of the deposit.

Moveﬁent

~ - Many streams that flothhrough this area have their
heédwa&ers in the San Pedro Mountain province. Very near the
mountain front several of these streams are perennial, but as
théy flow wesktward across the gravel terraces and/or in the
alluviated valleys they lose more water than they gain. As a
result of this condition many of the streams are dry except
during the snow-melt runoff period in the spring and for
short periods in +he late summey when heavy rains fall in the
area. The water that is lost from these streams in theirA
upper reaches would be expectéd to travel underground in the
gravel terraces and alluvium until reaching a permeable unit
among the beveled steeply dipping older deposits. In these
areas much of the water traveling through the terrace gravels
and/or alluvium would percolate into these permeable rock
units. It would be expected that this process could make a
significant contribution to the recharge of many of the
area's aquifers.

West of the mountain front and near Cuba the dip of the

strata is nearly horizontal and the strata have large outcror
areas. Many of the aquifers are rechargeé by infiltration of

precipitation and snow melt over these large outcrop areas.
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A good example of this is Mesa de Cupba west of the study are
and between La Placita and La Jara where the Cuba Mesa Membe
of,the San Jose crops out (Plate 1).

The lack of data prevented constructing water—table mar
for all but one of the aguifers and this map only covers a
smallvarea (fig. 12). The water—table'map constructed does
show that the water moves westward from +he mountain front
ﬁ(i.e; the‘outcrop area). This westward movement of
ground-water would be expected for all aquifers in the
Hdgback Belt.

In some cases, the aquifers are confined between shale
units énd are therefore artesian west of the recharge areas.

Several seeps and springs are found along the margins ¢
the -~erraces. Where the terraces are underlain by shales,
wa%er is perched and moves down gradient until reaching the
terraée margin, when it &ischarges as springs énd seeps.
Most ground water moving through the Hogback Belt does not

discharge in the study area but continues to flow west.

Quality

The main factor controlling the amount of dissolved
solids in the water seems to be distance from the mountain
front. Sample SA-34, collected #.4 km (£.25 miles) from the
mountain front contained 87 ppm total dissolved solids,
Sample SA-11, taken 3.? km (2 miles) from the mountain front

contained 287 ppm total dissolved solids, and BZ-88, from 5.
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km (3.5 miles) west of.the mountain front, contained 568 ppm
rotal dissolved solids (Appendix E). Well depth may be an
additional factor. The well from which SA-34 was collected
is 9.1 m (39 ft) deep, that from which SA-11 was taken is 14
m (33 ft) deep, and that for BZ-88 is 25.9 m (85 f£t) deep
(Appendix B). From these analyses it seems that any wells
completed in alluvium-would yvield potéble water with quality
detezdbrating with distance from the mountain front and well
depth.

Wéter obtained from alluvium in the Hogback Belt is
generaily high in dissolved calcium and bicarbonate. This
may be due to the water in ghe alluvium leaching calcium and
bicarbonate from weathered Precambrian rocks in the alluvium.

Water obtained from the terrace gravels is of very good
quality:(< 490 ppm total dissovled solids; Appendix E) which.
is prbbably due to very short residence times. The amount of
dissolved solids in water in terraée gravels seems to
ihcfease away from the mountain front much like it does in
the alluvium. Sample SA-10 contained the highest
concentration of dissolved material (355 ppm rotal dissovled
solids; Appendix E). This sample was collected from a well
located at the very edge of a terrace, approximately 5.6 km
(3.5 miles ) from the mountain front.

The classification of water obtained from terrace
gravels varies from one area to another. This is probably
due to the variation in type of rock in the various gravels

and the residence time of the water.
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Water obtained from the the Cuba iesa iember of the Sa
Jose Formation generally contains between 366-600¢ ppm total
dissovled solids (Appendix E). The generally high amount o
dissolved solidsAin the water so near the recharge areas 1is
probably due %o éhe solution of clays and weathered
feldspars. .

The pércentages of specific consituents in water from
the Cuba Mesa vary considerably and show no definite trends
”Tﬁis may be explained by the extremely variable lithologic
naﬁure of the Cuba Mesa, by differences in well constructio
by differences in well depth, and by the distance from the
recharge area. One interesting point that can be seen on t
trilinear plot is that water which is high in sulfate also
has a very high iron content (samples SA-16, SA-22, and
SA-24, Appendix E; £ig.13). The dissolved-sulfate content
th;se samples 1is ébove the recommended limit of 258 ppm (He
1879, p. 321).

The wide range of iron concentrations in the samples a
the large change in iron concentration in samples SA-13 and
BZ-66 may be due to iron bacteria which live in the well
casing and in the formation near the well screen; Such
bacteria are generally introduced to the well during drilli
or well complétion. The bacteria oxidize iron compounds in
the formation, the well screen, and the casing.

The problem might be solved by chlorinating the weli t
kill the bacteria and then pumping the well extensively to

completely flush the well of the chlorinating agent.
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The iron problem nay also be
oxygenated recharge water and reduced iron minerals to yiel
ferrous iron and sulfate. Such water will become depleted
oxygen with time but considerable amounts of iron and sulfa
may be dissolved by then. The iron compounds will complete
dissolve with time and thus the water may tend to have less
dissolved iron the longer the well is used.

The quality of water obtained from the Ojo Alamo
'Séndétone is poor in comparision to that of water from othe
agquifers in the area (Appendix E).

In general water obtained from the Ojo Alamo contains
large amounts of suliate and considerable amounts of calciu
(fig. 13; Appendix E). 1In all samples reported the sulfate
éoncentration is above the recommended limit of 25@'ppm. T
watef also seemsg to have a high concentation of iron. This
biéﬁ iron content may be due to the dissolution of pyrite i
ﬁhe\Ojo Alamo. The generally poor quality of water near th
;ﬁééharge areas may be the result of leakage of poor quality
water from the overlying Nacimiento Formation. The middle
Shale unit of the O0jo Alamo and the large clay content of t
sandstones in some areas may also contribute to éhe poor
water quality observed. The quality of the water seems %o
improve rather than deteriorate with‘distance from the
outcrop. A change in the water from an okidized state near
the outcrop area to a reduced state farther away may explai

this condition.
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CHAMA SLOPE

Occurrence

Ground water in the Chama Slope occurs in unconsolidated
sediments, the Poleo Sandstone Member of the Chinle,kand the
Médexa»Formation.

_ The gravel terraces in +his area are not as extensive as
the terraces in the Hogback Belt. Generally these terraces
wouid contain water because they are coarse—grained and would
bé expecter to be quite permeable. The Poleo Sandstone
Member of the Chinle is the major aquifer in the Chama Slope.
Thé degree of sorting and cementation in the Poleo varies
éons&defably; this is due partly to the fluvial origin of the
unit‘(Gibson, 1975, p. 56). In areas where the Poleo is well
sorted and/or poorly cemented it would be expected to yield
7ithe most water. Conglomer:=-i- lenses in the Poleo would also
be expected to yield significant guantities of water.

The Abo Formation would be expected to yield minor
amounts of water in the area and the Madera, although very
deep in the Chama Slope (Plate 1), would be expected to yield
significant quantites of water. This water in the Madera
would be confined to sandstone horizons and zones of

secondary porosity.



. Movement

The major aquifers of this province are recharged directly
through infiltration of precipitation and snow-melt runoff
and, to a lesser extent, by bed loss from several of the
streams in the area. The headwaters of these streams are 1
the San Pedfo Mountain province. The outcrop belts of the
‘major aquifers of the area are quite extensive. The Poleo
candstone Member of the Chinle Formation is the major aquif
in the Chama Slope. Because the outcrop belt of this aquif
is much higher in elevation than Gallina (Plate 1) and the
aquifer is confined, most wells in the Gallina area complet
in the Poleo are artesian and some are flowing. The region
ground—water flow in this area would be expected to be

northerly with a high gradient.

Quality

The low total-dissolved-solids content of water
obtained from the Poleo Sandstone Member of the Chinle
iAppendix E) is probably due to short residence time.

The percentage of the différent dissolved
éonstituents varies in the samples tested, but generally th
water contains a large percentage of bicarbbnate. This may
be due to the carbonate cement of the Poleo dissolving in £
gréund water.

The well associated with sample SA—Zl is probably

completed in either the Upper Shale or Salitral Shale Membe



of the Chinle in addition toO the Poleo in view of the red
nature of the water 1issu ing from the well. Water in either
the Upper Shale oI the Salitral Shale would pe expected to be
of poor chemical quality because of the fine—grained nature
of these units. The large difference between the
total-dissolved-solids content in this sample and that of
other samples from the Poleo supports the possibility of poor
well construction (sample SA-21, Appendix E). Local
residents have experienced problems with iron in the water;

this is probably also due £o poor well construction.

SAN PEDRO MOUNTAIN

Occurrence

The major water—bearing units in the San Pedro
Modnﬁain provihce are alluvium, the Madera Formation, and
fractured Precambrian rock.

The alluvium in this area is derived from
weathering o£ +he Precambrian rocks and the Madera Formation

This alluvium is generally coarse- grained and would be
expected to have a high permeébility.

The large cave near Lime Spring on the northern
side of the San Pedro Mountian is evidence of the significar
émount of secondary porosity that may be present in;the
limestones of the Madera Formation. This cave is located
very near a fault (Plate 1) which was probably responsible

for the initial fractures in which solution took place.




+his province the Precambrian is

h

In most parts ©
extensively fractured and may contain minor amounts of ground
water. Areas near faults seem to be the most extensively
‘fractured and may generally contain more water than other

areas. However, the Precambrian would not be expected to

contain much water.

Movement

Recharge to the alluvium and fractured bedrock
occurs as the result of infiltration of precipitation and
sﬁow melt. Considerable amounts of water may be moving of £
the north, east, and south sides of the San Pedro Mountian
area through fractures and solution cavities in the Madera
Formation. The fracture orientations of N 70 ° 8, N 35° E, N
19° w, and N75°7 W probably control the direction of water
movement. Although much of the ground-water in the alluvium
and fractured Precambrian rocks is discharged into the many
streans of the area before moving any great distance. The
streams that flow west and north off the San Pedro Mountian
Area contribute to the recharge of aquifers in the Hogback
Belt provinces and Chama Slope provinces.

Water in the Madera would be expected to travel
down dip and out of the San Pedro Mountain province. This
water would be expected to move quite fast as a result of tt
large amount of secondary porosity and moderate dip of the

Madera.



73

Springs which issue from the Madera seem to be
found in areas where faults have fractured the Madera cCr

where the water is perched on shales

Quality

Water in the alluvium and fractured Precambrian
roék would be expected to have low total-dissolved-solids
N
coricentrations based on analyses of surface water. The
expeétéd low total—dissolved—solids content would be eipectéc
té be due to very short residence times.

Water issuing from springs in the Madera Formation
is Qf very good quality; one such spring is used for the
Regina public water supply (sample SA-33, appendix E). The
géherélly low total-dissolved-solids concentrations of water
in the Madera is probably dﬁe +o relatively short residence
timgs. From the trilinear plot (fig. 13) it can be seen tha
ﬁhé water from the Madera is of a calcium-bicarbonate type.
This is what would be expected for waters which travel
through limestones. Water obtained from the Madera in the
éallina area would be expected to contailn a highef
concentration of dissolved constituents than the samples
reported here because of a longer residence time. The water

would, nonetheless, be expected to be of good quality.

