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ABSTRACT

Groundwater must be further utilized in northwestern New Mexico
in view of the impending shortage of surface Watefs..The purpose of this
study was to examine the hydrogeology and water resources of the Aztec
Quadrangle, San Juan County, in an attempt to evaluate the potential that
groundwater holds for this area.

The quadrangle lies within the Central Basin of the San Juan Basin,
Surface geologic units are the Quaternary deposits, and parts 6f the San Jose
and Nacimiento Formations of Tertiary age; these were analysed by measure-
ment and description of 8 stratigraphic sections, by detailed mapping of
the Nacimiento-San Jose contact in the area, and by laboratory study of
various units. Water wells and springs were inventoried and sampled, and
chemical analyses were rwil. .

The Quaternary valley-fill of the Animas and San Juan Rivers is presently
the most important aquifer of the area. Numerous shallow wells yield moderate
supplics of good quality water for various uses from this unit. These wells
act to deplete river flow and irrigation return flow, however,

The predominantly sandy San Jose Formation has good potential as a
bedrock source of potable water. The upper sandstones of the predominantly
shaly Nacimiento Formation have some potential as aquifers, but both water

qmmﬁxyamimmhiyam:wwﬂﬁhaMm&f%elmmrsmﬂ%mwsofﬂm

Nacimiento Formation, and the Ojo Alamo Sandstone can be congidered as

potential sources of fresh, but not potable, water for the area. All deeper

units hold variable quantities of brackish to very saline water,




INTRCDUCTTION

Problem and Purpose

The people of northern San Juan County have always relied heavily on
surface waters provided by the San Juan, Animas, and La Plata Rivers. With
increased industrialization and population of this ares, however, the
surface supﬁlies are proving to be>inad&quate. Vast amounts of water have
been appropriated for the production of coal and for gasification plants
(Stone, 1976). The Navajo Indian Irrigation Project, which began operating
in April, 1976, is expected‘to use 226,000 acre~feet of San Juan River
water annually by the year 2000, according to the New Mexico Interstate Stream
Commission and the New Mexico State Engineer Office (N.M.T.S8.C. and N.M.S.E.O.,
1975). The city of Farmington, which had a population of 3,000 oniy 25 years
ago, has grown to 32,000 in 1975, and this population coﬁld double or triple
within the next five years (Albuquerque Journal, June 2, 1975, p.1).

From 25,000 to 33,100 acres of projected non-Indian irrigated land will have
{0 be retired by the year 2020 in order to meet all the projected non-
irrigation water requirements of San Juan County‘(N.M.I.S,C. and N M,5.E,0.,
1975y pel)e

The idea that prompted this study is that more groundwater can be
utilized to supplement the surface water supplies and solve the problem of
an imminent shortage in northwestern New Mexico. The purpose of this invest-
igation was to examine the hydrogeology and water resources of the Aztec
Quadrangle in an attempt to evaluate ithe potential that groﬁndwater holds
? for this area.

% The town of Aztec, the county seat of San Juan County, is an lmportant
‘ population center with approximately 6,000 residents, Thousandﬁof acres of

rangecland and irrigated farmland, and the presence of hundreds of natural
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gas and oil wells make the Aztec Quadrangle important Lo both agriculture
and industry. The present study should not only have importance for this

area, but also for neighbouring areas where geologic conditions are similar.
! g

- The Aztec Quadrangle is located in northeastern San Juan County,

New Mexico and is bounded on the north by the Colorado horder (fige 1)

Tt is a 15 minute quadrangle outlined by latitudes 360h5' and 370N and
longitudes 107°45 and 1080w, encompassing an area of approximately 240
square miles. The area includes the town of Aztec and the communities

of Cedar Hill and Turley.

Structurally, the area lies in the San Juan Basin, The surfacg geology

is composed of Quaternary deposits as well as parts of the San Jose and

Nacimiento Formations of Tertilary ege.

Provious Investipations

A great number of papers have been published on various aspects of
the geology of the San Juan Basin., Works including the study of Tertiary
and Quaternary geology, with vhich this report is particulariy concerned,
are also numerous. The early publications important to the stratigraphy
and/or paleontology of the Tertiary and Quaternary systems of thc eastern
San Juan Basin are those of Cope (1875), Newberry (1876), Gardner (1910),
Granger (1914), Sinclair and Granger (1914), and Reeside (1924). Two
studies important to the study of Guaternary geology and geomorphology of

the area are those of Atwood and Mather (1932) and Bandolan (1949). Later

stratigraphic works are those of Dane (191,6), Narthrop end Vood (1946),

P—
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Baltz (1967), McDonald (1972), and Powell (1973). Papers dirvectly
related Lo the hydrogeology and water resources of the area vere
written by Renick (1931), Rapp (1959), Berry (1959), Baltz and West

(1967), and Brimhall (1973).

Approach and Methods

The hydrogeclogy and water resources of the study area were
analysed thfougﬁ field work, laboratory analyses, and summary of
availsble literature.

In the field, the hydrogeologj was sbudied by detailed measure-
ment and description of eight stratigraphic sections (Appendix A).
Sanples of various units were also collected for further study.

Based on field and previously published work, the Nacimlento- San Jose
rcontact was mapped in deﬁail (Plate 1). Depﬁhs to bedrock in the Animas
River Valley alluvium were tested by means of a portable hamuer
seismograph. Also in the field, the water resources of the area were
studied primarily by inventorying wells and springs and collecting

samples of these waters for laboratory study. Depth to water was

~ measured in accassible wells,

In the laboraztory, the surface rocks of the area were studied with

a binocular microscope, in thin section with a petrographic microscope,

and by staining of slabs (Appendix B)., Electric logs were used to produce

maps of the depth, thickness, and structure of particular units, and to

construct stratigraphic cross scctions of the quadrangle (Plates 4y 5). To

study the water-conducting properties of a San Jose sandstone, several

lab tests were run to deteraine values of hydranlic conductivity. Also in

e
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the 1lab, numerous water-well and spring sawmples were chemically analysed
to evaluate water quality in various formations.

The available literature on the geology of surface and subsurface
units was summarized., For subsurface units, only published information
was reported. As staled above, the literature was also helpful in mapping
the Nacimiento-San Jose contact. Also, much information was gleaned from
the literature on the water-quality and water-bearing characteristics of
surface and subsurface rocks., Many well invenbories were obtained from
~the open files of the United States Geological Survey Water Resources
Division. From the literature, summnaries were made of the climale, soils

and vepgetation, land use and economy of the study area,
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GEOGRAPHIC SITING

Topography

The Aztec Quadrangle is located in the eastern half of the Navajo
Section of the Colorado Plateau physiographic provinée (Fermenan, 1931).
The topography is dominated by the flat-topped Mesa'Mounbains in the
northern part of the map area, and by the extensively eroded divide
between the Animas and San Juan Rivers.

The numerous arroyos of the area produce narrov, steep-walled
canyons where they cut through interbedded sandstones and shales. The
divides bLetween these arroyos are often flat-topped and capped by sand-
stone (fig. 4). Several prominences do exist in the area, among them Slane
Knob, Knickerbocker Peaks, Hart Mountain, Tank Mountain, Mount Hebo anc Lone
Tree Mountain, The maximwn relief is over 1,600 feet; from elevation 5,600
feet in the river valleys to 7,216 feet at Tank Mountain in the northeastern
part of the quadrangle. Local relief is greatest between the Animas River
and the top of lMount Nebo, a rise of over 1,000 feet in less than one mile.

In thé‘southern and western portions of the arvea, where shales of
the Nacimiento Formation are predominant, a different landscape is
present, lere, erosion has produced a "badlands" topography in which

virtually all the land is in slope.

Drainage

The land of the Aztec Quadrangle is drained by two major perennial
streams: the Animas and San Juan Rivers. Approximately 140 square miles, or
a little over half the quadrangle, lie in the Animas River drainage basin,
The river flows some 15 miles through the ares in a southwesterly direction
(fige 3). The Animas is supplied with 40 percent of its flow by the melting

snows of the San Juan Mountains of Colorado (Pastuszak, 1908, pe 16) and
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is the main source of water for the cities of Aztec and Farmington.
In the Aztec Quadrangle alone, approximately 3500 acres of farmland
rely on the Animas River for irrigation water,

The headwaters of the Animas River are approximately 70 miles north
of the study area in the San Juan Mountains. After a steep descent, the
river crosses into New Mexico 4 miles north of Cedar Hill where it has
incised a deep, narrow canyon in the Mesa Mountains (frontispicce).

At Cedar Hill, however, the valley widens considerably and the Animas
meanders on a fleod plain that averages one mile in width., The average
dischavge of the Animas River is 814,200 agrenfeet/year ), miles north
of Cedar Hill, and where it empties into the San Juan River near Farm-
ington, it is 729,400 acre-feet/year (Cooper and Trauger, 1967).

The San Juan River flows wesbterly across the southeast corner
of the guadrangle and drains approximately 100 miles of the study area.
Below the Navajo Dam, which regulates its flow, the San Juan flows on
a broad, irrigated flood plain. this river also rises in Colorado and
drains a large areca of both states, At Archuleta, New Mexico, the average
discharge of the San Juan River is 943,300 acre-feet/year.

The drainage divide between the Animas and San Juan Rivers rises to
an elovation of 6,000 to 7,00D feet and bisects the Aztec Quadrangle
from noctheast to southwest., In the study area the two streams are
scparated by approximately 12 miles of interbedded Tertiary sandstones
and shales of the San Jose and Nacimiento Formations, In most of the
quadrangle these formations are dissected by deep, steep-valled arroyos
which generally form dendritic drainage systems (Bundoian, 1969, p. 11).

The streams associated wilh these arroyos are cphemeral and flow only

i

e
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Figare L. Cox Canyon, one of the larger drainages in the quadrangles;
view north from NW} Sec. 20, T,32il., R.100.; note cliff-

forming sacdstones of San Jose Formation.,
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during peak precipitation periods; transmission losées ace often extensive
in such streams due to their coarse bed materials (Stone and Brown, 1975).
In the southern and western parts of the quadrqngle; where shales

dominate the surface rocks, wmore runoff occurs (Makér and ot :rs, 1971,

pe14) and drainage densities increase (Bandoian, 1949, p. 12).

Climate

Maker, Keetch, and Anderson (1971) have summarized the climate of
San Juan County and much of the.following discussion is taken from their
work. The Aztec Quadrangle is located in the Northwestern Plateau climatic
subdivision of the U.S,. National Weather Service. This subdivision is
characterized by an arid to semi-arid climate having an average annual
precipitation of 10,4 inches, Table I summarizes the mean monthly
temperatures and precipitation at Aztec quns National Monument for the
period 1931 through 1960, At this weather station, the average annual’
precipitation is 9.8 inches. The mean monthly temperature for July is
73.80F and for Jamiary is 290F; the mean anual temperature is 51.3°F.
The average frost-free period (from May 20 to October 14) is 147 days.

The major factor influencing climatic variation in the study area

is elevation. Shomaker and others (1971) estimated the verti:al air temp- f“;

erature gradient to be 5OF per 1000 feet of elevation. This mzans that

the temperatures near the Colorado border could be as much as 7°F cooler

than at Aztec abt any given time., Precipitation is also affected by this I

elevation change, as can be seen by the increased vepgetation density in
these higher areas. Heaely half (A5.4 percent) of the annual precipitation

in Azt:e occurs in the months of July through October (Bandoian, 11969, p.lh).
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Most of this rain falls during intense, convective storms, so much 1is

lost as runoff{

Skies are generally clear, sunshine abundant, énd relative humidity
low in this area, s0 evaﬁoration from water surfaces is high ( Shomaker
and‘others, 1971, ﬁ. 6). Clasé A pan evaporation at nearby‘Fafmington
averages 49 inches in the period from ﬁay 1 through October 31, Average’

winds are from the southwest. Sources of wind and moisture for the area

are the Culf of Mexico, Gulf of California, and the Southern Pacific

Ocean (Bandoian, 1969, p. 13).

Soils and Vegetation

Six general soil associations have been mapped by the U.S. Soil
Conservation Service in the Aztec Quadrangle (fige 5)s As expected,
these solls vary directly according to the lithology of the material
upon which they lie. Detailed descriptions and general distribution of
these soils in San Juan County are given by Maker, Keetch, and Anderson
(1971). The following general descriptions of these soils and their
from this source., Numbers in parentheses

corresponding vegetation are dravm

refer to map units shown on figure 5.

Persayo-Farb AssnciatiquQEEL These soils are predominantly
calcareous and shallow, forming on maberial weathered from shale and

sandstone on undulating to hilly areas where bedrock exposures are COmMmon.

This association is used mostly for 1limited grazing as it supports a
sparse cover of such grasses as gallclta, Indian ricegrass, and blue gramae
The more common shrubs and woody species are pinyon, juniper, service-

berry, bitterbruch, galtbrush, shadscale, and snakewood. Due to sparse
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vegetation and low intalke rates, runoff is high and erosion hazard

moderate to severe. Irrigation potential is slight.

level to gently sloping surfaces of the glluvium found in the Animas

and San Juan River Valleys and their major tributaries. The association
comprises essentially all of the irrigated acreage in the study area.
Alfalfa and corn are the most extensively producad crops, but tree fruits,
anall grains, vegetables, and potatoes arve also important. Native vege-
tation ihcludes galleta, Indian ricegrass, sand dropseed, alkall sacat.ony
saltgrass, fourwing saltbrush, snakeweed, cottonuood, and salt cedar.

The soils are sand,_silt; and clay loams with gencrally high permeabilities
and thus have high irrigation potential.

Doak-Shiproclk Association (TIL). The soils of this association

commomnly férm on the alluvial deposits of gently sloping ancient stream
terraces or alluvial fans. These soils are used primarily for grazing as
they can support fair yields of forage. Native vegetation indludzs
galleta, Indian ricegrass, bluc grama, ségebruﬂl, snakeveced, and some
annuals. Soils of this association are well suited to irrigation as they
have a moderate to high water-holding capacity and nioderate permeability.

illy Gravelly Land Association (IV). These soils commonly form on

the thin, gravelly alluvium covering the steep slopes of old river
terraces such as those formed along the Animas River. These soils are
generally loams, are shallow, and are used principally for grazing. Sparse
native grasses found on these soils are galleta, blue grama, Indian rice-

grass, sand dropseed, three-swm, ring muhly, and western wheat, Shrubs
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include sagebrush, snakeweed, rabbit brush, and juniper. Although
permeability is moderate and gravels and cobbles help defend thel solls
against erosion, these soils are generally not suitable for irrigation
due to the steep slopes of the terrain.

Badland-Rock Land Association (V). These soils are characterized

by barren or nearly barren outerops of shale and sandstone on surfaces
varying from narrow valley bottoms to steep slopes. Badland soils
gupport little vegetation and are of little value. Rock Land soils

support a sparse cover of native grasses, forbs, and brush and are used

for grazing. Permeability is very low and flash floods follow heavy rains.
This assoglation has virtually no dirrigation potential,

Trevessille—Rock Land Association (VI).This association is charact-

erized by the rough, broken topography of the San Jose Formation.
(utcrops of sandstone are a common feature of the upland areas, but thin
deposits of silty,eollan materials or gravelly alluvium are also common,

The srea includes sieep canyon walls end escarpments, as well as gently-

to stro%:}y»sloping fans and valley floors. The soils that form are
generally loams. These soils are used mostly for grazing as they support
blue grama, sideocats grama, Indian ricegrass, rlit'tle bluesten, poverty
three-awn, and sand dropseed grasses in variable densities. Common shrubs
and woody species arec pinyon, juniper, big sage, bitterbrush, serviceberry,
snakeweed, rabbit brush, and cactus, Permeability is generally high, but
because the soils arve usuglly very thin and occur on rough, broken land,

irrigation potential is very slight.
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Land Use and Kconomy

Land use and economy in the Aztec Quadrangle are dominated by the
petroleun industry and agriculture. The first natural gas discovery in
the San Juan Dusin was made one mile south of Aztec in 1920 (Barnes, 1950).
Today approximately 400 wélls have been drilled throughout the study arca
and the roads built to serve these wells.provide good access to all parts
(figs 6 ). Because many sefvices are necessary for oil and’gas production,
a large part of the arca's economy is built around this industry.

Agriculture is also a major part of the economy and land use of the
study area. Except for the populated areas, most of the quadrangle is
used for the grazing of beef cattle. In the valleys of the Animas and
San Juan Rivers, approximately 4,000 acres of land are irrigated for

growing nmumerocus crops. |

Fishing and hunting bring many people to the area, but the only big

[
55
[
3

tourist attraction is the Aztec Ruins National Monument in Aztec. Thousands
of beople visit these famous Indian ruins each year.

The town of Aztec, with a population of approximately 6,000, is the
county seat of San Juan Couaty. The total population of the study area is
approximately 7,000, The town is a commercial center for the iiunediate
grea, as well as being home for many gas-field workers, public servants,
and various service people. Many people also live along the Animas and
San Juan Rivers and in the communities of Cedar Hill and Turley; very few
lve on the divides away from the valleys, however,

Tn the Aztec Quadrangle, an area of 240 square miles, land ownership
is gpproximately as follows: 10 percent state, 18 percent private, and

72 percent federal
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Figure 6. Drill rig constructing one of many natural gas wells in
the study area; view northwest from SEY Sec. 3hy T.31H.,

R.10d.; note roughneck sbtanding on rig abt horizon.
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GREOLOGIC SEITING

Tectonic Yramework

The Aztec Quadrangle lies near the deépest part of the San Juan
Basin, a broad, structural depression vhich began to form in late Cretaceous
time (Beaumont and Read, 1950) and contains a thick sequence of
sedimentary rocks. The San Juan Basin trends northuest to southeast and
is asymuetrical, with steeper dips on the northeast side. Kelly (195%)
recognized several tectonic subdivisions within the San Juan Basin (figs 7).
The Aztec Quadrangle lies wholly within the Central Basin subdivision
which is bounded by the Hogback Monocline on all sides bubt the south,

In the southern part of the basin, strata dip gently toward the basin axis

as there is no sharp structural boundary as on the other sides (Iasset and

linds, 1971).

Stratigraphic Framework

Fassett and Hinds (1971, p;h) have summarized the stratigraphy of
the San Juan Basin and much of the following discussicn is from their work.
'_HQWGBiHmﬂmmesUmxﬁQmwlsmmugm@ﬂccdmmxﬂwmgﬁﬂw]mtmﬂa
Sandstone, The Morrison Formation, of Jurassic age, was deposited primarily
in a continental fluviatile environment (Flesch, 1974, pe. 191) as was part
of the Dakota Sandstone (Owen, 1973). The upper Cretaceous section of marine
ghales and sandstones, however, represents repeatcid transgressions and

regressions of shallow marine waters, The Pictured Cliffs Sandstone was

deposited during the final regression of this Cretaceous sea from this
area, All strata deposited after the Pictured Cliffs Sandstone represent

continental sedimentation, consisting primarily of fluvial, lacustrine,
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and paludal deposits.

According to Fassett and Hinds (15?‘1), the section of Cambrian,
Devonian, Mississippien, Pennsylvanian, Permian, Triassic, and Jurassic
strata in the San Juan Basin reach a total thickness of up to 4,000 feet
(fig. 8 and 9), Overlying these is the Cretaceous column which reaches
6,000 feet or more in thickness. Tertiary and Quaternary deposits in the
basin reach a thickness of greater than 3,900 feet. All this combines to
give a maximum total thickmess of over 14,000 feet of sedimentary rock,

a thickness proven by an E.P.N.G. well in Sec. 7, T.29N., R. O
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HYDROGEOLOGY
General Statement
Hydrogeology of each unit will ‘be discussed in descending order.
Surface Units

Quaternary Deposits

Alluvium

Lithologic Characteristics. In the Aztec Quadrangle, Quaternary

deposits are of two major types: valley alluviwn and terrace deposits (Plate
1), In the valleys of the Animas and Sen Juan Rivers and their major
tributaries, alluvium consists of gravel, sand, silt, and clay. Thesc
materials have been deposited in Pleisbocene and Recent time in each

arroyo and valley but are now being eroded by streams. This process of
"pullying' has been widespread throughout the éouthuestern United States
since about 1880 and has been described by Pryan (1928) and others.

In the valley of thé Animas River the alluvium consists predominently
of sand and gravel. Many driller's logs describe the alluvium as "houlders'.
According to Bandoian (1969), much of this material is outwash from
Pleistocene glaciers in the San Juan Mountains to the north. Most drillerts
logs report the alluvium of the Animas Valley to be from 4O to 100 feet in
thickness, The average thickness appears to be approximabely 60 feet and
generally coincides with the center of the wvalley.

Because some gas well logs report "surface sand and rocks" to a dopth
of up to 300 feet in the Animas Valley, several vefraction seismic soundings
were conducted at crucial localities. These were conducted using a Bison
Signal Enhancement Seismograph and a 12 pound sledge hammer. Meny problems
were cncountered with cultural seismic nolse (traffic, pipelines, ctc.)

and the small velociby change from satnrated alluvium to bedrocls

e e e
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However, seyeral good soundings were completed; results of two of
these soundings are presented as time-distance plqts in Appendix C.
In the northwesl quarter of Sec, 24, T.31N., R.11¥W., the Aztec
- 0il and Gas Turner No. 1 well log records 69 feet of boulders to bedrock.
In the southeast quarter of the same sectiom and nearer the valley
margin, the Primo Oil kuple No. 1 well log records 170 feet to sand
and shale. Appendix C presents the data obtained from a hammer-seismic
sounding about half way betwsen the two wells. The first break in the
time-distance curve, presumed to represent the water table, gave a
calculated depth of 13 feet. The second break, wvhich represents the
velocity change from alluvium to bedrock, gave a depth of 33 feet.
The depth to water, howcver, was measured at 19.3 feet only 500 fegt
to the northeast, suggesting a possible error in depth calculations of
up to 50 percent. This still results in a maximun calculated depth to
bedrock of 50 feet. This value agrees well with the 69 feet reported,
but strongly discounts the value of 170 feet near the edge of the valley.
The second time-distonce plot in Appendix C is of a seismic sounding
in the soulhwest quarter of Sec. 26, 'T.31N., R.11U. This sounding was
conducted v.ry close to the Animas River, necar the center of the valley.
This location is less than a quarter mile southwest of the Southern Union
Wilmuth No. 1 well for which 308 feet of "“surface' materials wers logged.
The calculations show a depth to bedrock of 37.5 feet. Assuming again a
maxinum possihle ercor of up to 50 percent, this suggests a maximum

caleulated alluvium thickness of less than 60 feet.

+a. R .

ki



BEEEEL

(27)

Drillers describe any 508ty near-surface material, including

L

weathered or poorly consolidated bedrock as "surface sand and rocks'.
Records of the Oil Conservation Commission reveal that many compunies
in the Aztec Area must drill through approximately 250 feet of such
material before they can set their surface casing.

EQ&EE:?E&E&R&mgﬁiﬁﬁﬁﬂﬁﬁiihlﬁﬁ' The alluvial deposits of the Animas
and San Juan River systems are presently the most important source of
groundwater in the Azstec Quadrangle. In the two major rivef valleys
especlally, these deposits provide moderate supplies of generally good
quality water to numerous challow wells (Table V Y.

