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a::NVERSION FACJXRS

For readers \>A1.o prefer to use netric (International Systan) units rather
than the inch-pound units used in this report, the following conversion
factors nay be used:

Multiply inch-fOund unit

acre
barrel (42 gallons)
foot
foot per day
mile
square mile

0.4047
158.99

0.3048
0.3048
1.609
2.590

To ootain metric unit

hectare
liter
meter
meter per day
kilaneter
square kilometer

Temperature in degrees Fahrenheit (OF) can be converted to degrees
celsius (0C) as follCMS:

°C = 5/9 (OF - 32)

Permeability, in millidarcies, can be converted to hydraulic
conductivity in feet per day by multiplying by 0.002725, or in neters per day
by multiplying by 0.000831.

Sea Level: In this report, "sea level" refers to the National Geodetic
Vertical Datum of 1929 (N}V[) of 1929)-a geodetic datum derived fran a general
adjustnent of the first-order level nets of both the United States am canada,
formerly called "sea Level Datum of 1929."
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BASE OF MDERATELY SALINE GR:XlND WATER IN SAN JUAN CXXJNI"i, urAH

by lewis Ebwells

u.s. Geological Survey

The base of moderately saline ground water (water that contains fram
3,000 to 10,000 milligrans per liter of dissolved solids) was delineated for
san Juan County, utah, based on water-quality data and on formation~ater

resistivities detennined from geophysical well logs using the resistivity­
porosity, spontaneous-potential, and resistivity-ratio methods. '!hese data
and the oontour map developed fram them shCM that a thick layer of very saline
to briny ground water (water that contains more than 10,000 milligrans per
liter of dissolved solids) underlies the eastern two-thirds of San Juan
COunty. The ug>er surface of this layer is affected by the geologic structure
of the area, but it may be roodified locally by recharge nounds of less saline
water and by vertical leakage of water through transmissive faults and
fractures. '!he highest altitude of the base of moderately saline water is
west of the Abajo Mountains where it is more than 6,500 feet above sea level.
'!he lowest altitude is in the western part of the county and is below sea
level: depressions in the base of rroderately saline water in recharge areas in
the La Sal am Abajo Mountains also may be that low. '!he base of moderately
saline water cx:mrw:>nly is in the Permian Cutler Formation or the Pennsylvanian
Honaker Trail Formation of the Hermosa Group, but locally may be as high
stratigraphically as the Triassic (?) and Jurassic Navajo samstone oorth of
the Abajo Mountains and in the Jurassic Morrison Formation south of the
nountains.

INl'ROIXJCI'ION

Real or potential contamination of danestic, livestock, and irrigation
water sUQ?lies by disposal of saline water produced from oil and gas wells
("production water") in san Juan COunty is a matter of p.1blic concern. The
concentration of dissolved solids in production water usually exceeds 10,000
rng/L (milligrams per liter) and can exceed 400,000 mg/L. Historically,
production water was disposed of on the lam surface. HCMeVer, as the volume
of production water increased, so did awareness that surface disposal ponds
may leak into streams or shallCM aquifers. To reduce the threat of increased
salinity and sodium hazards to agricultural lam am of saline contamination
of both surface- am ground-water suwlies of potable and irrigation water,
many oil- and gas-well operators began to dispose of saline production water
by injecting it into perneab1e strata that already contained saline water. In
1985 in san Juan County, about 95 percent of production water was disposed of
by injection: nuch of it was used in secondary recovery operations, but at
least 2,382,000 bbls (barrels) of production water was injected through
disposal wells (G.L. Hunt, Utah Division of Oil, Gas am Mining, oral cx:::mnun.,
1987). At least 1,145,000 bbls (and possibly nore than 1,871,000 bbls) of
production water was disposed of in surface pits.
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Purpose and SCq;le

The Utah Division of Oil, Gas and Mining, the principal State agency
responsible for regulating the disposal of production water to prevent the
rontamination of water supplies, is roncerned rot only about possible leakage
fran surface disp:>sal p:>ms, but also aboot migration of saline water disposed
of by injection into usable water sUg;>lies. To better define intervals into
which saline production water rould be injected withoot rontaminating p:>ssible
underground sources of domestic and agricultural water, the U.S. Geological
SUrvey am the Utah Division of Oil, Gas am Mining jointly did a study during
1985-87 to delineate the base of moderately saline water l in San Juan County.
'!his report sumnarizes that study.

san Juan County, in sootheastern Utah, has an area of 7,707 square miles
(fig. 1). It contains the northern part of the Navajo Imian Reservation.
'!he rounty is bounded on the sooth by the Ar izona State line, on the east by
the Colorado State line, on the north by Grand County, and on the west by the
Colorado and Green Rivers. The county has been the site of extensive
exploration for gas, oil, and uranium since the late 1940's. Many oil am gas
fields have been foom, as have scm:! carmercial-grade dep:>sits of uranium ore.

IBta-Site tbIDering Systan

In this report, data sites are identified by nllIIbers based on the Federal
cadastral land-surveying systan. Umer this systan, Utah is divided into t~

regions, each of which has its own meridian and base line. Most of the
State, including all of San Juan County, lies within the survey region of the
salt Lake Meridian am Base Line.

The numbering system is described below and is shown in figure 2.
Within a survey region, the area is divided into quadrants by the principal
meridian and base line; these quadrants are designated by the letters A
through D, assigned in a counterclockwise direction beginning in the
northeastern quadrant. This letter is followed by the tamship nurcber am
then the range nLll1ber. '!he quadrant designation and the township and range
numbers are enclosed by parentheses that, in turn, are follCMed by the nurcber
identifying the section. As many as three lowercase letters are used after
the section number to indicate the location of the site within the section.
'!he first letter imicates the quarter section (160-acre tract); the second
letter indicates the quarter-quarter (4a-acre tract); am the third letter,
the quarter-quarter-quarter (la-acre tract). '!he letters "a " through "d" are
assigned to the tracts in a counterclockwise direction beginning in the
oortheastern corner of each tract. To identify wells and springs, this site

lIn this report, water salinity is classified as follows:

Class Concentration of dissolved solids (mg/L)

Frestl. .•..•..........................
Slightly saline .
Moderately saline •...•.......••••...
Very salille .
Briny .

2

o to 1,000
1,000 to 3,000
3,000 to 10,000

10,000 to 35,000
more than 35,000
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Figure 1.--Location of San Juan County, Utah.
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Figure 2.--Data-site numbering system used in this report.
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location is followed by a serial number that identifies eadl well within the
tract or by the letter "s" am a serial nunt>er to identify each spring wi thin
the tract. Thus, (D-37-20)13bad may be used to specify the location of a
data-collection site or a feature of interest in the sE!NEiNWi of section 13,
T. 37 S., R. 20 E., in the area covered by the salt Lake Meridian am Base­
Line survey, but (D-37-20)13bad-l identifies the first well constructed (or
visited by U.s. Geological SUrvey personnel) in the same lO-acre tract, and
(D-37-20)13bad-51 identifies the first spring visited in the same lO-acre
tract.

Ackoowledgnents

The autror wishes to express his appreciation to John N. I8lJ'R, oonsulting
geologist, Denver, Colo., and Olarles T. Tl'atpson, SChlunt>erger well services,
Denver, Colo., for suggestions, constructive criticism, and discussions of
nethodology used in this study.

MEJ."lI)OO OF ANALYSIS

The base of moderately saline ground water defines an isoconcentration
surface (surface of oonstant dissolved-solids ooncentration) of 10,000 ng/L.
To prepare a map of an isoooncentration surface ideally requires measurement
of changes in salinity with increasing depth at many places througrout the
area of interest. Because such neasurements a:fPClrently have not been made at
any sites in San Juan County, and the total number of imividual salinity
measurements available was inadequate to define the 10,000 mg/L
isoconcentration surface, it was necessary to use indirect methods of
determining water salinity. Three metrods generally suitable for use in the
area were available, all utilizing geo{i1ysical well logs. For this study, the
preferred method was the resistivitY1POrosity method first proposed by Archie
(1942) and subsequently extended and refined by many others. A formation­
cx:upaction correction of 1.3 was used when calculating porosity from sonic
logs. The SP (spontaneous potential) method develq;lE!d by Alger (1966) was
used as a dleck on the resistivitY1POrosity method, and was used for logged
wells for which a porosity log was not available. The least reliable of the
three methods, the resistivity-ratio metrod, is the ratio of the resistivity
of the flushed zone to the resistivity of the uninvaded zone of the oore hole.
It requires a microresistivity log and was used if there was neither a
porosity log nor an SP log, or if these logs were oot suitable for analysis.
All of these metrods yield calculated water resistivities that have to be
converted to dissolved-solids concentrations. water salinities calrolated by
such indirect methods should be checked by comparing them with measured
salinities wherever possible.

More extensive explanations of the methods used in this study are
available in a report by Howells and others (1987), in texts sudl as those by
Asquith and Gibson (1982) or Hildlie (1982a,b), or in manuals published by
well-log service cxxrpanies such as SChlumberger (1972, 1974, 1984) or Dresser
Atlas (1982, 1983).

The several hundred geophysical logs used in this study either were
oopied fram the microfilm ardlive of the Utah Division of Oil, Gas and Mining,
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or were };1lrchased fran the Petroleum Information CorI;X:>ration. 1 Formation tOI:S
used in interpretation were those listed in the files of the Petroleum
Information Corporation. Identification of particular formations as sources
of water samples analyzed or tested for resistivity either were listed as sum
on the analyses or were dete~ined from info~tion in the files of the
Petroleum Information CorPOration.

Water-quality data for san Juan County were oollected fran oil- and gas­
well operators and from public agencies and their consultants. The data
included chemical analyses and specific conductance or resistivity of water
fran springs, };1lblic- and domestic-supply wells, livestock and irrigation
wells, observation wells and test holes of };1lblic agencies, and oil and gas
wells and test holes. A water-quality data base was developed from this
info~tion. This data base is available on the carp.1ter systan of the u.s.
Geological Survey, Water Resources Division, Utah District office in salt lake
City umer the· filename "ARCHIVE>SANJUAN.tJl'.(l'l.1987".

GEOIOOIC AND HYI:R<XmIC SEl'TIN:i

The discussion of geology and hydrology that follows, as well as the
info~tion in figure 3 and table 1, is summarized primarily from Avery
(1986), Bland1ard (1986), Cooley am others (1969), Feltis (1966), Freeman am
Visher (1975), Hackman am Wyant (1973), Hanshaw am Hill (1969), Haynes and
others (1972), Hill (1976), Newnan am Goode (1979), Petersen (1956), Ritzrra
and Doelling (1969), the Rocky Mountain Association of Geologists (1972),
sanborn (1958), Stanley am others (1971), 'lhanas (1989), Wengerd am Matheny
(1958), Wiegand (1981), Williams (1964), and Williams and Hackman (1971).
Where applicable, the aquifer classification and nomenclature used follow that
of Tl'x:Jnas (1989, table 1), am generally correspond to that of Avery (1986)
and of Cooley and others (1969).