WATER USE AND SUPPLY
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MUNICIPALITIES

Presently community water systems supply the wate
needs of most residents in the study area. The Cuba
community water wells are located on Mesa de Cuba and tap t

;Cuba Mesa Member of the San Joge Formation. Many local
residents do not use the water from the community system fo
cooking and drinking, but instead use water from a spring i
section 6, T2fN, R1W. A chemical analysis of water obtaine
from the Cuba water system (sample SA-30, Appendix E) showe
éhat the water was high in sulfate, calcium, iron, manganes
and especially magnesium. A chemical compound of magnesiux
and sulfate (epsom salt) is known to have a bitter taste an
this may be the reason that people of the Cuba area do not
‘drink the water. Calcium and magnesium also make water har
To solve this problem, water of the Cuba system could be
softened or run through an ion exchange process to replace
»the calcium and magnesium ions with sodium ions. In 1977 ¢
group from the Chemical Engineering Department at New Mexic
State University set up portable reverse-osmosis and
electrodialysis units to try to reduce the iron/and mangane
concentrations. While in operation the system lowered the
iron and manganese levels significantly (Floster and Wilsor
1979).

If the problem of high amounts of calcium and
magnesium is solved the system is capable of producing larc

amounts of water. Several new wells may have to be drillec



in the future to meei demands, but significant gquantities of
water could be produced from the area of the present wells.
Tf the problem cannot be solved economically wells should be
drilled near the mountain front to tap the Poiht Lookout
sandstone or Dakota Sandstone.

The La Jara wakter system obtains water from
alluvium near La Jara Creek in sec. 23, T22N, R1W (Plate 2).
Thélwater is of very good quality (sample SA-34, Appendix E)
and this supply meets the present demands. In the future
mo;e wells may have to be drilled to meet the supply. The
ailuvium in this area will noft be able to supply large
amounts of water. To meet the demands for more water, wells
drilled near the present well that would tap the Dakota or
Point Lookout would be suggested.

The Regina Mutual Water Association is the largest

sysfem in the study area. This system runs from
apéroximétely 4.8 km (3 miles) south of Regina to Llaves

approximately 22.5 km (14 miles) north of Regina. The water
for this system is obtained from two springs located in sec.

36, T23N, R1W. The supply just meets +he demands presently.

In the future wells drilled near the mountain front which ta

the Dakota or Point Lookout would be expected to yield
significant quanties of water.

The Gallina Plaza community water system obtains
water from a flowing well in section 9, T23N, RLE (Plate 2).
This well produces sufficient quantities of water presently;

in the future other wells may be necessay to meet the




demands. Any wells drilled in the Gallina Plaza area that
tap the Poleo Sandsténe Member of the Chinle would yield
significant quanities of potable water.

The Gallina community water system obtains water
from a well in section 15, T23N, R1E (Plate 2). This well is
not reliable and produces water which is very red in color.
VFo; the present needs of Gallina it seems a new well should
Ge;drilled. If a new well is drilled care should be taken soO
thé'well is screened only in the Poleo. If this well was
dr;lled approximately %.8 km (2.5 miles) south of Gallina and
a”large storage tank erected, a gravity pressure system would
probably work well. Future water needs could be met by more

wells in the area mentioned above.

SUMMARY AND CONCLUSIONS
$gl.: Ground-water potential is good in the Cuba 15' Quadrangle
and in the future will have to be developed to meet the
increasing needs for water.
2. In the Chama Slope area the Poleo Sandstone Member of the
Chinle Formation is presently being used as an aguifer and
the Poleo has very good potential for future development.
3. Proper well construction is very important in obtaining
‘good quality water from the Poleo. Care must be taken so

that no well screen is set in the Upper Shale or the Salitral

Shale Members of the Chinle Formation.
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4. The Madera Formation would be expected Lo ~1d

L(
O

significant guanities of potable water in the Chama Slope
area, although the Poleo presently meets the water demands of
Ehe area.

5. There are many potential aquifers in the Hogback Belt
area which are not presently being used because of their
great depth.

6.~ The terrace gravels and alluvium are important aquifers
iﬁ the Hogback Belt area, although the quanity of water which
fmay be produced from them is limited because of their limited
tﬂickness and extent.

7. The Cuba Mesa Member of the San Jose Formation 1s an
important aquifer in the Hogback Belt area. Proper well
sanl%atlon and consktruction are very important to insure that
the best quality water is produced from this aquifer.

8. The Ojo Alamo Sandstone yields significant quanities of
wa£ér in the Hogback Belt area, but this water is of poor

. quality. All samples collected exceded the recommended limit
for sulfate concentration.

9. The transmissivity of the 0jo Alamo in the study area 1is
very similar to that reported for this aquifer elsewhere in
the San Juan Basin.

1. In the San Pedro Mountain area the alluvium and Madera
Fromation have the best potential as agquifers, although some
water would be encountered in fractured Precambrian rocks.
11. The major aquifers are recharged as a result of bed los:
from the many streams in the area and infiltration of

precipitation and snow-melt.
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12. 1In the Chama Slope area the ground water would be

expected to move in a northerly or notheasterly direction

with high gradients near San Pedro Mountain.

13. In the Hogback Belt area regional flow in the aquifers

would be expected to be in a westerly direction.

‘,14.‘ Near Cuba the general guality of water in the terrace

gravels and Cuba Mesa Member of the San Jose Formation has

N
not changed significantly in the last 20 years based on

comparision of recent analyses and those of Baltz and West

(1967) .



79
APPENDIX A
Measured Sections

Descriptions for the five sections measured for
this study are presented below. The sections were measured
with a metric tape, Jacob's staff graduated in metric units,
énd Abney level. Four of the sections measured are located
in the study area; the other section (SA-5) was measured
3ust east of the study area.

| The sections were described using a reference shet
coﬁpiléd by Dr. William Stone (Feb., 1976), and the
descriptions of all the parameters which follow except colo
sorting, and degree of roundness are taken directly from-th
Lsheet.

e,

Cblor

Rock colors follow those of GSA Rock Color Chart

(Goddard and others, 1875)
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Bedding Size (McKee and Welr, 1953 as modified by Ingram,
(1954; Campbell, 1967)
Very thick beds | > 166.9 cm
Thick beds . 3.9 - 169.9 cm
Medium beds 1.9 - 36.9 cm
Thin beds 1.9 - 10.9 cm
Q, Very thin beds < 1.0 cm
Bedding Uniformity (Dunbar and Rogers, 1963)

Regularity Regular - beds do not vary in thickness
| laterally
Irregular - beds do vary in thickness
laterally
AJEvenéss Even — all beds in vertical seccession
similar in size

Uneven - vertically adjacent beds not

similar in size

Internal Structure of Beds (McKee and Weir, 1953; Campbell,

1967)
Very thick laminae > 38.9 mm
Thick laminae 19.2 - 39 mm
Medium laminae 3.9 - 1.9 mm
Thin laminae 1.6 - 3.9 mm
Very thin laminae < 1.0 mm

Massive no laminae distinguishable
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Bedding/Laminar Surface Shapes (modified from Campbell, 1867)

Planar - continuous/discontinuous; parallel/nonparallel
Wavy - continuous/discontinuous; parallel/nonparallel

Curved - continuous/discontinuous; parallel/nonparallel

Ripple Marks

Plan %iéw
Continuous pattern
lStgaight - (rectilinear) parallel crests, normal to
e : current
- Caternary - parallel crests but not straight, nor
“ everywhere normal to current, may grade into
sinuous or lunate forms.
Siﬁubus - nonparallel crests, not everywhere normal to
current
Discounfinuous pattern
Lunafe - crescentic, extremities point up current

- Lingoid - crescentic, extremities point down current

Cross-Section View
Symmetrical/Asymmetrical

Climbing/"Normal"
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Crdss—Stratification

Magnitude (Jacob; 1973)

‘Small scale < g.85 m

Large scale .95 - 5.4 m

Very large scale > 5.8 m

Relation With Lower Bounding Surface (Jacob, 1673)
Concordant

Discordant

Tangential

Dip (Jacob, 1973)

Low angle 2.6 - 15.90

" High angle > 15.9

Grouping (Allen, 1963)
Solitary

Grouped

General Shape (modified from McKee and Weir, 1953)

Planar
Tabular — sets bounded by parallel planar surfaces
Wedge - sets bounded by converging planar surfaces
Nonplanar

sets bounded by curved surfaces

I

Trough



‘Boulders

Cobbles

.. Pebbles
’Gfanules
Vvefy:éoarse sahd
Coérse sand
Medium sand
Fine.sand

Very fine sand
silt

“Clay

Visual estimation using chart

. Grain Size (Wentworth,

Sorting (Compton, 1962)

> 256.0 mm

64.0 - 256.8 mm
4.9 - 64.0 mm

2.9 - 4.0 mm

1.0 - 2.6 mm

g.5 = 1.8 mm

g.25 - £.5 mm
g.125 - 9.25 mm
0.9625 - £.125 mm
g.9039 - 0.0625 mm

< $.9839 mm

Degree of Rounding (American Canadian Stratigraphic)

Visual estimation using chart



34

-

SECTION SA-1, HOGBACK (Regina 7.5' Cuad.). Section meast
along north side of roadcut: 8.9 km (5.5 miles) west of

Gallina on NM 96; NW 1/4, SEl/4, NE 1/4, section 11, T23N,
R1W, Rio Arriba County; section measured by Scott Anderhol

Unit , Lithology "~ Thickness m (ft)
CLIFF HOUSE SANDSTONE

29 SANDSTONE--yellowish gray (5 ¥ 8/1) 5.5 (18.
weathered and fresh; beds thick,

regular, uneven, with medium, planar,

continuous, parallel laminae; grains

fine-medium, well-sorted, subrounded;

contains carbonaceous material and
marine trace fossils; upper portion of
. the unit eroded.

MENEFEE FORMATION
19 SHALE AND COAL: 31.6 (184.7

SHALE--dusky yellowish brown (19 ¥R
2/2)- pale yellowish brown (18 YR 6/2)
weathered and fresh; beds thick,
irregular, uneven, with very thin,
I3 planar, discontinuous, laminae-massive;
o contains abundant.carbonaceous material;
contact with above sharp.

COAL--black (N 1) weathered and fresh.

Unit is largely shale but contains a few
beds of coal; contact with above sharp.

18 SANDSTONE AND SHALE: | 3.6 (11
SANDSTONE~-same as unit 2.

SHALE-—-same as shale in unit 1.
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le6

14

13

12

11

19
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CLAYSTONE~--black (N 1) weathered and 2.1
fresh; beds thick, irregular, uneven,
massive; contact with above sharp.

SANDSTONE-—grayish brown (5 YR 3/2) 4.9
weathered and fresh; beds medium,
irregular, uneven, with thin, planar,

- continuous, nonparallel laminae; grains

gilt-medium, poorly sorted, subangular;
contact with above sharp.

—
[e)}
.
W

(13.

CLAYSTONE--olive gray (5 Y 4/1) ' 2.7 (8.9)

weathered and fresh; beds medium,
irregular, uneven, with very thin, wavy,
discontinuous, parallel laminae;
contains ironstone concretions up to 3 m
long and #.5 m thick; contact with above
sharp.

SANDSTONE-~yellowish gray (5 Y 8/1) 8.4
weathered and fresh; beds thick,

irregular, uneven, with very thin-very
thick, planar, continuous, parallel

laminae; grains fine-medium,
moderaltely well-sorted, subangular;
some thin interbedded shale layers;

contact with above sharp.

SILTY CLAYSTONE--pale yellowish 5.9 (19.4)

brown (18 YR 6/2)-dark gray (N 3)
weathered and fresh; beds thick,
irregular, uneven, with very thin,
planar, continuous, parallel laminae;
sone zones very carbonaceous; contact
with above sharp.