WMJem)mmmlyﬂﬂddﬂaamzmwﬂmﬂm amﬂmﬁrfmwnm?MM1
the Aztec area reports thob most domestic wells in the Animas hiver
alluviun yield 10 to 20 gallons per minute (gpm). With proper compietion
and developmenty however; he suggests that these values might bLe inereasad
by an order of magnitude (John Gilbert, personal communication). Rapp
(1959, p.11) reported yields of up to 500 gpa from properly completed
wells in 70 feet of similar saturated alluvium in another arca.

The saturated thiclmess of the Animas River alluvium varies with

the water table position and the thickness of the material itself.

The water table does var considerabl throughout the year its position
i O ]

dependling on precipitation, amount of nearby irrigation, and Animas River
flow, each of which act to recharge the alluvium, Because all of these
factors are high in spring and sSumbeDy the water table appegars {0 reach
a peak in Auguste pccording to 1local. resident s, the water table reaches

its low point duiing the month of Marche

R o A e R
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An example of the fluctuation of the water table position is
that measured in the Bishop well in the southeast quarter of Sec. 2,
T.31N., R.11W. (Teble V }» The depth to water was 7.9 feet on August g,
1975, following a spring snd summe: of wvery high runoff in the Animas
River. After a very dry winter, on February 26, 1976, the depth to viater
was 19.3 feet, a drop of 11.4 feet. Although the contrasting veather
and runoff conditions suggest that this may be an extreme change, the
owner reported that this was a typical. fluctuation.

In the numerous bributary canyons and arrbyos of the Animas and
San Juan Rivers, five wells were locabed which are believed to be
completed in alluvium, Four of these wells appear to have been abandoned,
The probable reason is that they do not produce sufficient or reliable
supplies due to the limited thickness of the alluvium here and thé
lack of recharge from streams during dry periods., Instead of using
these wells, small surface reservoirs have been constructed to capture

the surface runoff in these canyons and arroyos (fig. 10).

5
The quality of water from wells in the Animas alluvial aquifer is éif
Jix
s el
generally good. The average for the ten wells analysed is 732 parts per !

million (ppm) total dissolved solids, with values ranging from 308 to
1923 ppm (Plate 2, Table IT ). The analyses show these waters to be

highest in sulphate, sodiwm, and calciuome.
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reservoirs or stock tanks

Figure 10, One of many surface

in the study avea; view northeast, SWy Sec. 22,

T031N5, R.gw.
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Terrace Deposits

Lithologic Characteristics. Ancient terraces have been formed by

the Animas and San Juan Rivers as they cut down through bedrock over
geologic time. These terraces are remnants of ancient flood plains
formed by the meandering of these rivers. The coarseé, rounded, fluvial
gravels and sands typical of these deposits (Pastuszak, 1968) were
deposited on the flood plains.

Bandoian (1969) has described the terrace deposits in the Animas
River Valley and has mapped six separate terrace levels. The position
of these terrace levels, not distinguished on Plate 1, varies from 70
to 470 feet above the present hnimas River 1evel., The gravel deposits
vary in thickn ess from 6 to 18 feet but are eroded in many localities,

Commounly these terraces arcé overlain by up to 12 feet of fine, red soil

‘mantle determined by Bandoian to be eolian in origin.

in addition to six terrace levels, Bandoian described and maps
remnants of two higher gravel surfaces in the area which, because of
their shape and broad extent, were nol, considered river terrace deposits.
The upper or Hesa Vountain Surface is partially presexrved on both gides of
the Animas River, just south of the tolorado border, ab an elevation of
6800 to 7000 feet. Cravel deponsits associated with this surface are 20
to 30 feet thick and consist of banded-quartzite, granite, and diorite
cobbles and boulders, as well as pebbles of quartz, quartzite, and chert
(Bandoion, 1969, ps 53), Atvood and Mather (1932) suggested that this
surface is part of vhat they term the "San Juan Peneplain', formed in
1ate Pliocene time by crosion of the late Tertiary volcanic plateau

which occupies much of the San Jusn region of Colorado.
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The lower surface, the Ditch Cenyon Surface of Bandolan (1969),
may be an additional terrace. Gravel remnants oceur betwecen Hart and
Ditch Canyons vwhich Bandolan admits may heave beoen wa;hed down‘from
a higher level. T agree with this interpretation but dispute the
existence of the surface as mapped by Bandoian, Personal examination
of this area, vhich has been recently burned and cleared, revealed
gravel deposits on only a few small knobs, A few cobbles and boulders
have been wached down onto a sandstone bench here, but most of the
surface is covered by gray shale.

Waten-Bearing Characteristics. Springs issuing from.terrace

gravels are used as a public water supply near the town of Cuba, Hew
Mexico (Baltz and Yest, 1967, p. 32). No such springs, however, are
known in the Aztec Quadrangle. Although the terrace deposits probably
hold suall quantities of water, they are relatively thin and most water
probably evaporates of infiltrates into the bedrock below. Where the

: gravels are thicker and the water becomes temporarily perched on an ég
impermeable substrate, small yields could be expected., These yields !
. would be directly related to saturated thickmess in magnitude, Chemical

quality is likely to be best where precipitation has been the main

source of recharge.
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Tertiary Deposibts

San Jose Formation

Lithologic Characteristics. The San Jose Formation of Eocene age

covers approximately half the surface area of the Aztec Quadrangle
(Plate 1). This formation, originally mapped as the Wasatch by Dane
(1936) and by Vood and Northrop (1946), was renamed by Simpson (1948)
because the name Wasatch had been previously used glsewhere. Simpson
retained the three faunal suﬁdivisions suggested by Gardner (1910):
the Tiffany, Almagre, end Largo beds.,

The San Jose Formation generally consists of coarse, yellow,
resistant sandstones interbedded with olive green, gray, and purple

chales and white non-resistant sandstones. The variable predominance

it - e ' i

of one lithologic facies over the othars was used by Baltz and Vest

(1967) to subdivide the San Jose Formation into four intergrading

members: the Cuba Mesa, Regina, Llaves, and Tapacitos Members, in f

ascending order., This four-fold subdivision was used by Balbz and Vest %

in mapping the Jicarilla Apache Indian Reservation, but ib does not , 4

appear to have application in the Aztec Quadrangle. Some general ?k

lithologic facies changes vere noted, however, in the northern part of

the avea where part of the San Jose Formation is dominated by shales (Plate 3).
in the study area, the San Jose Formabtion consists predominantly

of buff and yellow, conglomeratic, coarse to very coarse~grained, thick-

bedded, arkosic sandstones. ( Grain size, see Appendix D, measured-

secbion end thin-section descriptions in Appendices A and B respact‘vely).

These sandsbones are move sbundant in the lowcr parb of the formation,

have a thickness of up to 116 meters (380 feet) per unit, and form
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steep ¢liffs in most places, In some localities, the thinner sendstones
are lenticular, but most of the thicker units are'quite continuous and
can be followed for 2 to 3 miles.

The San Jose qumatibn has been interpreted by all previous workers
to be fluvial in origin. Large-scale, low-angle, tangential, trough
cross-bedding is common (fig. 11) and sandstone units occur as channels
often cut into the shale units below. McDonald (1972) concluded that the
primary sources of the San Jose sedinents was the Brazos and Sen Luis-
Sangre de Cristo Mountains area to the east and northeast and also the
San Juan Mountains to the north,

The San Jose shales are, for the most part, silty tovsandy in
texture. The shale units are composed of interbedded, olive green, light
to davk gray, and purple shales, claystones, and siltstones, and a few
non-resistant gray-white sandstones.

The San Jose Formation was described by Reeside (192)) as lying
“nearly horizontal:, but in T.32H., R.121., he assigned it cn easterly
dip of 1 degree, Vhile such a dip is hard to measure, the geologic map

suggests that the San Jose strata do dip gently southeastward, toward
the center of the San Juon Basin.

Vater-Bearing Choracteristics. Relatively few wells have been

drilled or tested in the San Jose TFormation of the San Juan Basine

Cooper and Trauger (1967) suggested, however, that the San Jose Formation,

togeth .rr with parts of the underlying Nacimiento Formation, *should be
constdered an important woservoir of large volume! in the eastern port
of the San Juan Basin. These authors reported yields of up to 200 gpm

and Baltz and West (1967) predicted yields of up to 1200 gpm from the
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Figure 1l.
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Trough cross-bedding exposed in a sgndstone unit of

the San Jose Tormation above Arch TRock Spring; view

northuest, S Sec. Rh, T.30N., R.10W.; tree in

botbom 1left of photo is approximately 12 feet high.
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San Jose aquifers. The average total‘depth of 43 wells reported by Baltz
and West (1967, p. 28) to be in various members of the San Jose Formation
on the Jicarilla Apache Indian Reservation, is 213 feet. Reported yields
ranged froﬁ 0.2 to 60 gpm and specific capacities ranged from 0.07 to
1.0l gpm per foot of drawdown.

In the Aztec Quadrangle; eight water wells are known to be completed
in the San Jose Formation (Table V ). Most of these wells were drilled
in the 1950's by the El Paso Naﬁural Gas Company to obtain drilling water
for nearby gas well construction. Most of the wells are plugged or
inaccessible, but company records report yields from 6 to KO gpm from

individual sandstone units having thicknesses of 25 to 123 fect. Total depths

i B e LU bt e e
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The San Jose sandstones appear to have the properties of pood aguifers.

JREPPE NV DT

CGrains are generally well--sorted and thin-section asnalyses of surface

samples reveal porosities of up to 25 percent (Appendix B).

RSUERE SRS WIS SR 1N

At various localities and elevations, many springs issue from coarse
sandstcne strata of the San Jose Foruabion in the sbudy area (figs. 12 and !
‘ BT R

1

13). These springs are estimated to have discharges of less than 2 gpm and J{L

T imrem
s :
te S

are all of the contact type. That is, water percolated downwar:t through a
permeable sendstone unit until it reaches an impermeable shale along vhich it
flows laterally to discharge vhere the contact is exposed. The springs, mapped
on Plate 2, ara generally marked by 1) an overhang of coarse sandstone above,
due to undercutting and washing out of the shale below, oand 2) by the‘presence
of cottonwood trees or some other plant requiring more than asversge water.
Most springs of the study area are fenced and developed vwith pipes, stock
tanks, or concrebe enclosures (rigs. 11 and 12).

The quality of waber from springs in the Ssan Josa Formation is generally

quite good, averaging about 515 ppm total dissolved solids and varying from
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Figure 12, Jackson Spring, typical of most in the study area, issuing
at a sandstone-chale contact, NE} Sec. 1hy T.30M., R.10H.;

note pipes, sbtock tank; and wild rose hushes.
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Figure 13. Garrison Spring, which produces clear, cool water from the
contact betueen a shale and the sandstone in background;
view ecast, MW} Sec. 14, T.30W., R.104.; note pipe leading

to stock tank from spring.
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110 to 1528 pom, Table III lists thé chemical analyses of 13 springs in the
Aztec Quadfangle vhich are mapped on Plate 2, Last Chance and Garrison
Springs, both of which have supported homesteadsywiphin the last 100 years
(Ho McWilliams, personal communication), have total dissolved solids
concentrations of 110 and 136 ppm respectively, The broad, multi-story
overhanzs at Last Chance Spring are believed to have housed Pueblo Indians
who roamed this area until about 650 years ago (Cooper and Trauger, 1967).
Both Last Chance and Garrison Springs are used for watering stock teday,

as are most in the area. Hart Spring, however, is used domestically..

Nacimiento-San Jose Contact. The countact between the San Jose Formation

and the underlying Nacimiento Formalion has always posed a problem to
workers in the northern part of the San Juan Basin, Because of the grad-
ational nature of this contact, its location has differed by as much as

5 miles as mapped by Reeside (1924) and Dane and Bachman (1965).

In the southern part of the San Juan Basin, the San Jose Formation

lies on the Nacimiento Formgtion with erosional, angular unconformily

By
(Baltz end West, 1967). To the north, however, continuous deposition ié% g
VR hop
" i
apparently tool place in Paleocene and Eocene time (Reeside, 1924). hf‘*i

Having follewed this contact "in very rapid reconnaissance" to the divide
between the Animas and San Juan Rivers, Reeside weote of it (p. A1):

Tt is much less distinet toward the north
owing to the appearance in the upper Torrejon
[upper MNacimiento] of indurated, brown sandstones
resembling the overlying formation, and in fact
near the State houndary a separation is very difficult.
eo.[ The evidence] strongly suggests that sedimentation

in the northern part of the basin was continuous from

o i
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Torrejon [ lute Paleocene] time into Wasatch
{EBocene | time and that there is no such break
in the series as is apparently present in the

southern part of the basin."
Simpson (1948, p. 378), speaking of the northern part of the basin,
stated the following:

#Oonditions here are strikingly different
from those in other parts of the basin.
ves Sedimentation was active here during or
throughout the time represented by the Nacimienbo-
San Jose hiatus to the southeast and there was
little pre-Wasatchian uplift and erosion directly
in this area. ...In general there is a suggestion

of nearly contirnuous deposition in the north."
The Nacimiento-San Jose contact was mapped as part of this study
(Plate 1) using criteria similar to those of Reeside (1924, pe h6):

"The Torrejon [upper Nacimiento] sandstones
are thimer, shorter lenses and do not form as

much of the bulk of the formabion as thouve of the

overlying beds. This hazy distinction has been

used in mapping the base of the Wasatch [San Jose )

Tormation in northern San Juan County."

As Reeside's geologic map was generalized and the Nacimiento—
San Jose contact dashed in most places, it was deemcd necessary to remap
it in detail in the study area. Generally, the contact was placed at
the base of the first, thick, resistant, coarsc-grained sandstone
sbove which sandstones dominated and surpassed shales in thickness,
Tn numercus places the contact was easily located by these criteria
because a good porbtion of the Nacimiento shales and soft sandstonss

was exposed below (fig. 14), Examples of such localibies arw those in
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Figare 14. Nacimiento~San Jose contact (traced in ink) bzlow
Mount MNebo; view northeast, SEY Sec. 22, T.32.,
R.10/.; note Animas River, and car (lower left)

for scale.
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Sece 27y T.32Ne, R.10d. on Mount Nebo, in Sec. 2, T.31H., R.104. near the
Flute Cave Section (Appendix A), and in Secs. 25, 35, and 36, T30M., R.104s,
north of Blanco. From these and other localities, the contact can be
traced laterally with relative ease. Tn other areas, however, the contact
is partially covered or the San Jose Formation is severely eroded, In such
areas, as on the west side of Knickerbocker Peaks, T.30M., R.104., the
conbact has been mapped by a.dotted or dashed 1ine respectively (Plate 1).

The MNacimiento-San Jose contact, as mapped on Plate 1, is noticeably
jrregular in elevation in the study area. The most significant irregular—
ity is the low near the Animaé River in T.32N., R.10W. where the contact
drops from an elevation of over 6300 feet to less than 6200 feet. The
very presence of the Animas River may L evidence of a structural qnomély
here, but more work 1s needed to explain what has happened,

A major change in lithology of the 1oﬁér part of the San Jose
Formation was noted during field work. This is the much higher sandsto s
chale ratio in the southeastern part of the study area. Basal sandstones
in the northern part of the areua seldom exceed 30 meters (93 feet) in
thickness, whereas, to the southeast (measured section Né. g, for example)
over 100 mzters (330 feet) of sandstone were measured in the San Jose

(Appendix A, Plate 3jend fig. 15).

o j‘;:‘t .
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Figure 15, Nacimiento-San Jose contact (traced in ink) neanr
Archuleba in measured section No. 8 (Appendix A);

view north, SE} Sec. 2y, T.30M., R.9U.
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Hacimiento Formation

Lithologic Charscteristics, The Nacimiento Formation consists of

gray, olive green, and purple shales, and gray-vhite to yellow, soft
to resistant sandstones. Appendix A and B give detailed descyiptions
of the Hacimiento Formation in the Aztec Quadrangle. ‘ ' %

The Hacimiento Formation of Paleocenc age wWab named‘by Simpson
(1948) following the suggestion of Gardner (1910). The formstion had
previously been subdivided, according to faunal assenblages, into the
Puerco and Torrejon formations in ascending order (Sinclair and Granger,
1914). Simpson stated that the Puerco and Torrejon ' ave not recognizable
lithologic units so0 st is vsimplest, most practical, and most logical"
to consider them as a single formation and retain the names Puercs and
“Porrejon as faunal names onlye.

The Nacimiento‘Formation is considered fluvial in orlgin (MeDonald, ‘ §

1972), containing the dizcontivuousy coarse, chennel sandstones and the

floodplain silts and clays of the fluvieal ervironment. The major source
for these sediments is reported to be to the north and east of the study
area in the Brazos, San Luis-Sengre de Cristo, and San Juean Mountainsg
(McDonald, 1972). the fact that the formation thickens and becomes more
sandy to the north supports this idea (Daltz end West, 1967).

Tn the study area, the NHacimiento Formation is approximately 2,000
feet Lhicke. Electric logs show it to he silty or sandy throughout much
of its vertical extent, but it is particulerly so near its upper and
lower boundaries, as both conlacts are somewhal gradational ond contormable.

Baltz and West (1967) discussed the Ojo Alame-llacimiento contact and
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suggested that intertonguing of Nocimiento sandstones is responsible
for the increased thickness of the 0jo Alamo Sandstone in the northern
part of their gtudy area. Such intertonguing was also pointed out by
Powell (1973 p. 111) and has been observed in Head Cenyon south of
the San Juan River opposite Farmington.

Tn the Aztec Quadrangle the sandy nature of the upper part of
the Nacimiento Formation is particularly noticeable near Cedar Hill
in T.311,, R.104, Here, thick, coarse-grained, arkosic sandstones are
present vhich are indistinguishable from those of the Overlying San Jose
Formation. These Nacimiento sandstones are also prominent in Measured
Section No. 4 at Mount Hebo (Appendix A and Plate 3).

Egyepﬂﬁearing_Cbaracteristics. Throughout most of its thickness,

R

the Nacimiento Formation cannot be expected to yleld large quantities

of water to wells bscausc of the discontiﬁﬁéus, silty nature of its
sandstones (Brimhall, 1973), Quality is likely to be poor also, because

of the amount of shale present in the formation. Tn its upper part,
however, and vhere more extensive, coarse sandstonaé exist, the Hacimiento
can provide valuable sourceés of good quality water (Cooper and Tréuger,
1967) Baltz and Vest (1967) reported a yield of L2 gpn from a 20-foot—

thick sondstone in the upper part of the Nacimiento Formation. Specific

capacity of this sandstone, however, is only 0.07 gpn per foot of dravidovn.

Brimhall (1973; p. 201) reported what may be a major aguifer of local
imporbonce, the Kaime Ranch Aquifer, in the Nacimiento of the west—central
San Juan Basin, This predominantly sandstone agquifer is estimated to cover
approximately 5 square miles and one water well here flous a full 8 inch

strean from a perforated inberval of 40O feeb.

ST
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In the Aztec Quadrangle, 21 watec wells are lmown to be completed in
in the Nacimiento Formation. Nine of bhese are Bl Paso Natural Gas Coapany
water wells with reported yields from 16 to 100 gpw. Several of these wells
have been completed in two to four intervals to cexploit total perforated
intervals of 20 to 150 feet (Table V).

Thyee other non-domestic wells in the sthdy area have been completed
in the Nacimiento. These are the New Mexico Port of Entry well, the E.P.H.G.
Knickerbocker Butte Water Well No.l, and the L.P.N.G. Atlantic State Holl
vwell vhich has been turned over to a rancher for use as a water well.

The Port of Entry well is 750 feet deep and yields poor qualilty with a
specific conductance of 12,700 mnhos/cm. The Knickerbocker Butte well is
approxiiately 900 feet deep and is completed in four horizons to oblbain
water for drilling purposes. The Atlantic State No.1l well is 520 feet deep
and is completed in three horizons for a total perforated thickness of

55 feet. water from this well has a total dissolved solids concentration of
1,004 ppu.

Nine domestic wells in the aren are drilled into the Waclmiento Formation
and have an average depth of approximately 115 feet and average depth to water
after completion of 24 feot (Table V). Because Lthey ave confined by overlying
shales, many Naclmiento sandstone squifers are under artesian pressuve.

The R. Valencia well, in Sec.35, T.30N., R.94,, was reported to flow with
watey rising 2 feet sbove ground level (Table V). The Kaime Ranch Aquifer
of Brimhall is another example of artesian flow. The quality of water from
thege Nacimiento wells is relatively poor; six specific-conductance

measurement s averaged approximately 2000 micrombhos per centimeter,
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SUBSURFACE UNITS

Tertiary-Cretaceous Deposits

0jo Alamo Sandstone

Yitholopie Charachteristics. The 0jo Alamo Ssndstone has had a

complicated nomenclatural'history as summarized by‘Fassett (1973).

The 0jo Alamo Sandstone was first named by Brown (1910) for a
dinosaur-bearing shale unit and an overlying conglomerate bed. After

63 years and much controversy between stratigraphers and pateontologlistsy
Powell (1973) has defined the 0jo Alamo Sandstone as consisting of two
menbers: the lower or Hashoibito Member, a coarse-grained, cross-bedded,
conglomeratic sandstone. By this definition, which is followed here,

the 0jo Alamo Sandstonc spans the Crobuceous-Terbiary boundary in agoce.

In ¢cliffs east of the La Plata River near Farmington, in Measured _
Section Mo. 1, the Ojo Alamo Sandstone coﬁsists of 18 meters (158 feet) of
thickwbadded, coarse~grained to very coarse-grained, very pale orange
(10 ¥ 8/2) to dark yellowish orange (10 YR 6/6), cross-bedded, conglom-
eratic sandstone (figs. 16 and 17, and Appendix A).

The base of the 0jo Alamo Sandstone rests with regional disconformity
on the Kirtland Shale and <vidence of scourii: and channelling is
sbundant (HMeDonald, 1972). The base is very jyregular for this reason.

Powell (1973, pe 11 suggests an alluvisl plain depositional model
for the Kirheto Membe:r of the Ojo Alamo Szndstone and cites abundant
paleocurrent dabta in evidence of a source area to the northuest af the
Sen Juman Basine A similar origin for the congloicratic sandstone of the
Nashoibito Member seems viable, whercas the shales betueen these conglom-
eratic sandstones may record a decreased sediment supply, a reduction of

relabive uplift of the suurce arca, or a change in deposibional facies.

Powell (1973, p. 116) suggested that:
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Figure 16, ¥Kirtland-Ojo Alamo contact (traced in ink) ab the La Plata
River bluffs in measured section No. 1 (Appendix A);

view east, SWy Sec. 28, T.30N., R.134.
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Figure 17. A conglomeratic unit of the Ojo Alamo Sandstone in bluffs

south of San Juan River opposite Farmington,

B
*rer
-5

HTr T

B omh g
@ g

el



S R e e

(18)

"The gradual change of depositional regime
from alluvial plain to flood plain offers one
explanation for the gradational and intertonguing
nature of the contact between the Kimbeto Member
(alluvial plain-deposits) and the Nacimiento

Formation (flood plain deposits)."