The stratigraphic nomenclature and age relations of the major bedrock
formations in San Juan County are s~ in figure 3, geographic features of
the area are sb:Jwn in figure 4, major older (pre-Laramide) tectonic elements
are shown in figure 5, and major nodern tectonic elements are sb:Jwn in figure
6. ~ consolidated rocks of Cenozoic age have been reported in San Juan
County except for intrusive am volcanic rocks found llDstly in the la sal am
Abajo MJuntains and Navajo Mamtain (fig. 4, pI. 1). Brief descriptions of
the major bedrock formations am an outline of their hydrologic significance
are given in table 1.

Geologic History am Structure

Geologic structures in San Juan County that have the most important
effect on ground-water movement are salt anticlines and three domes of
Tertiary intrusive rock; of lesser, rot significant, irrportance are tectonic
flexures, such as the M:ml..lIIent U};Marp (fig. 6). The widespread faulting am
fracturing of rocks commonly permit vertical movement of water between
aquifers.

lThe use of company names in this report is for identification only am
does not constitute enoorsement by the u.s. Geological SUrvey.
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EXPLANATION

E22l or ----- UNCONFORMITY

System

Tertiary
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1ii ::lue---------------v
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Upper

Upper

Upper
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Lower
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Triassic

Jurassic

Triassic?

Figure 3.--Major bedrock stratigraphic units of San Juan County.
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System Series

Upper

Southwest
Stratigraphic Unit

Chinle Formation
Includes Shinarump Member

Hydrogeologic
Unit

Northeast

Triassic
Middle

Lower

Upper

Mississippian

Upper

Lower

Redwall
Limestone

(name used
in the west)

Redwall
aquifer

;r-~+---?

Figure 3.--Major bedrock stratigraphic units of San Juan County--Continued.
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System

Mississippian

Series

Lower

Stratigraphic Unit

Ouray Limestone

I

HYdrogeOIOgiC

Northeast Unit

Devonian

Upper
Elbert

Formation

Unnamed upper member

McCracken Sandstone Member 4

May be
part of
Redwall
aquifer

Silurian

Ordovician

Cambrian

Aneth Formation 4
1-~~~~~~~~-1-7---;?~~;r-7---;r-r

Middle

Lower

Upper

Middle

Lower

May be
part of
Redwall
aquifer

- -?-

Precambrian Igneous and metamorphic rocks

1 Stratigraphic nomenclature has been revised for the Curtis and Summerville Formations. The Wanakah Formation is now
considered the stratigraphic equivalent of the Curtis and Summerville Formations in San Juan County (O'Sullivan, 1980).

2 Baars (1962)
3 Wengerd and Matheny (1958)
4 Knight and Cooper (1955)
5 Bright Angel Shale
6 Tapeats Sandstone

Figure 3.--Major bedrock stratigraphic units of San Juan County--Continued.
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Figure 4.--Geographic features in and adjacent to San Juan County. Shaded areas are more than
8,000 feet above sea level and are probable recharge areas.
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EXPLANATION

• .. .. OVERTHRUST FRONT OF SEVIER OROGENIC BELT

MARGIN OF BASIN AND RANGE PROVINCE--Region
of normal faulting
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Figure 6.--Modern major regional tectonic elements (modified from Grose, 1972, fig. 1).
Shaded elements are from Baars and Stevenson (1981, fig. 2): (1) Olymp ie-Wichita
lineament, (2) Colorado lineament, (3) Mogollon hingeline (Walker Lane-Texas linea­
ment), and (4) the Cordilleran hingeline.

12



Table 1.--Generalized stratigraphic column for san Juan County
describing the mjor bedrock rmits and their hydrologic

characteristics and significarre

Hydrologic characteristics
and significance

800(?)Mancos
Shale

I I I I
I I I I I 1
I e I e I III Groop, 1 Maxil1lJm I I
1~ I ~ I·~ fonnation, I reported I I
I~ I ~ I 1i; or I thickness I 1
I~ I Vl I Vl I rock unit I (feet) I Description I
I I I I I I I1-1-1--------1 1-------------1
I I I IIntrusioos are cbnal, each consistil'Y:l of a IVery 1<JtW perneability'. KnCYwf\ to yield w:iterl
I I I Intrusive 5,(()()T I central stock surrounded by a radial cluster I only where jointed, fractured, or faulted. I
I I I ignoous I of laccoliths and subordinate dikes artl I Water yielded is fresh. Fractures, par- I
1 I I rocks I sills. The intrusives of the Abajo Moon- I tieularly in sedimentary rock oojacent to I
I I I I tains are mostly (JJartz diorite to diorite I an intrusioo, l18y be the major path by I
I I I porphyry, but include granodiorite and I which recharge of infiltrating precipita- I
I I I quartz monzonite; also, diorite porphyry I tim reaches depths of several thousand I

I I I, breccia is found in the stocks. tt>st of I feet to create thick recharge rrounds of I
the laccoliths were arplaced 1n the Mancos fresh to moderately saline water in the

I I ~ I ~~~~;,~~i~~~r~:s~~W~ ~~iions, ~~v~ ~~~i~l.mtains, and, probably,
I I ~ 1 artl the Entrada Sandstone. The intrusives
I u I >- 0> I of the La Sal Mountains are mostly diorite
181 ~ c; I porphyry, but include soda syenite, syenite,
I N I .... I monzonite porphyry, artl sane vent breccia.
I ~ I ~ -g I The large sodium content of these rocks
l ~ul~ ~ I~ probably is the result of assimilation of
I I ~ I salt fran the intruded salt anticline.
I I ~ I Navajo Mountain is believed to be a stock
I 1 ~ I artl laccolith dane similar to the Abajo artl
I I I La Sal Mountains. The only igneous rock
I I I foond thus far at Navajo Mountain is a
I 1 I I small exposure of syenite porphyry.

1-1-1- I 1------------
I I A regressive sequence of continental fluvial. IInSignificant; too small in areal extent.
I I Mesaverde 3O(?) deltaic, and sw~ delXlsits of shale, silt-

I
I Grol.4> stone, sartlstooe, and coal beds that inter- II

finger with the uwer part of the Mancos
I Shale. Although the Mesaverde Groop pro- I
I bably exceeded 1,000 feet in thickness I
I throughout the county when delXlsited, sub- 1

sequent erosi00 has raroved a11 but a sma11,1
thi n bed of basal sandstone in the La Sal I
Mwntains. I

-------------------- 1 ----------,
I

ISoft, fissile, blue-gray to black, I18rine IVery 1<JtW perneability; a barrier to the
1 shale that contains a few thin beds of sartl-I IOOvement of water unless fractured. Water

stone or limestone. The Mancos Shale has I in the Mancos Shale, or in alluvium or I
three maooers: The Blue Gate Mentler at the I colluvium derived fran it, is saline. The I
tq:>, a bluish~ray shale that contains thin I Ferron Sandstone M~r is too thin and I
beds of bentonlte or shaly sartlstooe and I too small in areal extent to have any I
limestone; the Ferron Sandstone Ma!tler in I hydrola::liC significance. I
the middle, a fine-grained, thin-bedded I I
sandstone and sanQy shale; and the Tununk I I
Mmber at the base, a dark-gray to black I I
IllJdstooe and sha1e that coota ios sane thin I I
bentonite beds. The Mancos Shale is grada- I I
tional with am laterally interfirgers with I
the overlying Mesaverde Group. Although I
the Mancos Shale probably exceeded 3,000 I
feet in thickness throughrut the county I
when deposited, erosioo has raroved all I
but small remnants in the Abajo am La Sal I
Moontains, in the deeper synclines in I
the northeastern part of the county, in I
scattered areas urtlerlying sare hills and I
ridges on the Sage Plain east of Monticello,l
am a small area on the Colorado State line !
near the southeastern corner of the coonty. I

_________----------- 1 ----------
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Table 1.-~era1ized stratigraphic column for san Juan County
describing the major bedrock rmits and their hydrologic

characteristics and significance--eontinued

I I I I I
1 I 1 I I
1 EEl VI GrwP. 1 MaxillUrn 1 I
I ~ ~ I QJ formation. 1 reported I I1-:;; ~I ~ or 1thickness 1 I Hydrologic characteristics
I ~ V) I V) I rock unit' (feet)' Description 1 and significance

1--1-1---1----1-------------1 I
I I , Deposite:! ahead of the \ro€stward advancirg Generally very lOri to 10« permeability except
I 'Dakota '250 Mancos sea. the Dakota Samstone includes where faulted or fractured. Ground water
I I Sandstone continental deposits at the base and roorine in the Dakota Sandstone usually is under
I I se:!irnent at the top. The Dakota is water-table comitions. a1thou!ll in sooe
I I yellCY«ish-brOWl to gray. <Jjartzitic. 5a1le- areas. particularly where the Da,kota is
I I times conglomeratic. fluvial to nearsrore overlain by Mancos Shale or by clayey
I I marine samstone that contains interbaXled alluvium or colluvilJll. ground water may
I I gray to black non-marine shale and thin may be under artesian ronditions.

I I I be:!s of lOri-grade coal. The formation Because the areal distribution of the

I I ~o I locally contains a coarse conglomerate at formation is fra!J1lE!l1ted, flo« systens
the base. Most of the Dakota has been are local. The Dakota Sandstone and

I I ~ I raoove:! by post-Cretaceous erosion. but Burro canyon Fonnation make up the Dakota
I 1 ~ I scattered remnants are in the Abajo am La aquifer (Tlunas. 1989. table 1). Water in
I I ~ I Sal Mwntains. in the deeper synclines in the Dakota aquifer ranges frOOl fresh to
, I U I the northeastern part of the munty.and rooderately saline. The Dakota Sandstone
1 '~I .cappirg sane ridges am mesas on the Sage yields fresh to slightly saline water in
I I IS: I Plain and the area east of Carb Ridge and roost areas. but water rooy be roore saline
I I::J I N(j(ai to Bench. where recharge has been in contact wi th
I I I I Mancos Shale or with alluvilJll or colluvilJll
I I I 1 I derived fran Mancos Shale. The Dakota
I I I 1 I Samstone is a major swrce of potab1e
I , I 1 I water near Monticello and ~ Sal.
I 1I' I
I I 1__.--- I 1 _
I 1- \ 1 I I
I I I These formations. believed to be contenp>r- IGenerally very lOri to 10« permeability except
I V) / aneous. were deposited on an erosional 1 where faulted or fractured. The Cedar

~ Ig" surface developed on the Morrison formation. I Mountain Fonnation is limited in areal ex-
o LJ.l by stream systems that drained to a distant tent: and thus, is hydrologically insi!Jli-
~ I :ci / northeastern sea. The Cedar /obuntain For- ficant. Where the Burro Canyon Formation
~ I l:j / 200 mation is a fluvial deposit that consists is water-bearirg, groom water usually is
::E I l:3 \ of t~ menDers. The upper ment>er is COOl- under water-table conditions, thou!tl in

I , posed of pastel-colore:! S\ro€lling clay and sooe areas it is under artesian condi-
I I nu::lstone that contain many limestooe tioos. Because the areal distribution of
I / nodules am a few scour-fill sandstone beds. the formation is fra!Jll€'lted, flo« systens

," The 10rier mentler, the Buckhorn CorglCJrerate are local. and water quality is variable.
I \ M6Iber. is a yellOriish-gray. scour-and-fi11 The Burro canyCll Formation and the over-
I / sandstone that contains granule- to ccDble- lying Dakota Sandstone make up the Dakota
I I l: / sized conglOOleratic material. Where the aquifer. The I1Irro Canyon Formatioo is
I .~ 'l: formation has not been subjected to post- a IOOjor source of ~table lIOter arwnd
I VI ~ '"~ Cretaceous erosion. it seldOOl contains Blandirg am on the Sage Plain, east of
I 5 l: /-:;; more than 30 percent sandstone and con- Monticello.