SILTSTONE--dusky brown (5 YR 2/2) 1.0
weathered and fresh; beds thick,

irregular, uneven, massive; contact with

above sharp.

CLAYSTONE-—same as unit 3. 9.3

COAL--same as unit 8. g.6

~——r

1)

(3.3
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SILTY CLAYSTONE--pale yellowish brown 1.6 (5.3)
(19 YR 6/2) weathered and fresh; beds

medium, irregular, uneven, with very

thin, planar, discontinuous; parallel

laminae; very silty zone near middle of

unit; contact with above sharp.

COAL--black (N.1) weathered and fresh; 6.2 (6.7)
contains plant impressions on bedding
planes; contact with above sharp.

CLAYSTONE--pale yellowish brown (1% YR 6/2)1.6 (5.3)
weathered and fresh; beds very thick,

regular, uneven, with very thin, planar,

continuous, nonparallel laminae; contact

with above sharp.

SANDSTONE-~grayish orange (18 YR 7/4) g.4 (1.3,
weathered and fresh; beds thick,

irregular, uneven, with thin, planar,

continuous, nonparallel laminae;

large-scale, tangential, low-angle,

solitary, tabular cross-beds; grains

.~ fine, moderately well sorted,

subrounded; contact with above sharp.

CLAYSTONE--same as claystone in unit 1. 1.1 (3.6)

SANDSTONE~-same as unit 2. 3.8 (12.5;

CLAYSTONE--dark gray (N 3) weathered and 7.1 (23.3)
fresh; beds thick, irregular, uneven,

with very thin, wavy, discontinuous,

parallel laminae; contains two zones of

which are very carbonaceous near the

middle of the unit; contact with above

sharp.

SANDSTONE--yellowish gray (5 ¥ 7/2) 5.6 (18.4)
weathered and fresh; beds very thick,

irregular, uneven, massive; grains

silt—fine, moderately well sorted

subrounded; some clay stringers

interbedded with sandstone; contains

carbonaceous material; contact wit

above sharp.
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‘l . CLAYSTONE AND SANDSTONE: 6.2 (208.3)

CLAYSTONE--light brownish gray (5 ¥R
6/1)-brownish black (5 YR 2/1) weathered
and fresh; beds very thick-medium,
regular—-irregular, uneven, with very
thin, planar, continuous, parallel
laminae; contains large amount of
carbonaceous material.

SANDSTONE--yellowish gray (5 Y 7/2)

K weathered and fresh; beds thick,

E irregular, uneven, with very thick
laminae; grains fine-medium, moderately
well sorted. Most of unit is claystone;
contact with above sharp.

Total Section Thickness 84,6 (31%.4)

The base of the Menefee Formation is not exposed in this
area, section was started at lowest portion of unit exposed
at ground surface. strike N 20° E, and dip 48"W.
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SECTION SA-2, VALLECITO DEL RIO PUERCO, (Cuba 7.5" Quad.);
south facing slopes on eastern end of small mesa;
approximately 2.0 km (1.25 miles) northeast from Cuba High
School; approximately 3.2 air km (2 miles) due east of La
Placita; NE 1/4, section 22, 721N, R1W; Sandoval County;
section measured by Scott Anderholm and Steve Craigg, July

1978.
Unit Lithology Thickness m (ft)
TERRACE GRAVEL

14 BOULDER GRAVEL--pale reddish brown 6.0 (19.7)
(19 Y 5/4) weathered and fresh; beds

very thick, irregular, uneven, massive;
grains boulder-clay, poorly sorted;
upper portion eroded.

0JO ALAMO SANDSTONE

nN
et
.

€1

13 SANDSTONE-~yellowish gray (5 Y 7/2) 12.6 (4
weathered and fresh; beds very thick,
irregular, uneven, with thick, curved,
discontinuous, non-parallel,
laminae-massive; large-scale,
tangential, low-angle, solitary, trough
cross-bedding; grains fine-coarse;,
moderately well sorted, subangular;
composed mainly of quartz; contains

5y concretions and iron staining; contact

o with above sharp.

[O5]
.
N

12 SHALE--olive gray (5 Y 3/2) weathered 7.2 (2
and fresh; beds very thick, massive;
some zones contain silt; contact with
above sharp.

11 SANDSTONE--grayish orange (1% YR 7/4) 11.6 (38.1]
weathered and fresh; beds very thick,
irregular, uneven, with thick
laminae-massive; large-scale tangential,
low-high-angle, solitary, trough
cross-bedding; grains fine-medium,
poorly sorted, subrounded; upper
portion of unit very resistant; contact
with above sharp.



UNDIVIDED KIRTLAND SHALE~-FRUITLAND FORMATION

10 SHALE--light olive gray (5Y 5/2) weathered 8.7 (2
and fresh; beds very thick, massive;
non-calcareous; contact with above
sharp.

9 SANDSTONE--yellowish gray (5 Y 8/1) 8.2 (9

weathered and fresh; beds medium,
irregular, uneven, with thick, planar
. continuous, parallel laminae; grains
- medium, well sorted, subrounded; unit
N not continuous laterally; contact with
‘ above sharp.

8 SANDSTONE~-yellowish gray (5 Y 7/2) 3.7 (12,
- weathered and fresh; beds very thick,
’ regular, even, massive; grains
fine-medium, poorly sorted, subrounded;
composed mainly of quartz; unit contains
some silt and clay; contack with above
Sharp.

7 SHALE--brownish gray (5 v 4/1) 13.0 (42.
weathered and fresh; beds thick,
massive; contact with above sharp.

6 SANDSTONE AND SHALE: 8.5 (27.:

SANDSTONE~-grayish orange (18 YR 7/4)
weathered and fresh; beds very thick,
regular, even, with medium, planar,
continuous parallel laminae; grains
medium~coarse, well sorted,
subangular-angular; contains trace
fossils and carbonaceous plant
fragments; iron staining present;
contact with above sharp.

SHALE--brownish black (5Y 2/1)
weathered and fresh; beds medium,
‘regular, even, massive; contains
carbonaceous plant fragments; more shale
near top of unit; contact with above

sharp.
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5 SHALE--dark gray (N 3) weathered 1.3 (4.3
and fresh; beds very thick, with medium,
planar, continuous parallel laminae;
several beds contain silt; contains
burrows filled with silt; contact with
above sharp.

PICTURED CLIFFS SANDSTONE

4 SANDSTONE--light olive gray (5 Y 5/2) 2.1 (6.9
) weathered and fresh; beds very thick,

massive; grains silt-fine, well sorted,

subangular; contact with above sharp;

3 SILTY SHALE--yellowish gray (5 Y 7/2) 2.1 (6.9
weathered and fresh; beds very thick,
irregular, uneven, with very thick,
~ wavy, discontinuous nonparallel,
2 laminae; calcareous; contact with above
* sharp.

2 SILTY SANDSTONE-SILTY LIMESTONE-- 3.2 (19.5
‘ vellowish gray (5 Y 7/2) weathered and
fresh; beds very thick, massive; grains
silt-fine moderately well sorted,
subrounded; composed mainly of quartz
with calcite cement; contact with above
sharp.

e :
LEWIS SHALE

1 SHALE-~olive gray (5 Y 3/2)-moderate 11.2+ (36.7+
brown (5 YR 4/4) weathered and fresh;
beds very thick, massive; calcareous;
contact with above gradational.

Total Section Thickness 91.3 (2%89.5

Section started at break in slope in second sm=1ll arroyo
west of the road, offset at base of unit 11 to cliff
approximately 1/4 mile west of original starting point.
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SECTION SA-3, CERRO BLANCO (Gallina 7.5' Quad.) - Section
measured on east facing cliffs on east side of Cerro Blanco
2.4 km (1.5 miles) northeast of Gallina.

Unit Lithology ~ Thickness m (ft)
LOWER MEMBER OF THE MORRISON FORMATION

9 SILTY CLAYSTONE--grayish red (5 R 4/2) 1.0+ (3.3+
weathered and fresh; beds very thick,
irregular, uneven, massive; very little
of the unit exposed.

TODILTO LIMESTONE

8 GYPSUM-—very light gray (N 8) 33,3 (169.3
(N 9) weathered and fresh; massive;
contact with above sharp.

N
.
O

7 LIMESTONE--yellowish gray (5 Y 7/2) 2.1 ¢
weathered and fresh; beds medium—-thick,
irregular, uneven, with thin, wavy,
discontinuous, non-parallel laminae;
contact with above sharp.

ENTRADA SANDSTONE

6 SANDSTONE--grayish orange (18 YR 7/4) 18.3 (66.9
T ‘weathered and fresh; beds very thick,
“ .+ irregular, uneven, massive; grains
fine, well sorted, subrounded; composed
mainly of quartz with calcite cement;
some portions iron stained; contact with
above sharp;

5 SANDSTONE--very pale orange (18 YR 8/2) 3.8 (32.2

weathered and fresh; beds thick-very

thick, regular, uneven, with

medium-thick, continuous, parallel

laminae; 1large-scale,

discordant—-concordant, low-high-angle,

grouped, wedge cross-bedding; grains

. fine, well sorted, subrounded; composed

mainly of quartz with calcite cement;

contact with above sharp.
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4 SANDSTONE-- moderate reddish orange 52.6 (172.
(19 R 6/6) weathered, light brown (5 ¥R
- 5/6) fresh; beds very thick, regular,
~uneven, with medium-thick, planar,
~continuous, parallel laminae;
large-scale, discordant, high-angle,
grouped-solitary, wedge cross-bedding;
grains fine, well sorted,
rounded-subrounded; composed mainly of
guartz with some clay and calcite
cement; contact with above sharp.

3 SANDSTONE~-light greenish gray 1.5 (4.¢
: (5 GY 8/1) weathered and fresh:; beds
¥ very thick, regular, uneven, with
k medium, planar, discontinuous, parallel
laminae; small-scale, discordant,
high-angle, grouped, tabular
cross—bedding; grains fine, well
- sorted, subrounded; composed mainly of
‘ quartz with some clay and calcite
cement; contact with above sharp.

C 2 SILTY SANDSTONE--very pale green 2.5 (8.2)
(18 G 8/2) weathered, greenish gray (5 G
6/1) fresh; beds very thick, regular,
even, with medium, wavy, continuous,
non-parallel laminae; grains silt—fine,
moderatley —-poorly sorted, subrounded;
composed mainly of quartz with calcite
cement; contact with above sharp;

UPPER SHALE MEMBER OF THE CHINLE FORMATION

L SILTY CLAYSTONE--moderate reddish brown 3.2+ (10.5+
(18 R 4/6) weathered and fresh: beds
very thick, regular, even, massive:
highly calcareous; contact with above
sharp.

,Tbtal Section Thickness 124.3 (497.8

Measurement began in largest arroyo near middle of Cerro
Blanco, offset at base of Todilto Limestone north
approximately 188 m (330 ft) to measure rest of section.
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SECTION SA-4, BOX CANYON (Regina 7.5 Quad.). West facng
_slopes in canyon cut in Dakota dipslope; section started
near Sandoval-Rio Arriba County line; 8 air km (5 miles)
northeast of Regina; 4 air km (2.5 miles) southwest of
Gallina Plaza; NE 1/4, NE 1/4, NW 1/4, section 24, T23N,
R1W, Sandoval County; section measured by Scott Anderholm,
July 1978.