‘n the Aztec Quadrangle, the Ojo Alamo Sandstone lies at a depth
averaging approximately 1500 feet (fige 18) and it averages about 100
feet in thiclmess (fig. 19). The top of this unit is very irrepgular as
mapped in figure 20, but part of this could be due to the gradational
nature of the upper contact causing errors in the picking of the top
on electric luzs (Brimhally, 1973, p. 200).

Reeside (1924) stated that the Ojo Alamo Sandstone thins in outerop
and disappears 9 miles north of Farmington, New Mexico, perhaps by
erosion. McDonald (1972), however, stales that the 0jo Alamo hecomes
part. of the fnimas Formation near the Colnrado border. 'the Animas Formation
is characterized by andesitic and other voleanic detritus and was deposibed
in the northern end of of the San Jusn Basin in latest Cretgcaous and
Paleocene time, The Animas, however, wedges out abruptly into the overlying
Nocimiento Formation and loses its identity at the Colorado~New Mexico
border (McDonald, 1972y p. 21,3). For this reason, the Animas Formation

will not be considered further here.
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Water-Bearing Characteristice., According to Brimhall (1973), the

0jo Alamo Sandstone is a major source of supbly of groundwater in the

San Juan Basin, He pointed ouﬁ that the courser, channel sandstones

have the greabest potentld] for producinb good supplies of wabter.
Brimhall reported six wells completed in the Ojo Alamo Sandstone w1th
yields ranging from 35 to 180 gpm, specific capacities ranging from

.20 to 1,02 gpm /ft., transmissivities ranging from 425 to 1230 gpd/ft.,
and storage coefficients ranging from .0002 to L0067, The water qualities

reported .are generally good, ranging from 360 to 824 ppm tobal

_dissolved solids, These wells were up to 747 feet deep.

Rapp (1959) reported that wells tapping the Cjo Alama Sandstone
to the south and east of Farmington produce quantitieé sufficient for
.domeatic and stoack needs; Typically, howavér, the water exce;ds 1000
ppm total dissolved solids and is high in sulphate,

Tn the Astec Quadrangle, no wells are knoun to penctrate the 0jo
Alamo Sandstone for water' Due to its potential as suggested by Brimhall
(1973) and by Baltz and West (1967), however, its depth, thickness and
structure were studied using geophysical and drillers logs (figsw 18, 19,
and 20). While large quantities of waber may be present in the Ojo Alamo-
Sandstone, electric logs indicabte poor quality at depths of 1,000 to
2,000 feet in the study area. (no negative SP responses were noted).

If partial desalination became practical at some time, or if freshness
was not a criterion for some particular use, the 0jo Alamo Sandstone

would likely be a valuszble source of water in the arca.
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Cretaceons Deposibs

Kirtland Shale

Lithologic Characteristics., The Kirtland Shale is separated into

an upper shale member, a mliddle sandstone (the Farmington Sandstone
Member), and a lower shale member. The shales ave pradominantly gx‘ay, but
some are blue or yellowish green in cplor‘. The shale .member‘s also contain
beds of friable, vhite sandstone. The Farmington Sandstone Member 18
composed of interbedded, brown, re 1 sbant sandstones and shales as
described above (Northrop, 1973). |

Tn the study area, ihe total Kirtland Shale varies in thickness
from 400 to 1,000 fect and the Farmingbton Sandstone Member ranges from
150 to 635 feets The Kirtland Shale is coni‘or*mablei on and gradational
with the Fruitland Formation. Fassett and Hinds (1971, p. 25) assign a
river and flood plain depositional, origin to the K’i..rtiand Shale.

Waten-Dearing Chavacteristics. The Kirtland Shale yields less than

S

10 gpm to wost water wells between the the towns of Kirtland and Farmington.
Rapp (1959) reported that these wells produce potable water where they

are shallow, but implied that the quality deteriorates rapidly with depth.
Since the Farmington Sandstone Member is at depth of 1500 to 2000 feet

;jn the Aztec Quadrangle end is a potential source of hydrocarbons, the
grounduaters of this unit should be expected to be brackish or very

saline.
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Fruitland Formation

Litholozic Characteristics. The Frultland Pormation is composed

of disconbinuous units of sandstone, siltstone, shale, carbonaceous

shale, carbonaceous sandstone and siltstone, commercial coal, and in

the lower part thin Limestone beds (Fassett and Hinds, 1971). The general

1ithology of the Fruitland chenges upward from limestong sandstone, and
thick coal beds to predominantly silitstone and shale beds in the upper
part. Fassett and Hinds (1971, p. 19) assign coastal-swamp, river,
flood-plain, and lacusbrine depositional envivorments to the lower part
of the formation end flood-plain and river enviyonménts to the upper
part. Thickness of the Fruitland in the Aztec Cuadrangle varies from
250 to 500 feet. This formation is conformable on and intertongues with
Lhe Pictured Cliftfs Sandstone.

Vater-Bearing Characteristics, Phe thin sandstone beds of the

Fruitland Formation may yield small amounts of water to wells. flectric
logs of gas wells, houever, suggest thab these beds ave thin, of low
porosity, and conbain water of poor quality. Baltz and West (1967)
reporbed that wells on Lhe Jicarilla Apache Indian Réservation have

yielded uighly saline water from the Kirtland-Frultland interval.

Pictured Cliffs Suandstone

fhe Pictured CLiffs Sandstons 1s

Lithologic Charvac

composed of an upper vhite, massive sandstone underlain by yellowi.sh-
brown to vhite sandstone :iorthrop, 1973). Doth contain shale beds.
Tn the study area, the Pictured CLirfs varies in thickness fron 65 to

180 feet. It has been asusigned a shallow-voter and beach oripin
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of deposition by Fasset and Hinds (1971, p.9). The Pictured Cliffs
Sandstone lies conformably on and is gradational with the Lewls
Shale,

Water-Bearing Characteristics. West of the Aztec Quadrangle,

and nearer its outcrop arva, the Pictured Cliffs Sandstone is tapped

by rumerous water wells. In the study area, however, the formation is
developed extensively as a natural gas reservoir. Rapp (1959, pehs)
reported results of three chemical analyses of Pictured Cliffs formation
waters which ranged in total dissolved solids from 29,800 to 37,800 ppm,
These samples were collected Crom wells in T.29H., R.12W., at a distance
of less than 10 miles from the Aztec Quadrangle. The depth and poor
quality of its water make the Pictured Cliffs Sandstone an impractical

source of waler Jor the study area.

Lewls Shale

Titholosic Characteristics. The Lewis Shale is made up of dark

gray to drab gray, sandy shales, clays, and sandstones with thin cal-
carcous concretions and lenses of limestone. It also conbtains well-

bedded calcareous shales and thin-bedded white to gra sandstone
ray

(Northrop, 1973). The Lewis is a thick, marine shale and varies in thick-

ness from 1400 to 1600 feet in the study area. The Lewis Shale overlies

the Mesaverdes Group; the upper member of which is the CLlLiff llouse Sandstone,

Viaten-Bearing Chavacteristicse Positive SP log responses and rela~

tively small resisbivities from clectrical logs suggest that the thin

sandstone beds in the lower part of the Lewls Shale contain saline waters.
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These beds are reported to be fine~grained snd are probably of low
peracability (Baltz and West, 1967). 'fhe Lewis Shale, therefore, offers

1ittle potential as a good source of waber in the Aztec Quadrangle.

Ciiff House Sandstone

Lithologice Charact :ristics. The CLLff House Sandstone is light

gray, buff, and brovn, thin-bedded to massive with shale partings
(Northrop, 1973). In the Aztec area, it varies in thickness from 65 to
200 feet, The Cliff House is a transgreassive marine sandstone (Pike, 1947,
pe 97) which overlies and intertongues with the Menefee Foriation,

Water-Bearing Characteristics. The CLiff louse Sendstone has the

properties of a good aquifer, with porosities varying from 13.7 to 28.3
percent (Renicle, 19%1). lowever, due to poor water gquality and the
presence of hydrocarbons at depth, the CLiff House is only tapped by
water wells near its recharge avea, 20 miles to the south and west of

Aztec. Therefore, the CLirl House sandstone would be a peor source of

.:‘. “' '
L
3§ LY
potable water in the study area. %’.3{
bl
L

Menefee Formation

Lithologic Gharacteristics. The Menefee Formation conuists of

interbedded gray-buff, massive to thin sandstones, gray ghales, ond coal
seamns (Northrop, 1973). Tt varics from 285 to 450 feet in thickness in
the study arca. Reeside (1920, p.14) stated that varied fossils indicate
a fresh-water origin for some Monefee beds and a marine origin for others.

The Menefec Formation 1ies conformably on the Point Lookout Sandstone or

the Lower Gibson Coal HMewbeu of ihe Crevasse Canyon Formation.
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Water-Bearing Characteristics. The sandstones of the Menefee :

Formation pfovide good supplics of potable water to numerous domestic f
and stock wells in western San Juan County, in ana near the outcrop

area, However, lying at depths of approximately 4500 feet in the Aztec
Quadrangle, the Henefee Formation is too deep and probably too saline %

to be a good source of potable water.

S s T L TR

Point Lookout Sandstone ;
Lithologic Characteristics. The Point Lookout Sandstone is composed E
of massive, light gray to yellow sandstone (Northrop, 1973). Baltz and E
1
Vest (1967) describe it as mainly medium-grained, but containing a few %
beds of fine-grained sandstone and some thin beds of shale. The Point %
Lookout Sandstcne is a regressive beach deposit (Pike, 1947, p. 14) and E
it varies in thickness from 95 to 350 feet in the study area. It lies J
conformably on the Mancos Shale. | ;
Water—Bearing Characteristics, The same properties that make the ?w tvp;
Point Lookout Sandstorne a good aquifer, averapge porosity of 19 percent j :;f? f:f
and hydraulic conductivity of 11.6 x IO"h cm/sec (Charakulas, 1975), ;Ql
also make it a good hydrocarbon reservoir at depth. Lying at several
thousand feet of depth in the Aztec Quadrangle, therefore, the Point é
i
Lookout can v expected to produce only saline waters. Berry (1959, Plate %

26) mapped tobal concentration of Mesaverde formation waters ranging from

6,760 to 21,270 ppm in the Aztec avea.
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Mancos Shale

.Lgtgplogic Characterishics. the Mancos Shale is composed of light

-

to davk gray, sendy chale conbtaining sendstone lensed, fossiliferous

calcareous shales, and thin limestone lenuezs (Norbthrop, 1973). It has

T

been assigned a marine origin (Reeside, 192h, pe 9) and it is separated

by the Gallup gandstone ( see below) into upper and lower shale nmemberse
The Mancos Shale overlies the Dakota gandstone conformably or di.sconformably.
ics. The Mancos Shala'is generally

Vater-Dearing Characteri

[Prmmmens

considered of poor potential as an aquifer in the San Juan Basine Ibs
sandstone lenses are Likely to yield only small smounts of very poor

quality water in the Aztec Quadrangle.

Gallup Sandstone

Lithologic Characterisbics. The Gallup Sandstone consists of three

persistent, massive, pink o lipght gray sandstones interbedded with gray

chale and coal {Northrop, 1973). Molenaar (1973, p.85) assigns coastal

parrier, paludal, and fluvial charnel origins to the Gallup. In the Sen f?w;
K g

Juan Basin, the Gallup sqandstone varies from 0 to 4,50 feet in thickness Aé?
and lies conformably on the lower Hancos Shale. ;
Eg&@ruﬂearing )harggtgyjutics. Tﬁe reservolr characteristics of | 5

PEUFRSR

the three Gallup Sandstone benches in the Bisti area have been studied
by Reneaun and Harris (1957). They describe the uppev bench as a clean,
permeahle sandstone, whereas, the two lower benches are very silty and
have low porosity and permcability.

The Gallup Sandstone is a falr teo good aquifer and is tappzd by

many wells within approximately 50 miles of its outcrop area in uastern

_ e . .
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San Juan Couuby. Again, howsver, in the decper parts of the Basing
including the study area, the Gallup Ssndstone lies at impracitcal
denths to be exploited as an aquifer. Also, the average salinity of
26 samples of Gallup saline wsters (Central Basin) was L6545 ppm

(Berey, 1959, p. 108).

Dakota Sandstone

Lithologic Characteristics. The Dskota Sandstone is, at many

localities, a yellow, buff, brown, red, and ﬁhite sandstone interbedded
with variegated clays, gray shales, and lignite. It can also be a

massive, silica-cemented, guartz sandstone (Morthrop, 1973). In the

study area, the Dakola Sandstone varies in thiclmess from 65 to 180

feet. Ouwen (19734 Do 39) describes the Dalota as consisting of braided

and neandering stream; coasbal, and offsﬁofe deposits. The Dakota Sandstone‘
unconforinably overlies the Morrison Formation of Jurassic age or lover

Cretaceons rocks.

B il
B2 e LI e

Water~Rearing Characteristics. The Dakota Sandstone, with an average
porosity of 11 percent and average permesbility of 14 millidarcys (Renean
and Harris, 1957, p. 13), is a good reservoir for both water and
hydrocarbons in different parts of the San Juan Basin., In western San
Juan County, the Dalkota is tapped by many waler wells near its ouberop
vhere the water is potable. In the stiiy arca, however, the Dakota
Sapdstone is at great depth, and has saline formation waters so is

impractical as an aquifor,
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Morrison Formation

éippologgg_gbgggggggiggigé. The HMorrison Formation consists of

variegated calcarcous mudstone, silbstong, sandgtone, shaley and
conglomeratee. T4 ranges in thickness from O Lo 1550 feet in the San

Jusn Basin and 1§ disconfoyrmable on varigus formabions of the San Rafael
Group (Northrop, 1973). The Morrison Formation is variously composzd of
a1t Wash Sandstone,

four members vhich are, in ascending order, the &

Recanture chale, Westuater Conyon Sandston®y and Drusghy Dasin Shale
Members. Other local nomes are used for these menbers in places (Smith,

1954,). Mot all members ave present at all localities (Berrys 1959, P 17).

Flesch (1974) assigned a generally'ccnhinental fuviatile origin to

the members.of the Morrison Formabion.

Vater-Bearing Characteristics. Mear its outcrop aredy especially

in the southuwestern portion of the San dJuan Basin, the yestwater Canyon

gandstone Member of the Morrison Tormation is a major aqulfers Hiss (197&)

sugpested that in places the Yesbwater Canyon sandstone may be in hydraulic

commnication vith the overlying Dalota Sandstone, S0 at depth viould have

waters similar in chemistry to those of that unit. At depths of 7,000 to

8,000 feet in the Aztec Quadrangle, it is most 1ikely that any vater

from the Horrison Formation would be very saline.
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REGIONAL GROUNDWATER FLOV

Recharge

The surface geologic units of the study area, the unnamed Quaternary
deposits, San Jose Formation, and Nacimiento Formation, are recharged
in various vays. Mos£ recharge probably takes place directly from rain
and snow which fall on this area. This averages only 9.8 inches annually
at Aztec, but increases considerably with elevation touwards the Colorado
border, Most of this precipitation, howsver, does no£ percolate to the
water table because it is lost by evaporation from thé surface or.the soil-
moisture zone. Much of the total precipitation falls in intense,'aumner
thunderstorms, so it is likely that much is also lost to runoff, particularly
in areas underlain by the less permeable shales. Runcff, however, produces
another method of recharge. The coarse bed materials of the many ephemera’.
streams cause transmission losses or percolation of runoff into these
materials and then into subjacent units.

fhe alluvial aquifers of the major river volleys are recharged directly
by their respective streams, but more importantly, by the abundant irriga-~
tion water which is spread over these aquifers each growing season. This
can amount to approximately 2.5 feet of water pef acre per year (N.M.I.5.C.
and N.M.0,S.E., 1975) and the water table can be observed to rise with
its application. |

The subsurface units are each recharged in and near thelr respective
outcrop areas by the methods described above. These areas for the San Juan

County district are cutlined on the geologic map (fig. ).
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Lastly, both surface and subsurface geologic units can be recharged
by leskage or discharge from another unit. The simplest and probably most
common example of this is percolaticon of water firom coarse alluvium into
bedrock. Because of their silty or sandy textures, many shales in the
San Juan Basin do not stop the vertical movement of groundwaster but only
retard it. Water-bearing waits cen also communicute through fracture

systems swhich are common in consolidated rocks.

Grownduater Movement

As stated by Darcy in 1856, grounduater flows in accordance with
the hydraulic gradient vhich in turn is dependent upon gravity and pressure.
For horizontal flow, groundwater moves from high to low pressure, but for
inclined flow, the movement may even be in the direction of increasing
preéﬁure (Todd, 1959, p. hb). Accofding to Darcy (1856), ancther factor
affecting the rate of flow is the hydraulic conductivity, K, a property
which varies both between and within most natural media.

In thé surface units of the study area, groundwater is assumed to flow
in response to a gravitational hydraulie gradient. That is, groundwater
flow has a southeasterly component due to the regional dip of less than
1 degree, Near the surface, however, local topography can causé some flow
towards topographic lows and away from highs. Groundwater should flow, for
instance, away from the upland areas and divides and téﬁardﬁ the deep
canyons and river valleys of the area. The silty and sandy nature of the
Tertiary shales should also allow some hydraulic communication between

many sandstone aguifers.
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Tn a study of hydrodynamics and geochemisbry of grounduater in the
San Juan Basin, Berry (1959, p. 157) suggested another mechanism for
groundwater flow: osmotic pressure. Berry stated tﬁat,shale units can act
as seni-permeable membranes between sandstone units of different water
quality. Fresher water tends to flow toward more saline water through the
chale membrane with the exclusion of some ions, According to Berry (p. 81),
this mechanism explains the depression of potentiometric surfaces in the
Central Basin of the San Juan Basin, The strata involved are those of
Jurassic and Cretaceous age overlying the Entrada Sandstone, which locally
has very saline waters.,

Berry concluded, thercfore, that there are two major components of
groundwater movement in the Suan Juan Basing 1) flow due to gravity which
causes movement mostly down dip from the flanks toward the center of the
basin, and 2) flow due to osmotie influences which causes generally
downward movement in the Central Basin.

Tn the Aztec Quadrangle, pgroundwater flow is belicved to be generally
southeas.srly, toward the center of the basine Tn the subsurface units of
Cretaceous and Jurassic age, flow may also have a downward component as
suggested by Derry (1959). Because of artesian pressures, it is likely
that there is somc local, upward movement also, made possible by leakage

through zones of silty shale or fractures.

Discharge
Berry (1959) compiled potentiometric surface maps of the Jurassic and
Cretaceous systems of the Son Juan Basin, These maps indicate various

points of pravitational discharge on the edges of the basin vhere outcrops
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1ie at a lover elevation than potentiometric suefaces basinwarde In the
Central Basin, including the study area, however, Berry mapped a
potentiometric low or sink due, he sald, to flow of osmotiec influence

in these formabions. |

In the outerop areas of all of the units considered here, BSowe

discharge can occur at seeps and springs vhere streams have cubt canyons
into the aquifers or vhere 1ithologic conditions allow artesilan water

to escape. In the Aztec Quadrangle, many springs have been mapped in the
San Jose and upper part of the Naeimiento Formation (Plate 2). Hear the
surface, groundwater discharge can occur directly into a strean during
times of low flow, or into the atmosphere by evaporation. As mentioned
previously, some discharge or lecakage can téke place fromn onc vaber-
bearing unit to another. Artificial discharge, of course, consists mostly
of pumpage from vells. In the study arca, though, artificial discharge is

important only jn the Animas aud San Juan River Valleys.
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WATER QUALITY

General Statement

Tn the San Juan Basin as a whole, the major water problem is not :
4

59

one of quantity as much as it is one of quality. As fresh, meteroric waters H

percolate to the water table and begin to flow in response to the hydraulic !
gradient, they tend to dissclve mineral matter from the surrounding rock, :g
Generally, the greater the time and distance travelled, the greater the SR
dissolved solids content of the groundwater. Other factors, though, are

are temperature and acidity (pH) of the water, and types of minerals present
in the country rock, Todd (1959, p.178) stated that sodium and calelum are o /fé
fhe comnon cations of groundwaters in sedimentary rocks; bicarbonate, and
sulphate are the corresponding anions. Chloride and magnesium are generally
1imited constituents and nitrate is rarc in most natural groundwaters.

Hem {1959) nas thoroughly discussed the chemical constituents of

. . . : . . . L3 e
natural groundwaters and much of the following discussion is taken from :Hg}£:~
his work. Most groundwater in sedimentary rocks of semi-arid areas is high ' gﬁ

AT

in sulphate because the soils sve not fully leached. Major sources of
sulphate are gypsum and arhiydrite. Sodium, one of the most soluble consti-
tuents in the earth's crust, may be dissolved from salt beds laid dowm with
sediments (helite, etc.) or from common minerals such as sodium feldspar
(albite). Sodium content is increased in groundwater by the process of
pase exchange, in which sodium from a mineral is replaced by calcium or
magnesiun already in solution. Calcium is commenly a major constitucnb of
groundwater both becaunse of it s abundance in various minerals snd because

it is easlly dissolved, Calcium is generally dissolved from gypoum, anhydrite,
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Figure 22, Kiffen Canyon in the Nacimiento “badlands" areaj view
north, NE} Sec. 11, T.31N., Ra11¥,; note the alkali
dissolved out of the shales by groundwaters and

precipitated onto streambed.
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and calcite from limestones or cement in sandstone and shale. Carbonate
and bicarbonate are common in most groundwaters because of the abundance
of carbonate minerals in the earth's crust (calcite, aragonite, ete.) and
the ready availability of carbon dioxide vhich enters into equilibria with
them in solution,

Tn the Aztec Quadrangle, groundwaters of the Quaternary and Tertiary
units are generally dominated by sulphate, sodium, calcium, and bicarbonate
ions (Table II and fig. 21). Much of the sulphate 1s assuned to be dissolved
out of the shales of the area beceuse they are rich in gypsum (fige. 22).
Sodium has been dissolved from various minerais present in the Tertiary
sandstones and shales, although halite, for example is not present in any
quantity. Because caleium cortent is also high in lqcal groundwaters, base
exchange may be pa&tially responsible for their high sodium content. Gypsum
is likely the main source of calecium in the area as limestones are not
present and calcite cements are not abundanh. In the‘Aztec Quadrangle, all

the groundwaters tested were found to be of the bicarbonate type. Though nob

cm

too commen, calcite cements are probably the main source of this lon.

£kl
ke

wow

Surface Units

Alluvium. Analyses of 10 groundwater samples from the Auimas River
alluviua showed an average of A3 percent sulphate, 18 percent sodiwm,
15 percent bicarbonate, 14 percent calcium, 4.5 percent chloride, 4 percent
magnesium, and 0,5 percent potassium (Table IT ). The average total dissolved
solids content is 732 ppn and values range from 308 to 1923 ppm. The
generally good quality of this water is due to two factors: 1) the sands end:
gfavels from which the waters are pumped are relatively "clean® (low in
matrix which contains readily soluble minerals) and 2)-the aquifers aye near
the surface and are rechaeged from the relatively fresh waters of runoff,

jrrigation return flow, and direct precipitation.
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San Jose Formation. The quality of water from aquifers of the San

Jose Formation has been determined only for spring samples during this
study (Table ITI). The average of analﬁses of 11 springs is as follows:

28 percent calcium, 27 perceant sulphate, 20 percent bicarbonate, 14 percent
sodium, 8 percent magnesium, 2 percenl chloride, and 0./, percent poﬁa&sium.
Total dissolved solids of the 11 springs averaged 515 ppn and ranged from
110 to 1528 ppm. The good quality here is likely due to the fact thab
groundwater has not»travelled far from the recharge area and has travelled
mainly through relatively clean sandstones. These wabters can be expected to
deteriorate in quality, however, as they travel along a shale-sandstone
interface and as they lie on weathered shale. The poor quallty of waters
from Cave, Hidden, and Mad Springs may be related to the fact that cabtle
and wildlife have open access to these waters, This can add chloride and

possibly sulphate, nitrate, anc their cations to the water (Hall, 1963).