~ ~ / C glomerate. The Cedar Mountain Formation
.::: l: ,~ was deposited by strecms that fl~ from
~ ";0 , l: the west and sout~st (present-day Nevada.
U ..... /0 California, am the north\ro€stern corner of
s.. 5 / ~ Arizona). The Cedar Mountain interiirgers
~ ~ \ ~ laterally with and grades into the Burro
.... s.. , 0 Canyon Format ion at a1:xlut the present

~ / t location of the Colorado River. The I1Irro
QJ /;:, Canyon is a fluvial deposit of white. gray.

U ,co
am 1ight-brOWl. <Jjartzose samstone and

, cooglanerate interbedded with greenish and
/ purplish. generally nonbentonic siltstone.

/ shale. and silty and sandy IlUdstone. that
, contain a few thin beds of linestone.
, Where the formtion has not been subjected
/ to post-Cretaceous erosion. it usually is

/ more than 50 percent sandstone and con-
, glomerate. The proportion of sandstone am
, cooglanerate is larger in the lCY«er part.
/ am the formation may be nostly shale in

14



~dro1ogic characteristics
and significance

Table l.-~era1ized stratigraphic column for San Juan County
describing the major bedrock units and their hydrologic

characteristics. and significance--eootinued

I I ,
I I ,

I ~ I ~, ~ 1 Grwp, I MaxilllJm I
I .s::. , +-'1 s... I fonnation,l reported I
1~ I ~I cv I or I thickness I
I ~ , VII V') I rock unit I (feet) I Description
1 , I I I I'-'-1-' e: 1----':--------------

o Ie:I , , I.,... / 0 I I the u~er part. The I1Jrro Canyon was
, I I 1~ \:;:; I I depos ited by streillls that f1a.ed north
I I ,g 1C \E I 1 and nort~st fran what are n~ Arizona and
I V') , cv I~ /0 I I New Mexico. Both formatioos have been I
1 5/:6 I e: I u. I I raooved frun IIDst of the CXlUnty by erosion, ,
I ..... 1 +-' I''''' \ e: 1 I except for remnants in the Abajo and La I
I ~ I ~ I ~ \~ I I Sal Mwntains, in the deeper synclines in I

~ u e: _ I I, ~ 1 s... I 5 /::J I the northeastern part of the rounty, and
I u, cv I:E (I I cappi rY1 mesas or under1yill:1 the Dakota I
I I 0:. I. 5' I '':J S ,_ _ Sandstone fran the age Plain southward in
I ~ ~ \5 lithe area east of Cootl Ridge and Nokaito II I I~ /en I I Bench. I
I ---1--1-1----,:------------- I
I I I IContinenta1 deposits of roost1y fluvial (sane IThe Brushy Basin I4entler has very low per- I
, , , I lacustrine) shale, siltstooe, IllJdstone, and meabilityand is a barrier to the IIDvemant I
I Morrison 1 1,350+- I sandstone that contain a few beds of fresh- of water except where faulted or fractured.'
I Fonnation I , water limestone. In the northern half A~le of the Brushy Basin Me1tler fran I
, 'I of the county, the Morrisoo Formation is the canyon of fot:E111D Creek, just east of ,
I 1 I c~sed of bo Ill8lt>ers. The upper Ill8lt>er, the Co1oraoo State line, had a penne- I
I I' the Brushy Basin ~, is 1i1llinated, var- ability of less than 10 millidarcies 2 • TheI
I 'I iegated, gray, pale-green, r~brom, and average penneability of the Brushy Basin I
I I 1 purple bentonitic IllJdstone and si1tstooe has been estimated as less than 5 milli- I
I I I I that contain a few lenses of distinctive darcies'. Penneabilityof samples of the I
I I I I red and green chert-pebble cOll:1l00erate Salt Wash, Recapture, and West\ri06ter cal1YOn I

lui I I and sandstone that are locally uraniferous. Menters rall:1ed fran 263 to 813 milli-
S 1 'I The basal menter is the Salt Wash MeOOer, darcies', with a general trend of decreas-

IN I I I which is corre1at ive wi th the Bluff Sand- ing penneabi 1ity to the northeast. The
0V') , I I stone MeOOer in the southern part of the Bluff sandstone MenDer has low to lIDder-

I ~ I 'I county. The salt Wash MenDer is a pa1e- ate penneability. Samples of the Bluff
I I 1 I gray, grayish-orall:1e, and reddish-breMfl, rall:1ed in penneabi1ity fran 430 to 3,2<11
I I 'I fine- to nediurn-grainoo, sanetimes con- millidarcies, with a slight trend of in-
I I I' glaneratic sandstooe interbedded with breMfl creasill:1 penneabi1ity to the southeast.
I I I I am greenish- or reddish-~ay IllJdstone. The Salt Wash, Recapture, West~ter can-
I , I I The Salt Wash contains thm bOOs of ca1- yon, and Bluff Sandstone ME!Itlers make l4l
I I I I careous !l.)flsiferous shale and has thin beds the ItJrrisoo aCJjifer (Thanas, 1989, table
I' v I I , of linestooe near the base of the menter. 1). Water in the ~ulfer is usually uroer
I I u .,..., , I In sooe areas, the Salt Wash carries sub- water-table conditions wtIere the units
I I - ::: I I I cmmerica1 to ccmrercia1 concentrations of that make ~ the Morrison ~uifer crop
I ~ ~ I I I vanadium and uranium minerals. The Bluff out, but liltlere the units are overlain by
I ~ ~ I I I Sandstone I4entler, an oolian deposit that the Brushy Basin Me1tler or by relatively

~ s... I I , cootains minor interbeds of fluvial ma- iqJenneab1e beds within the Morrisoo
~ , I teria1. is a gray to tlJff, massive, roost1y Formation below the Brushy Basin, the
g- " I fine- to nediurn-grained sandstone deposited water may be uroer artesian conditions.

I by westerly to southwesterly winds. The Water in the Bluff Sandstone Mamer is
I Bluff Sandstone Mettler is 350 ft thick near under artesian conditioos southeast of the
, the tOOl of Bluff, thins northward to zero Abajo Iobuntains; wells near Montezuma
I thickness near Blandill:1, and thins south- Creek and near the town of Bluff ~
I ward to atXlut 20 feet near the Arizona fl~. Water fran the ItJrrison Fonmtioo
, State line. In the southern half of the rall:1es fran fresh to moderately saline
I county the Morrisoo Formation thickens and in roost of the area, but south of T. 35
I is further divided; the Recapture and S., water may be very saline locally.
I Westwater Can}<ln IeJtlers separate the Salt
I Wash and correlative Bluff Sandstone
I Mart>ers frun the Brushy Basin Mentler.
I The Westwater Can}<ln~ is a yell~ish-
I and greeniSh-gray to pinkish-gray, lenti-
I cu1ar, fine- to coarse-grained, arkosic
I sandstone and conglcrnerate that contains
, some interbedded greenish-gray to grayish-
I red, sandy shale and IllJdstone. The West-
I water Can}<ln lo'aItler interfi ngers wi th and
I grades into the lcwer part of the Brushy
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Table l.--Generalized stratigraphic column for san Juan County
describing the major bedrcx:k units and their hydrologic

characteristics an:1 significance--eontinued

I I
I I

ij) I ij) I ~ Grwp, MaxilllJrn
:5 I t: I'~ formation, reported
10 I >'1 QI or thickness Hydrologic characteristics

~ I-=-I-=- _roc__k_u_n'_'t (f_ee_t_)__: De_s_cr_iP_t_io_n a_nd_S_ign_1f_1_ca_n_ce _

Basin Metrer between Monticello and Bland­
i IYJ. The Recapture Mettler is a reddi 511­
gray, white, and brown, fine- to medilJ1l­
grained, calcareous and 9)1)siferous sand­
stone and interbeckjed reddish-gray silt­
stone and IllJdstone, locally uraniferous,
that thins and grooes into the underlying
Sa1t Wash Mentler to the northeast. The
stream system that deJX)sited the Salt Wash
M8ltler fl~ fran the southwest, whereas
the stream; that deposi ted the other nan­
bers flowed fran the south or southeast.
All streams aj:lJarently flG'ied out of the
county to the northeast. The Morrison For­
mation is the oldest major stratigraphic
unit for Which the source area of the
sediment was to the west in the fanner
Cordi 11 eran ga:Jsyoc1i ne. The Morri son
Fonnation is thickest in the southern part
of the county and thins to the north and
east. This fonnation has been eroled fran
roost of the county west of Coot Ridge and
Nd<ai to Bench, but is found in roost of the
county east of these areas. rtJrth of the
Abajo Mountains, it is found east of
R. 23 E.; it also is found in a small area
west of Navajo Mountain.

Morrison
Formation

VI
VI
10
s­
:::I....,

u
.~

u
.~

III
VI
10
s­
:::I..
s­
QI
a.
a.

::::l

I
I

w w I
~ ~ I
~ ~ I I
~ ~ I I
~ ~ --I 1----------------

ISlJlI1lerville 300 The Sumrerville Fonnatioo4, found throug,out IVery low to low permeability; a barrier to
I Formation (Sunmerville) the county, is the ma'1linal-marine, tidal- I the roovement of water except where
I flat, and4fluvial facies, and the Curtis I faulted or fractured.
I Fonnation , found in the northr;estern I
I part of the county, is the marine facies I
ICurtis of a sedirrentary deposit that resulted I
I Formation 200 fran the final episode of marine invasion I
I (Curtis) fran the 'llestern Cordilleran sea. The I

Summerville is calcara:JUs and gypsiferous,
l<Jninated, dark reddish-brown or gray
shale, siltstooe, and very fine to fine­
grained sandstone. The formation amtains
an irregular zone of chert (and, locally,
limestone) concretions near its top.
Ripple marks and IIlJd cracks are CCJllOOn.
The Curtis Formation is greenish-gray to
brown, glauconitic, fine- to coarse-grained
sandstone and siltstone that contain thin
beds of shale and locally contain thin
lenses of conglomerate. The Curtis grades
southward, eastward, and upward into the
Summerville Formation. Both the Curtis
and Summerville Fonnations thicken toward
the north'llest. Both formations have been
raooved hun the county by erosion west
of Coot Ridge. Sma11, scattered remnants
of the Curtis are found near the Colorado
River. The Summerv i 11e i s found east of
Comb Ridge and Nokaito Bench, in the area
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Table l.--<;eneralized stratigraphic column for san Juan County
describing the major bedrock units and their hydrologic

characteristics am significance--continued

Hydrologic characteristics
and significance

east of R. 22 E. and rorth of the Abajo
fobJntai ns, and ina sma11 area west of
Navajo Mountain.