Unit ' Lithology = - Thickness m (ft)

DAKOTA SANDSTONE

12 SANDSTONE--pale yellowish orange 1.4 (4.6)
: (14 YR 8/6) weathered and fresh; beds
medium, regular, uneven, with
thin-thick, planar-wavy, continuous,
parallel laminae; symmetrical straight
ripple marks, crest height 1.3-2.5 cm
(1/2-1 in), wave length 15-21 cm (6-9
g in); grains silt-fine, moderately well
: sorted, subrounded; contains marine
trace fossils; upper contact eroded.

11 SHALE AND SANDSTONE: ' 12.8 (42.8)

SHALE--brownish black (5 ¥R 2/1)
weathered and fresh; beds very thick,
irregular, even, massive; contains some
siltly zones.

SANDSTONE--very pale orange (19 ¥R 8/2)
weathered and fresh; beds medium-thick,
irregular, even, with thin, curved,
discontinuous, nonparllel laminae;

grains silt-medium, poorly sorted,
subrounded. ,

Units contain cabonaceous material;
sandstones near base of unit; contact
with above sharp.
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SANDSTONE--pinkish gray (5 YR 8/1) 8.5 (27.9)
weathered and fresh; beds medium~thick,
irregular, uneven, with thin-medium,
curved, continuous, parallel laminae; -
small-large- scale,
discordant-concordant, high-angle,
solitary-grouped, tabular-wedge-trough
cross-bedding; grains medium-coarse,
moderately well-poorly sorted,
subrounded; unit contains some
conglomeratic zones and some Cross beds
are outlined by thin pebble layers;
contact with above sharp.

SANDSTONE—~--same as unit 7. 3.9 (9.8)
CONGLOMERATE——same as unit 6. 1.1 (3.6)

SANDSTONE--very light gray (N 8) weathered 2.6 (8.5)
and fresh; beds medium, irregular,

uneven, with thick, curved, continuous,

parallel laminae; large-scale,

discordant, low-high-angle, grouped,

tabular-trough cross-bedding; grains

medium-pebbles, moderately well-poorly

sorted, subrounded; composed mainly of

quartz with some feldspar and clay;

contact with above sharp.

 CONGLOMERATE--very light gray (N 8) 1.9 (3.3)
weathered and fresh; beds very thick,

irregular, uneven, massive; grains

fine-pebbles, poorly sorted, subrounded;

clay galls at base of unit; contact with

above sharp.

SANDY SILTSTONE--yellowish gray (5 ¥ 7/2) g.9 (3.9)
weathered and fresh; beds medium,

irregular, uneven, with thin-thick,

planar, continuous, parallel laminae;

grains clay-very fine, moderately well

sorted; contains carbonaceous material;

contact with above sharp.
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4 - SANDSTONE--very pale orange (10 YR 8/2) 5.8 (19.9)

; weathered and fresh; beds thin-thick,

irregular, uneven, with thin-thick,
- curved, discontinuous, parallel laminaej;

- large-scale, discordant—-concordant,
high-angle, grouped, trough—-tabular
cross—bedding; grains fine-pebbles,
moderately well-poorly sorted,
subrounded; some zones are
conglomeratic and pebbles outline cross
beds; contact with above sharp.

3 SANDSTONE--very pale orange (18 YR 8/2) 6.7 (22.9)
weathered and fresh; beds thin-thick,
irregular, uneven, with thin, planar,
continuous, parallel laminaej;
large—-scale, discordant~concordant,
low-angle, grouped, trough
cross-bedding; grains very fine-medium,
well-poorly sorted, subrounded; contains
several pebble rich zones; contact with

above sharp.

2 - SANDSTONE--yellowish gray (5 YR 8/1) 3.8 (12.5)
weathered and fresh; beds thick,
irregular, uneven, with thin laminae;
grains fine-coarse, moderately well
sorted, subrounded; contact with above
sharp.

UPPER MEMBER OF THE,MORRISON FORMATION

1 CLAYSTONE--olive green (5 Y 3/2) 1.6+ (3.3+
weathered and fr.

Total Section Thickness 48.6 (15%.4.

Section‘started approximately 0.4 km (#.25 miles) up major
canyon in Dakota dipslope. Section measured near northern
most exposure of upper member of the Morrison Formation in
canyon.



PION SA-5, ARROYO
ad.); measurement
st cliff on border
“air km (3 miles)
(6 miles) west of
gsandoval County;

.

%6

CHIJUILLA (Arroyo Chijuilla 7.5
began on south facing siope ©On southern
between sections 32 and 33, T21IN, R2W;
north of N M 197; approximately 8.1 air
Cuba; sections 28, 32, and 33, T2IN,
section measured by Scott Anderholm

1

Steve Craigg, June 1979.

Thickness m (ft)

Lithology

BA MESA MEMBER OF SAN JOSE FORMATION

>

ange (14.4)

SANDSTONE——dark yellowish or
pale orange

(16 YR 6/6) weathered, very
£18 YR 8/2) fresh; beds very
thick-thick, irregular, uneven, with
thick-medium, planar, continuous,
parallel laminae; large-scale,

» tangential-discordant, high-low angle,
grouped, tabular—trough cross—bedding;
grains coarse-medium, moderately well
sorted, subangular-subrounded; composed
mainly of quartz; contains iron staining
and carbonaceous material; top of unit

eroded.

SILTSTONE AND SANDSTONE: (32.2)

SILTSTONE——yellowish gray (5 Y 8/1)
weathered and fresh; beds very thick,
irregular, uneven, massive.

™' gANDSTONE

--grayish orange (10 YR 7/4)
weathered and fresh; beds very
thick—-thick, irregular, uneven, with

continuous, parallel

thick, planar,
1mminmﬂmmmum1ve; grains medium-fine,
moderately smortod, subrounded; composed

malnly ot iron

mtalned.

quartz wlth gsome mica;

Siltatone

most com
the unit; mon near the top of

contact with above sharp
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-REGINA MEMBER OF THE SAN JOSE FORMATION
18 CLAYSTONE--same as unit 16.
‘CUBA MESA MEMBER OF THE SAN JOSE FORMATION

17 SANDSTONE--grayish orange (1@ YR 7/4)
R weathered and fresh; beds very thick,
irregular, uneven, with thick, planar,
curved, continuous, parallel laminae;
grains fine-medium, moderately sorted,
subrounded; composed mainly of quartz
with some mica; contains carbonaceous
material; contact with above sharp.

REGINA MEMBER OF THE SAN JOSE FORMATION
16  SILTSTONE and CLAYSTONE:

SILTSTONE--very light gray (N 8)
weathered, light olive gray (5 Y 6/1)
fresh; beds very thick, irregular,
massive. :

CLAYSTONE-— grayish red (5 R 4/2)
weathered and fresh; beds very thick,
irregular, even, massive; Contact with
above sharp.

CUBA MESA MEMBER OF THE SAN JOSE FORMATION

150, SANDSTONE--moderate yellowish brown

‘ ‘ (18 YR 5/4) weathered and fresh; beds

¢ medium, uneven, irregular, with thin,
planar, continuous, parallel laminae;
grains fine-medium, moderately sorted,
subrounded; iron stained; unit partially
covered; contact with above sharp.

19.2

5.2

21.8

1%9.2

(63.%
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REGINA MEMBER OF THE SAN JOSE FORMATION

14 SILTY CLAYSTONE--pale brown (5 YR 5/2) 9.9
weathered ,brownish gray (5 YR 4/1)
fresh; beds very thick, irregular,
uneven, massive; contact with above
" sharp.

CUBA MESA MEMBER OF THE SAN JOSE FORMATION

13 . SANDSTONE——very pale orange 21.1

(14 ¥R 8/2) weathered and fresh; beds thick,
irregular, uneven, with medium-thick, curved,

" continuous, parallel laminae; large-scale,
tangential- discordant, low-angle,

grouped solitary, trough cross-bedding; grains
medium-coarse, moderately well sorted,
subangular; composed mainly of quartz, some
‘feldspar; sand varies in thickness laterally;
contact with above sharp.

NACIMIENTO FORMATION

lé’ SILT¥ CLAYSTONE AND SANDY SILTSTONE: 7.9
’jeahe as’eﬂit‘B;

CUBA MESA~MEMBER OF THE SAN JOSE FORMATION

11 SANDSTONE--dark yellowish orange 15.1
1 (18 YR 6/6) weathered and fresh; beds
«/ - thick-very thick, irregular, uneven,
. with thick, planar continuous, parallel
* laminae—-massive; large-scale,
~ discordant-tangential, low-high-angle,

"1 solitary-grouped, tabular-trough
cross—bedding; grains coarse-very
coarse, poorly sorted,
subrounded-subangular; composed mainly
of quartz with some feldspar; contact

- with above sharp.

(29.5)

(69.2)

(23.0)

(49.5)
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NACIMIENTO FORMATION

109 SILTY CLAYSTONE AND SANDY SILTSTONE: 8.9 (29.2)
Same as unit 8. ;

CUBA MESA MEMBER OF THE SAN JOSE FORMATION

9 . SANDSTONE--dusky yvellow (5 Y 6/4) 1.3 (4.3)
weathered and yellowish gray (5 Y 7/2)
fresh; beds medium-thick, irregular,
uneven, with thick, laminae;
large—-scale, discordant-tangential,
high-angle, solitary, wedge-trough
cross-bedding; grains fine-medium,
moderately well sorted, subrounded; .
composed mainly of quartz with some
mica; contact with above sharp.

NACIMIENTO FORMATION
8 SILTY CLAYSTONE AND SANDY SILTSTONE: 5.4 (17.7)

SILTY CLAYSTONE--olive.gray (5 Y 4/1)
weathered and dusky brown (5 YR 2/2)
fresh; beds very thick, irregular,
uneven, massive; :

SANDY SILTSTONE--grayish red (14 R 4/2)
weathered and fresh; beds thick,
irregular, uneven, with thick, curved,
discontinuous, parallel laminae; grains
silt-very fine, poorly sorted,

e subrounded;

Both units contain carbonaceous
material; contact with above sharp.
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CUBA MESA MEMBER OF THE SAN JOSE FORMATION

7 SANDSTONE--grayish orange (180 YR 7/4) 15.2 (49.9)
weathered and fresh; beds very thick,
irregular, uneven, with medium-thick,
planar, continuous, parallel laminae;
large-scale, tangential—discontinuous,
low—angle,‘solitary—grouped,
trough-wedge cross—bedding; grains
medium—~coarse moderaely well sorted,
subangular; composed mainly of quartz
with feldspar and clay matrix; contains
silicified wood and iron staining;
contact with above gradational.

6 SANDY SHALE--light olive gray (5 Y 6/1) g.5 (1.6)
weathered and fresh; beds medium,
irregular, uneven, with thin, curved,
discontinuous, parallel laminae; unit
not continous laterally; contact with
above sharp.

>

5 SANDSTONE--yellowish gray (5 Y 7/2) 4.7 (15.
weathered, yellowish gray (5 Y 8/1)
fresh; beds medium-thick, irregular,
uneven, with thick, 'planar,
continuous parallel laminae; grains
, fine-medium, moderately well sorted,
. subrounded; composed mainly of quartz
with clay matrix; contact with above
sharp.

\
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4 SANDY SILTSTONE AND CLAYSTONE: 1.6 (5.3)

SANDY SILTSTONE--light gray (N 7)
weathered and fresh; beds thick,

irregular, uneven, massive;

CLAYSTONE--light gray (N 7) weathered
and fresh; beds thick, irregular,
uneven, with medium, curved, continuous,
parallel laminae.

Units contain sandstone clasts; contact
with above sharp.