Nacimiento Formation, Because of its shaly nature, the Nacimiento

Formation contains water of generally poor quality. Field valucs of specific' X
conductance for water from six shallow vells in the Aztee Quadrangle
averaged 2073 micromhos per centimeter (mihos/cm.); the ﬁalues ranged from
1120 to 4500 mmhos/cm. (Table IT }. Two other wells known to be completed
in the Nacimiento Formation are not presently used and the owner of ons
reports that the water is not potable. The E.P.N.G. Atlantic State No. 1
water well, in Nwﬁ‘Sec. 2, T.30M,, RJ10H., is‘also completed in the
Nacimiento Formation. Chemical analysis of this water shoued sulphate

(43 percent) and caleium (36 percent) to be particularly impoftant constite

uents (Table TI), Total dissolvid solids content of this water is 100k ppmj

a specific conductance of 1523 mmhos/cmw was repocted.
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Subsurface Units

General Statement, Relatively little informabion is available on

tﬁe quality of groundwaters from the Ojo Alamo Sandstone, Kirtland Shale,
and Fruitland Formation in the San Juan Basin. The geochemistry of deeper
units of the Cretaceous and Jurassic systems were discussed in detail by
Berry (1959) however. He reported chemical analyses and discussed the
waters of the Pictured Cliffs Sandstone, Mesaverde Group, Gallup Sandstone,
and Dakota Sandstone as well as other formations with which this study is
not concerned, Because of the geochemical similarity of these four deecper

units, they will be considered together in the discussion of waler quality,

0jo Alamo Sandstone. Rapp (1959) discussed the quality of waters

from the Ojo Alamo Sandstens in the Farmingbon area. He noted that these
grounduaters are typically of the sulphate iype and have total dissolved
solids contents in excess of 1000 ppm in and near the study arca.

Raop (p. 4) gave a water analysis from a well in Sec. 26, T.29H,, R,12U, EE’P
§ ¥ Y y v ] 3

in which sulphate composed 66 percent, sodium 23 percenbt, and calcium
8 percent of the total dissolved solids (5400 ppm). Baltz and Vest (1967)
reported chemical analyses of five Ojo Alamo water samples which average
1554 ppm total dissolved solids, and ten samples which average 1492 mmhms/cm.
specific conductance. The total dissolved solids varied from 1030 to 4010
ppm,  and the specific conductances from 667 to 4490 mahos/cim.

0jo Alamo waters in the Awtec Quadrangle should be expected to be
too high in dissolved solids to be potable, because the Ojo Alamo Sandstone
is deeper and farther from the outcrcp (recharge) area than vhere Rapp

took samples.




()

Kirtland Shale. Shallow wells in the Tarmington area generall
. [}

produce potable water from sandstone lenses of the Kirtland Shale
provided they are close to a source of infiltration recharge (Rapp, 1959,
p. 6). Water analyses from four wells reported by Rapp, and believed to be
in the Kirtland Shale, averaged 1686 ppm and varied from 686 to 2,97 prm
total dissolved solids, These waters are generally higﬁ in sulphate
and/or bicarbonate content, Rapp also recorced (1959, p. 4) analyses of
four gas-well samples from the Farmington Sandstone Member of the Kirtland
Shale. These are sodium chloride waters and average 53,750 ppn total
dissolved solids, varying in content from 45,600 to 57,600 ppn. These
samples were from wells in T.28 and 29H., R.12W.

Tn the Aztec Quadrangle, farther basinWard, Kirtland Shale waters
can be expected to be abt least as saline as discussed above because the

unit is deeper.

Fraitland Formation, Actual data regarding the quality of waters ﬁ
o N a U
from the Fruitland Formation are scarce. Rapp (1959, p. 5) estimated the o

total dissolved solids content of these waters to be between that of the
overlying Kirtlond Shale (brine) and the underlyling Piciured Cliffs
Suodstone (very saline). This estimate would place the average total
dissolved solids content of Fruitland waters between 30,000 and 60,000
ppn in the Farmington area. Therefore, at the greater dzpths encountered
in the Aztoc avea, groundwaters of the Frultland Formation are probably

very saline.
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and Dakota Sandstone. Berry (1959) has compiled and averaged numerous

chemical analyses of the formation waters of each of’these Crebaceos units.
Berry's work indicated two systems in each of the above units: a frech-
water system and a saline-water system. The fresh-water system operates
predominantly around the flanks éf.the San Juan Basin. Groundwater in
this system flows in response to gravity, and ions in solution have been
from the country rock during water movement. In the saline-water system
of the Central Basin, bobth flow and the increased dissolved solids content
of waters are predominently a result of osmotic influences. According to
Berry (1959), as the watces flow downward, the membrane cffect of shale
wnits teads to concentrate the ions in solution. The reader is rererred
to Berry (1959, p. 157) for a thorough discussion of this theory.

Table TV shows the concentrations of saline waters that exist at
depth in the Central Basin, The Piper diagram (fig. 23 ) shows how simiiar
these saline waters are in percentage of dissolved constituents. Typical
of many petroleum fields, these waters are high in sodiwnm chloride and
average from 25,000 to 50,000 ppm totul dissolved solids. Because the
Aztec Quadrangle lies within the Central Basin, Berry's analyses are

probably typical of the study area.

Morrison Formakion. Because the Morrison Formation is believed to be

in hydraulic communication with the Dokota & adstone in pla:2s (iss, 1974),
the peochemistry of thege units is believed to be similar. High
concentrations of sodiim chloride in wabers of the Central Basin are to

be expected,
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WATER USE AMD SUPPLY
Urban

Present, Sources

The town of Aztec diverts all of its water from the Animas River
to a reservoir just north of the toun (fig. 2L). This reservoir, doubled
in size in 1975, now has a storage capacity of approximately 7,000,000
gallons. The municipal water treatment plant is located at the resexrvolr
and treats and distributes an average of 1,600,000 gpd.-ihe Aztec
municipal water supply has an average total dissolved solids content of
550 ppin (N.M.T.5.Ce and NeM.OuS.Ey 1975). In the treatment plant the
river water is first treated with allws to settle out the sediment. It
is also treated with cepper sulphate to kill any algae and is then
chrorinated. Animas River water contains enough natural fluoride to comply
with fluoridatibn standérds, so this procéés is not necessary.

The community of Turley, on the San Juan River, in the southeast part
of the study area, obtains water for domestic use from A 32 foot deep well
in the San Jusn River Valley alluvium. The well has a capacity of 16,000
gpd but the system stores only 8,000 gallons (NoMoTo, 0o and NoMoOuSoEoy
1975). Only five houses presenbly are tapped into the system, Quality of
the water is quite good but it is treated (G. Lobabo, personal communication).

The people of Cedar Hill, on thé Animas River, obtain their water
from individuzl wells, completed mostly in the valley alluvium,

Potential Source:s

There are numerous wells in the Aztec area which tap the alluvium of
the Animas River Valley. If it were deemed necessary at some future time,

collector wells or a fictd of shallow wells could be constructed in the
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Figure 2.

The Aztec municipal reservoir and greatment plant;

view vest, SEr Sec. 3y ¢,%0N, R.114.5 note construction

in progress (July, 1975) to double reservoir capacity;

note irrigated floodplain of Animas River.
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valley to supplement‘the surlface water éupplies during times of peék
consumption or low river discharge. A fact that mustlbe considered,
howsver, is that such an bperation would also increase the depletion

‘of the river supply by artificially inducing recharge in the area of the
wells,

The only potential for water from a bedrock aquifer in the Aztec
area lies in the sandstones of the Nacimiento Tormation if these are
well developed in the area. Test drilling would have to be conducted
to determine the extent of these units and whether problems of quantity
or qudlity existed here,

Vhen increased waber supply becomes necessary for the commnity of
Turley, more wells or collectors could be constructed in the San Juan
River alluvium. The same Toctor cited above concerning river water
depletion will have to be considered, however, Diversion and treatient
of San Juan River water is another alternative for this area., The nearby
San Jose Formation is a second allernative, Vithdrawing water from this
source would likely prove more costly due to drilling and transportation
‘expenses, but no direct depletion of San Juan River water would occur.
Lastly, the sandstones of the upper Nacimiento Formation offer another
possible source of water for this area if water quality and quanbity
are sufficient.

The community of Cedar Hil), on the Animas River, has essentially
the same alternatives and factors to consider as does Turley, in

evaluating a future water supply.
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Industrial

Presen! Sources

The oil and gas companies in the study area use water primarily
for drilling and developing their walls. In the 1950's much of this
water was taken from wells in the Nacimiento and San Jose Formations,
Now, however, only one such well, the Knickerbocker Butte Water Well No. 1
(Table V ) is being used by EL Paso Hatural Gas Company. Most other
water required is bought from ditch co~0pg along the Animas and San Juan
Rivers and trucked to the well sites, Good gravel roads make all corners
of the gquadrangle accessible to these tankers.

Potential Sources

Should river water become unavailable or too costly for the oil ant
gas companies, groundwater would have to be used again, 0ld water wells
in the Nacimiento and San Jose Formations could be reopened and deepened
vhere necessary, and new wells drilled., In the southern part of the area,
where the 0jo Alamo Sandstone is only about 1,000 feet deep, this source

could be tapped if very fresh water is not required,

Irrigation

Present Sources

Irrigated crop lands along the Animas and San Juan Rivers provide
the biggest single use of water in the Aztec Quadrangle, Approximately
3500 acres of land are irrigated along the Animas River and several
hundred acres along the swall portion of the San Juan River in the area.
All irrigstion water is derived from these rivers; no groundwater is

presently used. Based on the county average, lthe azmount of surface vater




(81)

used for irrigation is approximately 9,000 acre-feet annually (N.M.I.5.C.
and NoM.S.E.0.y 1975).

Potenticl Sources

Surface waters are ﬁsed for irrigation in San Juan County
because they are readily available to the irrigable lands of the river
valleys and are less costly to obtain than large supplies of groundwater.
As previously stated, however, some irrigated lands will have to he retired
in the foreseeable future to provide surface waters for the growing
population and expanding industries if no other Supplies are found.

One advantage of irrigation, however, is that waters need not he as
fresh as waters used domestically or‘for industry in most cases. If
leaching and drainage are adequate, water having 1,500 ppm totel dissolved
solids can be used on most plants and many moderately salt-tolerant crops
can be irrigated with water of up to 2,000 ppn (MNational Academy of Science,
1974). For this reason, groundwaber which might be considered unsuitable
for domestic use may offer a solution to the coming shortage of irrigation
water, An important factor to consider in using brackish irrigation
waters, however, is that fresh surface waters or nearby groundwaters can
ba contaninated by their salts if care is not taken in their application
and use,

Tn the Aztec Quadrangle, parbs of the San Jose and Nacimiento
Formations as well as the Ojo Alamo Sandstone probably hold water of
sufficient quantity and quality to be used for irrigation, The San Jose
Formation is likely to have the greatest potential. Smaller quantities
are likely in the Nacimiento Formation and poorer guality waters in the

0jo Alamo Sandstone.
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Rural

Present Sources

Several hundred farms and rural homes are located along the Aninas
and San Juan Rivers in the Aztec Quadrangle, Most of these homes have
shallow water wells, usually less than 100 feel deep, dug or drilled into
the alluvium of the river valleys. A few wells are drilled into bedrock
of the Nacimiento Formabtion.

Vhile no ac@ual figures are available, it is estimated that up to
10 percenl of these rural resldents use river water, stored and treated
-in a cistern, fbr domzstic use. In many cases, river water is used
because local groundwater is of too poor a quality for domestic use.

As mentioned above, most wells used for stock water in the areas
away from the major river velleys have been abandonsd in favor of surface
ﬁater supplies, This watér is collected in Surface reservoirs where
arroyos have been dammed by earthen structures to trap runoff (fig. 10).

Potential Sources

In the northern part of the study area, near the Nacimiento-3San Josz
contact, the upper part of the Nacimiento Formation is very sandy and
appears to have the properties of a good aquifer, In this area, the
Nacimieuto sandstones have some potential as sources of groundwater for
raral homes and farms, however, water quality is quite variable (Table 11).

In areas away from the river valleys, the San Jose Formation appaars
to have the best potential as a reservoir of proundwater. This is due to
its ovarall coarse, sandy nature, broad extent, and apparently good wvater

uality (Table II ). Very few homes are located in this area, hovever,
q Yy
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Recreation

Present Sources

As mentioned above, the biggest tourist attraction within the
quadrangle area is the Aztec Ruins National Monument. The morument is
operated by the National Park Service and covers an area of 27 acres.

‘It uses water for its public buildings, for several families of persormel
vwho live on the grounds, and for irrigation of its grassed aveas. River
water is diverted for all these purposes,

Potential Sources

Because the Aztec Ruins National Monument is located partly on the
Aninzs River Valley alluvium, one or two good wells in this aquifer
would likely produce sufficient-water of good quality to replace the

surface water now used,.
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SUMMARY OF CONCLUSTIONS
1)  Groundwater must bé further ubilized in northwestern New Mexico
in view of the impending shortage of surface vaters.
2)  The major water problem in both northuestern New Mexico in general
and the Azbec Quadrangle in particular, is not one of quantity so much
as it is cne of quality. In the shudy area, most groundwaters of Quaternary
and Tertiary aquifers are high in dissolved sulphate, sodium, calciuin,
and bicarbonate.
3) Tn the Aztec Quadrangle, the most dmportant source of grounduwater
at present is the valley allueium of the Animas and San Juan Rivers.
These aquifers provide falr ylelds of generally good quality water to

nunerous wells, but better yields could be obtained by improved well

construction and development practices. These sources could be used more

extensively than at present, but deplevion of river waters by artificially

. - : I
inducing recharge must be consideraed. ﬁg’
A
. § . . . . s .
L)  Ancient berrace gravels are fairly widespread along the Animas River, g
- |

but these deposits are not helleved £o hold large supplies of groundwater,
They would not be reliable producers of waber because of their relative
thinness and small lateral extent. No wells are knowa to take water from
terrace deposits in the study area,

5) Sandstohes of the San Jose Formotion have the best potential as a
source‘of bedroclk groundwater in the study area. Numerous pelroleum compary
wells have produiud good supplies of groundwater from the San Jose in the
past. A number of springs issue from this formuabtion and some provide
adequate supplies of frech wutee for stock and domestic needs, although

discharges ave usually small.
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6) The Nacimiento Formation is tapped by numerous industrial and domestic
water wells in the study area, but both yields and quality are quite variable.
Most wells produce water unsultable for domestic use. ‘lhe coarse sandstones
of the upper part of the Tormation have the most potential as aquifers in
this unit.

7)  The Ojo Alamo Sandstone is appafently the only unit,of those which do
not crop out in the Aztec Quadrangle, with any potential as a source of

good quantities of relatively fresh groundwater for the area.

8) All formations below the 0jo Alamo Sandstone are believed to hold
wéters‘of {00 poor a quality for domestic, industrial, or agricultural

use in the study arvea.

9) Tn the Aztec Quadrangle, aquifers are recharged by surface-vater runoff,
by irrigation return flow, by direc® pregipiﬁation, and by leakage from
adjacent units.

10} Groundwater flow is assumed to have a southeasterly component in the
study area because the strata ave largely confined and dip gently in that
direction. Near the surfacc, some flow may occur in rvesponse to the
topography. In some places, vertical movement may occu? due to gravity or
artesian pressure, through silty and sandy shales or through fracture
systems in these units, Downward groundwater flow may also occur in the
Central Basin due to the osmotic influences suggested by Berry (1959).

11) Discharge may occur arcund the edges of the basin where aquifers crop
oub at lower clevabtions thin potentiometric surfaces basinward, In the
Central Basin, however, most discharge is believed to be downuwsrd into older
formations., Artificially-induced discharge through pumping wells generally
sccounts for a small part of theltotal and is only important in the valley—
£i11 aquifers of the study area. Near the surlace, some discharge takes place

as seeps and springs in canyons, OT directly into streams during low flow,

R
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MEASURED SECTION DESCRIPTIONS

General Statement

Eight stratigraphic sections were measured ab major outcrops in the
study areca and at two locations (sections 1 and &) outside the area,
The following descriptions are presented in descending order. The unit
rumbers given in these descriptions are field numbers used to distinguish
rock units and samples collected. Bach unit, including covered intervals,
was given a number. Where units were made up of several thin, similar
strata, these were given sub-unit letters (a,b,c, etc.). Each unit is
describzd as to general lithologic name (sandstone, siltstone, claystone,
;shale); bedding information; other sedimentary structures; colory grain
size, sorting, and roundness; cemposition; fossil content; and character
of lower contact,
Sections were measuved in mebric uﬁiés using a 1.7 meter Jacob staff.
The thicknesses reported are given to the nesrest decimeter; numbers in
parentheses are the corresponding values in fect given to the nearest ba
half foot. | _ | "
Plate 3 is a graphical representation of the measured sections and
their position in the stratigraphic columa using the Nacimiento-San Jose

contact as datum.

Iithology. Sandstone refers to rock composed predominuatly of sand-
sized particles. Silbty sandstone is one with a moderate amount of silt
matrix. Siltstone refers to a rock in which silt-sized particles are the
main constituent, Claystone is a rock composed mainly of ¢lay-sized

particles (rettijohn, 1947, p.341) and is here 1:stricted to non-fissile



rocks. Modifiers such as siliy may also by used to describe and name a
claystone. Shale is here considered to be a fissile claystone or siltstone
after the definition used by Petiijohn (1957, p.Bhl). Silty is also usad

as a shale modifier,

%~ . Bedding. Descriptions of internal structure of beds follow the
g terminology of McKee and Veir (1953) who described laminae size as follows:
Very thick laminae greater than 30 mm
Thick laminae 10 to 30 mn
Medium laminae 3 to 10 mnm
Thin laminae 1 to 3 mm
Very thin laminae less than 1 mm
Massive no laminae distinguishable

The bedding uniformity definitions of Dunbar and Rodpgers (1963)

are used as follovs: s
1t =3

Regular - beds do not vary in thickness laterally

g T

Irregular — beds do vary in thickness laterally

Fven — all beds in vertical succession similar in siuze

Uneven — vertically adjacent beds not similar in size

n ot iry

as modified by Ingran (1954) as follows:

Very thick beds greater than 100 cm
Thick beds 30 to 100 cn
Medium beds 10 to 30 cn
Thin beds 1 to 10 cm

Very thin beds less than 1 cm
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Cross-bedding descriptions are composed of the following properties

as defined by the following workers:
Magnitude (Jacob, 1973):

Small scale less than .05 m
Large scadle 05 to 5 m

Very large scale greater than 5 m
Dip (Jacob, 1973):
Low angle 2 to 15°
High angle greater than 150
General shape (modified from McKee and Veir, 1953):
Planar
Tabular ~ sets bounded by parallel, planar surfaces
Wedge - sets bounded by converging, planar surfaces
Non-Flanar

Trough - sets bounded by curved surfaces

Relation to lower bounding surface (Jacob, 1973):

Concordant Tangential Discordant

i lded

Grouping (Allen, 1963): _
Solitary -~ set bounded by other types of cross-strata or by -
strata that are not cross-stratified

Grouped - set is in contact with scts of same type

The types of bedding surface shapes used are modified from Campbell

(1967) and are as follows:

Planar - continuouS/discontinuous; parallel /non~parallel
Vavy ~cmmhmmmﬂummmﬂmmmn1mnﬂhﬂﬁmm¢m%ﬂﬁl

Curved - continnous/discontinuous; parallel/non-parallel
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Color. The color names used in these descriptions and accompanied
by number and letter codes are those given in the Rock-Color Chart
prepared by Goddard and others (1951). The three codes in parentheses
refer to hue, value, and chroma respectively, as given on this chart.,
Other color names are general and do hot necessarily coincide with

those of the chart,

Grain Character., Grain sizes given are those defined by Wentworth

(1922); grain sizes were determined in the field with a millimeter
scale or in the Llab by visual comparison of grains with a Wentworth
sand gage using binocular microscope. Sorting was estimated visually
in the field using the terminology of Follk (1965, pe 103-105).
Roundness was visually estimated following the wholemgfain roundne ss

chart of Powers (1954).

Lower Contact. Conbacts were described by lhe terms gradational,

abrupt and/or irregular. Gradational, as used here, implies the grodual
chonge in character from the lithology of one unit to that of the nexs ;
this commonly is expressed as thin interbedding of sandstone and shale.
Abrupt contacts are these at which lithologic character changss
dramatically from one side of the contact to the other. If a contact is
described as irregular, its position changes vertically, within perhaps
1 meter, along the contact. Irrepgularity may be the result of erasion

betwern the deposition of one unit and the next.

.'J_I|
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SECTION 1, LA PLATA RIVER. West facing slope and bluff & mile east
of the La Plata River channel, and 2.5 miles north of

the San Juan River; S sec. 28, T,30N., R.13U., San

Juan County; section measured July 22, 1975 (fig. 17
and Plate 3).

Unit Lithology Phickness - meters (feet)
9 Covered slopes sand and'gravel, well-rounded 7.5 (24.5)

pebbles and cobbles of quartzite and various
igneous rocks; trace of light gray (N7) shale

in upper 2.0 m of slope,

0JO ATAMO SANDSTONE

8 Sandstonzs medium-laminated, irregular, uneven, 48.2 (158,0)
thick to very thick beds with lavpe scale,
tangential, low to high angle, grouped, tabular
and trough cross-bedding; bedding surfaces are
planac to curved, contimuous, parallel to non-
_ parallel; grayish orange (10 YR 7/4) to dark
i; grayish orange (10 YR 6/6) weathered, very pale

T TR ®

$ orange (10 YR 8/2) to grayish orange fresh;

3 grains comrse o granular, moderately to poorily
sorted, sub-rounded, consisting mainly of quartz;
scattered, well-rounded pebbles and cobbles
consisting mainly of quartwite, chert, and various
igneaus rock types, and clay; trace of silt and
clay matrix; cement mostly silica and iron oxide;

lower contact irregular and abrupt.

KIRWTLAND SHATY

7 Silty claystone, sandstone, and claystones




(96)

Silty claystone: very thinly laminate, regular, 8.4
uncven, thin beds with planar, conbtinuous,

parallel surfaces; pale grecuish yellow (10 Y

8/2) to pale olive (10 Y 6/2) weathered and

fresh; cement clay and silica; lower contact

abrupt.

Sandstone: thinly laminasted, irregular, uneven, 0.7
medium beds with planar to curved, contimuous,
parallel surfaces; graylsh orange (10 YR 7/&)
weathered, very pale orange (10 YR 8/2) fresh;

grains very fine, moderately sorted, consisting
mainly of quartz, some mica; clay mabrix;

cement slightly calcareous, also clay and silicaj

lower contact abrupt.