I I I I I
, I I I

I e I e I III Grwp, I Maxil1lJm I
I ~ I 21·~ fonnation,l reported I
I ":t: I ~I ~ I or I thickness I
I ~ I V'll V'l I rock unit I (feet) I Description

1-1
-

1-1 1----:1-------------------------
I ISummervillel I
I I Fonnation I II Curtis
I I Fonnation I I,
I I I
I 1Entrada I-----I-Th-e-E-n-tr-a-d-a-s-ands-t-o-ne~is-th-e-s-hor-ew-a-rd-, --IVery low to low penneability. Both the
I I Fonnation I 550 I shallON-marine, coastal-dune, and conti- I la.er unit of the Entrooa Sandstone and

I I (Entrada) I nental-eolian facies, and the Camel I the Cannel Formatioo are barriers to the
I I I Fonnation is the marine facies fonned by a I mov9llent of water except where faulted or
Carmel 1 I cycle of oovance and retreat of the western' fractured. Penneability of sal1l>les frcm

u Fonnation I I Cordilleran sea. The Entrada Sandstone the Entrada ranged fran 26 to 1,445
':;; I I cootains a topoost unit of white or light- millidarcies 3

, but generally was about
VI I I colored, nedium-grained, ¥Jell-sorted sand- 250 millidarcies. Where the Entrada

~ ~ I J stone beljeved to have been a coastal-<lune Sal'l1stooe is overlain by other formatioos,
1:3 ~ I I c~lex; a middle unit of light buff to water in the Entrada c(JllJK)nly is under
jX C1J I I light reddish-br'CWl, yellONish-orange to artesian cooditions. wells flON in the
~ u I I salmon, very fine to medium-grained, Blanding Basin. Water fran the Entrada

~ I I massive sandstone of eolian al'l1, JXlssibly, Sandstooe is fresh to moderately saline,
::E: I I shalllllt-marine origin; and a basal unit of but south of T. 35 S., it may te very

I reddish-brown, poorly bedded, sanqy silt- saline locally. Permeability of s~les
I I stone and silty sandstone that had been frcm the Carmel ranged fran 1 to as I1lJch
I I deposited in a shall~marine environment. as 54 millidarcies ' , though most samplesI ,'I The Carmel is a greenish-gray to red, silty were less than 10 millidarcies. The

I 164 I shale, siltstooe, and sandstone that con- largest penneability was foond where the
u I (Camel) I tains gypsum and thin beds of 1imestone. Cannel locally containoo relatively clean
.... I I The Carmel Fonnation thickens westward. sal'l1stooe beds. The Entrada, Navajo, al'l1
~ I I The Carmel and Entrada underlie much of the Wi ngate Sal'l1stooes and the Camel and
o I I area east of Coot> Ridge al'l1 Nokaito Bench Kayenta Fonnations make up the Entrada-
~I I al'l1 east of R. 23 E., north of the Abajo 'Navajo aquifer (Thanas, 1900, table 1)
::E: I I fobJntains; but to the west, most of these I

I 1 fonnations have been rerooved by erosioo I
I I except for scattered remnants near the I
I I ColoriKlo River and west of Navajo Mountain. I

1-1--------1 1-------------
I 1 White al'l1 gray to very pale-orange, well- I~ penneability. Permeability of samples
I I Navajo 1,250 rwnded, ¥Jell-sorted, massi ve, fi ne- to I of the Navajo Sandstone ranged fran abaJt
I I u Sandstone medium-grained eolian sandstone deposited I 200 to 665 millidarcies2 and generally
I I VI by northwesterly winds. The Navajo Sand- 1 increased fran east to west, camK>nly
I I ~ stone thins eastward and rorttward and in- I increasing as the thickness of the forma-
I ,~ tertongues with the ul'l1erlying Kayenta For- I tioo increases. Wherever the Navajo is
I ~I ~ mation in southwestern Utah. The Navajo I overlain by other fonnations, particUlarly
I ~ I ~ Sandstone locally contains beds of blue- I the Cannel, Curtis, or SUIlIrerville Forma-
I ~I ~ gray, cherty, dolomitic, freshwater lime- I tions. water in the Navajo usually is
I ::::ll .3 stone that prcbably were deposited in playa I under artesian conditioos. In the Blal'l1ing
I "")1 lakes. Sane geol()Jists believe that the I Basin, wells flow. The Navajo Sandstone
1 01"t:l I

I
~ I 1ij Navajo is a nearshore, shallow-marine, and is the major unit making up the Entrada-

coastal-dune complex deposit or a tidal- I Navajo aquifer. The Navajo is the major
I ;:;1 ;:; dcminated shallow-marine shelf deJXlsit. The I source of JXltable groul'l1 water in the
I ....... ....... Navajo Sal'l1stooe is thickest south of the I county. Water fran the fonnation gener-
I ~I .~ San Juan River. The formation underlies I ally is fresh to moderately saline, but
I ~I ~ most of the area east of Coot> Ridge al'l1 I south of T. 35 S., it may be very saline
I :!il ~ east of R. 20 E., north of the Abajo I to briny locally.
I ~I ;= fobJntains; west of there, it has been re- I
I I ~ moved by erosion except in areas -..est of I
I I C1J Piute Creek al'l1 within a band 10 to 17 I
I I & miles wide near the Colorado River, sooth I
I l::::l of T. 35 S. I

_,_,_ 1 -------
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Table 1.--<;eneralized stratigraphic column for san Juan County
describing the najor bedrock w'lits and their hydrologic

characteristics an:1 significance-Continued

I I I I
I 1 1 I I I
I e I e I ~ I Grwp, MaxilllJm I I
I 1! I ~ I ..... I formation, reported I I
I ~ I ~I ~ 1 or thickness I I Hydrologic characteristics
I ~ I VlI Vl I rock unit (feet) I Description I and significance
I I I 1 1 I, _
1-1---1 I I-
I I I IRed. gray. JXJrplish~ray. re.:ldish-purple. and IVery 10li to 10li penneability; sarewhat of a
I I IKayenta 3:E I lavender. very fine to coarse~rained. I barrier to the movanent of water except
I I I Formation I irregularly bedded. locally cCYIglaneratic. I where faulted or fractured. Penneability
II I I fluvial sandstone. siltstCYIe. and shale, I of s~les of the Kayenta Formation rarged

that contain beds of red and green 1IlJd- I fran 30 to 295 millidarcies'. Pemeability
I I stone or lacustrine 1imestone. The pro- I values sean to be 10liest in the north- I
I 1 portiCYI of silt is greatest north of the I eastern part of the county. The Kayenta
I I San Juan River. and the proportion of sand I is a sanipenneable, leaky confining bed
I I is greatest swth of the river. The Kayenta I within the Entrada-Navajo OCIuifer. Water
I I Fonnation thins southeast'olRlrd to a thick- I fran the Kayenta generally is fresh to
I I ness of alx>ut zero in the southeastern I moderately saline, but south of T. 35 S.,
I 1 corner of the county. The Kayenta inter- I it may be very saline to briny locally.
I I tongues with the overlying Navajo Sandstone I
I 1 in southwestern Utah. The Kayenta was de- I
I I positoo by westward-flOliirg streams. The I
I I fonnation underl ies most of the area east I
I I of Coot Ridge and east of R. 20 E., north I
I I of the Abajo Itluntains. It also is found I
I I west of Cq>per Caf\Yon and in scattered I
I I areas near the Coloraoo River. I
I I 1: _

I Irhe Moenave FonnatiCYI has a basal II18ltler Ivery 10li to 10li penneability except W1ere
I of reddish-orange, fine- to coarse-grained. faulted or fracturOO. Permeabil ity of
I u 650 friable sandstone, siltstCYIe, and IIlJdstone, s~les of Wi~te Sandstone ranged fran

u I u .~ IMoenave and an upper nemer of pale rOOdish-bl"Ofm, 65 to 340 millldarciesz and was fairly
.... I.... .to.... I Formation medium-grained. micaceous sandstone that unifom throughout the county. The l<W!st
ON I Vl 1 •° ~ s- cCYItains sane siltstone. The Wingate Sand- permeability values were measured In
Vl I.... .... I stone is very pale-orange, reddish- to sanples fran just east of the Colorado
~ f= ~ I grayish-orange, light-bT'Olfl, and mff, State line. This formation is the 10liest

~ I well-sortoo, very fine to medium-grained, part of the Entrada-Navajo aquifer. Water
::J I calcareous, massively bedded, well-cerentoo, fran the Wingate is fresh to nroerately

I eolian sandstCYIe that was depositoo by saline, but locally it may be very saline
I norttr.esterly winds. In the soutlwestem to brif\Y.
I part of the c<lmty, the fluvial Moenave
I I Formation interfingers with the Wingate
I I Sandstone. The Moenave thickens to the
1Wingate I souttr.est, whereas the Wirgate is thickest
I Sandstone I south of the San .lIan River and thins
I I northward. The Moenave Fonnation is
I I present west of Cq>per caf\Yon. The Wi ngate
I I Sandstone underlies most of the county
I I east of Co1tl Ridge and east of R. 20 E., I
I I north of the Abajo Mountains. It also is I
I I found in scattered areas near the Colorado I
I I River and west of Copper CanyCYI. I
I 1 1 _

I I I
I I Varicolored, red, rOOdish-brown, and orange- Very 10li to low penneability; a barrier to
IChinle I 2.000 roo fluvial and lacustrine de~sits laid the movement of water except where jointed,
I Formation I dOOl by northward- and northwestward- faulted, or fractured. Uranium ore bodies I
I I flowirg streams. The Chinle Formation in the La Sal fobuntains yield large I
I I usually has siltstone and conglcrneratic quantities of 'olRlter to the mines. Per- I
I I sandstone near the top. flood-plain or meability of s~les of sandstone beds in I
I I lacustrine, bentonitic IIlJdstone and marly the lower part of the O1inle ranged fran I
I I mudstone in the middle. and fluvial, con- 3 to 1.000 millidarciesz • Permeability of I
I I glaneratic sandstCYIe and IlUdstone in the the sandstCYIe beds increases fran north- I
I 1 lcwer part. The O1inle Fonnation underl ies east to southwest and reaches a max;nun I
I I most of the area east of Cootl Ridge and near the center of the county. The Chinle
I I east of R. 20 E., north of the Abajo Formation is a confinil'Yil bed between the I
I I Mountains. It also occurs in scatterOO Entrada-Navajo and Cutler or DeChelley I
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Table l.-~era1izedstratigraphic column for san Juan CoW'lty
describing the major bedrock units and their hydrologic

characteristics and significance--<:ontinued

Hydrologic characteristics
and significance

aquifers. Water fran the basal sandstlJ1e
of the Chinle ranges fran fresh to briny.

Description

areas near the Colorado River and along
the Arizona State 1ine, and west of Cq>per
Canyon. Uraniferoos in some areas, parti­
cularly the La Sal Mountains.

Maximum
reported
thickness

(feet)

c=

'"u .....
...... z: t:l::::l «- C1I

18 ~
Q..