3 SANDSTONE--yellowish gray (5 Y 7/2) 11.1 (36.4)
weathered and light gray (N 7) fresh;
beds thick-very thick, irregular,
uneven, with thick, curved, continuous
parallel laminae; large-scale,
tangential, low-angle solitary,
trough-wedge cross—bedding; grains
medium-very coarse, moderately well
sorted, subrounded; contains silicified

o wood and liminitic wood; clay galls near

base of unit; contact with above sharp.

NACIMIENTO FORMATION

2 SILTYaCLAYSTONE——YelloWiSh gray

SR (5 Y 7/2) weathered, grayish black (N 2)
fresh; beds thick, irregular, uneven,

massive; contains carbonaceous material;
contact with above sharp.

11.9 (39.9]

s
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1 SANDY SILTSTONE, SANDSTONE, AND CLAYSTONE:24.56 (86.7)

SANDY SILTSTONE-- weathered and fresh;
beds medium-thick, irregular, uneven,
massive; grains silt-very fine, poorly
sorted.

SANDSTONE--yellowish gray (5 Y 7/2)
weathered and fresh; beds thick,
‘irregular, uneven, massive; grains very
fine-fine, moderately-poorly sorted,

- subrounded.

CLAYSTONE~~- light olive gray weathered,
dark greenish gray (5 G 4/1) fresh;
beds medium-very thick, irregular,
uneven, massive.

‘Contains iron stone nodules; contact
with above gradational.

Total Section Thickness 298 m (682.4 ft)

/v)m. e N

Measurement started at break in slope; near fence on section
‘line between sections 32 and 33, measurement continued to top
of cliff, offset at top unit 7 to NW 1/4, NE 1/4, SE 1/4,
section 32 and measured northwest to top of south facing
cliff on southwest side of arroyo, offset at base of unit 13
to base of south facing cliff on north side of arroyo and
measured to highest point on mesa. Baltz (1967, Plate 1)
mapped units 8, 18, and 12 as Regina Member of the San Jose
Formation, the lithology of these units is very similar to
the lithology of the Nacimiento Formation and it is the
author's belief that the units are Nacimiento Formation and
are a result of interfingering between the Nacimiento
Fogmation and the San Jose Formation.

R

ey,
i
{
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APPENDIX B

Well Inventbry

Thirty wells, springs, and streams were inventoried in
the study area. Whenever possible the depth of the well and
depth to water was measured for each well. Table B-1

presents well inventory data.

The system of numbering the location of each well 1is
that’used by the New Mexico State Engineer and is based on
the standard township, range, section, and quarter section.
Each well has a set of numbers separated by periods which
represents the wells location. The first numbers refers to
toWnship, the second set of numbers refers to the range, and
~the third set refers to the section the well is in. The last
_set of three numbers refers to the quarter sections the well

is in. Each quarter section is divided into quarters and

"each quarter is assigned a number. The numbering is as
follows: northwest quarter is 1, northeast quarter is 2,
‘southwest quarter is 3, southeast quarter is 4. TBach guartel
${bf a section is divided into quarters with the same numbering
-;scheme. The quarter—quarter sections are then divided into
‘quarters again and the same nunbering system applied. If th«
location can not be determined to the quarter—-quarter or
quarter—quarter—-quarter section a zero is used instead of oni

of the above numbers. In an area which is unsurveyed the
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locations were approximated using an extended township and
range grid. A well in the SW 1/4, SE 1/4, NW 1/4, section

24)»T23N, RI1IW would be designated 23N.1W.24.143 using this

numbering scheme.




Tahle H-1

. Well Inventnra D'ata

UUndnr <ample number:

BT = from Kzliz end Weel (19&E7) .
= Resins MHember of the Szn Juce Formeotion:

Tt

¥rn = Hacimiernto Formations Tor = QJuo Alzmo
Mesbher of Lhe Chinle Fermalaione
Ctreams
§ = Stocks FS = Fublic Service.

S = Srraings SU *

B Ouner
U. §. Forest
U. S. Forest Service
U. €. Forest Service
Terhio Hartineg
Gecrze Casaus
‘Unknoun
ture Chavez
U. S, Forest, Service
5. S. Forest Service
Hark Camden
Fran Seratte
. Dlennis Vardgo
Rert’s Trailer
Cosne Herrera

4 . Lonnie Jacauex
Carroll Hclain
L. A. HeCrachen
Larry Senear
Alice WolT
Gallina Commuraty
‘Alberto Herrera
Willie Suazo
Frank Garcia
Jemez Mpt. School
John Shielew
-Cuba Cituw Water

. Jack Holley

" Resina Hun. Water
LLa Jara Com. Swstewm
y. S. Forest Service
Juan Montowua
Genoveno Janues
Genoveno Jaaues
La Jara Store
H. BR. Browning
Oribie Eridse
"J. F. Herrera
Hert Herreres
E. N, Haieu
R. D. Phillirs
Girt Hoxey
Hen Sawuwer
Willian Eastlatre
Williem Eastlate

. William Eastlake
Rarhael Duran
Cuba Schools 1
Cuba Schools 2
Standard 0il Co.
William Eastlake
R. L. Reed

Service

Park

Sr

Dz

Samrle
Numder
Sa-1
SA-2
SA-3
5a-4
sa-5
Sn-6
sa-7
sA-8
SA-9
SA-10
SA-11
SA-12
5A-13
SA-14
SA-15
SA-146
Sn-17
Sn-18
SA-20
SA-21
3A-22
SA-23
Sh-24
SA-2S
SA-26
SA-30
SA-32
SA-33
SA-34
SC-3
BZ-14
kKZ~-14
P2-17
KZ-313
KZ-34
RZ-40
RZI-&5
RZ-44
KZ-68
RZ-569
KZ-80
HZ-81
RZ-82
»2-83
RZI-B4
kZ-88
BZI-91
BZ-93
B2--98
BZ2-5~10
BZ-5-418
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sA = samrled bw Scot
Under zavifer: QD2
Sendctone
ta = Abe Formelione

. Dug Welle Dy o= Dr3ld
For waler auaelilw d

Location Eievatli
22,1E.9.410 2100
21.1E.3.100 10120
21.1E.21.100 9410
21.1Ww.14.411 FAT L
21.1W.3.4532 7430
21.1W.14.332 76
21.1U.4.244 7390
23.1E.31.232 8904
23.1W.25.431 . 8420
22.1W.32.421 7440
23.1W.34.113 7580
21.14.9.214 7195
21.1W.7.414 7055
20,1W.6.200 4880
22.1UW.12,411 7410
21.314.8.431 71460
23.1W.B.424 7100
21.1W.17.212 7040
22,1W.34.433 7530
23.3iE.15.124 750
21.1W.7.234 4980
23,1€£.13.323 7710
21.1U.8.331 7038
23,1E.15.,123 75460
23.1W.15.233 73¢9
21.2W.11,200 7280
23.1E.9.341 7345
23.1W.36.311 8490
22,1W.23,140 7980
20,1£.6.234 7925
22.1W.20,.134 7240
22.14.30.232 7175
22.1W.30.232 7175
22,1W.32,333 7150
23,1W.3.414 7320
23.,1W.19.244 7410
21.3W.7.211 70460
21.1W.7.4314 7055
21.1W0.8.421 7100
21.1U.8.422 7130
21.1W.17.142 70560
21.1W.17,144 7025
21.1W.17.321 7010
21,.1W.17.323 4990
21.1W.17.322 &990
21.1W.20,322 6920
21.31UW.28.143 4930
21.1W.28.,211 46940
21.1W.29.240 &900
21.1W,17.333 46950
23.1W.22,333 7550

1 = Alluviums QL2
¢ ke = Mzncoz Shzler 1
Frn = Mederz Formelion.
ed. Under Well Use:l

zlz see Aaprendix E.

Well Waler
on llerth Level
15.6 1.0
282.0 230.0
59.0 14,2
33.0 1.0
51.0 29.0
- 200.0 70.0
220.0 a7.0
100 30
159 -
87.0 76.0
?2.0 4£8.0
45.0 8.0
162 62,5
! 400.0° 180.0
(o} 800 -
800 -
14C0.0 Tflows
30 -
A0.0 23.4
- 10.8
- 10.8
192 160.0
734 6
275 26,4
125 44.0
135 $5.0
106 45.3
25 73.7
115 55
446 28.8 .
&5 21.4
- S
75 36.2
835 41.8
148 23.7
110 42,
100 -

-

L Anderholms SC = sampled by Steven Croids,
Terrace Gravelss
Teue = Cube Hesas Member of the Szn Jouser

rer = Folen Sandctone
Under well lurel

N = No Ucer» [t = Domec
Well Well
Aauifer Ture Use
Fm St N
- St N
- St N
Ote Tty D
Qtg Se I
Qt= Sr o
Ts.c Itr S
Fm Sw 5
P Se S
Qtg Ir )
Qa1 Iir D
TsJe Lr n
Tsdc Dir I PS
Toa fir S
K or 11y S
Tsdc Or It
Tedc Dr. I
Ts.Jde Iir 0
Tte Sk Ity S
TEce Iie [
TsJdc ftr S
TRcr Dir e
Ts.c Iir ¢l
T&kere Ur S
Trd7) Dr s
Tsdg Dr FS
Ther or FS
P Sr Ps
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APPENDIX C

Thin-Section Analyses

~‘Seven/thin sections were described using a petrographic
microscope. Most of the samples analyzed are from units that
‘are aguifers or potential aquifers or potential aquifers in

the area. ~-Table C-1 summarizes the source of the samples.

Initially one hundred points were counted to determine
relative abundance of framework, matrix, cement, and
porosity. The matrix reported may be high because the
samples were collected at the surface and thus were exposed
- to weathering processes. Porosity may also be inaccurate
Abeéahse of grain plucking during the cutting and grinding of

"the thin section.

Counting was resumed until 30¢ framework points had bee:
counted. The sandstones were then classified according to
Folk's (1974) system by means of a computer program (William
and Randazzo, 1976) which utilizes the point-count data to
qalculate percentages for each of Folk's end members and
q}assify the rocks giving them a clan name and specific name
;l(i% should be noted that although the version of the program
used does not print out a framework percentage for granitic
fock fragments, they are included in computing F-pole

percentages and the group names are correct as shown. The

computer print-outs for the samples analyzed follow Table

c-1.
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Abbrev1atlons used in the prlnt outs are: QTZ = quartz, KSF
potassium feldspar, PLAG plagloclase, UNDF =
undifferentiated feldspars, GR-RF = granitic rock fragments
VRF = volcanic rock fragments, MRF = metamorphic rock
fragments, CARF = carbonate rock fragments, SSRF = sandston
rock fragments, SHRF = shale roek fragments, FECM = iron

cement, CACM = carbonate cement, SICM = silica cement.
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TABLE C-1l. Source of samples studied
in thin section. Where sample not from a measured

section, legal description of sample site is given.