Shaie: fissile, regular, uneven, thin beds with 0.8
planar, continuous, parallel surfaces; blaclish

red (5 R 2/2) weathered, grayish red (5 R 1/2)

fresh; cement clay and silicaj lower contact

gradational.

Silty claystone: very thinly laminated, regular, 4.2
uneven, thin beds with planar, contiruous,

parallel surfuces; grayish orange pink (5 YR 7/2)

to dark yellowish orange (10 YR 6/6) weathered,

pale g-eenish yellow (10 Y 8/2) fresh; cement

silica and clay; lower contact abrupt.

Sandstone;

(27.5)

(2.5)

(2.5)

(14.0)

Sandstone: thinly laminated, irregular, uneven, 40 (13.0)

medium beds with planar, continuous, parallel
surfaces; very pale orange (10 YR 8/2) to graylish
orange (10 YR 7/4) weathered and fresh; grains
fine to medium, moderately sorted, sub-rounded,
consisting mainly of quartz, trace feldspar and

mics: 10 to 15 percent matrix of silt and clay;
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cement clay, silica, and iron oxide; contains
a few small iron concretions; lower contact

gradabional,

Sandstone: thinly laminated, irregular, uneven, 1.7  (5.5)
thin beds with large scale, tangential, low angle,

grouped, trough cross-bedding; bedding surfaces

planar to curved, continuous, parallel to non-

parallel; grayish orange (10 YR 7/1) veathered

and fresh; grains fine, well-sorted, sub-rounded

to sub--angular, consisting mainly of quartz, trace

of feldspar; 10 to 15 percent mabrix of silt and

¢clay; silica, clay and iron oxide cement; lower

contact abrupt.

Shale: fissile, regular, uneven, thin beds with L.2 (14.0)
planar, continuous, pavrallel surfaces; medium gray

(N5) and grayish green (10 GY 5/2) weathered,

brownish black (5 Yt 2/1) and grayish green fresh;

slight lustre motlling; clay and possibly silica

cement; Jower contact abrupbt.

Sandstone, claystone and silty claystone, and

silty sandstone, shale and silty shale:

Sandstone: thinly laminated, irregular, uneven, 1.8  (6.0)
thin beds with planar, continuous, parallel

surfaces; very pale orange (10 YR 8/2) weathered

and fresh; grains fine to medium, moderately to

well-sorted, sub-rounded, consisting mainly of

quartz; 5 to 10 percent silt and clay matrix;

cemerl, silica and clay; lower contact abrupt.

Clav.tone and silty claystones very thinly 1.6 (5.0)
laminated, rars ly fissile, regular, even, very
thin to thin beds with planar, conbinuous, parallel

surfaces; mediwn gray (N5), very pale orange (10 YR 8/2),

b L]
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and dusky yellow green (5 GY 5/2) weathered,
browmish black (5 YR 2/1), very pale orange,
and dusky yellow green fresh; consisbs mainly
of clay and quartz grains; cement is clay and

possibly silica; lower contact gradational.

Silty sandstone: thinly laminated, regular,
uneven, thin beds with planar, continuous,
parallel surfaces; very pale orange (10 ¥R 8/2)
weathered and fresh; grains very fine to silt,
moderately to poorly sorted, sub-rounded,
consisting mainly of quartz; approximately 10
percent silt and clay matrix; cement silica,

iron oxide, and clay; few small iron concretionss

lover contact gradational;

Shale and silty shales fissile, regular, unaven,
very thin beds with planar, continuous, parallel
surfaces; mediwn gray (N5) weathered, brownish

black (5 YR 2/1) fresh; cement clay and possibly

silica; lower contact gradational.

Sandstones thinly laminsted, irregualar, uneven,
thin beds with planar, contimous, parallel
surfaces; very pale orange (10 YR 8/2) weathered
and fresh; grains very fine to fine, moderabely
sorted, sub-rounded, consisting mainly of quartsz,
some feldspar and trace of mica; approximately
10 percent silt and clay mabrix; contains a few

small iron concretiocns; lower contact abrupt.
Siltstone and silty sandstones

Siltstone: very thinly laminated (%), regular,

uneven, thin beds with plonar, conbimuous, parallel

surfaces: pale olive (10 Y 6/2) weathered, grayloh

olive (10 Y 4/2) fresh; mainly quartz silt with

oy
»
N
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(4.0)

(4.0)

(6.5)
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approximately 10 percent clay matrix and a trace

of mica; silica and clay cement; lower contact abrupt.

b S8ilty sandstone: thinly laminated, regular, uneven, 2,1 (6.5)
thin beds with planar, continuous, parallel surfaces;
very pale orange (10 YR 8/2) weathered and fresh;
grains very fine to silt, consisting mainly of quartz;
some clay matrix; cement silica and clay; lower
corttact abrupt.

a Siltstone: very thinly laminated , regular, uneven, 1.0 (3.5)

thin beds with planar, continuous, parallel surfaces;
pale olive (10 Y 6/2) weathered, grayish olive (10 Y 4/2)
fresh; consists mainly of quartz grains with clay

matrix; cement clay and silicaj lower contact gradatianal.

1 Covered slope: send and gravel alluvium and colluviumg

much probably weathered from Ojo Alamo Sandstone,
Totzl Thickness = 124,9 (409.5)

Measurement of section 1 was begun at the bed of the La Plata liver, vy
I

west of the bluffs capped by the Ojo Alamo Sandstone. T
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SECTION 2a, XIFFEN CANYON SOUTI. South-facing slopes and cliffs 1.2 miles

Unit

north of the Animas River and approximately 800 feet east of
the Kiffen Canyon road; SW: to NWF sec. 12, T.31H., R.11W.;

section measured August 5, 1975 (Plates 1 and 3).

Lithology Thickness - meters (feet)

NACTHMIENTO FORMATION

8

Sandstone: thinly to medium-laminated, irregular, 21,7 (71.0)
uneven, thick to very thick beds with large scale,
tangential, predominantly low angle, grouped, trough
cross-bedding; bedding surfaces planar to curved,
continuous, parallel to non-parallel; very pale
orange (10 YR 8/2) to grayish orange (10 YR 7/2)
weathered and fresh; grains coarse to very coarse,
moderately sorted, sub-rounded, cohsisting mainly

of quartz and feldspar; few scattered, well-rounded
quartzite and chert pebbles; trace of silt and clay
matrix; cement sillca and iron oxide; few iron

concretions; top eroded bare; lower contact abrupt.

Silty claystone and shale: very thinly laminated, 10,2 (33.5)
some fissile, regular, uneven, thin to medium beds

with planar, continuous, parallel surfaces; light

brownish gray (5 YR 6/1) weathered, very dusky

red (10 R 2/2) fresh; trace of micaj cement clay,

possibly silica; few small ivon concretions, lower

contact abrupt.

Sandstone: thinly laminated to massive, irregular, 7.2 (23.5)
uneven, thick beds with large scale, tangential,

low angle, grouped, trough cross—-bedding; bedding

surfaces planar to curved, continuous, parallel to

non-parallel; very pale orange (10 YR 8/2)to grayish
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orange (10 YR 7/2) weathered and fresh; grains
medium to coarse, moderately sorted, sub-angular
to sub-rounded, consistiug mainly of quartz, some
feldspar and mica; trace of silt and clay matrix;
cement silica, iron oxide, and clay; few iron

concretions; lower contact abrupt.

Sandstone: thinly to medium-laminated, irregular,
uneven, thick beds with some large scale, tangential,
low angle, grouped, trough cross-bedding; bedding
surfaces planar to curved, continuous, parallel to
non-parallel; very light gray (N8) to very pale

orange (10 YR 8/2) weatliered and fresh; grains coarse
to very coarse, moderately sorted, sub—-rounded to
sub-angular, consisting mainly of quartz and feldspar;
trace of silt and clay matrix; cement silica, clay,

and iron oxide; 1.8 m of grayish yellow green (5 oY 7/2)

gilt stone at bottom of unit; lower contact abrupt.

Sandstone: thinly to medium-laninated, irregular,
uneven, thick to very thick beds with large scale,
tangential, low angle, grouped, trough cross-bedding;
bedding surfaces planar to curved, continuous, parallel
to non-parallel; very pale orange (10 YR 8/2) to grayish
orangs (10 YR 7/h) weathered and fresh; grains coarse to
very coarse, well sorbed, sub-rounded, consisting mainly
of quartz and feldspar; few scattered, well~rounded
chert and quartzite pebbles; approximately 5 percent
silt matrix; cement silica, and -iron oxide; lower conbact

abrupt.,.

Shale and silty claystone: very thinly laminated,
predominartly fissile in lower part, regular, uncven,
thin to medium beds with planar, continuous, parallel

surfaces; pale olive (10 Y 6/2) weathered and fresh;

6.6

6.4

.(28.0)

(21.5)

(21.0)
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some quartz silt and micas apparent in upper halfj

cement clay and silicaj abundant iron concretions,

some petrified wood fragments; lower contact covered.

2 Sandstones: thinly laminated, irregular, uneven, 2,8 (9.0)
thick beds with large scale, tangential, low angle,
grouped, trough cross-bedding; bedding surfaces planar,
to curved, continuous, parallel to non-parallel} grains
coarse to very coarse, well-sorted, sub-rounded,
consisting mainly of quarhz and feldspar; trace of silt
and clay matrix; cement silica and iron oxide; few

small iron concretions; lower contact abrupt.

1 Silty claystone and shale: very thinly laminated, 5.3 (17.5)
predominantly fissile, regular, uneven, thin to medium
beds with planar, continuous, parallel surfaces; pale
olive (10 Y 6/2) weathered and fresh; cement clay and
silica; abundaut petrified wood fragments; lower contact

covered,
Total Thickness = 68,7 (225.5)

Section 2a was measured from surface approximately 150 ft north of
Aztec 0il and Gas Lawson No 1 gas well , SW}: sec 12, T.31N., R.11W.

ey 200
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SECTION 2B, KIFFEN CANYON NORTH. West-— and south-facing slopes in north

Unit

end of Kiffen Canyon, east fork, 3.0 miles South of Colorado-
New Mexico border; SE} sec., 28. to N sec. 21, T.32H., R.11W.;

section measured July 30 and August 14, 1976 (Plates 1 and 3)

Lithology Thickness — meters (feet)

17

SAN JOSE
16

15

14

Covered slope: sand and gravel; cobbles and boulders 19.1 (62.5)
less than 30 cm, consisting of quartzite and various

igneous rock types.

FORMATION

Sandstone: thinly to medium-laminabed, regular, 6.1 (20.0)
uneven, thick to very thick beds with large scale,

tangential, low angle, grouped, trough ¢ross~bedding;

bedding surfaces planar to curved, cbntinuous, parallel

to non-parallel; grayish orange (10 YR 7/4,) weathered

and fresh; grains coarse to granular, moderately sorted,
sub-angular, consisting mainiy of quartz eaad feldspar;

some vell-rounded pebbles consisting mainly of chert

and quartzite; trace of silt matrix; cement silica

and iron oxide, upper 1.0 m carbonate; lower contact

covered.

Covered slope: sand and gravel; cobbles and boulders 6.8 (22.5)
less than 30 c¢m, consisting mainly of quartzite and

various igneous rock types.

Sandstone: thinly laminated, regular, uneven, medium 8.5 (78.0)
to thick beds with large scale, tangential, low angle,

grouped, trough cross-bedding; bedding surfaces planar

to curved, continuous, para’lel to non-parallel; grains

fine to medium, moderalely sorted, angular, consishing
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mainly of quartz, some feldspar and mica; trace of
silt and clay matrix; cement silica and clay, possibly

iron oxide; lower contact abrupt.

13 Covered slooe and silty sandstone: sand and gravel; 14.6  (48.0)
cobbles and bowlders less than 30 cm, consisting
mainly of quartzite and various igneous rock types;

3,5 m of silty sandstone 3.5 m from bottom of unitby
very thiunly to thinly laminated, regular, uneven,
medium beds with planar, continuous, parallel surfacesj
yellowish gray (5 Y 8/1) weathered, very light gray
(N8) fresh; lower 1.2 m dusky yellow (5. 6/L) to
yellowish gray (5 Y 7/2) vieathered and fresh; grains
very fine to fine, moderately to poorly sorted, sub-
rounded, consisting mainly of quartz; approximately

10 percent silt and clay matrix; cement clay, silicay

and iron oxide; lower conbact covered,

12 Sandstone: thinly to medium-laminated, irregular, 12,8 (42.0)
uneven, thick to very thick beds with large scale,
tangential, low angle, grouped, tabular and trough
cross-bedding; bedding surfaces planar to curved,
continuous, parallel to non-parcllel; very pale orange
(10 YR 8/2) to grayish orange (10 ¥R 7/h) weathered
and fresh; grains very coarse to granular, moderately
to well-sorted, sub-rounded, consisting mainly of quartz
and feldspar; trace of silt and clay matrix; cement
silica and clay; lew iron comcretions; lower contact
abrupt.
11 Shale and silty shale: very thinly laminated, 12,7 (41.5)
predominantly fissile, regular, uneven, thin to medium
beds with planar, conbinuous, parallel surfaces; grayish”
red (5 R 4/?), greenish gray (5 GY 6/1), and grayish
yellow graen (5 GY 7/2) weathered and fresh; cement clay

and silicay lower conbuct abruph.
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Sapdstone: thinly to medium-laminated, irregular, 10,0 (33.0)
uneven thick to very thick beds with large scale,

tangential, low angle, grouped, trough, cross—bedding

bedding surfaces planar to curved, continuous, parallel
to non-parallels; very pale orange (10 YR 8/2) to grayish
orange (10 YR 7/&) weathered and freshy grains very
coarse to granular, moderately to well»sorted, sub—
rounded, consisting mainly of quartz and feldspar; trace
of silt and clay matrix; cement silica, iron oxide, and

clay; few small iron concretions; lower contact abrupt.

Shale snd silty shale: very thinly laminated, : 17.0 (56.0)
predominantly fissile, regular, uneven, medium to

thin beds with planar, contimuous, parallel surfaces;

greonish gray (5 GY 6/1) weathered, dark greenish gray

(5 GY 4/1) fresh, grayish red (5 R 4/2) and grayish

yellow green (5 GY 7/2) weathered and fresh; cement

silica, clay, somne carbonabe; ldwéf contact irrcgular,

abrupt .

Sandstone: thinly to medium-laminated, irregular, 10.2  {33.5)
even, thick to very thick beds with large scale,

tangential, low angle, grouped, trough cross-bedding;

bedding surfaces planar to curved, continuous, parallel

to non-parallel; very pale orange (10 YR 8/2) to

"graylsh ovange (10 YR 7/4) weathered and fresh; grains

very coarse to granular, well-sorted, sub-rounded,

consisting mainly of quartz and feldspar; trace of silt

matrix; cement silica and iron oxide; few iron concretions;

lower contact gradational.

Sandstone and shale: sandstone same as unit 8 above, 9.6 (31.5)
but includes 3.8 m shale, 2,7 m from bottom of unit:

fissiiz, repular, even, thin beds with planar, continuous,

paralicl surfaccs; graylsh yellow green (5 GY 7/2) weathered

and fresh cement clay; lowet contact abrupt.

R
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Shale: fissile, regular, uneven, thin beds with 3.4 (11.0)
planar, conbirmous, parallel surfaces; greenlsh

gray (5 GY 6/1) weathered, dark greenish gray

(5 GY 1,/1) fresh, and grayish yellow grecn (5 GY

7/2) weathered and fresh; some silt grains, trace

of mica; cemenl clay and silicaj lower contact abrupt.

Sandstone: thinly to medium-laminated, irregular, 7.5 (24.5)
uneven, thick beds with large scale, tangential, low

angle, grouped, trough cross-bedding; bedding

surfaces planar to curved, contimious, parallel to

non-parallels very pale orange (10 YR 8/2) to grayish

orange (10 YR 7/4) weathered and fresh; grains

coarse to very coarse, moderately sorted, sub-

rounded to sub-angular, consisting mainly of quartz

and feldspar; trace of silt and clay mabrix; cenment

silica, iron oxide, and clay; lower contact abrupt.

Silty shale: very thinly laminated, predominantly 5.1 (16.5)
fissile, regular, uneven, thin beds with planar, .
continuous, parallel surfaces; greenish gray (5 GY 6/1) f §§,
weathered, dark greenish gray (5 GY h/l) fresh, and f@:
grayish yellow green (6 GY 7/2) weathered and fresh; s

cement clay and silica; lower contact sbrupt.

Sandstone: thinly to medium-laminated, regular to 2he3 (79.5)
irregular, uneven, thick to very thick beds with large

scale, tangential, low angle, grouped, trough cross-

bedding; bedding surfaces planar to curved, conlbinuous,

parallel to ron-parallel; very pale orange (10 ¥R 8/2)

weathercd and fresh; grains coarse to granular, moderately

sorted, sub-rounded to sub-zngular, consisting mainly of

qu.:.-ba and'feldSpar; trace of silt and clay matrix;

cement silica and ivon oxide; few small iron concretions;

thin 0.9 m claystone 3.0 m from bobtom of unit, graylsh
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yellow green (5 GY 7/2) veathered and fresh; lower

contact slightly irregular and abrupt.

NACIMIENTO FORMATION

2

Siltstone, claystone, silty claystone, and shale:

Siltstone: thinly laminated, regular, uneven, thin 2,0  (6.5)
beds with planar, continuous, parallel surfaces;

grayish yellow green (5 6y 7/2) vieathered and fresh;

5 to 10 percent clay matrix; cement clay and silicaj

lower contact gradaztional.

Shale, claystone, and silty claystone: very thinly 26,9 (88.0)
laminated, some fissile, regular, uneven, thin beds

with planar, contiruous, parallel surfaces; grayish

red (5 R 4/2), light olive gray (5 Y 6/1), greenich

gray (5 GY 6/1), and grayish yellow green (5 GY 7/2)

weathered and fresh; cement clay snd silicaj lower

conbeet gradationsal.

Shale: fissile, regular, uneven, thin beds with 1.0 (3.5)
lanar, contimwus arallel surfaccs; dark gray
Y y P '
(N3) weathered, grayish black {N2) fresh; trace of
organic matter; ceaent clay, some carbonate; lower
? ? H

contact abrupl.

Shale, claystone, and silty claystone: very thinly 12.0 (39.5)
laminated, some fissile, regular, uneven, thin beds

with planar, continuous, parallel surfaces; grayish

red (5 R 4/2), light olive gray (5 Y 6/1), and grayish

yellow green (5 GY 7/2) weathered and fresh; cement

clay and silica; lower contact abrupt.

Sandstone and silty claystone: thinly laminated, 5.7 (18.5)
irregular, uneven, thick beds with large scale, '
tangential, low angle, groupsd, trough cross-bedding;

bedding surfaces planar to curved, continuous, parallel

to non-parallel; very pale orange (10 Y1 8/2) to greyish

orange (10 IR 7/4) veathered and fresh; grains cosrne

to very coarse, moderately sorted, sub-rounded, conzisting
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mainly of quarts and feldsparj trace of silt mabrix;
cement silica and iron oxide; few iron concretions;
a 0.9 m grayish yellow green (5 GY 7/2) weathered
and fresh, silty claystone exists 2.8 m from bobtom
of unit, separated from sandstones by abrupt contacts;
' lowar conbact coverede.

Total Thickness = 207.8 (681.5)
Units sbove 2b measured from bottom of wash in SiL sec. 28, TJ32MHe,

R.11W, Unit 2b and below measured from bottom of same wash in

].\H‘J_}: SSCoe 28, TQBQ«N.’ h’.-ll”.
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SECTION 3, COX CANYON. Scutheast-facing slopes and cliffs

3/h mile south of Colorado~New Mexico border on the

T.320,, R.104., San Juan County; section measured
August 6, 1975 (Plates 1 and 3).

Unit Lithology Thickness — meters (feet)

SAN JOSE FORMATION

1 Sandstone: thinly laminated, irregular, uneven, 4.9 (16.0)
thick beds with large scale, tangential, low
angle, grouped, trough cross-bedding; bedding
surfaces planar to curved, continuous, parallel
o rom-parallely gragish orange {10 W '(ﬂ*\
westhered and fresh, upper 2.0 @ grayish brown
(5 Y1t 3/2) weathered and fresh; grains medium to
coarse, moderately sorted, sub--rounded to sub-
angular, consisting mainly of quartz and feldspar;
approximately 5 percent silt and clay mabrix;
cement carbonate, clay, silica and iron oxide;

lower contact ebrupl.
13 Covered slope, shale, and sandstone:

b Covered slope: sand and sandstone boulders from 6.2 (20.5)
units above; some medium gray (N5) fissile shale
partially exposed.
(7:5)

a Sandstone: thinly laminated, irregular, uneven,

n
.
W

thick beds with some large scale, tangential, low
angle, grouped, trough cross-bedding; bedding
surfaces planar to curved, continuous, parallel to
non-parallel; grayish orange (10 YR 7/4) weathered
and fresh; grains cosarse, moderately sorted, sub-
roundad, consisting malnly of quartz and feldspars
trace of silt and clay mabrix; cement silica and

iron oxide; lower contact sbrupt,
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Covered slope: mostly sand, some boulders from 13,2
sandstone units above; some 1ight brownish gray

(5 YR 6/1) claystone and grayish yellow green

(5 GY 7/2) siltstone partially exposed .

Sandstone: thinly laminated, ilrregular, uncven, 10.4
thick beds with large scale, tangential, low angle,
grouped cross-bedding; bedding surfaces planar to '
curved, conbinuous, parallel to non~parallel; very
pule orange (10 YR 8/2) to graylsh orange (10 YR 7/4)
vieathered and fresh; grains mediwn Lo coarse,
moderately sorted, sub-rounded, consislking mainly

of quartz and feldspar; approximately 5 percent silt
and clay matrix; cement silica, iron oxide, and clayj

lover conbact abrupt,

giltstone and shale: very thinly laminated, somé 15.0
fissile, regular, uneven, thin to medium beds with

planar, continuous, parallel surfaces; shales light
brownish gray (5 YR 6/1) weathered and fresh, siltstonss
grayish yellow green (5 GY 7/2) westhered and fresh;
cement clay and silicaj lower contact slightly

irregular, abruopb.

Sandstone: thin to medium~laminated, irregular, 9.8
uneven, thick to very thick beds with large scale,
tangential, low angle, grouped, trough cross-bedding;
bedding surfaces planar to curved, continuous, parallel

to nonr-parallel; very pale orange (10 ¥R 8/2) to grayish
orange (10 YR 7/h) weathered and fresh; grains very coarse
to pgranular, moderately sorted, sub-rounded, conslsting
mainly of quartsz and feldspar; some well-rounded pzbbles

of chert, quartzite, and various ipgneous rock types;

trace of silt matrix; cement silica and iron oxide;

fow iron conerebions; lower contact abrupt.