1-' .... s-
I~

Q.. C1I

~
I I -'

I I
I I
I 1
I I, I
1 I
I I
I I
I I

I I I
I I 1 I I
I E lEI ~ I Grwp, I
I ~ 1~ I ..... I fonnation, I
I ~ I ~I iii 1 or ,
I ~ I V'l I V'l I rock unit I
I I 'I I1-1-1-1 1----
I 1 1 u IChi n1e I
, 11s-':;; I Fonnation I
I I I C1I VI I I

I I [5:,~ I I
1 I='~ I I1 -I 1----
1 IliAmarginal rmrine deposit that grades fran Ccm101ly very law permeability; a barrier

I \Moenkq>i I 2,500+ I tidal-flat, deltaic, and fluvial beds in I to the roovanent of water except where
Fonnation I the eastern part of the cClmty to a shallew- faulted or fractured. The average per-

I I I water, marine limestone facies in the I meability of the Moenkopi Fonnation has
1 I I western part of the cmnty. The Iobenkopi 1 been estimated as less than 5 milli-

u I u I I Formation has an upper unit of brcwn to I darciesJ
•

8 I:;; u I I reddish-brown, shaly siltstone, thin,
~ I ~ ':;; I I flaggy sandstone, and thick, rmssive sand- I
~ 1::2 ~ I I stone that, in the northwest, contains a ,
2: 1 I- .[ 1 I thin rmrine limestone bed. The lewer unit I

I I- I I is interbedded thin, cooroonly contorted, I
I C1I 1 I beds of reddish-brawn to reddish-oran~,

'I ~.'O.... ' I fine- to medium-grained, micaceous, sllty
1 sandstone and shaly siltstone that locally

I 2: , contain gypsum beds. Ripple rmrks and mud-
I -g I cracks are cOOlOOn. In the northeastern
I 10 I part of the county, the formation may con-
I iii I tain arkosic conglOOlerate. The Moenkllli
'I S I Formation is thickest adjacent to the major

I salt anticlines in the northeastern part
I I of the county because the salt diapirs were
I I rising and their anticlinal crests were
I I being eroded as the Moenkopi was being
I I deposited. The Moenkopi is found thrwgh-
I I out the county except where it has been
I I eroded fran the Monument LVwarp and fran
I I I I the crests of the salt anticlines.
I I I I I,--,- \ 1-------------1-------------

I /' 10,000+- The Cutler Fonnation is roostly red to purple, Very law to law permeability except W1ere
I fluvial arkose and arkosic fanglomerate, faulted or fractured. Shaly beds are
I C1IOC= ( conglcnerate, and finer grained continental barriers to the roovement of water except

and nearshore marine clastics derived from where faulted or fractured. The perme-
~E ) the ancestral Rocky JtklJntains. In the ability of sandstone beds in the Cutler

eastern and central parts of the county, Formation ranges fran less than 2 to roore
..... ( fluvial deposition prevailed through IIDst than 900 mill idarcies 2

• The uAJifferen-
~ of the Penni an, but in the southwestern tiated Cutler Fonnation and the White Rim
10 ) and western parts of the county, rmrine, and Cedar ~sa Sandstone MerDers, W'iere
~ c: eolian, and fluvial deposition fran mean- water bearing and permeable, are part of
10 0
:.<: ( ~ dering streams occurred. The coarsest beds the Cutler aquifer; the DeQ1elly Sandstone

'v are adjacent to the Unc~hgre Plateau. Member. where water bearing and penneable,

)
.~ Many geologists place any arkosic conglom- is defined as the DeChelly aquifer. The
_ erate or fanglOOlerate of Pennsylvanian or Organ Rock and Halgaito Members are con-

( !!:!
s- Permian age in the undifferentiated Cutler fining beds within the Cutler C¥:luifer.
. Fonnation. Within 40 miles of the Uncom- West of Ca1t> Ridge, flew system; in the

§ ) ....u::3 pahgre Plateau, grain size decreases enough Cutler Fonretion probably are local.
and bedding is praninant enough so that Water in the Cutler Formation ranges franj ( ma1bers of the Cutler can be distinguished. fresh to briny.

_ The tqlOOst me1tJer cOOlOOnly is an unnil1led
~a. ) sequence of fluvial red beds--reddish-

brawn, red, and purple siltstone, mudstone,
@( and shale that contain some interbedded
> sandstone. This unit is the fluvial and
~ ) nearshore marine equivalent of the Kaibab
~ Limestone. The Kaibab is a 1ight-gray to
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Table l.--ceneralized stratigraphic column for san Juan County
describing the major bedrock units and their hydrologic

characteristics and significance--COntinued

Hydrologic characteristics
and significance

light-brcMl, cherty, dolomitic marine
1imestone. The next lower menDer of the
Cutler is the White Rim Sandstone Member,
a white, gray, and buff, fine- to coarse­
grained, well-sorted sandstone that is the
nearshore and sandbar-complex facies of
the Toroweap Formation. Some geologists
believe that the Iflite Rim Sandstone~
is an eolian deposit. The Toraweap is a
massive, rrerine, limey sandstone and, far­
ther west, it is largely carbonate. Sane
goologists re\Xlrt Coconino Sandstone under­
lying the White Rim Sandstone Member in the
northwestern part of the rounty and ad­
jacent areas. These ·Coconino Sandstone·
beds interfinger with and laterally grade
into the Iflite Rim Sandstone tet>er and
the under lyi n9 Organ I«k Ma1tJer of the
Cutler FormatlOn. These ·Coconino Sand­
stone· beds are not part of the true
Coconino Sandstone of northwestern Arizona
and southwestern Utah. but are local sand­
stone beds derived from erosion of an
errergent Emery platform. They are consid­
ered here as part of the Iflite Rim Sand­
stone MaJtJer. The next lOIter maJtJer.
present sooth of Blanding. is the DeChelly
Sandstone Member, alight colored to
light-brown. reddiSh-orange or pale
reddiSh-brown, fine-grained, RDstly eolian
sandstone deposited by northeasterly winds.
The Organ Rock MenDer, the eastern exten­
sion of the Hermit Shale of the Grand Can­
yon. is red to reddish-brGtn Shale. silt­
stone. and fine-grained sandstone that
laterally grade into the coarser arkosic
facies of the Cutler to the northeast. As
far east as the eastern edge of the Monu­
ment I..{>warp, the Organ Rock MelDer is
urderlain by the Cedar Mesa Sandstone Man­
ber, a white to 1ight-gray, yellowish-gray.
reddiSh-orange. and reddiSh-brown, fine- to
coarse-grained sandstone that had been
deposited in a shallO'lHlldrine foreshore
envirorrnent. The Cedar Mesa Sandstone
Member is underlain by the marine Elephant
Canyon Formation of Baars (1962) in the
west and by the Halgaito~ of the Cut­
ler Formation in the east. The Elephant
Canyon Formation is limestone and dolomite
beds that contain red to brown or purple
sandstone, siltstone. and shale beds in the
middle and red siltstone and light-colored
sandstone near the top. The Halgaito Man­
ber of the Cutler Forrretion is a fluvial
red bed sequence of dark red-brown to
ctncolate-brcMl, fine- to medium-grained,
thin-bedded, arkosic sandstone, siltstone,
ard IIlJdstone. The Halgaito Member contains
a few thin, lenticular beds of pu'1>l iSh-
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I mI mI ~ Groop, I MaxilllJm

I :@ I .... ,..... fonMtion, I reported
.u ~I lu or I thickness
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Table l.--Generalized stratigraphic C01U11U1 for san Juan County
describing the major bedrock units and their hydrologic

characteristics and significance--eontinued

MYdrologic characteristics
and significance

Very low penreabil ity; probably a barrier
to the IOOvenent of water except where
faulted or fractura:l. Except at outCrqlS,
water from the Rico Formation is moder­
ately saline to briny. Penneable units in
the Rico Formation are considered part of
the Cutler aquifer.

Very low to high penreabil ity. Evaporites
are a barrier to the lOOVanent of water.
Carbonate rocks, except reefs and bio­
herms, usually are barriers to the move­
ment of water except where faulted or
fractured or where solution channels have
developed. Reef ard biohermal deposits
may be highly permeable and can have poro­
sities of as nuch as 30 percent. Except
at outcrops, water fran the Henrosa Groop
usually is rooderately saline to briny.
Dissolved-solids concentrations can exceed
400,000 milligrams per liter. Penreable
intervals in the uwer two-thirds of the
Honaker Trail Formation are considered
part of the Cutler aquifer. Permeable in­
tervals and facies in the Pinkerton Trail
Formation of the Herroosa Group are part
of the Redwall aquifer.

Description

Deposited in a retreatirg sea, the Rico For­
mation includes nomal marine carbonate de­
posits, associated nearshore and shoreline
deposits, and coastal-plain fluvial de­
posits of reddish-broron ard greenish-gray,
fine- to nedilm-grained, calcareous sand­
stone, reddish-brcwn, grayish-9reen, or
'pale red-llJrple, partly gypsiferous, mica­
ceous siltstone an:! sandy shale, and gray,
thi n- to thick-bedded, cherty 1imestone.
The formation underl ies the entire county
except where eroded on the crests of sa1t
anticlines and in the deeper cany()1s.

MaxilllJl11
reported
thickness
(feet)

1 mI e IJ Groop, I
1 :5 1 .2: I .~ I fonnation, I
1 /0 I VII So. I or I
1~ 1~I ~ I rock unit 1
I 1 1 I 11-1-171 1---:----------
1 I I.~ Cutler 1 gray limestone near the base. The Cutler
1 1~I !: I Fonnation 1 Formation underlies all of the county
1 1-I Ql I I except where retJl)ved by erosi()1 on the
1 1~I 0. I crests of the salt anticlines and in the
I 1 ~ 1 ~ I deeper canyons.
I 1 1.3 I
1 I I 1
11-1-1---
I 1~I"O I

I I~ I: IR~~nnat1on
10.1.~r;:1
I -g 1~.~I
I /0 I> el
I z:1';,~1
I ::51 ~0.1
I ~I ~~I
I ~Io. ~I
1 >-1 So.....I1
I ~I~ I
I ~Ig. I
1 0. 1 I
1-1-'---
I I I Depositoo in an enviroment that rarged fran

u I I IHenoosa 15,000+ nonna1 mari ne shoal ard shelf to nyper-
8 I I Group of sal i ne evapori te basin, the Hermsa Group
~ I Wengerd has been divided into three formations.
~ I and The top ard bottan formations, the Honaker
c( I ~the'IY Trail and Pinkert()1 Trail Fonnati()1s, are
0. I ~ (1958) similar in lithol<JJY. They ccmoonly are

I .~ blue to gray, thin- to thick-bedded lime-
1 ~ stone and dolanite that c()1tain beds of
I >0 gray, fine-grained micaceous sandstone and
I ~ siltstone, lavender sandy shale, and occa-

z: I r;: sional thin interbeds of black shale and
::51 if. anhydrite; reefs and algal bidlerm; are I
~ I So. ccmoon. The middle formation, the Paradox I

gI ~ ~~:;~~~'d~~~~~i~t~~~~d~~~~~ebfack I
~ "0 shale, cartxmate, and fine-grained saro- I
~ ~ stone and siltstone in what was the 1

w deepest part of the Paradox Basin, and I
!O I 1imestone and do1ani te interbedded wi th 1
~ 1 shale and fine-grained sardst()1e to the I
:::E I west and south of the evalX>rite sequence. ,

I Teward the Un~ahgre Plateau, all three I
1 llI61tlers interfinger with coarse arkosic ,
1 sediments eroded from the ancestral Rocky I
1 Mwntains. The Henoosa Group is thickest I

I in the salt anticlines in the northeastern I
I part of the cwnty. I

I-I I 1----------
I Ql 1 IA c()1tinental deposit, the "blas Formation IVery low to low penneability; prd:>ably a
I!O r;:lltllas 1 ccmoonly is a regolith that developed on I barrier to the IOOvenent of water except
I~·~I Fonnation I the karst surface of the Iotississi~ian I where faulted or fractured. Permeable
1:::E:a1 1 carbonate beds. The formation is variegated I intervals and facies are part of the
11?'=:1 I from reddish-brown to maroon siltstone; red. I Red.lall aquifer.
I/O ~I I silty shale; and calcareous sandstone and I
I'" <=1 1 c()1tains sane gray to reddish-brO\lo11, thin- I
I ~ ~I I bedded linest()1e. Locally the Itllas is I
1.30. 1 II c()1g1aneratic, particularly near the base. 'I

_1_1_1 - _ _
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Table l.--G€neralized stratigraphic collJl1111 for san Juan County
describing the major bedrock units and their hydrologic

characteristics and significance--eontinued

420Elbert
FOnMtion

~Ql
a.a.