Number Unit Measured Section and Unit
SA-II-12 Ojo Alamo SA-2 11
SA~I11-14 Ojo Alamo SA-2 13
SA-III-4 Entrada SA-3 4
SA-IV-4 Dakota SA-4 4

SA-IV-T Dakota SA-4 7
SA-IV—lé Dakota SA-4 12

‘SA-38 Poleo NE 1/4, section 24, T23N, R1W
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332 FRAHEWORK FOINTS

it

SAMPLE NUMBER = SA-I11-12 TOTAL POINTS COUNTED 300

RAW DATA (INDIVIDUAL POINTS)

~

*QTZ*KSPAR*PLAGXUNDFSXGR—RF*URF1HRFXCHERT*CARF*SSRFXSHRF*(FECH*CACH*SICH*CLAY!POROSITY
1346 97 13 1 16 157 0 0 0 & -16 20 1 0 1 10

FRAMEWORK PERCENTAGES

Q-POLEXX*Xx 45.3 °

F-POLE*xxx 42.3
KSPAR B7.4
PLAG 11.7
UNDFS 0.9

R-POLEXXxxXx 12.3
URF 40.5
MRF 0.0
SRF 59.5

SED-RF POLE
CHERT 0.0
CARF 0.0
SSRF 27.3
SHRF 72.7
GROUF NAME IS xxxX ARKOSE

SPECIFIC NAHE IS %Xxx K-FELDSPAR-BEARING ARKDSE.
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SAMPLE NUHEER = SA-1I-14 TOTAL POINTS COUNTED = 332 FRAHEWORK POINTS = 300

RAW DATA (INDIVIDUAL PDINTS)

*GTZ*KSPAR*PLAG*UNDFS*GR—RF!URF*HRFxCHERT*CARF*SSRF*SHRF*(FECHXCACH*SICM*CLAY*PDROSITY)
149 ?5 14 o 10 7 1 12 [s] 8 4 0 24 o 0

FRAHEUWORK PERCENTAGES

G-POLEXXX% 49.7

' F-POLE¥¥Xx% 39.7
KSPAR 87.2 -~
FLAG 12.8 )
UNDFS 0.0

R~POLEX¥%¥ 10.7

URF 21.9
{ HRF 3.1
SRF 75.0

SED-RF POLE
CHERT S0.0
CARF 0.0
SSRF 33.3
SHRF 18.7

GROUP NAME IS Xxx**x ARKOSE

SPECIFIC NAME 1S xk¥x K-FELDSPAR~BEARING ARKOSE
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SAHPLE NUMBER = SA-IXI-4 * TOTAL POINTS COUNTED = 337 FRAMEWORK POINTS = 300

RAW DATA (INDIVIDUAL POINTS)

!QTZ*KSPAR*PLAG!UNDFSxGR-RF#URF*HRF*CHERT*CARF*SSRF*SHRF*(FECH*CACH*SICH*CLAY*POROSITY)
228 42 ? 0 [o] 0 Lo 21 (o 4] o] 3 14 0 1 19

FRAMEWORK PERCENTAGES

Q-FOLEXXX* 76.0

F-POLEXXXX 17.0
KSPAR 82.4 . ~
PLAG  17.6
UNDFS 0.0

R-FOLEXXXX 7
VRF 0.0
HRF 0.0

SRF 100.0
SED-RF POLE "

CHERT 100.0
CARF 0
SSRF [+
SHRF [}

.0

cC OO

BROUP NAME IS xXxX¥ SUBARKOSE

SPECIFIC NAME IS ¥xx¥x K-FELDSPAR-BEARING SUBARKOSE
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SAHPLE NUMBER = SA-1VU-4 TOTAL POINTS COUNYED = 327 FRAMEWORK PDINTS = 300

RAW DATA (INDIVIIUAL FOINTS)

XGTZ*KSPAR*PLAG*UNDFS*GR—RF*URF*HRF!CHERT*CARF*SSRFXSHRF*(FECH!CACH*SICM*CLAY*POROSITY)
252 18 o (o] ¢} 0 o] 3 0o 18 . 9 o] o [o] 10 17

FRAHEUWORK PERCENTAGES

Q-POLEXXX¥ 84,0

F-FOLEXx*x¥ 4,0
KSPAR 100.0
PLAG 0.0
UNDFS 0.0

R-POLEXX%xx 10,0
-~ VURF 0.0
MRF 0.0
SRF 100.0
SED-RF POLE
CHERT 10.0
CARF 0.0
SSRF 60.0
SHRF 30.0

GROUP NAME IS XX*¥ SUBLITHARENITE

SPECIFIC NAME IS *xX% QUARTZOSE SEDARENITE %X OR XXQUARTZOSE SnNDSTDNE.ARENITE



L

SAHFLE NUHMKRER = SA-Ju-7 - TOTAL FOINTE COUNTED = 324 FRARCUORKN FOINIS = 2

AL DATA C(INRDIVINUAL 1'0INTS)

rDTZrﬁSPAR:PLaSIUNHFStGH—RrrURr:hnFrCHERT:CARYrSSRIxSHRrx(FEC::CAChrS]ChrCLAYrPC
273 15 0 o] (o] o] 4] 8 0 2 2 o] b4 2 3

- FRANEWDRK FPERCENTAGES

Q-FDLEXYXY 91.0

ey

F-FOLExxY® 5.0
HSFFAR 100.0

FLAG 0.0
UNDFS 0. .

K-FDLExxx¥ 4.0 N
URF 0.0 -
HRF 0.0

SRF 100.0
SED-RF FDLE
CHERT &6.7
CARF 0.0
- SSRF 16.7
SHRT 1¢4.7

GROUF NAHE 1S xrx® SUKRARKDSE

SFECIFIC NAME 1S ¥xxx K-FELDSFAR-HCARING SUKARKOSE

- .. .
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SAHKPLE NUHEBER = SA-IVU-12 TOTAL POINTS COUNTED = 311 FRAHEWORK POINTS = 300

RAW DATA (INDIVIDUAL PDINTS)

¥OQTZXKSFARXFLAGXUNDFSXGR-RF XURF ¥ MRF XCHERT *CARF XSSRFXSHRF ¥ (FECHXCACHXSICHXCLAYXPOROSITY)
223 73 ] 0 0 0 o] 2 0 0 2 o] o] & 1 4

FRAHEWORK PERCENTAGES

Q-POLEXXxXXx 74,3

F-POLEXXXXx 24.3
KSPAR 100.0
FLAG 0.0
UNDFS 0.0

R-POLExx¥x 1.3
VRF 0.0
HRF 0.0
SRF 100.0
SED-RF POLE
CHERY 50.0
CARF 0.0
SSRF 0.0
SHRF 50.0

GROUP NAME IS xx¥X ARKOSE

SPECIFIC NAME IS *xxx K~FELDSPAR~REARING ARKOSE




SAHPLE HUHBER = SA-38 TOTAL POINTS COUNTED = 324 FRAHEWORK POINTS = 300

RAW DATA (INDIVIDUAL FOINTS)

*QTZXKSPARXPLAGXUNDF SXGR-RF ¥URF XHRF XCHERT*CARFXSSRFXSHRF X (FECHXCACHXSICHXCLAYXPOROSITY)
234 49 3 2 o [+] 0 12 o] o (o] 0 22 3 1 (o]

¢ FRAHEWORK PERCENTAGES

G-POLExxrxx 78,0

F-FOLEx»¥x 18.0
KSFAR %90.7 .
PLAG 5.6 -
UNDFS 3.7

. R-POLExXx¥X
“ VRF 0.
MRF 0.

SRF 100.0

SED-RF POLE .
CHERT 100.0
CARF 0.0
SSRF 0.0
SHRF 0.0

4.0
o]
o]

GROUP NAME IS x%¥x SUBARKOSE

SPECIFIC NAHE IS xxxx K-FELDRSPAR-BEARING SUBARKOSE
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Appendix D

Particle-Size Analyses

Particle-size analyses were completed on ten sandstone
samples. Samples were selected so as to represent major
aquifers or potential aquifers in the area. Table D-1
summarizes the source of samples analyzed.

The samples were disaggregated with 1@ percent HC1.
After decanting the samples several times and adding
distilled water to wash the particles of all the acid, the
gamples were wet sieved with a 4.0 phi sieve. The fractions
of the samples larger than 4.8 phi were then oven dried and
sieved for 15 minutes with a Ro-Tap and a #.25 phi seive set
fFractions of the sample smaller than 4.0 phi were put into
1689 ml cylinders along with approximately 10% ml of
dispersing agent and enough distilled water to bring the
volume to 1080 ml. The solution was then stirred until all
particles were flocculated and distributed uniformly. The
silt and clay fraction was then analyzed using a hydrometer.
All grains smaller than 9.8 phi were included in the 9.8 phi

size range.

A computer program was then used to evaluate the
grain-size data. The program prints the raw data, calculate
cummulative and weight percentages for each phi interval, an

piots a cummulative curve and histogram for each sample. Th
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program scans the cummulative weight percents and prints the
phi values which correspond to seven percentiles used in
statistical calculations. The program calculates and prints
the following statistical parameters (és defined by Folk,
1974): median, graphic mean, quartile deviation, graphic
standard deviaton, inclusive graphic standard deviation,
graphic skewness, inclusive graphic skewness and graphic
kurtosis. The computer print-out for each sample analysis
consists of three pages: the first page presents raw data
and weight percentages, the second page presents a
cummulative curve and histogram, and the third page presents
.the statistical parameters and the seven phi values used to
_calculate them. The remainder of this appendix presents the
computer print-outs for the samples analyzed.

The classifications discussed in the text of this repor
V.are based on Folk's (1974) graphic mean, inclusive graphic

‘standard deviation, and inclusive graphic skewness.
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Table D-1. Source of samples used in particle-size analyses
Where sample not from a measured section, legal

description of sample site is given.

Number Unit Measured Section and Unit
SA-II-4 Pictured Cliffs SA-2 4
SA-II-6 Kirtland/Fruitland SA-2 6

"~ SA-II-8 Kirtland/Fruitland SA-2 8
SA-II~-11 0jo Alamo SA-2 11
SA-II-13 Ojo Alamo SA-2 13

' SA-III-4 Entrada SA-3 4
SA-IV-4 Dakota sa-4 4
SA-IV-7 Dakota SA~4 7
SA-TSJCM-1 Cuba Mesa NW 1/4, section 7,T21N, RIW

SA-38 Poleo NE 1/4, section 24, T23N, RIW
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SA=II~4

IHITIAL SAKPLE WEIGHT= 57,92 GPME
SUK OF SIZE FRACTION WFRIGHTS= 47,9) GRMS
EXPERIMENTAL "SAMPLE LOSS= 10,01 GRMS . -
+ CUMULATIYE PERCENTAGES CALCULATED USING SUM OF SIZE FRACTION WEIGHTS

PHI DIAKETER WEIGHT  WEIGHT PERC  CUH PERC
(M) (GFMS)
2.50 0,177 0,07 0,15 0,15
2.75 0.149 0,72 1,50 : 1.65
3,00 0,125 2.20 4.59 6,24
3.25 0.105 3.40 7.10 13.34
3.50 0.088 6.95 14,51 27,84
3.75 0.074 13.50 28,18 56.02
4,00 0,063 6.97 14,55 70.57
5.00 0.031 . 5,20 10,85 81,42
6.00 0.016 2.4vU 5,01 86,43
7.00 0,008 2,30 4.80 91.23
8.00 0,004 1.60 3.34 94,57
9.00 0,002 2,60 5,43 100,00

e = T A UV e e e . -
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SA-11-4
STATISTICS
PERCENTILES