(L3.5)

( Bli . O)

(l'f().O)

(32.0)

1
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8 Covered slope: sand and some boulders from sandstone 11.2 (36.5)

units above.

b T Sandstone: thin to medium laminated, irregular, 2.1 (79.0)
uheven, thick to very thick beds with large scaley
tangential, low to high angle, group=d, trough cross—
bedding; bedding surfaces planar to curved, continuous,
parallel to non-parallel; very pele orange (10 YR 8/2)
to grayish orange (10 YR 7/} weathered and freshj
grains very coarse to grannlar, moderately sorted,
sub-rounded, consisting mainly of gquartz and feldsparj
some well-rounded pebbles consisting mainly of chert,
quartzite, and various igneous rock Lypcsj trace of
511t matrix; cement silica and iron oxide; few iron

concretions locally; lower contact irregular and abrupt.

6 Sandstone, siltstone, and shale: predominantly thinly 17.3  (56.5)
Jaminated, irregular, uneven, thick sandstone beds with
large scalc, tangential, high ahgle, solitary, tabular
cross-bedding; bedding surfaces predominantly plenars
continuo. 5 parallels very pale orange (10 YR 8/2)

weathered and fresh; grains medium to very coarse,

poorly to moderately sorted, sub-rounded, consisting
mainly of guartz and feldspar; approximately 5 percent
silt and clay matrix; cement silica, iron oxide, and
¢lay; 2,0 m of pale olive (10 Y 6/2) siltstone and
medium gray (M5) shale exist 6.0 m above the bottom of

this unii; lower contact abrupt.

5 Sandshone: medium-laminated, irregular, ﬁneven, 13.1  (43.0)
thick to very thick beds with large scale, tangential,
low angle, grouped, trough cross-bedding; bedding
surfaces planar to curied, continuous, parallel to
non-parallel; very pale orangé (10 ¥R 8/2) to grayish

orange (10 YRt 7/A)zwea£hered and fresh; grains coarse

to Very coarse, moderately sorted, sub-rounded, consisting
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mainly of quartz and feldspar; trace of silt matrixy
cement silica and iron oxide; a few iron concretions;

lower contact very irregular and abruph.

Silty shale: very thinly laminated, predominantly 7.1
fissile, regular, uneven, thin beds with planar,
continuous, pacallel surfaces; grayish yellow green

(5 GY 7/2) weatheraed and fresh; cement c¢lay, possibly

silica; lower conbact abrupt.

Sandstones thinly to medium-laminated, irregular, 22.1
uneven, thick to very thick beds with large scale,
tangential, low angle, grouped, trough cross-bedding;
bedding surfaces planar to curved, continuous, parallel
to non-parallel; grayish orange (10 YR 7/k) to very

pale orange (10 YR 8/2) wcathered end fresh; grains
coarse to gramilar, moderately sorted, sub-rounded

to sub-angular, consisting mainly of quartz and feldspar;
locally abundant and scattered, well-rounded pebbles of
chert and quartzite; approximately 5 percent silt and
clay matrix; cement silica and iron oxide; lower cortact

coverad,

NACIMIENTO FORMATION

2

b

=

Covercd slope: sand and sandstone boulders from De
units above; approximately 2,0 m grayish yellow

green (5 GY 7/2) silty shale partially exposed in middle
of unit. B

Sandstones

Sandstone: thinly to medium-laminabed, irregular, 1.6
uneven, thick beds with large scale, tangential, low

angle, groupcd, trough cross-bedding; bedding suv-.aces
planar to curved, continuous, parallel to non-parallelj
grayish orange (10 YR 7/h) weathered and freshj grains
coarse to very coavse, moderabtely sorted, sub-rounded

to sub~angular, consisting mainly of quartz and feldsparg

(23.5)

(72.5)

(5.0)
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5 to 10 percent s5ilt and clay matrix; cement silica,
iron oxide, trace clay; lower contact gradational.
a Sandstone: thinly laminated, irregular, uneven, 1.8 (6.0)
medium beds with planar, continuous, parallel surfaces;
very pale orangé (10 YR 8/2) weathered and fresh; grains
coarse, moderately sorted, sub-rounded, consisting
mainly of cuartz and feldspar; approximately 10 percent
silt and clay matrix; cement silica, iron oxide, and

clay; lower contact covered.
Total Thickness = 158.3 (519.0)

Measurement of section 3 was begun from the base of a 10 ft sandstone
ledge 300 ft west of Cox Canyon road in NE} sec. 18, T.32N.,
R.10 V.




SECTION /i,

Unit

28

(11k)

MOUNT HEBO. Southwest-facing slopes snd cliffs, 0.5 Lo
1.5 miles northeast of Cedar Hillj Wik sec. 34 to SER
sec. 27, T.32N., R.10W.; section measured August 15, 1975
(Plates 1 and 3).

Lithology Thickness - nmeters (feet)
Covered slope: sand and gravelj well--rounded 11.7 (38.5)

pebiles,; cobbles, and boulders less than 50 cm,
consisting mainly of quartzite and various

igneous rocks,

SAN JOSK FORMATTION

27

26

Sandstone: medium-laminated, irregulsr, Uneven, 10,2 (33.5)
thick to very thick beds with large scale,

tangential, low angle, grouped, trough cross—

bedding; bedding surfaces planar to curved,

continuous, parallel to nor--parallel; grayish'

orange (10 YR 7/&) weathered and freshj grains

coarse Lo very coarse, moderately sorted, sub-

rounded to sub-angular, consisting mainly of

s oL
SR E v i

quartz and feldspar; trace of silt mabrix;
cement is silica and iron oxidej lower contact

abrupt.

Covered slope: mainly sand and gravel; a little 51 (16.5)

gray shale is exposed near top of unit.

Sandstone: medium-laminated, irregular, uneven, 3.9 (13.0)
thick beds with large scale, tangential, low

to high angle; grouped, trough cross-beddings;

bedding surfaces planar to curved, conbinuous,

parallel to non-parallelj grayish orange(10 YR 7/h)

weathered and freshy grains coarse, moderately

sorted, sub-rounded to sub--angular, consisting

mainly of quartz and feldspar; trace of ¢lay mabrix;

cement silica and ivon oxide; lower conbact abrupt.
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Covered slope: sand and gravel, probably from 5.1 (16,5)
unit 28,
Sandstone: medium-laminated, irregular, uneven, 12.5 (41.0)

thick beds with large scale, tangential, low to
high angle, grouped, trough cross-beddings
bedding surfaces planar to curved, continuous,
parallel to non~parallel; graylsh orange (10 ¥R
7/L) to very pule orange (10 IR 8/2) weathered
and fresh; grains predominantly coarse (upper

6.0 m medium), moderately sorted, sub-rounded to
sub-angnlar, consisting mainly of guarts and
feldspar; upper 6.0 m has approximately 5 percent
¢clay matrix; cement is silica, iron oxide, and

¢clay; lower conbacl irregular and abrupt.

Claystone: thinly to very thinly laminated, - 2.9 (9.5)
regular, uneven, thin beds with planar, contimious,

parallel surfaces; grayish yellow green (5 GY 7/2)

weathered and fresh; clay, possibly silica cement;

lower contact abrupt.

e
R
o

Sandstone: medium-laminated to massive, irregular, 12,5 (41.0)

waeven, thick beds with large scale, tangential,

low angle, grouped, trough cross-bedding; bedding
surfaces planar to curved, continuous, parallel to
non-parallel; grayish orange (10 YR 7/h) weathered
and fresh; groins very coarse (upper 3.5 m medium),
moderately sorted, sub-angular, consisting mainly

of quartz and feldspar; cement gilica and iron oxide;

lower conbact abrupt.

Silty claystone: thinly laminated regular, uncven, 2,2 7.0
y ' & 1 '
thin to medium beds with planav, continuous,
parallel surinces; light gray (M7) weathered, medium
lisht gray (M6) fresh; cement cla and silicay lower
Bra] 1 !

contact abrupl.
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N

gandstones thinly to medium~laminated, locally 2. (7.0)
massive, irregular, uneven, thick beds with some

predeinantly large scaleéy tangential, low angley
grouped,'trough cross-heddings bedding surfaces

planar to curved, continuousy parallel to non-

parallel; grayish orange (10 YR 7/h) weathered

and freshj grains very coarse, moderately sorted,

sub~rounded; consisting mainly of quartz and

feldspar; trace of silt and clay mabrix; cement

silica and iron oxidey lower contact abrupbe.

Shale: very thinly laninated, predominantly fissile, 7.6 (25.0)
regular, WNEVen, thin to medium beds with planar,

conbinuous, parallel surfacesy lignt gray (17)

weathered, medium 1ight gray (116) freshy lower . 1.5

m silty, grayish yellow green (5 GY'7/2) veathered

and fresh; cement clay and possibly silicaj; lower

contact abrupt.

Sandsbone: thinly laninated, irregalary UnCveny 3ehs (11.0)
thick beds with some large scale, tangential, low

angle; grouped, trough cross-bedding; bedding

surfaces planat to curved, contirous, parallel to

non-parallel; grayish orants (10 Yit /i) weathered

and fresh; grains very coursy moderately o poorly

sorted, sub-rounded, consisting mainly of quarbtz

and feldspary brace of silt and clay matrix; cement

silica and iron oxidej lower contact abrupbt.

Shale: very thinly laminated, predominantly fissile, 15.9 (51.0)
regular, Uncvel, thin to medium beds with planar,

contimuous, parallel surfaces; light pray (N7)

weathered, mediws light gray (116) fresh; cement

clay and possibly silica; 1.0 m thinly Laminabed,

silty claystone 4.0 m from top of unit, pale red

e

Ll

- A
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(10 R 6/2) weathered, grayish red (10 R 4/2)
freshy cement is clay, possibly silicaj 1ower

contact abrupt.

15 Sandstone: thin to medium laminated, irregular, 6.8 (22.5)
uneven, thick to very thick beds with large scale, -
tangential, low angle, grouped, trough cross-bedding;
bedding surfaces planar to curved, contirnuous,
parallel to nom-parallel; grayish orange (10 YR 7/L)
to very pale orange (10 YR 8/2) weathered and fresh;
grains coarse to very coarse, moderately sorted,
sub-rounded, consisting mainly of quartz and feldspar;
trace of silt and clay matrix; cement silica and iron

oxide; lower contact abrupt.

14 Shale: fissile, regular, uneven, thin beds with 5.1 (16.5)
planar, continuous, parallel surfaces; light gray
(N7) weathercd, medium light gray (N6) fresh; slightly

silty; cement clay and possibly silica; lower contact

abrupt. @gfl

13 Sandstone: thinly laminsted to massive, irregular, 6.1 (20.0)
uneven, medium to thick beds with planar, continuous,
parallel surfaces; yellowish gray (5 Y 8/1) weathered
and frech; grains medium to fine, moderately to well-
sorted, sub-rounded, consisting mainly of quartsz,
some feldspar; scattered, well-rounded quartzite
pebbles in bottom 1,0 m; 5 to 10 percent silt and clay

matrix; cement silica and clay; louer contact abrapt.

12 Shale: very thinly laminated, predominantly fissile, 15.4 (50.5)
regular, uneven, thin to mediwn beds with planar,
contirmons, parallel surfaces; pale olive (10 Y 6/2)
veathered, medium gr.y (N5) fresh; cement clay and
silica; 1.0 m silty shale 4,0 m from bottom of unit,
pale red (10 R 6/2) weathered, grayish red (10 R 4/2)

freou; lower contact abrupt.
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Sandstone, silty claystone, and siltsbone:

Sandstone: medium-laminated, irregular, uneven, 10.9 (36,0)
thick beds with some large scale, tangential,

predominantly lowv angle, grouped, trough cross-

bedding; bedding surfaces planar to curved,

continuous, parallel to non-parallel; grayish

orange (10 YR 7/4) weathered, very pale orange

(10 YR 8/2) fresh; grains very coarsc, moderately

sorted, sub-rounded, consisting mainly of quartz

and feldspar; trace of silt matrix; cement silica

and iron oxide; lower contact abrupt.

Silty claystone: thinly to very thirly laminated, 3,0 (10.0)
regular, uneven, thin beds with planar, continuous,

parallel surfaces; pale olive (10 Y 5/2) weathered,

grayish olive (10 Y 4/2) fresh; cement clay and

silicas lower contact gradatlonal.

Sandstone: thinly to medium-laminated, irregular, 26,9 (88.0) ﬁm‘n
uneven, thick to very thick beds with abundant large ;
scale, tangential, low to high angle, grouped,

trough cross-bedding;bedding surfaces planar to
curved, continuous, parallel to non-parallel;

grayish orange (10 YR 7/4) to very pale orange

(10 YR 8/2) weathered and fresh; grains very coarse
to gramilar, modcrately to well-sorted, sub--rounded.
to rounded, and consist mainly of quartz and feldspar;
scattered, well-rounded pebbles consisting mainly of
chert and quartzite; trace of silt and clay matrix;
1.6 m very thinly laninated quartz siltstone 7.0 m
from top of unit, pale olive (10 Y 6/2) weathered and

fresh; cement silica and iron oxidej lower contact abrupl.
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Silty claystones thinly tovﬁery thinly laminated, 569 (19.5)
regular, uneven, thin to medium beds with planar,

continuous, parallel surfaces; wpper 1.5 m and

Jower 1.6 m pale olive (10 Y 6/2) weathered and

fresh, middle 2,8 m pale red (10 & 6/2). weathered,

grayish red (10 & L/2) fresh; cement clay and

possibly silica; lower contact &brupt.

Sandstone: thinly laminated, irregular, uncverl, 18.3 (60.0)
thick to very thick beds with large scole, tengential,
predominantly low angle, grouped, trough cross—
bedding; bedding surfaces plenar to curved, continuous,
parallel to non-parallel; grayish orange (10 YR 7/h)

to very pale orange (10 YR 8/2) weathered and fresh;
grains medium bo coarse, moderately to well-sorted,
sub-angular, consisting mainly of qusrtz and feldspar;
few well-rounded pebbles consisting mainly of chert

end quartzite; trace of si1t and clay matrix; cement
silica and iron oxidej few iron concretions and
petrified wood fragments less than 10 cmj lower contact

abrupt,. L

WACIMIENTO FORMATION

8

!

Sandstone and siltstone: thinly to very thinly 6.8 (22.5)
laminated, regular, uneven, medium to thin beds

with planer, conbtinuous, parallel surfaces; light

gray (N7) weathered and fresh, lower 2,0 m grayich

yellow green (5 GY 7/2) siltsbone weathered and

fresh; grains medivs to silt, moderately sorted,

s.iw-rounded, consisting mainly of guartz, some

feldspar; some silt and clay matrix; cement silica,

some clayy lower contact abrupb.

Sandstona: thirdy to medium-tamineted, irregular,

uneven, thick beds with large scule, tangential,
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low angle, grouped, trough cross-bedding; bedding
surfaces planar to curved, continuous, parallel to
non-parallel; grayish orange (10 YR 7/4) weathered
and fresh; grains coarse to very coarse, moderately
sorted, sub-rounded, consisting mainly of quartz and
feldspar; trace clay matrix; cement silica and iron

oxide; few iron concretions; lower contact abrupt.

Shale: very thinly laminated, predominantly fissile, 15.3 (50.0)
regular, uneven, thin to medium beds with planar,

continuous, parallel surfaces; medium light gray (116)

veathered, medium gray (N5) fresh; 1,0 m silty shale

near middle of unit pale red (10 R 6/2) weathered,

grayish red (10 R 4/2) fresh; 2,0 m silty shale near

top of unit grayish yellow green (5 GY 7/2) vieathered

and fresh; cement clay; lower contact abrupt.

Sandstone: thinly to medium-laminated, ircegular, he3d (14.0)
uneven, thick beds with large scale, tangential,

low angle, grouped, trough cross-bedding; bedding

surfaces planar to curved, contimous, parallel to

non-parallel; grayish orange (10 YR 7/h) to very pale

orange (10 YR 8/2) weathered and fresh; grains coarse

to very coarse, moderately sorted, sub-rounded,

consisting mainly of quartz aml feldspar; trace of

clay matrix; cement silica and iron oxide; few iron

concretions; lower contact abrupt. |

Shale: very thinly laminated, fissile, regular, L3 (14.0)
uneven, thin beds with planar, continuous, parallel

surfaces; Light gray (I/) weathered, medium Llight

gray (H4) freshy clay cement; lower contact abrupt.

Sandstone: thinly to medium--laminated, irregular,

uneven, thick beds with large scale, tangential, low

angle, grouped, trough cross-bedding; bedding surfaces
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planar, .» curved, conbtinuous, parallel to non-
parsllel; grayish orange (10 YR 7/h) weathered and
fresh; grains coarse to very coarse, moderately
sorted, sub-rounded, consisting mainly of quartz
and feldspar; scabtered, well-rounded pebbles
consisting mainly of chert and quartzite; trace

of clay mabrix; cement silica, iron oxide, and

clay; lower contact abrupt.
Silty sandstone, silby shale, covered slope:

Silty sandstone: very thinly laminated to massive, 5.0 (16.5)
regular, uneven, medium beds with planar, continuocus,

parallel surfaces; pale olive (10 Y 6/2) weathered,

grayish olive (10 Y 4/2) fresh; grains fine to very

fine, moderately sorted, sub-rounded, consisting

mainly of quartz, some feldspar and micaj S‘to 10

percent silt and clay matvix; cement silica and

clay; louwer contact abrupt.

Covered slope, silty shale: most of unit covered by 11.8 (38.5)

sand and boulders from units above; 2.0 m exposed ﬁ?ﬂ!
near middle of unit, very thinly laminated, fissile, N
regular, uneven, medium beds with planar, continuous,

parallel surfaces; pale red (10 R 6/2) weathered,

grayish cred (10 R L/2) fresh; some silt grains;

cement clay and possibly silica; lower contact covered.

Sandstone: thinly laminated, irregular, uneven, 28.9 (95.0)
thick beds with large scale, tangential, low angle,

grouped, trough cross-bedding; bedding surfaces planar

to curved, contimious, parallel to non-parallel;j

grayish orange (10 YR 7/k) to very pale orange

(10 YR 8/2) weathered and fresh; grains coarse to very

coarse, moderately sorted, sub-rounded, consisting

mainly of quarbtz and feldspar; little clay malrix;
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cement silica and clay; very few small iron concretionsg

lower conbtact covercd.

Total thickness = 284.3 (932.5)

Section 4 measured from surface of Animas River in N sec. 3L, Te31N.,

R.10 V.



(123)

SECTION 5, FLUTE CAVE, gonthwest-facing slopes and cliffs

Unit

2,0 miles east of Cedar Hill, at east end of
second arroyo south of Diteh Canyon; NB sec. 2,
T,31N., R.10W., San Juan County; section measured
September 19, 1975 (Plates 1 and 3)e

Lithology Thiclmess — meters (feet)

SAN JOSE FORMATION

16

15

1

Sandstone: medium—-laminated to massive, irregular, 10.8 (35.5)
uneven, thick to very thick beds with large scale,

tangential, low angle, grouped, trough cross-bedding;

bedding surfaces planar to curved, continuous,

parallel to non-parallel; grayish orange (10 YR 7/h)

weathered and fresh; grains coarse Lo very coarse,

poorly to moderately sorbed, sub-angular to sub-

rounded, consisting mainly of quartz and feldspar;

less than 5 percent silt matrix; cement silica and

iron oxide; lower contact abrupts

Silty shale: very thinly laminated, fissile in places, 12.3 (40.5)
regular, uneven, medium beds with planar, conbimuous,

parallel surfaces; light gray (w7) weathered, medium

light gray (N6) fresh; cement clay and possibly silica;

lovier conbact abrupt.

Sandstons: mediwn~laminated, irregular, uneven, 1.0 (3.5)
medium to thick beds with some large scale, tangential,

low angle, grouped, trough eross-bedding; bedding

surfaces planar to curved, continuous, parallel to

non-parallel; grayish orange (10 YR 7/h) weathered

and iresh: grains very coarse, moderately sorted,

sub-rounded to sub-angular, consisting mainly of quartis

and feldspar; less than 5 percent silt and c¢lay matrix,

some pypsum; cement carbonate, silica, and iron oxide;

lower conbact aurupt.

i
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10

Claystone and silty shale; very thinly to medium- 9.5 (31.0)

laminated, some fissile, regular, uneven, medium

beds with planar, continucus, parallel surféces;

light gray (N7) weathered, medium light gray (N6)
fresh; cement clay and possibly silica; lower

contact abruptl.

Sandstone: thinly to medium- laminated, irregular, 1.5  (5.0)
uneven, medium to thick beds with larvge scale,

tangentlial, low angle, grouped, trough cross—bedding;

bedding surfaces planar to curved, continuous,

parallel to non-parallel; grayish orange (10 YR 7/4)

weathered and fresh; grains very coarse, moderately

to well-sorted, sub-rounded, consisting mainly of

quartz and feldspar; trace of silt matrix; cement

silica and iron oxide; lower contact abrupt.

Shale: very thinly laminated, predominantly fissile, 7.0 (23.0)
regular, uneven, thin teo medium beds with planar,

continuous, parallel surfaces; medium light gray (N6)

veathered, medium gray (W5) fresh; cement clay and

possibly silice; lower contact abrupt.

Sandstone: thinly laminated to massive, regular, 2.3 (7.5)
uneven, mediun to thick beds with some large scale,

tangential, low angle, grouped, trough cross-hedding;

bedding surfaces planar to curved, continuous, parallel

to non-parallel; grayish orange (10 YR 7/4) to very pale

orange (10 YR 8/2) weathered and fresh; grains medium

to coarse, well-sorted, sub-rounded to sub-angular,

consisting mainly of quartz and feldspar; trace of silt

matrix; cement carbonate, silica, and iron oxide;

lovier contact abrupt.




(125)

9 Shale and sandstone: very thinly laminated, 17.7 (58.0)
predominantly fissile, regular, uneven, thin to
mediun beds with planar, continuous, parallel
mmﬁmag1hmtgmw(WﬂmeMM@mrmdmmliﬁm
gray (N6) fresh; cement clay and possibly silicaj
2.0 m fine-grained, poorly sorted, non-resistant,
very pale orange (10 YR 8/2) weathered and fresh

quartz sandstone, 2,7 m from bottom of unit;

8 Sandstone: medium—laminated, irregular, unevern, L.6 (15.0)

thick beds with large scale, tangential, low angle,

grouped, trough cross-bedding; bedding surfaces

planar to curved, continuous, parallel to non-

parallel; grayish orange (10 YRt 7/&) weathered and

fresh; grains coarse to very coarse, well-sorted,

sub-rounded to sub-angular, consisting mainly of

quartz and feldspar; trace of silt matrix; little

gypsumny cement silica, gypsum, iron oxide; lower

contact sbrupt.

/i Shales very thinly laminated, predominantly fissile, 6.8 (22.3)
irregular, uneven, thin to medium beds with pleanar,
conbtimious, parallel surfaces; light gray (N7)
weathered, medium light gray (N6) fresh; cement clay;

lower contact abrupt.