:=>

l::
/0.,..

~ g
z ~
o 0
>
u.J
o

I
I----,---------------------------------------I

IAneth I IDark-b~ to black, argillaceous, marine IVery 10« permeability except where faulted
I Formation I 249 I limestone and dolanite, commonly anhydritic I or fractured or where solution channels
I of Knight I I ard slightly glauconitic, and gray-green, I have develq:>ed. Water in the fOnMtion
I and Cooper I I bra«n, and black calcareous shale. I prd:lably is nr:xierately saline to briny.
I (1955) I I I
I I I I

'z,-l 1----1--------------1--------------
I ::51 ~ :aIIgnacio I IA basal transgressive marine deposit of IVery 10« permeability except where faulted
I g§1 ~·;:I Quartzite I 730 I light-red, thin-bedded, slightly friable I or fractured. Water in the fonnation
I ~ Ig.~ I €qu iva 1ent I I sandstone. I prd:lably is nr:xierately sa1ine to bri ny.
I <..II 31 I I 1 _

<..I.....
o
N
o
u.J
~

<:(
a..

I I I 1 I
I I I I I

~ I el III I Grrup, MaX;OOffi I I
..c I QlI Ql I fOnMtion, reported I I
~I Vl~ .;: I or thickness I I Hydrologic characteristics
~ I "1 ~ I rock unit (feet)' Description 1 and significance

1 I 1 1 , _
--1-1 1 I

I 1 Deposited on a broad, relatively flat, IVery 10« to 10« penneability except v.tlere
I 1Redwall 828 shall~-water, marine shelf, this fonmtioo I faulted or fractured or where solution
Il::l (Leadville) is called the Re<Mll Limestone by sooe I channels have developed. Caverns and
I ./0 I Limestone goologists, the Leadville Limestone by I solutioo channels have been penetrated in
I 0.1 others. Many geologists call it the Re<twalll several oil- or gas-test wells. Water
I .~ I in the western part of the area ard the I fran the Redwall (Leadville) Limestone
I ~, Leadville in the eastern part of the area. I prd:lably is nr:xierately saline to briny.
I .:;; I The uwer part of the fonmtioo is lig,t- I This unit is the major part of the Redwall

~I .~ I colored, dense, thin-bedded, sometimes I aquifer.
~I ::E I oolitic, limestone; the l~er part is tan, I
e:;1 1i; I bra«n, gray, and pink, massive, cherty I
VlI a. dolcrnite that locally contains thin beds of I
~I g. 1imestone near the top and also IlIC\Y cootain I
~I "U thin beds of shale. In the eastern part of I
il :a the county, the fonnation may contain a I

, ~ sandstone facies equivalent to the Gilman I
I ~ Sandstone of Colorado. Throu!1loot IllIch of I
I .3 the county, partiQJlarly in the western I
I half, the upper part of the Redwall Lime- I
I stone is a thin-bedded silty and clay~ I
I carbonate rock that is naned the I-brseshoe I
I Mesa lIe1tler. I
I I'-'-I 1-------------

I IDeposited in a quiet-water, shallo«-marine IVery 10« to low penneability except v.tlere
IOuray l)() I enviroonent, the llJray Limestooe is a I faulted or fractured or where solution
, Limestone I light-gray to tan, dense, commonly oolitic I channels have developed. water in the

1 limestone that locally contains partings I formation probably is lIlJderately saline
1 of green shale. Contact with the under- I to briny.
I lying Elbert Formation is gradatiooal. I
I 1 _

I I
Deposited in a sha11O«-\1I6ter. in part inter- IVery 10« to 10« permeability except v.tlere

tidal, marine-shelf enviroonent, the I faulted or fractured or where solution
Elbert Formation is a gray-br~. thin- I channels have developed. water in the
bedded, sandy dolanite that cootains streaks formation is nmerately saline to briny.
of gr~-green and red sandy shale. In the
southeastern part of the county, the basa1
Elbert Formation contains a shoal and off-
shore bar facies, the McCracken Sandstone
MeTber of Knight and Cooper (1955). The
McCracken Sandstone Mart>er is white ard
light-gray to red, fine- to medium-grained,
poor1y sorted, tight1Y carented sandstone,
commonly glauconitic and contains streaks
of sardy 00lcrnite.
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Hydrologic characteristics
and significance

Table l.--Generalized stratigraphic column for san Juan County
describing the najor bedrock units and their hydrologic

characteristics and ·significance--eontinued

I I I 1 I I
I I 1 I 1 I

g; I e I III 1 GrwP. I MaxilllJm I 1
..c 1 QJ I QJ 1 fonnat ion. 1 reported I 1
~ 1 ~I 0;: I or I thickness I I

I c:; I ~I ~ 1 rock unit I (feet) 1 Description I
I I I I 1 1 1 _
1--1---;;1 I I 1
I 1,-,~ILynch I IMassive marine cbl(Jllite and interbedJed shale. IProbably very low in penreability except
I I :5'.151 [})1(JIIi te 1 1.l)() 1 I where fau 1ted or fractured or Vitlere there
I I o.el I I I are solutirn channels. Water in the
I 1:::>~I I I I fonnation is very saline or briny.
1 I-I 1 1 II I I I 1 1------------
1 I Muav I IMassive marine limestone that locally crn- IProbab1y very low in penreability except
I I Limestone 1 650 1 tains partings of green shale. Called I where faulted or fractured or """ere there
I I or I 1 the Muav Limestone in the southwestern I are solution channels. Water in the
I 1 Maxfield I 1 part of the coonty and the Maxfield Lime- I fonnation probably is very saline or brinY'1
I 1 Limestone I I stone in the rest of the county. I
I I I I I I
I u I I I I I
I...... zl Bright I IThe offshore shale facies of a transgressive IProbably very low permeability; a barrier I
I ~ ~ Angel I 450 1 sea. the fonnation is red. green. and gray I to the IOOvanent of water except where I

I 8 gs Shale I I shale interbe<tJed with fine-grained sand- I faulted or fractured. I
I -' ~ c or 1 I stone. siltstrne. do1anite. am limestone. 1 I

I ~ ;5 '" I 1 I';: Ophir The fonnation grades fr(Jll cartxmate to shale I
I .Q Shale I I to si1tstrne and sandstone fran west to I I
1 16 1 I east. KIlOOl as the Bright Angel Shale in I I
1 u 1 I the sootm..estern part of the county am as 1 I
I :!!. I I the Ol*Jir Shale in the rest of the county. I I
I :g I I I I
I % I I I I I
I ITapeats I IA basal transgressive marine delXlsit of red. IProbably very low permeability except where I
I I Sandstone I 400 I brown. and white. fine- to coarse-grained. I faulted or fractured. Water in the fonna- I
I I or I I tightly canented sandstone that is silty I tirn probably is very saline or briny. I
I ITintic I I am shaly at the top. The fonnation I I
I ()Jartzite I I thickens eastWird fr(JII the southwestern I I
I I I I corner of the county. Called the Tapeats I I
I I I I Sandstone in the souttwestern part of the I I
I I I I coonty and the Tintic Quartzite in the rest I I
1 I I I I the coonty. I I

1-1---1 I I 1 I
IPRECAMJUAN lIgneous I IUndifferentiated igneous and metam:>l1>hic IVery low penreability; a barrier to the I
I I and I I rocks. I IOOvement of water except where jointed. I
I lmetaroorphicl I I faulted. or fractured. I
I I rocks I I I I
I 1 I I I I
I I I I I I
I I I I I I
I I I 1 I I

1Ranges of penneability are defined as follONS:

Range

Very low
l.Dw
Iobderate
High
Very high

Permeability. in mil1idarcies

Less than 185
185 to 1.850

1.850 to 18.500
18.500 to 185.000
More than 185.000
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2.llbi n. 1962.

3Ri tzma am Doe11 ing • 1969.

4Stratigraphic nomenclature has been revised for the Curtis and
SlIlIlIervi11e Formations. The wanakah Fonnation is now considered
the stratigral*Jic equivalent of the Curtis and Sunmerville
Formations in San Juan County (O'Sullivan. 1980).



The salt anticlines had their orIgIn in depositional and structural
events that occurred fran early Mi<Xlle Pennsylvanian to mi.<Xlle Permian. Prior
to Middle Pennsylvanian, the region was a fairly stable shelf that alternately
was the site of erosion and dep:>sition as it slowly oscillated above and belCM
sea level. By early Middle pennsylvanian, the ancestral Rocky Mountains
(Uncompahgre uplift, fig. 5) were developing and had reached a height of at
least 10,000 feet by Early Permian. The rise of the Ioolmtains was accanpanied
on the southwest by a parallel downwarping that formed the ParadOK Basin
(figs. 5 and 6). This basin developed as a series of northwest-southeast
trending, southwest-tilted half grabens that stepped cbwn into the basin fran
the southwest.

Deposi tion on the surface thus created was in the form of "synclines"
and "anticlines". A greater thickness of sediment was deposited in the
syncline over the southwestern down-tilted part of each half graben and a
lesser thickness of sediment was deposited over the anticline of the
oortheastern uptilted part of each half graben.

As the Uncompahgre uplift rose throughout the Middle and Late
PeMsylvanian, it shed increasing qUantities of clastics into the oortheastern
margin of the Paradox Basin. The uplift continued as an area of high relief
until the middle or early Late Permian. During this period, sediments
dep:>sited on the flanks of, and adjacent to, the uplift were coarse arkosic
clastics, camonly fanglanerates and associated finer grained materials. The
thickness of the Cutler Formation decreased fran as ruch as 15,000 to 20,000
feet immediately adjacent to the ancestral Rocky lot>untains to only 2,000 feet
within 50 miles to the southwest; within the same distance, grain size
decreased fran boulder aoo cobble to sand and finer particles.

During the middle of the Middle Pennsylvanian, the Paradox Basin
developed a restricted-circulation hypersaline environment punctuated by
periodic influxes of normal marine water that resulted in cyclic deposition of
a black shale-dolomite-evaporite sequence. The deepest part of the basin
opntains at least 29 evaporite cycles that had an aggregate maxinum thickness
of 5,000 to 7,000 feet at the tine of dep:>sition. By, or shortly after, the
end of deposition of the evaporite sequence, the evaporite beds were mobilized
and were beginning to develop anticlinal diapirs. Mobilization of the
evaporite beds probably was due to tectonic stress because overburden pressure
would have been too small to cause evaporite floo--depth of burial was less
than 2,000 feet when the salt anticlines began to form. The location of the
sites of formation of the diapirs, and their form as parallel oorthwest­
southeast-trending anticlines, were controlled by the regional stress field
and by the structure of the basin floor. l-bst diapiric novanent had occurred
by the end of the Permian; hooever, SOlIe general novanent continued until the
Jurassic, by which time mst of the evaporites that had been over the uptilted
parts of the half grabens had been squeezed out into the diapirs (local
diapiric novanent occurred as recently as the Cretaceous).