CPERCENT VALUE

5. 2,932

16, 3,296

25. 3,451

50. 3,697

- 15. 4,408

84, . 5,514

95, 8,079

STATISTICAL PARAMETERS

MEDIAN = 3,697
GRAPHIC MEAN = 4,169

QUARTILE DEVIATION = 0,479

GRAPHIC STANDARD DEVIATION = 1,109
INCLUSIVE STANDARD DEVIATION = 1,334
GRAPHIC. SKEWNESS = 0,639

INCLUSIVE GRAPHIC SKEWNESS = 0,671
GRAPHIC KURTOSIS = 2.203
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SA-IX-6

YNI1T1AL SAMPLE WEIGHT= 66,00 GRK5

SUM OF SIZE FRACTION WEICHTS= 64,64 GRHS

EXPERIMNENTAL SAMPLE LOSS= 1,36 GRNS

CUMULATIVE PERCENTAGES CALCULATED USINGC SUM DF SJIZE FRACTION WEIGHTS

PHI DIAKETER WEIGHT WE1GHT PERC CUH PERC
(HA) (GPHS5)
1.00 0,500 0.0% 0.12 0.12
1.25 0,420 0.12 0.19 0.31
1,50 0.350 0,36 0,56 0.87
1.75 0.300 1.73 2.68 3.54
2.00 0,250 2.4b 3.8 T.35
. 2.25 0,210 3.82 5.91 13.26
| 2.50 0.171 7.95 12.30 25.56
2,758 0.149 10.57 16,35 41,91
3.00 0.125 11,08 17.14 59.05
3.25 0.105 T.44 11.51 70.56
3.50 0,088 5,49 8.49 79.05
3,75 0,074 3.36 5.20 84.25
4,00 0,063 1.18 1,83 86,08
5.00 0.031 1,00 1.55 87.62
y 6.00 0.016 0,70 1,08 8R,71%
7.00 ~ 0.008 1.20 1,86 90.56
8,00 0,004 1.30 2.01 92.57

Q,00 0,002 4.80 7.43 100,00
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SA-II-6
STATISTICS

PERCENTILES

UM B

5, 1,846

16, 2,306

25, 2.489

50, 2.868

g . 7s. 3,381

84, 3.738

95, 8.327

STATISTICAL PARAMETERS

MEDIAN = 2,868
GRAPHIC MEAN = 2,971
OUARTILE DEVIATION = 0,446
GRAPHIC STANDARD DEVIATIOR = 0,716
INCLUSIVE STANDARD DEVIATION =  1.340
GRAPHIC SKEWNESS = . _ 0,215
INCLUSIVE GRAPHIC SKEWNESS = 0,450

. GRAPHIC KURTOSIS = 2.978
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INITIAL SAKPLE WEIGHT= 55,90 GRMS
SUM OF SIZE FRACTION WEIGHTS= 49.32 GRMS

EXPERIKERTAL SAHPLE LOSS=

6.58 GR}S

CUMULATIVE PERCENTAGES CALCULATEDL USING SUM OF SIZE FRACTION HEIGHTS

PHI

1.50
1.75
2,00
2.25
2.50
2,75,
3.00
3.25
3.50
3.5
4.00
5.00
6.00
7.00
8.00
9.00

D1AMETER

(PNR)
0,350
0,300
0.250
0,210
0.177
0.149
0,125
0,105
0,088
0,074
0,063
0.031
0.016
0,008
0.004
0.002

WEIGhT WEI1GHT PERC CUM PERC

({GPHS)

0.05
0.16
0.77
2.50
7.64
7.04
5.33
3,24
1.95
1.24
0.65
1.60
1.10
1.00
3.20
11.90

0.10
v.32
1.46
5,07

15,49

14.27

10,81
v,57
3,95
2.5%
1.32
3.24
2,23
2.03
6,49

24.13

0,10
0,43
1.89
6,95
22,45
36.72
47.53
54,10
58.05
6b.56
61,88
65,13
67.36
69,38
15.87
100,00
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SA~I1-8
STATISTICS
PERCENTILES
VR i
5, 2,154
16, 2,396
25, 2,545
50, 3.094
0 15, 7.866
84, 8,337
95. 8,793

STATISTICAL PARAMETERS

MEDIAN = 3,094

GRAPHIC MEAN =  4.609

QUARTILE DEVIATION = 2,660

GRAPHIC STANDARD DEVIATION = 2,970
INCLUSIVE STANDARD DEVIATION = 2,491
GRAPHIC SKEWNESS = 0,765

INCLUSIVE GRAPHIC SKEWNESS = 0,741
GRAPHIC KURTOSIS = 0,511
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s ' f
SA-11-11 !

A /

INITIAL SAHPLE WEIGHT= 64.43 GKMS
SUH OF SIZE FRACTION WEIGHTS= 64.43 GRHS
EXPERIMENTAL SAMPLE 1.0SS= 0.00 GRHS

EUHULATIVE FPERCENTAGES CALCULATED USING SUM OF SIZE FRACTION WEIGHTS

FHI DIAHETER UEIGHT  WEIGHT PERC  CUN PERC
) (GRHS)

-0.25 1.190 0.10 0.15 0.5
0.00 1.000 0.25 0.39 0.54
0.25 0.840 0.66 1.02 1.56
0.50 0.710 2.45 3.79 5.35
0.75 0.590 4.27 6.61 11.96

© : 1.00 0.500 10.58 16.37 28.33
1.25 0.420 9.78 15.13 43.46

1.50 0.350 8.48 13,43 56.89

1.75 0.300 7.95 12.30 69.19

2.00 0.250 4.00 4019 75.38

" 2.25 - 0.210 2.24 3.47 78.85
2.50 0.177 1.91 2.94 81.80

2.75 0.149 1.26 1.95 83.75

3.00 0.125 1.00 1.55 85.30

3.25 0.105 0.70 1.08 86.38

3.50 0.088 0.64 0.99 87.37

3.75 0.074 0.50 0.77 88.15

4.00 0.043 0.24 0.40 _B8.55

5.00 0.031 0.50 0.77 89.32

6.00 0.015 0.90 1.39 90.72

7.00 0.008 0.70 1.08 91.80

8.00 0.004 1.00 1.55 93.35

L 9.00 0.002 4.30 485 100.00
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SA-TI-11
STATISTICS
PERCENTILES
CORREENT VALDE
5. 0,477
16. ' 0.812
25, 0,949
50, 16372
- 15, 1,985
. 4, 2,790

85, 8,248

STATISTICAL PARAMETERS

MEDIAN = 1,372 .

CRAPHIC MEAN =  1.658

QUARTILE DEVIATION = 0,518

GRAPHIC STANDARD DEVIATION = 0,989
INCLUSIVE STANDARD DEVIATION = 1,672
GRAPHIC SKEWNESS = 0.434

INCLUSIVE GRAPHIC SKEWNESS = 0,602
GRAPHIC KURTOSIS = 3,076
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SA-11-13

INITIAL SAMPLE WEIGHT=~ &7.49 GRHS
SUN DF SIZE FRACTION WEIGHTS=~ 64.45 GRHS
EXPERIMENTAL SAMPLE LOSS= 3.04 GRHS

CUHULATIVE PERCENTAGES CALCULATED USING SUM OF SIZE FRACTION WEIGHTS

PHI DIAHETER WEIGHT WEIGHT FERC  CUH PERC
CHH) (GRHS)

; -0.25 1.190 0.11 0.17 0.17
i 0.00 1.000 0.18 0.28 0.45
0.25 0.840 ' 0.53 0.82 1.27
‘ 0.50 0.710 1.59 2.47 3.74
l 0.75 0.590 2.84 a.41 8.15
1.00 0.500 8.10 12.57 20.71

1.25 0.420 .44 13.13 33.84

1.50 0.350 - 9.55 14.82 48.64

1.75 0.300 10.37 16.09 84.75

. 2.00 0.250 6.04 9.37 74.12
2.25 - 0.210 2.86 4.44 78.56

2.50 0.177 2.77 4.30 82.85

2.75 0.14%9 1.80 2.79 85.45

3.00 0.125 1.42 2.20 87.85

3.25 0.105 0.87 1.35 89.20

3.50 0.088 0.75 1,16 90.36

3.75 0.074 0.56 0.87 91,23

4.00 0.063 0.35 0.54 91.78

5.00 0.031 0.90 1.40 93,17

£.00 0.016 0.50 0.78 93.95

7.00 0.008 0.90 T 1,40 95,35

8.00 0.004 1.10 1.71 $7.05

~1L 9.00 0.002 1.90 2.95 100.00
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SA-II-13
STATISTICS
PERCENTILES _

g ALt

5. 0,572

16, 0.906

25, 1,082

_ 50, 1.521
b . - 75, 2,050
84, 2.603

95, 6,753

STATISTICAL PARAMETERS

MEDIAN = 1,521

GRAPHIC MEAN = 1.677

QUARTILE. DEVIATION = 0,484

GRAPHIC STANDARD DEVIATION = 0,848
INCLUSIVE STANDARD DEVIATION = 1,361
GRAPHIC SKEWNESS = 0,275
INCLUSIVE GRAPHIC SKEWNESS =  0.484
GRAPHIC KURTOSIS = 2.617
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SA-I11-4

INITIAL SAHPLE WEIGHT= 60,00 GRMS
SUM OF SIZE FRACTIDN WEJGHTS= 53,43 GRMS
EXPERIMENTAL SAMPUE LOSS= 6,57 GRMS

CUMULATIVE PLRCENTAGES CALCULATED USING SUM OF SIZE FRACTION WEIGHTS

PHI DIAMETER HELGHT WEIGHT PERC CUHX PERC
(NH) (GPMS)
1.25 0,420 0,40 0,75 0,75
1.50 0,350 1,92 3,59 4.34
1.75 0.300 2,50 4.6R 9.02
2,00 0,250 1.65 3,09 12,11
2.25 0.210 1.34 2.51% 14,62
2,50 0.177 2,16 4,04 18.66
2.75 0,149 4.54 8,50 27,16
3,00 0,125 8.38 15.6R 42.R4
3.25 Q0,105 7.15 13,38 56,22
3.50 0,088 7.66 14,34 70,56
3.75 0,074 5.82 10,89 B1,45
4.00 0,063 2,51 4.70 86,15
5.00 0,031 3.00 5.61 91.76
6.00 0,016 1.00 1.87 93,64
7.00 0,008 0.60 1.12 94.76
8.00 0,004 0,40 0,75 95,51

9,00 0,002 2,40

4,49

100,00
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SA=IIX=4
STATISTICS
PERCENTILES
CUMULATIVE ) PHI
PERCENT VALUE
5, 1,535
16, 2.336
25, 2,687
50, 3.134
i 15. - 3,602
84, 3.886
95, , 7.321

! STATISTICAL PARAMETERS

MEDIAN = 3.134 _

GRAPHIC MEAN = 3,118

QUARTILE DEVIATION = 0,458

GRAPHIC STANDARD DEVIATION = 0,775

INCLUSIVE STANDARD DEVIATION = 1,264
| , GRAPHIC SKEWNESS = =0,030
INCLUSIVE GRAPHIC SKEWNESS = 0,209
GRAPHIC KURTOSIS = 2.591
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“L

ShH-11U-4

INITIAL SAnkLy W I0HT= 124,00 GRME

SuUn OF S1ZE PP 100 UFIGHTSs 82,59 (Gkp’
EYPENInERTAL SanliF LOBR=  0.42 Ghnt.