6 Sendstone: medium-laminated, irregular, uneven, : 10.3  (34.0)
thick to very thick beds with large scale, tangential,
low angle, grouped, trough cross-bedding; bedding
surfaces planar to curved, contimious, parallel to
non—parallel; grayish orange (10 YR 7/4) to very pale
orange (10 YR 8/2) weathered and fresh; grains coarse
to very coarse, very-well-sorted, sub-rounded,
consisting mainly of quartz and feldspar; some scattered,
well-rounded chert and quartzite pobbles; trace of silt matrix;

cement silica and iron oxidej lower contact abrupt.
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Claystone: very thinly to thinly laminated, 3.5
irregular, uneven, thin to medium beds with‘

planar, continuous, parallel surfaces; light

gray (N7) weathered, medium light gray (N6)

fresh; cement clay; lower contact abrupt.

sandstone: thin to mediwm-laminated, locally 1.7
massive, irregular, uneven, thick to very thick

beds with abundant, large scale, tangential,
predominantly low angle, grouped, trough cross—
bedding; bedding surfaces planar to curved,
contimuous, parallel to non-parallel; grayish

orange (10 YR 7/&) weathered and freshj grains

very coarse to graomalar, moderately to well-

sorted, sub-rounded to rounded, consisting mainly

ov quartz and feldspur; few well-rounded, chert,
quartzite, and clay pebbles near base; approximately
5 percent silt matrix; cement silica and iron oxide;
a few petrificd wood fragments less than 10 cm;

1.5 m grayish yellow green (5 GY 7/2) silty shale
5.0 m from top of unit; lower contact irregular,

gradational.

NACTMIENTO FORMATION

3

Silty claystone: very thinly to thinly laminated, - 10,2
regular, uneven, thin to wedium beds with planar,
continuous, parallel surfaces; yellowish gray

(5 Y 7/2) and pale olive (10 Y 6/2) weathered and

fresh; more silt content near top of unit; cement

clay wnd silica; small iron concretions near top

of unit, lower contact abrupt,

Shale and silty shale: very thinly laminated, 25.5

predominantly fissile, regular, uncven, thin to

mediwn beds with planar, continuwous, parallel

(11.5)

(18.0)

lge)
Rl

(33.5)

(83.5)
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surfaces; yellowish gray (5 Y 7/2) and pale red
mwMﬁ(SRPéﬂQ\thmedamiﬂem;1uﬂﬁw
mottled, small mica content; cement clay, possibly

silica; few iron concretions; lower contact abrupt.

1 Sandstone: thinly laminated, regular, uncven, 13.5 (hhe5)
medium to thick beds with large scale, tangential,
low angle, grouped, trough cross-bedding; bedding
sucfaces planar to curved, continuous, parallel to
non-parallel; very light gray (Ng) weathercd and
fresh; grains predominantly fine, few lenses in
upper part are coarse to very coarse, all moderately
sorted, grains sub-rounded to sub—angular, consisting
mainly of quartz, some feldspar; few well~rounded
quartzite pebbles in upper lenses; 5 to 10 percent
clay and silt mabrix; cement silica, secondary (*)
gypsum, iron oxi:ds, and clay; flute cast on roof of
small cave gives paleocurrent direction 5. SOE;

lower contact abrupt.

Uik 4
P

Potal Thickness = 151.2 (196.0)

Section 5 was measured from the boltom of the wash in MNE sec. 2,
T.31N., RJ10M.
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SECTION 6, HART GAWYON. South-facing slopes and cliffs 5.0 wiles east

Unit

e e et

of the Animas River on north side of Hart Canyon road; NWi
sece 27 to SEY sec. 22, T.31N., R.10J.; 'section measured
August 28, 1975 (Plates 1 and 3, Appendix ).

Lithology :  Thickness - meters (feet)

SAN JOSE FORMATION

7

gsandstone: medium—-laminated to massive, ilrregular, 22,1 (72.5)
uneven, thick to very thick beds with large scale,
tangential, low angle, grouped, trough cross-bedding;
bedding surfaces planar to curved, contiruous, parallel
to non-parallel; grayish orange (10 YR 7/L) to very
pale orange (10 YR 8/2) veathered and freshj grains
coarse to granular, moderately to vell-sorted, sub-
rounded to sub-angular, consisting mainly of quartz and
feldspar; well-rounded quartzite pebbles at basej trace
of silt malrix; cement silica and iron oxide; large
fragments of petrified wood and mold of 20 ft log neer
base; upier surface eroded bare or covered with less

than 10 em sand; lowsr contact irregular and abrupl.

HACTMIENTO FORMATION

6

Shale: very thinly laminated, predominantly fissile, L8 (15.5)
regular, uneven, medium beds with planar, continuous,

parallel surfaces; pale olive (10 Y 6/2) weathered and

fresh; trace of mica grains; cement clay; lower contact

covered,

5.1 (16.5)

Sandstone: thinly to medium-laminated, irregular,
uneven, thick beds with large scale, tangential, low
anple, grouped, trough cross-bedding; bedding surfaces
planar to curve:l, continuous, parallel to non-parallelj

graylsh orange (10 YR 7/&) weathered and fresh; grains




(129)

cosrse to very coarse, moderately to well~sorted,
sub-rounded to sub-angular, consisting mainly of -
quartz and feldspar; approximately 5 percent silt
and clay mabrix; cement silica, carbonate, iron

oxide; few iron concreltions; lower conbact abrupt.

L 511ty claystone: very thinly laminated, irregular, 1.8 .(6.0)
uneven, thin to medium beds with planac, continuous,
parallel surfaces; pale olive (10 ¥ 6/2) weathered
and fresh; cement clay, possibly silica; lower

contact slightly irregular and abrupl.

3 Sandstone: thinly to medium-laninated, irregular, 6.1 (20.0)

uneven, thick beds with large scale, tangential,.

low angle, grouped,y trough cross-bedding; bedding

surfaces planar to curved, continuous, parallel to

non-parallely grayish orange (10 YR 7/h) weathered

and fresh; prains coarse to very coarse, moderately

to well-sorted, sub-rounded to rounded, consisting

mainly of quartz and feldspar; trace of silt mabrix;

cemeat silica and iron oxide; few small iron ity
coneretions; lower contact slightly irregular and

abrupt.

n

Shale: very thinly laminated, predominantly fissile, 4.0 (13.0)
regular, unsven, thin to mediuwm beds with planar,

continuous, parallecl surfaces; pale olive (10 Y 6/2)

weathered and fresh; cement clay; lower contact

covered.

1 Covered slope: sand colluvium and alluviuwm. 6.4 (21.0)

Potal Thickness = 50.3 (165.0)

Section 6 was measurcd from the level of llart Canyon road in Wik sec. 27,
T.3108,, R.104.
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SOUTH SLANE CANYOH, West-facing cliffs exposed on the knob
1.0 mile north of intersection between Blanco road and
Slane Canyon road; NWh sec. 34 to SWy sec. 27, T.30N.,
R.10d.; section measured August 2, 1975 (Plates 1 and 3.

Lithology ‘ Thickness — meters (feet)
Covered interval: sand and gravelj cobbles and 7.1 (23.5)

boulders less than 40 cm diameter, consisting

mainly of quartzite and various igneous rocks.

SAN JOSE FORMATION

1

HACIHMIENTO

6

Sandstone: thinly to medium-laminated, irregular, 39.6 (130.0)
uneven, thick to very thick beds with abundant,

large scale, tangential, low angle, grouped,

trough cross-bedding; bedding surfaces planar to
curved, continuous, parallel to non-parallelj

dark yellowish orange (10 YR 6/6) weathered, very
pale orange (10 YR 8/2) to grayish orange (10 YR /1)
fresh; grains coarse Lo very coarse, moderately
sorted, sub-angular to sub-rounded, consisting
mainly of quartz and feldspar; some scattered, well-
rounded chert and quartzite pebbles; trace of silt
and clay mabrix; cement silica and iron oxide, somé
clay; tew iron concretions; few scattered petrified
wood fragments; lower conbact irregular, gradational,
with discontirmous shale partings.

FORMATTON

Sandstone: thinly laminated, irregular, uneven, 8.5 (28.0)
thick beds with some large scale, tangential, low

angle, grouped, trough cross-bedding; bedding surfaces

planar to curved, continuous, parallel to non-parallel;

very pale orange (10 YRt 8/2) to grayish orange (10 YR 7/4)

)
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weathered and fresh; grains medium to coarse,
moderately sorted, sub-rounded, consisting mainly
of quartz and feldspar; few scattered chert,
quartzite, and clay pebbles; 5 to 10 percent silt
and clay matrix, more in upper part; cement silica,
clay, iron oxide; few fragments of petrified wood;

lower contacl irregular, abrupt.

Silty shale: very thinly bedded, some fissile, L5
irregular, uneven, thin to medium beds with planar,
continuous, parallel surfaces; pale olive (10 Y 6/2)
weathered and fresh; cement clay, possibly silica;

Jover contact abrupt.

Shale: [issile, regular, uneven, thin beds with 1.1
planar, continuous, parallel surfaces; pale red
(5 R 6/2) weathered and fresh; cement clay; lover

contact abrupb,

Silty clevstone and shale: very thinly laminated, L't
some fissile, regular, uneven, thin to medium beds

with planar, continuous, parallel surfaces; pale

olive (10 Y 6/2) and greenish gray (5 GY 6/1)

weathered and fresh; cement clay and silicaj; Jlower

gontact abrupb.

Sandstone: thinly laminated, regular, even, medium L.8
beds with planar, continuous, parallel surfaces; grayish
yellow (10 YR 7/h) westhered and fresh; grains medium to
coarse, poorly to moderately saorted, sub-rounded,
consisting mainly of quartz and feldspar; 5 to 10 percent
silt and clay mateix; cement silica, carbonate, iron

oxide, clay; louver contact abrupt.

(15.5)
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1 Silty claystone: very thinly laminated, regular, : 5.8 (19.0)
even, thin to medium beds with planar, céntinuous, '
parallel surfaces; pale olive (10 Y 6/2) weathered
and fresh; cement clay, possibly silica; lower conbtact
covered with sand colluvium.

Potal Thickness = 76.1 (249.5)

Section 7 was measured from'the level of the first exposure of unit 1

approximately 250 feet east of the road in Nh: sec. 34, T.30N., R.104.

ek
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SECTION 8, ARCHULETA. Southwest~facing slopes and c1iffs on northwes
side of Szn Juan Tiver, % mile south of Avchuleta; SH: sec. 19
T,308., R.8W. to SE} sec. 24, T.30N., R.9W.; section measured
guly 22, 1975 (Plates L and 3, fig. 1h). |

Unit Lithology l Thickness = meters (feet)

SAN JOSE FORMATION

6 Sandstone: thinly to medium-laminated, regular, 1156.2 (381,0)
uneven, thick to very thick beds with abundant
large scale, tangential, low angle, grouped, trough
cross-bedding; bedding surfaces planar to curved,
continuous, parallel to non-parallel; very pale orange
(10 YR 8/2) to grayish orange (10 YR 7/4) weathered
and fresh; grains coarse Lo very coarse, moderately
to well-sorbted, sub-angular to sub-rounded, consisting
mainly of quartz and feldspar; few scattered, viell~
rounded chert and quartzite pebbles; trace of silt
and ciay matrix; cement silica, iron oxide, clay;
few iron concretions; few shale breaks observed
laterally, but only thin benches where measured; top
mostly bare, some thin sand and mainly quartzite gravel

locally.
NACIMIENTO FORMATION

5 Silty claystone and shale: very Lhinly to thinly 18,7 (61,5
Jaminated, some fissile, irregular, uneven, thin to
medium beds with planar, continuous, parallel surfaccs;
graylish yellow green (5 GY ?/2), greenish gray (5 GY 6/1),
1ight olive gray (5 Y 6/1), and grayish red (5 & L/2)
weathered and fresh; cement clay and silicaj lower

contact covered.

I Covered slope: sand and boulder colluvium, probably 1.7 (5.5)

from unit 6 above,
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(o

Sandstone: thinly laminated, irregular, uneven, 2.3 (7.5)
thick beds with abundant large scale, tangential,

low angle, grouped, Lrough cross--bedding; bedding

surfaces planar to curved, continuous, parallel to

non-parallel; grayish orange (10 YR V/A) weathered

and fresh; grains coarse, moderately sorted, sub-

rounded to sub-angular, consisbing mainly of quartz

and feldspar, trace of micaj trace of silt and clay

matrix; cement silica and iron oxide; lower contact

covered,

2 Coverad slope: sand and gravelj colluvium and 9.9 (32.5)
alluvium, cobbles and boulders less than 30 c¢m
consisting mainly of quartzite and various igneous

rocks,

1 Sandstone: thinly laminated, irregular, uncven, 10.4 (34.0)
thick beds with large scale, Langential, low angle,
grouped, trough cross-bedding; bedding surfaces planar
to curved, continuous, parallel to non-parallelj very
pale orange (10 YR 8/2) weathered and freshj grains e
mediuwn to coarse, moderately sorted, sub-rounded g
o sub-angular, consisting mainly of quartz and
feldspar, trace of mica; 5 to 10 percent silt and clay
matrix; cement carbonati, silica, clayy few small iron

concretions; lower contact covered,

Tobal Thickness = 159.2 (522.0)

Section 8 was measured from the San Juan River level in Si- sec. 19,
T,30N., R.84.
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PHTN-SECTTON DESCRIPTIONS

General Statement

Wine thin sections were made of various units of the Naciumiento
and San Jose Formations in the study arvea. Thin sections were examined
vith a petrographic microscope to study mineralogical composiﬁion and
texture of the grains, matrix, and cement of these rocks, as vell as the
amount and character of the porosity presenﬁ. One hundred points were
counted to determine the rclative abundance of grains, matriz and cement,
and porosity. Three hmdred points were counted separstely to determine
the relative abundance of the different minerals making up the granular
material.

Thin~section descriptions are gi&en in the form of data sheets on
following pages. Sample rumber, unit, location, and date are listed, Rock
classification is that of Dott (1964), modified by pPettijohn, Potter, and

Siever (1973, p. 158), ond is reproduced below:
L
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Granular material of the sandstones vias considered to be that of
the sand size defined by Wentworth (1922), that is, .0625 to 2,0 mu,

Mineralogy was separated into moncerystalline quartz, polycrystalline

quartz, potassium feldspar, plagloclase, and chert and rock fragment s.
Average grain size was visually estimabed using the size of the field
of view., Roundness and sphericity were estimated using the roundness-

sphericity chart of Krumbein and Sloss (1955) which is reproduced belows:

,.,,._m-v-—~~»-~-] : \l
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Chart for visual estimation of roundness and sphericity. (¥rom Krumbein
ard Sloss, 1995) |
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Sorting terminology (moderately sorted, ete.) follows the definitions

of Folk (1968, p. 105) and was visually estimated. Terms describing
textural maturity are also from Folk (1968, p. 103) who used clay content,
sorting, and roundness as determining factors. Grain to grain contacts
were described as being either *line" or teone avo~-convex" in character.

Matrix and cement were combined in point counts because chemical

cements comprise less than 2 percent of most of these rocks and clay
cement cannot be separated from the matrix. Matrix mineralogy was
determined where possible and "texture" refers to general grain size
of these materials.

Porosity was determined by point counting and these voids were

described as being winterconnected" or nisolated" from each other. ALl

porosity seen was primary, intergranular porosity, that is, voids that
" have remained between the grains since the rock was deposited.

One factor that must be considered in analyzing the results of these
thin-section descriptions is thab these rocks were sampled ab the surface b
vhere they have been subjected to weathering for many years. Extensive
alteration of feldspars has occurred which, in places, has caused the
complete breakdowa of these minerals, Mabrix values may, therefore, be
misleading as some of this material may be weathered feldspar grains.

Tn the subsurface, therefore, it is possible that these arkoses have
less matrix and more porosibty than at the surface. The confining preasure
of overlying rock must also be considered, however.

Thin sections were studied of five samples collecbed from the

sand ctone above ~rch Rock Spring. This sandstone is quite typical of
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most in the San Jose Formation in the study arca. Samples vere collected

according to the diagram belows

A
- D. T 0 S WS K
""__"'"'—""__-"'"—"-“‘—'""3 B 3 e o -]
A
“le

t = unit thickness= L0 ft
AyB,CyDylE,y = sampling positions

The results of the first 100 points counted on the Arch Roclk thin sections

is as follows:

CONSTLTUENT MR- AR-B AR-C AR-D AR-E AVERLCE

Grains 684 67% 65% ok 6L 67
Matrix and cement 14 15% 10% 11% &% 129

Porosity 165 18% 25 19% 19% 217

Page 140 is a data sheet which describes thin section AR-B; all the
Arch Rock samples are similar in composition and texture, so AR-B was

chosen for the detailed 300 point count analysis.

Hart Canyon
Thin sectiong were studied from 4 units measured in section 6 at

Hort Canyon. Thesc h units, 3 sandstones and 1 silty claystone, span the

Nacimiento--San Jose contact. Several minor texbural changes were noted
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PHIN-SECTION DESCRIPTION
Sample No. AR-B  Unit: San Joss Location: Arch Rock SpringD&t@: 5/76

Classifications Arkosic Arenite

Franswork (% Grains): 71%

Average ' :

Mineralogy (% Grain Size (rawn) Roundness Sphericity
1, Mono~quartz (53) 1.0 0.3 0.5
2, Poly—quartz (4) 1oy 0.5 0.7

- 5, K~feldspar (31) 1.0 | Ooly 0.6
A;PlagiOClase (6) 1.0 0.5 0.5
5. Chert, Rock Frag. (9) 0.9 0.7 0.7
Sorting: poor to moderate Textural Maturity: sub-mature

Grain Contacts:lines, some concavo-convex

Matrix and Cement (% Intergranular
material)s 104

Mineralogy:quartz and clay minerals

Texture: predominantly silt, some clay
Porosity (% voids): 19%

i v .

Type:  interconnccted

Other:  obaltinitrite staining shows approximately 250 K-feldspar
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going from Nacimiento to San Jose sandstones. These were a slight reduction
of matrix content and increase in porosity. No major mineralogical or
textural variation has apparently taken placey however.

The following table summarizes the basic data from point counts

of the Hart Canyon thin sections (section 6~k is a siltstone)s

Tn Tn In Ts)
CONSTITUENT 63 bty 65 &7
Crains 0k 38,55 6% 784
Matrix and cement 18% 60 9% 6%
Porosity 124 1,55 154 164

The tollowing I pages are data sheets describing these thin sections.

in detail.
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PHIN--SECTTON puSCRIPTION

Sample No. 6-3  Unit: Nacimiento Locations fart Canyon

Classificationt Arkosic Arenite .

Framevork (% Grains):  TOB

Average
Mineralogy (%)  @rain Slze (1am)
1. Mono-cuartz (39) 1.0
2, Poly-quartz (7 1.5
3, K-feldspar (29) 1.0
J,. Plogioclase (10) 1.0
5, Chert, Rock Frag. (15) 1.2

Sor Ling: moderate
Grain Contacts: lines, some CONC avo-CoNvex
Matrix and Cemnent (% Intergrenular
material)s 185
Mineraloyy: quartz and clay minerals
Texture: predominantly silt, some clay

porosity (5 voids): 12%

Type: interconnected

Loundness

0.3

0.5

O.L

0.5

0.6

Textbural Maturity:

Date: 5/76

»Sphericity
0.5
0.1
0.6
0.5

0.7

Other: cobaltinitrite staining shows appd cimately 2556 K-feldspor

By

o i

| —
o
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THIN-SECTION DESCRIPTION

SwwﬂeNo.GMy Unit: Hacimiento Ipmmhmznwtckmmn mmezsfm
‘Classificationt Arkosic Wacke
Framevork (% Grains): 38, 5%

- Average

Mineralogy (%) Grain Size (mm)  Roundness Sphericity
1. Mono-quartz (91) Ok 0.5

o, Feldspar (6) | 0.5 0.5

3, 2ck Frage (3) ' 0.5 0.5

L.

5e

Sorting: moderate Textural Haturity: Lamature

Grain Contacts:
Matrix end Cement (% Intergranular
material)s 0%
Mineralogy: clay wminerals
Texture:
Porosity (% voids): 1.5%

Pype: isolated (may not be primary)

Othee:
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PHIN-SECT TON DESCILPTICH
Somple No. 6-5  Units Nscimiento  Locatlons flavt Ganyon Date: 5/76
Classification s Arkoslc Arenite

Framavork (% Grains): 765

Average .
Mineralogy (%) Grain Size (mm) Toundne s gphericity
1. Ifiono~quartcc (AB) .75 0.4 0.6
o, Poly-quartz (N .90 0.5 0.6
3, K-feldspar (26) .60 Ouly 0.7
,. Plagioclase (6) .75 0.5 0.7
5, Chers, Rock Frage. (13) 75 0.7 0.8
Sorting: moderate to well Textur;al Maturitys: sub-mature

Grain Contactss: lines, Some GONCavo—convex

Matrix and Cement (% Trterpgrenular
[ 4
material)s o

Mineralogy: quartz and e¢lay minerals

Pexture: predominantly silt, some clay
Porosity (% voids): 15%
Type: interconnected

Other: cobalbinitrite staining shows 25 to 30p K~feldepar
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THIN-SECTTON DESCRIPTTION
Sample No. 6-7 Unit: San Jose TLocation: Hart Canyon Nutes 5/76
Classification: Arkosic Arenite

Pramevork (% Grains): 785

Average

Mineralogy (%)  Crain Size (mm) " Roundness Sphericity
1.Mono;quartz (16) 1.0 0.3 0.6
2.Poly~quartz (15) 1.5 0.5 : 0.7
3.K~feldspar (30) 0.8 | 0.5 0.7
L Plagioclase (2) 1.0 - 0.5 0.7
5.Chert, Rock Frag. () S5 0.7 0.7
Sorting: moderate to well | Textural Maturity: 5ub~--matu re

Grain Contaclts: lines, some concavo-convex
Matriz snd Cement (% Intergranular
material): 6%
Mineralogy: quarts and clay minerals
Texture: predoninantly silt, some clay
Porosity (% voids): 167

Ly - .
Type: interconnected

Other: egbaltinitrite staining shows approximately 30/ K-feldspar
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APPENDIX C

SEISMIC SOUNDINGS
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SEISMIC SOUNDINGS

geismic soundings ware conducted to debermineg the alluvium
thickness in the Animas River Valley. A Blson Signél Enhancement
Seismograph was used and the refraction technique was employed
(Dobrin, 1960). A 12 pound hammer was used as the energy sourcs
and it was struck on an alluminum plate placed at various distances
along a line from the geophone. Travel time was read in milliseconds.
The results of two soundings are illustrated as time-distance plots

on the following pages. A generalized interpretation is shown bhelow:

time .
Vv
V2 3
DATA PLOT
Y1
distance
.
Dl v
iI - ‘water table
D,
V2 CROS5-SECTION
//////////////’///V//////////////////‘7777“‘c |
vheres V = velocity ’
D = depth







PR PR SR TR R T TR T SR A T TR SRR LR LS

RIS Rt

g-rg m 3 MOTIVOUL

e e e e




(150)

st

APPENDIX D

PARTICLE-STZE ANALYSTS
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PARTTICLE-SIZE ANALY SIS
Method

Particle size analyses were conducted on f&ur'sandstoue samples
to accurately determineAgrain~size distribution, Two Hacimiento and
two San Jose sandstones were analyzed.