D..1ring the latest Cretaceous and early Tertiary, the crests of the salt
anticlines oollapsed in tw::> stages. '!he first stage follooed Late Cretaceous
arching, when the crests of the salt anticlines dropped, as grabens, by as
much as several hundred feet, possibly due to stress relaxation of the arches
at a time when the evaporite cores of the arch crests were buried by about
5,000 feet of other sediments. The second stage of anticlinal crest COllapse
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followed uplift and erosional breaching of the sedimentary cover of the
evaporite cores of the anticlines. Raoc>val of evaporite by solution led to
the final oollapse of the anticlinal crests. '!he maxirrum known thickness of
evaporite in the anticlines is more than 14,000 feet. The maximum thickness
of evap::>rite raoc>ved fran the anticlinal crests by solution has been estimated
to be rrore than 5,700 feet (Shoemaker and others, 1958).

Arching of the Monument Upwarp (fig. 6) in Late Cretaceous to mid­
Tertiary time (Grose, 1972, p. 36) affects ground-water rrovenent in the area
because it resulted in rem::JVal, by erosion, of all strata younger than the
Permian Cedar Mesa sandstone Merlt>er of the Oltler Formation fran the crest of
the upwarp. Locally, all beds younger than the Pennsylvanian Honaker Trail
Formation of the Herrrosa Group (wengerd and Matheny, 1958) have been raooved
by erosion.

I:A.1ring the mid..JI'ertiary, large donal uplifts develcped at several places
in the region. '!hree of these large danes are in san Juan County. All three
dares, nCM kn::>wn as the La Sal Mountains, Abajo lobuntains, and Navajo lobuntain
(fig. 4), are believed to be igneous intrusions, each consisting of one or
more central stocks surrounded by a radial cluster of laccoliths and
suoordinate dikes. In figure 7, the awroxirrate outline of the Navajo Dane at
Navajo Mountain is shown; the outlines of the danes at the La Sal and Abajo
Mountains are approximately the extents of the La Sal and Abajo intrusives
(fig. 7).

Description of Aquifers

The Redwall (Leadville) Limestone and pel1IEable intervals and facies in
the overlying MJlas Fbrmation and Pinkerton Trail Formation of the Hermosa
Group (Wengerd and Matheny, 1958) probably make up the most widespread,
oontinuous aquifer in san Juan County, which is defined in this re);X)rt as the
Redwall aquifer. Oil- and gas-test holes reportedly have penetrated solution
channels and caverns in the carbonate beds in some places. Diagenesis of
Cambrian and Devonian strata generally has reduced the porosity and
permeability of these rocks so that they are relatively impermeable and can
yield water only where they are faulted or fractured or where systems of
solution channels have developed. Whether pel1IEable intervals in canbrian and
Devonian strata are part of the Redwall aquifer or are of sufficient areal
extent and continuity to make up one or ItDre other aquifers is not known, but
so little information is available that these formations are discussed in this
report as part of the Redwall aquifer.

Although the Paradox Formation am the lCMest one-third of the Honaker
Trail Fbnnation of the Hernosa Group usually are barriers to the IOOvement of
water, am are not defined as an aquifer in this report, this interval locally
oontains pel1IEable deposits, many of which had been reefs or bioherms. In the
Paradox Formation, biohermal deposits are more CClOIOC>n west of the area of
evaporite deposition. Water in these permeable deposits is thought to be
connate, or to be leakage through faults and fractures from overlying or
underlying aquifers.

Avery (1986) defined the IIp aquifer" to include the pel1IEable beds in
the undifferentiated Cutler Fbrmation and the Cedar Mesa sandstone Member of
the Oltler. Thackston am others (1981) believed that the pel1IEable intervals
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in the Rico Formation and in the upper two-thirds of the Honaker Trail
Formation of the Hernosa Group was also part of the IIp aquifer". In this
report, the above units and the White Rim Sandstone Member of the Outler
Formation, where they are water bearing, are defined as the Cutler aquifer.
Avery (1986) oonsidered the DeChelly sandstone ~r of the Outler Formation
to be a separate aquifer. This unit occurs in a different geographic area
than IOOSt of the Cutler aquifer, generally south of the san Juan River (Avery,
1986, table 1), and Avery defined it as the "e aquifer". In this report, the
DeChelly sandstone Member is defined as the DeChelly aquifer.

'!he Wingate, Navajo, and Entrada sandstones, and any permeable intervals
in the Kayenta and Carmel Formations, are defined in this report as the
Entrada-Navajo aquifer, follooing the usage of Tl'xxnas (1989, table 1). '!his
aquifer oorrelates with the "N aquifer" of Avery (1986) and of Cooley and
others (1969). The Entrada-Navajo aquifer is the main source of dorlestic and
livestock water in san Juan County. The Curtis and SUrtmerville Formations are
barriers to the movement of water except where they contain transmissive
faults or fractures.

The Bluff sandstone, salt Wash, Recapture, and westwater canyon Manbers
of the Morrison Formation are defined as the Morrison aquifer (Thanas, 1989,
table 1), which correlates with the "M aquifer" of Avery (1986). The Burro
canyon Formation and overlying Dakota Sandstone form the Dakota aquifer
(Thomas, 1989, table 1), which correlates with the "D aquifer" of Avery
(1986).

Geologic Controls on Recharge, J.bverrent,
and Discharge of Ground water

Ground-water hydrology in san Juan County seens to be oontrolled about
equally by geologic structure (fig. 7) and by stratigraphy. An important
secondary control of ground-water movement is the widespread faulting and
fracturing of the rocks, whim often permit vertical movanent of water between
aquifers. The location and orientation of most faults and fracture systens in
the area were determined by the structural framework that had been
established before the end of the Precant>rian, including the faults and the
fracture systems caused by the rise and partial dissolution of the salt
diapirs, and by the Laramide Orogeny. Another possible oonduit for vertical
moverrent of water is collapse breccia, which is the result of removal of
evaporite or carbonate by solution in ground water. Sum collap:;e features
range in size fran breccia piPes or mimneys less than 50 feet in diameter to
the Lockhart Basin (figs. 4, 7), more than 3 miles in diameter. Known
oollapge features in san Juan County are near the COlorado River north of
T. 33 S.

Mississippian and older beds were fractured and fragmented by the
vertical movanent on faults that resulted in the formation of the half grabens
in the Paradox Basin. Hydrologic oontinuity was maintained, hooever, through
transmissive faults and fractures. Deformation subsequent to deposition of
the Paradox Formation of the Hermosa Group, that accanpanied formation of the
salt diapirs, resulted, at least locally, in inoorporation of sizeable blocks
of older strata, such as the Redwall (Leadville) Limestone, within the salt
diapirs.
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All areally extensive major bedrock aquifers receive recharge by
infiltration of precipitation in one or more of the following recharge areas:
(1) In or adjacent to the Tertiary intrusions of the La Sal and Abajo
Mountains, and, probably, Navajo Mountain, where faults, fractures, and
perhaps sone porous rocks in the intrusives themselves provide paths for the
downward movement of water to buried aquifers; (2) along the southwestern
flank of the UncCITlfBhgre Plateau (fig. 4) through permeable or faulted strata;
(3) in the San Juan Mountains of Colorado (about 90 miles east of the
Colorado~tah State line near IX:>ve Creek) and the carr izo MJuntains and Black
Mesa of Arizona (fig. 4); (4) in the Henry MJuntains of Garfield County, utah
(fig. 4), for aquifers below the Wingate sandstone where those aquifers either
crop out or can receive recharge through faults and fractures; and (5) for
aquifers above the Paradox Formation of the Hermosa Group at the
top::>graphically highest outcrop:; of eadl aquifer within San Juan County. MJst
recharge occurs where the land surface is rrore than 8,000 feet above sea level
because that is where most precipitation occurs. Throughout the area, faults
and fractures may permit the vertical rrovement of water between aquifers.

'Ihe general regional pattern of ground-water rrovanent to san Juan County
is north fran Arizona, west fran Colorado, and southwest fran the Uncanpahgre
Plateau. Within San Juan County, the direction of ground-water rrovement
locally may differ greatly fran this regional pattern. Major deviations from
the regional flow pattern are caused by local recharge or discharge.

All major bedrock aquifers disdlarge water to other aquifers wherever
the hydraulic head in the discharging aquifer is higher than that in the
receiving aquifer and where there are transmissive faults or fractures. All
aquifers that crop out in San Juan County discharge water to springs and seep:;
and may lose water by evapotranspiration fran Iilreatophytes in areas where the
water table is near the land surface.

The Redwall aquifer not only receives recharge from the sources
previously mentioned, but probably also receives recharge in Spanish and
Lisbon Valleys (fig. 4), where faults provide paths for the Cbwnward movement
of water, and the hydraulic head in the Redwall aquifer is several hundred
feet lower than that in overlying aquifers. Natural discharge, in addition to
leakage to overlying aquifers through faults and fractures, probably includes
sate minor subsurface outflow to Arizona in southwestern san Juan County and
to southwestern utah.

Recharge to the Cutler aquifer, in addition to that nentioned above, is
at areas of outcrop on the Monument Upwarp (fig. 7) and in Lisbon Valley, on
the flanks of the salt anticlines, and, p::lssibly, fran the San Juan River east
of Mexican Hat on the west side of the Raplee anticline (fig. 7). Fran the
area of the La sal and Abajo Mountains and the Sage Plain, water movement in
the aquifer generally is northwest and northeast toward the Dolores and
Colorado Rivers (fig. 4). South of the Abajo Mountains and Sage Plain,
movement of water in the Cutler aquifer is south toward the San Juan River.
Ql the western side of the Monument Upwarp, water rrovement generally is toward
the Colorado River.

Natural discharge fran the Cutler aquifer in San Juan County, in
addition to that mentioned above, is to springs and seeps, mostly in the
canyons of the Colorado, San Juan, and Green Rivers, and tributary canyons,
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particularly where the permeable beds that <XITprise the aquifer crop out less
than 3,700 feet above sea level. Subsurface outflCM to Colorado east of the
La Sal Mountains and the sage Plain also accounts for sane discharge fran the
Cutler aquifer.