CUNULATIVE TERCLNTAGES CALCULATEDL USING Sin OF S1ZE FRACTICH WEIGHTS

FHI LIANETER WE1GHT  KEIGHT FERC  CUM FERC
(MH) (GRNS) .
) 1.06 500 .27 0.32 0.3
.25 0.420 1,10 1.22 3.4
350 0.350 4.90 SR 7.50
1.75 0.3200 22.00 24.32 23.82
o.oeo 0.2%6 25,49 30.49 &4, 3
2.05 0.210 11.60 13.88 78.1%
, 2.50  _ 0.177 4015 7.36 £5.55
.75 0.13% 2.30 ° 2.75 82,30
3.00 . 0,125 1.48 1.77 oL 07
3.25 0.105 0.0% 6.78 c0.85
3.50 0.088 0.32 0.28 $1.23
3.75 0.074 0.20 0.24 91.27
4.00 . 0.0a3 0.13 0.16 91.63
5.00 0.031 0.40 . 0.48 §2.10
6.00 0.016 - 0.50 0.60 92,70
7.00 0.008 0.20 c.24 §2.94
) 8.00 0.004 0.50 1~ 08 va.02

L 9.00 0,062 .00 5.94 100,480
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SA-IV~4

STATISTICS |
i
PERCENTILES!
CUMULATIVE PHI
) PERCENT VALUE
éf ; -
o 5. 1,393
16, 1.501
25, 1.666
50. 1.883
75, 2,193
’ _ 84, 2,447
95, B,164

STATISTICAL PARAMETERS

MEDIAN = 1,883

GRAPHIC MEAN = 1.970

QUARTILE DEVIATION = 0,263

GRAPHIC STANDARD DEVIATION =  0.433
INCLUSIVE STANDARD DEVIATION = 1,243
GRAPHIC SKEWNESS = 0,303

INCLUSIVE GRAPHIC SKEWNESS = 0,579
GRAPHIC KURTOSIS = 5,273
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BA-IV-7

INITIAL SAHPLE WEIGHT= 6B.52 GRHS
SUH OF SIZE FRACTION WEIGHTS=. 47.23 GRMS
EXPERIMENTAL SAMPLE LOSS= 1.29 GRHS

CUMULATIVE PERCENTAGES CALCULATED USING SUM OF SIZE FKACTION WEIGHTS

PHI D1AHETER WEIGHT  WEIGHT PERC  CUM FERC
(HH) (GRHS)

"-2.00 4.000 0.82 1.22 1.22
~1.75 3.350 0.62 0.92 2,14
-1.50 2.830 0.74 1.10 3.24
-1.25 2.380 1.00 T 1.a9 C 473
-1.00 2.000 1.45 2.45 7.18
~0.75 1.680 1.87 2.78 . 9.97
-0.50 1.410 1.81 2.69 12.664
-0.25 1.190 1.89 2.81 15.47

0.00 1.000 . 2.32 3.45 18.92
0.25 0.840 2.35 3.50 22.42
0.50 - 0.710 2.94 4.37 26.79
0.75 0.590 3.08 4.58 31.37
1.00 - . 0.500 7.54 11.22 42,59
1.25 0.420 7.09 10.55 53.13 .
1.50 0.350 4.22 6.28 59,41
1.75 0.300 3.93 5.85 45.25
2.00 0.250 1.95 2.90 68,15
2.25 0.210 1.31 1.95 70.10
2.50 0.177 1.40 2.08 : 72.19
2.75 0.149 1.18 1.74 73,94
3.00 0.125 1.14 1.73 75,67
3.25 0.105 0.75 1.12 76.78
3.50 0.088 0.75 . 1.12 77.50
3.75 0.074 0.70 1.04 78.94
4.00 0.063 0.36 0.54 79.47
5.00 0.031 1.40 2.08 81.56
6.00 0.016 1.50 2.23 83.79
7.00 - 0.008 1.50 2.23 86.02 .
8.00 0.004 0.80 1.19 87.21

7L %.00  0.002 ) . B.80 12.79

100.00
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Fike PSS

SA=-IV=17

STATISTICS
PERCENTILES

CUMULATIVE PHI

PERCENT VALUE

5, -1,223

16, -0.232

- ) 25, | 0,398

50, 1.176

75, 2,904

84, _ 6,095

95, 8,609

STATISTICAL PARAMETERS

MEDIAN = 1,176

GRAPHIC MEAN = 2,353

QUARTILE DEVIATION = 1.253

GRAPHIC STANDARD DEVIATION = 3,154
INCLUSIVE STANDARD DEVIATION = 3,066
GRAPHIC SKEWNESS = 0.560

INCLUSIVE GRAPHIC SKEWNESS = 0,536
GRAPHIC KURTOSIS = 1,608
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L™
SA-TSJCH-1

INITIAL SAMPLE WEIGHT= 42.358 GRHS
SUH OF SIZE FRACTION WEIGHTS= 6B.87 GRHS
EXPER]H;NTAﬁ SAHPLE LO0OSS= -6.29 GRHS

CUNULATIVE PERCENTAGES CALCULATED USING SUM OF SIZE FRACTION WEIGHTS

: PHI DIANETER WEIGHT WEIGHT PERC  CUM PERC
. CHM) (GRHS)
!
: -0.50 1.410 0.70 1.02 1.02
-0.25 1.190 0.18 0.26 1.28
0.00 1.000 0.30 0.44 1.71
0.25 0.840 0.67 0.97 2.69
0.50 0.710 2.58 3.75 6.43
: 0.75 0.5%0 4.27 6.20 12,63
, 1.00 0.500 12.43 18.05 30.48
1.25 0.420 .92 17.31 47,99
1.50 0.350 9.14 13.27 61.26
1.75 0.300 7.62 11.06 72.32
" 2.00 .  0.250 3.43 4.98 77.31
. 2.25 0.210 1.87 2.72 80.02
2.50 0.177 1.56 2.27 82.29
2.75 0.149 1.10 1.60 83.88
3.00 0.125 0.87 1.26 85.15
* 3.25 0.105 0.50 0.73 85.87
; . 3.50 0.088 0.43 0.62 86.50
j ; 3.75 0.074 0.32 0.46 B&.96
‘ . 4.00 ° 0.063 0.18 0.26 87.22
5.00 0.031 2.50 3.63 90.85
£.00 0.014 2.10 3.05 93,90
' 7.00 0.008 1.60 2.32 96.22
. 8.00 0.004 1.40 2.03 98.26

. “L ?.00 0.002 1.20 1.74 100.00
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SA-TSJICM~-1

STATISTICS
PERCENTILES
S A
5, 0,404
16, 0,797
25.° 0,921
50, 1.268
- 15, 1.8k4
84. 2.773
95, 6.473

STATISTICAL PARAMETERS

MEDIAN = 1,288

GRAPHIC MEAN =  1.619

QUARTILE DEVIATION = 0,481

GRAPHIC STANDARD DEVIATION = 0,988
INCLUSIVE STANDARD DEVIATION =  1.414
GRAPHIC SKEWNESS =  0.503

INCLUSIVE GRAPHIC SKEWNESS = 0,606
GRAPHIC KURTOSIS = 2,583
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SA-338

INITIAL SAMPLE WEIGHT= 58,73 GPMS

SUM OF SI1ZE FRACTION WEIGHTS= 46.27 GRFMS

4EXPERIHENTAL SAMPLE LOSS= 12,46 GRMS

CUMULATIVE PERCENTAGES CALCULATED USING SUM OF SIZE FRACTION WEIGHTS

PHI DIAMETER WEIGHT  WELGHT PERC  CUM PERC
(3H) (GPRS)
0.75 0.590 0,03 0,06 0.06
1.00 0.500 0,04 0,09 0.15.
1.25 -~ 0.420 0,04 0.09 0.24
1.50 0,350 0.11 v.37 0.61
1,15 0,300 1.35 2.92 3,52
2,00 0.250 5.05 10.91 14,44
2.25 0.210 6.92 14.96 29,39
2.50 0.177 10.13 21.89 51,29
2,75 0.149 6.70 14,48 65,77
3,00 0.125 3.61 7.80 73.57
3.25 0.105 1.93 4,17 17,74
3.50 0.088 1.6 3,50 By.24
3,75 0.074 1.6¢ 3.59 84,83
4.00 0.063 1.12 2,42 87.25
5,00 0.031 2,10 4,54 91.79
6.00 .. D.O316 1,00 2.16 93,95
7.00 0,008 0,40 0.86 94,81
8,00 0.004 0.60 1.30 96.11

9,00 0,002 1.80 3,89 100,00
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SA=38
STATISTICS
PERCENTILES
“BERCERT VALUE
5. 1,784
16, 2.026
25, 2,177
50, | 2,485
_ 75, 3,086
84. 3.692
95, O 7.144
STATISTICAL PARAMETERS
MEDIAN = 2,485
GRAPHIC MEAN = 2,735
QUARTILE DEVIATION = 0,455
GRAPHIC STANDARD DEVIATION = 0,833
INCLUSIVE STANDARD DEVIATION = 1,229
GRAPHIC SKEWNESS = 0,449

INCLUSIVE GRAPHIC SKEWNESS = 0,594
GRAPHIC KURTDSIS = 2.416 )
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APPENDIX I

Water Quality Data

The chemical analyses in this Appendix for which sample
numbers start with SA or SC were analyzed by the New Mexico
Bureau of Mines and Mineral Resources Chemistry Laboratory
(Table E-1). Precision of all analyses is as reported by *ti

laboratory or published source used.
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APPENDIX F

Subsurface Data

Well logs used to obtain thicknesses of units and to
aid in drawing cross-sections are listed below. All logs ar
on file at the New Mexico Bureau of Mines and Mineral

Resources, Socorro, New Mexico.

Continental 0il Company, l-San Pedro Estates; section 28,
T23N, R1W; ground elevation, 2321 m (7615 ft); total

depth, 610 m (2000 ft).

Franks, Greathouse #2; section 16, T23N, RIW; ground
elevation, 2240 m (7352 ft); total depth, 992 m (3253

ft).

Magnolia Petroleum Company, Evans Federal #1; section 18,
T23N, RIW; ground elevation, 2239 m (7345 £t); total

depth, 938 m (3078 ft).

Morris R. Antwiell, Skelly Federal # 1; section 1, T23N, RIW

ground elevation, 2250 m (7383 ft); total depth, 271 m

(890 ft).
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Sun 0il Company, # 1 McElvain Government; NW 1/4, SWw 1/4, Ny
1/4, section 23, T21IN, R2W; ground elevation, 2151 m

(7858 ft); total depth,2195 m ( 7208 ft).

IBEX Parnership, # 1 Chorney 20 Federal, NW 1/4, section 20,
T18N, R4W; ground elevation, 1982 m (6582 ft); total

depth, 530 m (1741 ft).



APPENDIX G

Conversion Factors

Metric units have been stressed in this report. The

conversions and abbreviations used are presented below. To

calculate English units multiply the metric unit by the

conversion factor.

Metric Unit X Conversion Factor= English Unit
centimeters (cm) §.3937 inches (in)
meters (m) 3.28 feet (ft)
kilometers (km) g.6214 miles (not

abbreviated)
meters squared per day (n*/day) 10.764 feet squared per

day (£t%/day)
cubic meters per minute (m?/min) 1.3 x lﬂ'3gallons per minut

(gpm)
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Appendix H
Aquifer Test Data

An aquifer test was performed on a well in section 6,
T20N, RIW in June, 1979. The test consisted of pumping th
well for 8 hours at a constant discharge of 17 gpm. An
attempt was made to measure drawdown as the well was pumpec
but accurate readings could not be taken. After the pump v
shut off recovery was measured using an electric water-leve
indicator. The data from this test are presented in Table
H~-1.

Data from an aquifer test performed in 1957 by Roy
Foster and F. X. Bushman are presented in Tables H-2 and H-
For this test a well diameter of .25 ft and a constant
discharge of 13.9 gpm were assumed. All data were analyzed

using the Jacob Straight Line Method (Lohman, 19%972).
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APPENDIX I

Piper Diagram Data

A computer program was used to calculate individual
constituent percentages from raw epm (equivalents per
million) data. Table I-1 presents the raw data and
calculated percentages used on the Piper diagram (fig. 13, p.

67).
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