Samples welghing approximately 50 grams were broken down and oven-
dried, Wet sieving with a 4.0 phi screen was conducted to remove mud
and silt from the sample. A 1,0 liter suspension of this méterial was
mixed and 20 milliliters removed with a pipstte. This somple was dried
and the residue weighed, This weight times 50, plus that of any silt
and clay obtained by sieving, gave the total mud weight. After mud
was removed, each sanple was sieved using 1.0 phi screen intervals.
Each size fraction was then weighed. |

Results of the four particle-size analyses are recorded on the
following pages. For each analysis, a data sheet and cuwil.ative curve
are presented. On the data sheet, mode, median, mean, and sorting (Foll,
1968) are recorded for each sample, where possible. Classification is

that of Folk (1948, p. 28) where S is sand, and mS is muddy sand.
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COMPOSITE DATA SHELT FOR PARTICTI -S40 AHALY LS

g NO. 2bh~1

e e e S

iption of Sample

__Analyzed By

DR,

Date_ §/76 ..

ks

ification (Folk) ms

PP

Tnitial sample vWelght

1.0 md 1,27

VB wentworth
(ram) Class

welght
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Mz 1.6 51
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e e e ¢ 7 Yhi o ek T 1 8.
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COMPOSITE DATA SHEET FOR PARTLCLE-STAE ANALYSLE
8-1 _ analyzed BY WWDJEE;NM,me_DatewﬁjlﬁLwMM.

s i R

e No.

T e e ek e itk

iption of Sample Nesimicuto sandstone_from und

ks

_ 56,3075 8

sification (Folk) 8 _Initial gample welght

143w A3 1T

e s e

et o e

Wentworth Weight Cumulative
Clags MW,_(_.@;)__,,A..,.___,..MQL..-_-WWE,@;:f:zﬁzﬂ;tzu_

- ! ! !
0.0 ‘ very coarse l‘ 0.1372 0.24 0.24 = \

RSSOV

1.0 1 coayse ‘ 12,5148 } 22,2

........,,_,..___»-_:,_..-‘. JURSRRINTS
W52 ‘,

|
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s iR s g e
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CONPOSITA DATA SHEET FOR PARTICLu-S1AE ANALY SIS i

NO . ___i\E:[l____w___Analy ved By D.R.B._ M___,___ﬂ_j)a‘t;e_ﬁﬁ[jﬁ;_ .

tion of Sample San Jose sandstone from unit above Arch Rocl Spring.

st

jcation (Folk) 5 Initial Sample wWelght 592881 4

1.0 md 0,88 Mz 1,07 ... 51 0,97

- A 2 e i PR

et s g o et e

H wentviorth ve igh G ‘ Cumulative
un ) Clawss I U S Percent Fercent
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|
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|

et n e
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i
i
!
H
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BB

DATA SHELT FOR PARTLCLLE-SLAL AHALY 515

Date___s/6 . .

San Jose sandstone from unit 12, mesise. seet . ...

ication ([Folk) S Tnitial Sample welght__ 06,8213 R
1'0 .l‘i‘ld — On()l - l\ﬂZ - QQ’?? Sj- [
ventworth Welght gumulative
m) _Class {£) Percent Percent,

0 pebbles trace trace i trace !
0 gramiles 0.9580 1.43 \ 1.43 i
| | - 1 - N
.0 very coarse | 14.1335 M_j 23,20 . 22.67 -
-0 E coarse { 30,9562 16,52 L 69.19 X
! a :
{ . i i
.0 1 medium (11,1780 16,80 85.99 B
o i fine | 3.2150 .83 90,82 ‘.
+0 i very fine S 10096 1 2.11 92,93 ‘
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APPENDTY B

SOURCES OF SUBSURFACE DATA
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SOURCES OF SUBSURFACHE DATA FOR CROSS-SECTIONS

PLATES 4 AND 5

Well logs and electrical logs of the following oil and gas wells
were used to define the tops of formations illustrated on Plates 4 and 5.
In some cases, more than one well was used at a locality. All logs are on
file at the New Mexico Bureau of Mines and Mineral Resources.

NW-SE Cross—Section

1. E.P.N.G., Barnes No.8, SW: Sec, 26, T.32N., R.11V., elevation 6179,
total depth 5908.

Delhi Taylor, Barnes No.1l, NE} Sec. 26, T,32N., R.11V., elevation 6329,
total depth 7785, ‘
2. Delhi 0il, h-A Atlantic A, SW: Sec. 27, T.31N,, R.104., elevation 6337,
total depth 7796.

3, Delhi 0il, Florance 1-13, N} Sec. 18, T.30N.y R.9Wey elevation 6160,
total depth 7540,

L. Delhi-Taylor, Florance Fed. No.49, HEY Sec. 22, T.30N, R.9H., elevation
5965, total depth 7711.
Pan Am, Elliott B-8, St Sec. 27, Te30Ney R.OU., elevation 5815, total
depth 7100.

5, Pan Am, Ulibarri No. 3, S Sec. 35, T.30H., ROV, elevation 5620,
total depth 6866.



oW1 Cross-Ssetion

1.

2.

3

L.

5

Beta, Federal No., 1F, SEj Sec. 33, T.30M., R.11W., elevation 5894,
total depth 6801.

International, I'ogelson No, 1, SBE} Sec, 26, T.30N., R.11W., elevation
5899, total depth 7000,

E.P.N.Ge, Schumacher No, 11, SWi Sec. 18, T.30M., R.104., elevation
6282, total depth 7450.

E.P-NoG‘o, SChumaChel" NO; 10, IIE’%‘ Se(.:. 18' T.BON.’ R.IOW., elevatj.i,)n
6330, total depth 5221,

Delhi Oil, LA Atlantic A, SWr Sec. 27, T.31N., R.104., elevation 6337,
total depth 7796.

E.P.NuGey Barrett Mo. 3, SUi See. 20, T.31N., R.9W., elevation 6658,
total depth 5739,

Delhi~Taylor, Barrett No. 1, SiE Sec. 20, T.31N., R.9W., elevation
6676, total depth 8071, |

L.P.NeGey Sen Juan Unit 32-.9-70X, NGEL Sec. 21, Te32Ney R9VWe, elevation
6919, total depth 8596,
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HYDRAULIC CONDUCTIVITY TESTS

Methad

An attempt was made to determine the hydraﬁliq conductivity of
various San Jose sandstones by means of a triaxial compression
apparatus (figure following page). By this method both axial and
lateral confining pressure are applied to a rock core to slmulate
natural conditions at depth. Water is then applied to one end of the
core and the rate of flow is measured. Hydraulic conductivity is
thus determined (Charukalas, 1975).
Results

Only one sandstone core from the San Jose Formation was successfully
tested, due mainly to difficulty in obtaining core. Because only surface
samples could be obtained, the coarse sandstones were weathered and
tended to break up under the core drill. From morz than twenty attempts,
only two small cores were obtained. One core was contaminated by oil

from the cell; the results of the one successful test are shown below:

Sample No. AR--A Location: SWy Sec. 24, T.31H,, R.10H.
Orientation: perpendicular to bedding

Discharge @ = 0.84 cmz/sec

Area of Ymsection = 402 cm2

Length of core L = L,.O4 cm

Pore Pressure P = 200 psi

Confining Pressure = 600 psi

Diff. in head dh = 1,08.18 cm
Hydraulic conductivity K = ~%~ﬁ~%ﬁ (Darcy's Law)

= 6,05 x 107k cm/sec
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APPENDIX G

GLOSSARY OF HYDROLOGIC TERMS
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CLOSSALY OF HYDROLOGIC TERMS

neral Statement

The following terms are taken predominently from Traupger (1972,
. 115). Other sources are noted where appropriate. Only less commonly

sed terms or terms about which there is some confusion arc defined.

cre—-foot — The amount of water (325,851 gal) that will cover one
ere to a depth of one foot.

quifer - A rock formationg group of formations, or a part of a formation
ontaining water that can be recovered through wells. An aquifer may be

:alled also a water-bearing bed, formation, Or ZOne€.
wrtesian water - Ground water that rises above the level at which it is
sneovabered by a well, but which does nob necessarily rise to or atove

the surface of the ground ~ aleo called confined water.

Brackish water — Water with a total dissolved solids content of bebween

10,000 and 35,000 ppm.

Confined vater — The same a3 artesian water.

Fresh water -~ Water with a total dissolved solids content of between O
and 10,000 ppn.

Hydraulic conductivity ~ The flow of water in gallons per day through a
cross-sectional area of 1 square foot ufider a hydraulic gradient of 1 at

a temperature of 60°F (Todd,1959). Other units, such as cm/sec can be used.

Hydraulic gradient. - The gradient of the potentiometric surfaca or water

table, in the divection of the steepest slope, generally expressed in feel
per foot or feet per mile. May also be expressed as the change in static
head per unit of distance in a given direction.

Potsble water — Potable vater is water which is suitable for domestic use
and generally has less than 1,000 ppm total dissolved solids.

Saline water - Water sith a total dissolved solids content of greater than

35 '001\) ppm *

NI
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Specific capacity - Yield of a well in gsllons per minute per foot of

drawdovin after a specified period of pumping.

Specific conductance - The conductance of a water sample (here) measured

in micromhos per centimeter (mmhos/cm).

Storage roefficient - The volume of water released or taken into storage
in an aguifer per square foot of surface area per foot of vertical

change in the head.

Transmissivity - Ability of a rock to transmit water under hydraulic head.
nnodiem

The rate of flow of water at the prevalling temperature, through a vertical

unit-wide strip of the aguifer, extending the full height of saturation,
under unit hydraulic gradient.

ygggg;jggikg ~ Upper surface of the zone of saturation vhere that surface

is not confined and is at atmospheric pressure, If water is confined in an
aquifer, the term potentiometric surface is used, which is the surface

which represents the static head. It is determined by the level to which
water will rise in a tightly cased well. -




(169)

LIST OF REFERENHCES CITED

Atwood, W.4W., and Mather, K.F., 1932, Physiography and Quaternary geology
of the San Juan Mountains, Colorado: U.S. Geol. Survey, Prof. Paper

Baltz, E.H., 1967, Stratigraphy and regional tectonic implications of
part of upper Cretaceous and Pertiary rocks, east-central San Juan

Basin, New Mexico: U.S. Geol. Survey, Prof. Paper 552,101 p.

Baltz, E.H., Ash, S.R., and Anderson, R.Y., 1966, History of nomenclature
and stratigraphy of rocks adjacent to the Cretaceous-Tertiary
boundary, western San Juan Basin, New Mexico: U.S. Geol, Survey,
Prof. Paper 524-D, 23 p.

Baltz, B.H,, and West, S.W., 1967, Ground-water resources of the southern
part of the Jicarilla Apache Tndian Reservation and adjacent arcas,

New Mexico: U.S, Geol. Survey, Vater Supply Paper 1576-H, Ps

Bandoian, C.A., 1963, Geomorphology of the Animas River Valley, San Juan

County, New Mexico: M.S. thesis, Univ. New Mexico, 88p.

Barnes, F.C., 1950, History of devel:upment and production of oil and gas
in the San Juan Basin: New Mexico Geol, Soc., Guidebook 1lst Ficld
Conf., p. 14148,

Beaumont, E.C., and Read, C.B., 1950, Geologic history of the San Juan

Basin area: New Mexice Geol. Soc., Guidebook 1lst Field Conf., p. L9-52,

Berry, F.A.F., 1959, Hydrodynamics and geochemistry of the Jurassic and
Cretaceous systems in the San Juan Basin, northwestern New Mexico

and southwestern Colorado; Ph,D, dissertation, Stanford Univ., 192 p.

Brimhall, R.M., 1973, Ground water hydrology of Tertiary rocks of the
San Juan Basin, New Mexico: Four Corners Geol. 5oCe, Guidebook
18th Field Conf., p. 197-207.

Brovn, Barmum, 1910, The Cretaceous 0jo Alamo beds of New Mexico with
description of the new dinosaur Kritosaurus: American Museun

of Natural History, Bull. v.28.

Bryan, K., 1928, Historic evidence on changes in the chsmnel of the Rio
Puerco, a tributary of the Rio Grande in New Mexico: Jour. Geology,
v.36, p. 265-282,




(170)

Campbell, C,V,, 1967, Lamina, lami - ets, bed and bedsetss Sedimentology,
V¢81 I)t 7"‘26.

Charukalas, B., 1975, Hydraulic conductivity of sandstone under different
confining pressure: M.S. independent study, New Mexico Inst. Mining

and Technology, 27 p.

Cooper, J.B., and Trauger, F.D., 1967, San Juan River Basin: geography,
geology, and hydrology, in Water Resources of HNew Mexico: Occurrence,
Development, and Use, New Mexico State Planning Office, p. 185.210.

Copey E,D., 1875, Report on the geology of that part of northwestern New
Mexico examined during the field sewson of 1874, in Annual Report of

Geographic Explorations West of the 100th Meridian (Wheeler Survey).

Dane, C.H,, 1936, Geology and fuel resources of the southern part of the

San Juan Basin, New Mexico: U.S. Geol. Survey, Bull. 860-C, Pe

~y 1946, Stratigraphic relations of Eocene, Paleocene, and latest
Cretaceous formations of the eastern side of San Juan Busin, New
Mexicos U.S. Geol. Survey, 0il and Gas Investigations Preliminary
Chart 24.

. Dane, C.H., and Bachman, G.0., 1965, Geologic Map of New Mexico, U.S,

Geol. Survey.
Darcy, H.P.G., 1856, Les fontaines publiques de la ville de Dijon, Paris.

Dobrin, M.B., 1960, Introduction to geophysical prospecting: New Yorl,
McGraw Hill, 445 p.

Dunbar, C.0., and Rodgers, J., 1963, Principles of stratigraphy: New York,
John Wiley and Sons, 356 p.

Fassett, J.E., 1973, The saga of the Ojo Alamo Sandstone; or the rocle-
stratigrapher and the paleontologist should be friends: Four Corner
Geol. Soc,., Guidebook 18th Field Conf., p. 123-130.

Fassett, J.E., and Hinds, J.S5., 1971, Geology and fuel resources of the
Fruitland Formation and the Kirtland Shale of the San Juan Basin,

New Mexico and Colorado: U.S. Geol. Survey, Prof. Paper 676, 76 p.




(171)

Fenneman, N.M.o, 1931, Physiography of the western United States:

New York, McGraw-Hill, 534 p.

Flesch, G., 1974, Stratigraphy and sedimentology of the Morrison Formation
(Jurassic), O0Jjito Spring Quadrangle, Sandoval County, New Mexico:

New Mexico Geol. Soc., Cuidebock 25th Field Conf., pe 185-195.

Folk, R.L., 1968, Petrology of sedimentary rocks: Austin, Texas,
Hemphill's, 170 p.

Gardner, J.H., 1910, The Puerco and Torrejon Formations of the Nacimiento

Group: Jour. Geology, v.18, p. 702-7,1,

Goddard, E.N., Trask, P.D., DeFord, R.K., Rove, O.l., Singevald, J.T.yJrey
and Overbeck, ReM., 1951, Rock color chart: New York, Geol. Soca.

America.

Granger, W., 1914, On the names of lower Eocene feunal horizons of liyoming
and New Mexicos American Maseum of Nabural History, Bull. v.33,
p. 201-207.

Hall, F.R., 1963, Springs in the vicinity of Socorros New Mexico Geol. Soc.,
Guldebhpok 14th Field Conf,

Hem, J.Doy 1959, Study and interpretation of the chemical characteristics
of natural water, U.S. Geol. Survey, Waler Supply Paper 1473, 265 p.

Hisé, Welw, 1975, Evaluation and proposed study of potential ground-uater
mmﬂhm,GdhmzmmhIMWMwﬂw:Uﬁ.Guﬂ.&mmy,mwm$ﬂe
report 7T5-522, 153 p.

Tngram, R.L., 1954, Terminology for thickness of stratification and
parting units in sedimentary rocks: Geol. Soc. America, Bull. v.65,
pe 937-938.

Jacob, A.F., 1973, Descriptive classification of cross—stratifications
Geologyy vel, No., 11, p.103-100,

Kelley, V.C.y 1950, Regional structure of the Ssn Juan Basin: lew Mexico
Geols Soc., Guidebook 1st Field Confw, p. 101-103,




(172

Krumbein, W.C., and Sloss, LoL., 1955, Stratigraphy and Sedimentation:

San Francisco, W.H. Freeman and Company, 660 p.

Maker, Hod., Keetch, C.W., and Anderson, J.U., Soil associations and
1and classification for irrigation, San Juan County: New Mexico State

Univ., Agricultural Experiment Station, Research Repb. 257y L pe

McDonald, R.E., 1972, Docene and Paleocene rocks of the southern and
central basins, in Mallory, W.W., ed., Geologic Atlas of the Rocky
Mountain Region, United States of America: Rocky Mountain Assoc.

Geologists, Denver, Pe 24, 3-256,

McKee, E.D,y and Veir, GoW., 1953, Perminology for stratification and
cross-stratification in sedimentary rocks: Geol. Soc. America Bull.,
Ve 61} 1] pn 381“390 [

Molenaar, C.M., 1973, Sedimentary facies and correlation of the Gallup
Sandstone and associated formations, northwestern New Mexico: Iour

Corners Ceol. Soc., Guidebook 18th Field Conf., pe 85-110.

Nationszl Academy of Sciences, 197h, More Water for Arid Lands, Promisin;
Pechnologies and Research Opportunities: Washington, D.C., National

Academy of Sciences.

Newberry, J.5., 1876, Geological report, in Hacomb, J.Ne, Report of the
exploring expedition from Santa Fe, New Mexico, to the junction of
the Crand and Green Rivers of the great Colorado to the west,

Fngineer Dept., U.S. Army, p. 9-152.

Hew Mexico Interstate Stream Compission and New Mexico Office of State
Engineer, 1975, San Juan County, water resources assessment for

planning purposes, Sanba Fe, New Mexico, 44 D.

Novthrop, SeA.y 1973, lexicon of strabtigraphic names of the Mornument.
Valley~Four Corners reglon: New Mexico Geol. Soc., Guldebook 24th
Field Conf., pe 157-176.

Northrop, SeA., and Wood, G.H., 1946, Geology of Hacimiento mountain, San
Pedro mountain, and adjacent plateaus in parts of Sandoval and Rio
Arriba Counties, New Mexlco: U.S. Geol. Survey, 0il and Gas

Investigations, Prolim. Map 57




(173)

Owen, D.E., 1973, Depositional history of the Dakota Sandstone, San Juan
Basin area, New Mexico: Four Corners Geol. S0C., Guidebook 18th Field
COKlff; Pe 37”"51& V

Pastuszak, R.A., 1968, CGeomorphology of part of the La Plata and San Juan
Rivers, San Juan County, Hew HMexico: M.S. thesis, Univ., New Mexico,

76 Pe
Pettijohn, F.Jd., 1957, Sedimentary Rocks: New York, Harper®s, 718 p.

Pettijohn, F.d., Pobter, P.E., and Siever, R., 1973, Sand and Sandstoney
New York, Springer-Verlag, 618 p.

Pike, W.S,, Jr., 1947, Intertonguing marine and nommarine Upper Cretaccous
deposits of New Mexico, Arizona, and southwastern Coloradoy Geol. Soc.
Amgy Mem, 24, 103 p.

Powell; JoS., 1973, Paleontology and sedimentation models of the Kimbeto
Member of the Ojo Alamo Sandstone: Four Cornzrs Geol. S0Ce, Giidebook
18th Field Conf., p. 111-122,

Powersy M.C., 1953, New roundness scale for sedimentary particles:
Jour. Sed. Petrology, V.23, p. 117-119.

Rappy J.R.y 1959, Recomnaissance of the geology and ground--water resources
of the Facmington area, San Juan County, New Mexicos U.S. Geol. Surve
g 1 Yy '
Open-file Rept S.de7, 13 p.

Reeside, J.B., 1924, Upper Cretaceous and Tertiary formations of the western
part of the San Juan Basin, Colorado and New Maxicos U.S. Geol. Survey,
Prof. Paper 134, 70 p.

Reneau, W.F., and Harris, J.D., Jre, 1957, Reservoir characteristics of
Cretaceous sands of the San Juan Basin: Four Corners Geol. S0Cey
Guide book 2nd Field Conf., p. H0-43.

Renick, B.C., 1931, Geology and ground-water resources of weslern Sandoval
County, New Mexico: U.S. Geole Survey, Waber Supply Paper 620, 117 p.

Shomaker, JoW.y Beaumont, E.C., and Kottlowski, F.B., 1971, eds., Strippable
low-sulfur coal resources of the San Juan Basin in Hew Mexico and

Colorado: HNew Mexico Buremu Mines Mineral Recources, Mem, 2%, 189 p.

st e o g b ST R - BT D T 4 B 1 P ME



(174)

Simpson, G.G., 1948, The Focens of the San Juan Basin, New lMexico: Am.
Jour. Scie, ve2h0, p. 257-282, 363385,

Sinclair, W.J., and Granger, W., 1914, Paleocene deposits of the San Juan
Basin, New Mexico: American Museum of Natuvral History, Bulle. v.33,
P- ?()7""3160

Stone, W.J., 1976, Hydrogeologic considerabions in mining and development
of energy resources of the San Juan Basin in Hew Mexico: Ame Inst.
Min. Ellg.’ biay, 1976. ‘

Stone, W.J.y and Browr, D.R., 1975 Rainfall-runoff relationchips for a
small semiarid watershed, western flank San Andres Mountains, Hew
Mexico: New Mexico Geol. Soc., Guidebook 26th Tield Confe, Ppe 205-212,

Thornbury, W.D., 1965; Regional Geomorphology of the United States: lew
York, John Wiley and Sons,

Todd, D.K., 1959, Ground Water lydrology: MNew Yorlk, John Wiley and Sons,
336 p.

Trauger, F.Doy, 1972, Water rescurces and general geology of Grant County,
Hew Mexico: New Mexico Bureau Mines Mineral Resources, Hydrologic
Rept. 2, 211 p.

Wentworth, C.K., 1922, A scale of grade and class terms for clastic
sediments: Jour. Geole, ve30, p. 377-392.




This thesis is accepted on behalf of the faculty of the

Institute by the following comnittee:

"){sz 0.{)0:7% A *SJ' ?"5 lE"\.'JL

//zfdﬂ" "/( 7,'7 o5 é}’ﬁ’ ,&:Zw,

%;W W el

pate 17 lL{a:/ (G v




cl
SO,
Heoy” @ B,\"'
ST\ LI
\m N Mo
Ca
N o

Water well, inventoried Table V.

Water well, not inventoried.

Spring, no chemical analysis.

Water well, chemical analysis in order shown.
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Scale of radii. for total dissolved solids (ppm).

Spring, chemical analysis in order showm,
potassium (K) content negligible.

Spring and well numbers refer to Table V:

Q = Quaternary alluvium
N = Nacimiento Formation
S = San Jose Formation
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Quaternary alluvium, valley fill:gravel, sand,
silt, and clay; predominantly coarse gravel.

Quaternary alluvium, terrace deposits: predominantly
coarse gravel and sand (modified from Bandoian,; 1969).

San Jose Formation (Tertiary)s coarse, yellow,
sandstones interbedded with green, gray, purple
shales and vhite non-resistant sandstones.

Nacimiento Formation (Tertiary): gray, green, purple
shales and gray to yellow, soft to resistant sandstones.

Geologic contact

Geologic contact, upper unit eroded

Geologic contact, partially covered

Line of ecross—section
Measured section
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