The DeChelly aquifer generally does not crop out in the recharge areas;
thus, recharge to this aquifer mainly is fran leakage fran other aquifers and
subsurface flow from Arizona and Colorado (Avery, 1986, p. 19). SOurces of
natural discharge from the Dechelly aquifer are similar to those of the
Cutler aquifer.

r.t:>st recharge to the Entrada-Navajo aquifer occurs within the county in
spring and early st.mrer by infiltration of s~lt, in spring by rain, and by
streamflCM. In addition to those rrentioned on page 28, rrajor areas of direct
recharge are Navajo Mountain, Nokaito Bench, along cant:> Ridge, west of Cog;>er
canyon (fig. 4), the headwaters of Cottonwood Wash, Dry Valley and adjacent
areas, upper Hatch Wash, u];per Montezurra Creek, and the highlands separating
the valleys that have developed on the crests of the salt anticlines in the
northeastern part of the county. Subsurface inflow fran Colorado occurs south
of T. 37 S. SOUth of the Abajo r.t:>untains and sage Plain, IIOvement of water in
the Entrada-Navajo aquifer is toward the San Juan River. librth of the Abajo
r.t:>untains and the Sage Plain, the general direction of water movement is
toward the Colorado and Ik>lores Rivers, including sate subsurface outflow to
Colorado southeast of the La Sal Mountains and in the highlands between the
anticlinal valleys in the northeastern part of the county. Natural discharge
fran the Entrada-Navajo aquifer, in addition to that mentioned on page 28, is
to the San Juan River and to sections of Montezurra Creek, CottonW':lOd Wash,
O1inle Creek, and other streams, and by subsurface outflCM to Grand County am
to Colorado.

'!he r.t:>rrison aquifer is present only in the eastern part of the county:
SOuth of T. 31 S., it is east of Canb Ridge, am north of T. 31 S., it is east
of R. 22 E. Recharge to the Morrison aquifer is mostly by infiltration of
precipitation and streamflCM in areas where the formations that c:arprise the
aquifer crq;l out. Verdure am lCMer Montezuma Creeks are known to recharge
the aquifer. Sources of recharge mentioned on page 28 are of lesser
.i.mp:>rtance in furnishing recharge to the Morrison aquifer. Subsurface inflow
from Colorado occurs south of T. 40 S. Movement of water in the aquifer
generally reflects the gradient of the topography, but south of the Sage
Plain, a general trend of flow also is tCMard the san Juan River. Natural
discharge fran the Morrison aquifer is to the san Juan River, McElm::> am ug;>er
Montezwna Creeks, and to other streams that intersect the aquifer belCM the
water table. Subsurface outflCM to Colorado occurs north of T. 41 S.

The Dakota aquifer, found only east of R. 22 E., is highly fragmented
and cx:mnonly caps the highest rresas in the area. Recharge, discharge, and
flCM system; are local because of the aquifer's fragmentation.
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Quality of Ground Water

In areas of surface recharge, water in all permeable formations that
crop out is fresh and is mostly of calcium bicarbonate or calcium magnesium
bicarbonate type. With increasing depth and distance from outcrop areas,
however, the water becanes increasingly saline, and the proportions of sodium,
sulfate, and chloride in the dissolved solids increase.

The Redwall aquifer appears to contain very saline to briny, sodium
chloride type water (dissolved-solids concentrations are as large as 350,000
ng/L) in aM near the area where the Herrrosa Group contains evapor i te beds.
To the west and southwest, water in the Redwall is less saline; dissolved­
solids concentrations in the water may be less than 6,500 ng/L.

In or near the area underlain by evap:>rite beds in the Paradox Formation
of the Herrrosa Group, water fran permeable intervals in the lower one-third of
the Honaker Trail Formation and fran the Paraoox Formation COIlIDOnly is very
saline to briny and of sodium chloride type. The dissolved-solids
concentration of the water may exceed 400,000 ng/L. Locally, at sane areas of
outcrop that receive recharge fran precipitation, water from shallow depths
may be fresh and of calcium bicarbonate or calcium magnesium bicarbonate type.
west and southwest of the area containing evaporite dep::>sits, water from the
Honaker Trail and Paradox Formations may be only slightly to moderately
saline.

Dissolved-solids concentration of water in the Cutler aquifer generally
increases rapidly with increasing depth and distance fran areas of surface
recharge, and COIlIDOnly exceeds 10,000 ng/L. Where the water is very saline or
briny, the daninant ions are calcium, magnesium, and sulfate in water from
permeable beds in the Cutler Formation, but sodium and chloride predaninate in
water fran the Honaker Trail Formation of the Hermosa Group. In the Aneth
area, where the DeChelly aquifer is about 2,500 feet belCM the land surface,
water in the DeChelly aquifer is IOOderately saline to br iny and is of sodium
chloride type.

water in the Entrada-Navajo aquifer commonly is fresh to moderately
saline; however, in the Aneth area, where the Entrada-Navajo aquifer is rrost
deeply buried, the water may be very saline to briny and of sodium chloride
type. Water in the Morrison aquifer generally is fresh to m::XI.erately saline
and, with increasing distance from areas of surface recharge, increases in
salinity and changes fran calcium magnesium bicarbonate to sodium bicarbonate
type.

Water in the Dakota aquifer commonly is fresh and is of calcium
bicarbonate or calcium magnesium bicarbonate type. Ebwever, in sane areas it
is slightly to moderately saline and of calcium magnesium sulfate or sodium
bicarbonate type, particularly where recharge is by runoff from areas
underlain by Mancos Shale or through alluvium or colluvium derived from Mancos
Shale.
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BASE OF l-O:>ERATELY SALINE WATER

'!he base of rroderately saline water is defined as the top of the first
identifiable permeable interval oontaining water that has a dissolved-solids
ooncentration of more than 10,000 rrg/L. The surface thus defined coincides
with the top of very saline to briny water. However, to be classified as
below the base of rroderately saline water, the sequence of beds that contained
very saline to briny water had to be more than 500 feet thick and include 00
penneable intervals nore than 30 feet thick that contained fresh to IIOderately
saline water.

'!he base of rroderately saline water in san Juan County, as interpreted
from geophysical logs and available water-quality infonnation, is shown on
plate 1. '!he oonfiguration of the base of rooderately saline water is greatly
affected by geologic structure, but is substantially roodified by the effects
of faults and fractures. In most of the county, the base of rooderately saline
water is from 2,000 to 6,500 feet above sea level. However, on the western
flank of the Monument Upwarp (figs. 6, 7) on the western edge of San Juan
County, the base slopes downward to below sea level and drops
stratigraphically fran the lower part of the Permian Cutler Fonnation to belCM
the Devonian Elbert Fonnation and, in at least sane places, nay be belCM the
depths from which data are available. At the latitude of Bluff, Utah, this
decline in the altitude of the base of rooderately saline water may extend as
far east as R. 20 E.

In the northeastern part of the county, where the salt anticlines are
strongly developed, the base of rroderately saline water is high on anticlinal
crests, to within 300 feet or less of the lam surface in scm:! places, am lCM
in the intervening synclines, to more than 3,000 feet below land surface in
some places. Superimposed on this "ridge am valley" pattern is a recharge
nound in the La sal M:>untains, which locally lowers the base, possibly to
below sea level. Though infonnation is sparse, the effect of recharge in the
La Sal Mountains in lowering the base of moderately saline water may not
extend to the southwest beyond the cane Creek-Lisbon Valley anticline. The
stratigraphic location of the base is within the Honaker Trail Formation of
the Hermosa Group (Wengerd and Matheny, 1958) or the Cutler Fonnation except
on the flanks of the salt anticlines, where it commonly rises in the
stratigraphic section into the Moenkopi or Chinle Forrrations, and in scm:!
places into the Wingate samstone, and locally may be as high as the Navajo
Sandstone. The most likely conduits for this stratigraphically higher saline
water are transmissive faults and fractures associated with the salt
anticlines.

In the northwestern part of the oounty, the base of moderately saline
water generally is within the Honaker Trail Fonnation of the Herrrosa Group
or the Cutler Formation, and thus is structurally controlled. Locally,
however, as in and near T. 27 5., R. 19 E., section 3, the base of rroderately
saline water may be in the uQ?er part of the Chinle Fonnation or the overlying
Wingate Sandstone. Such local variations probably are due to uI;Mard noverrent
of more saline water through transmissive fractures or faults or, possibly,
through breccia pipes or chimneys.

'!he general shape of the base of rooderately saline water south of Gibson
Dc::rne am north of N:>rth Elk Ridge seems to be that of a Ck::ne whose apex, at an
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altitude of more than 6,500 feet above sea level, is over the Beef Basin
anticline and the East aoo West Elk Ridge anticlines (fig. 7). Fran this high
area, the base of moderately saline water slopes generally southeastward
toward Colorado and southward toward Arizona to an altitude of about 4,500
feet above sea level, but slopes rrore steeply southwestward. Superirrq:x:>sed on
the base is a depression caused by recharge in the Abajo Moontains; the depth
of this depression is not known, but it may be below sea level. Radiating to
the oortheast, east, aoo south fran the Abajo M:>untains are "valleys" in the
base of moderately saline water where fresh to moderately saline ground water
is flowing away fran the recharge area. Valleys in the base also exist in
southern and southeastern San Juan County caused by inflow of less saline
grouoo water fran Black Mesa aoo the Carrizo Mountains in Arizona (fig. 4) aoo
fran Sleeping Ute M::>untain (fig. 4), aoo possibly other areas in Colorado.

Between Gibson Dome and the Abajo Mountains, the base of moderately
saline water, though generally in the Cutler Formation or the Honaker Trail
Formation of the Herrrosa Group, sooewhat less cxmnonly may be in the Moenkopi
Formation or the Shinarurrp Manber of the Chinle Formation. South of the Abajo
M:>untains and east of CarIb Ridge (fig. 7) in an elongate area that extends
oorth fran the Arizona State line to T. 34 S., aoo east fran about R. 20 E. to
the COlorado State line, the shape of the base of moderately saline water
appears to be much more complex than it is north of the Abajo Mountains,
though this a:mplexity may be due to lack of data and/or erroneous data in
sone areas.

South of the Abajo Mountains, the base of moderately saline water is
stratigraphically higher where it is at a higher altitude and is
stratigraphically lower where it is at a lower altitude. For example, near
the town of Blanding, the base of rroderately saline water is less than 2,000
feet above sea level aoo is in the Cutler Formation; but, to the east where
the base is more than 4,500 feet above sea level, it is at least as high
stratigraphically as the Wingate Sandstone, and may be as high as the Navajo
sandstone. South of T. 37 S., in those areas where the base is above an
altitude of 4,000 feet above sea level, the base of moderately saline water
may be stratigra];t1ically as high as the M:>rrison Formation.

CCNCLUSIONS

The stratigraphy and geologic structure of San Juan County are major
factors controlling the occurrence and movement of ground water, the
configuration of the base of moderately saline water, and the location and
distribution of very saline to briny water in the area. A thick layer of very
saline to briny grouoo water uooerlies the eastern tY.C-thirds of the county.
Very saline to briny water in the oounty generally is found in and near the
area that oontains evap::>rite deposits of Pennsylvanian age. The configuration
of the upper surface of this layer of very saline to briny ground water
generally is controlled by the geologic structure of the area, but locally may
be substantially modified by recharge mounds of less saline water and by
vertical leakage of water through transmissive faults and fractures.

'!he highest altitude of the base of rroderately saline water is west of
the Abajo Mountains and is more than 6,500 feet above sea level. '!he lowest
altitude is in the western part of the county and is below sea level.
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Depressions in the base of rooderately saline water at recharge areas in the Ia
sal and Abajo M:>untains also may be below sea level. '!he base of moderately
saline water generally is in the Cutler Formation or the Honaker Trail
Formation of the Hernosa Group, but locally may be as high stratigraphically
as the Navajo Sandstone north of the Abajo Mountains and in the Morrison
Formation south of the mountains.
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