DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

HYDROLOGIC INVESTIGATIONS
ATLAS HA-720-E (SHEET 1 OF 2)

- - BOUNDARY
[ L iy 05 S SAN JOSE FORMATION oI EXFLANATION
110°  COLORADO 1058° ’\"’“ﬂnﬂmmmjﬂ]]li Outcrop of Cliff House Sandstone—From Dane and Bachman, 1965; and Tweto. EXPLANATION
H LB .- -4, 2 0 B AL A ; s
! , \TE) \ TERTIARY NACIMIENTO FORMATION ANIMAS FORMATION 1979 Outcrop of Cliff House Sandstone—From Dane and Bachman, 1965; and Tweto,
40° ’n UTAH T Outcrop of La Ventana Tongue of Cliff House Sandstone—From Dane and 1979
Bachman, 1965 108000’ 30’ 107°00' Outcrop of La Ventana Tongue of Cliff House Sandstone—From Dane and 108000 30’ 107°00'
o0 Outcrop of Mesaverde Group, Undivided—Includes Cliff House Sandstone. From 37045’ — I 37045 Bachman, 1965 37045 ——— I 37045
&° Dane and Bachman, 1965; and Tweto, 1979 é)gl/g?l“fj l ! Outcrop of Mesaverde Group, Undivided—Includes Cliff House Sandstone. From gg_?f]:_f ' !
g FRUITLAND FORMATION = Boundary of study area 550 | { Dane and Bachman, 1965; and Tweto, 1979 550 h
<.&\,zy\’o e = <+ Oil- or gas-test-hole—Data from Petroleum Information Corporation )— BT Al 0.7 . ——1 ] Boundary of study area 7}__5 AN JUAN/CO ]
l ——— - 2 . P .
\&0@ SR e ) i I ’ 2500 Lmel::) gq;:;lf :Cipth to top of Cliff House Sandstone—Interval 500 feet. Datum is . :
N | HUNSDALE C | HUNSDALE C
2° l
3*® - 109°30' 000" ! [ 106930’ 10930’ 000" . ; 106030
< = : 109000 30 — . 109000 30 !
& MESAVERDE GROUP MENEFEE Fion. 2 —y— 371930 v - 37°30 37930 - o /& ! 37°30
& SSINDIAN RESERV - } RIO GRANDE o — } S S ok I RIO GRANDE
S POINT LOOKOUT SANDSTONE - = i 0 a L i S MINERALACO | g
=il i & e — 160 )
CRETACEOUS sl 5] o i ::Z L i ,/ s ol _ N W o e
_— 4 < | =l Sertuoir \ |
- o oo ot | TA e i & o
C“ISSE Dalton Sandstone Member i s ‘ ) ~ls g, = > | T ' G Q@b ps 7 l 2/
. cosio® Tocito Sandstone Lentil £ __El Vado Sandstone Member < N © | = o [~ o Npguafco ] i‘prdn N L B
rego Pass Sandstone Lentil o) i ] M o PP Q ]
T . L e o "'"--"'""muunuullI|||||||||||||||||l|||||||||||||||||||l|||||||||||I|||||l||l|||||||||||||||||||||||||||||||||||||||||||||||l||||||| e L P . e i " o ° AEAN L a5
0 20 400 KILOVETERS r T Topez Meber oaN JUAN CO} ~© SAN JUAN c0 , % Y O ~ @
MANCOS SHALE >~———=_GSemilla Sandstone Member > { @ | CHULE \
Bridge Creek (Greenhorn) Limestone Member o L LAY
Twowel's Tongue (Dakota “A") of Dakota Sandstone Graneras Member \ = 3 & \
Figure 1. Location of San Juan structural basin, Colorado Plateau, and study area. ) a R = .
Paguate Tongue (Dakota "B) of Dakota Sand T B 4G <05 S b |
DAKOTA SANDSTONE (Cubero Tongue and Oak Canyon Member) 160 f M(L'“' : ;\00 5000 ( R.WQ'\'
T = o RRSRY ATION 151
3700 A'RL : LCONORADO _ \_J g0 379000 A-RUIT 2 | o sttt AR Al L R o T S | LCOLORADO _ |\ _J g00y
109° 108° 1070 Brushy Basin Member 160 NEW ) MEXICO (5 {0 ZONA o s , NEW/MEXICO ”j
1 l l Westwater Canyon Member MORRISON FORMATION = N / A H ir , G0y | : (84]
Rocapure Mamber § ONCIION CREEK SANGSTORE | L ' %, i V.5 &\ | .
JURASSIC COW SPRINGS SANDSTONE — S Rm i s WANAKAH Upper Part ", 25 |8 ) Navajo i
Todifto Limestone Member—————  FORMATION Pony Express Li Member o H = - N Reservoir 60op |
ENTRADA SANDSTONE W T {
San Juan uplift BOUNDARY OF W NI |
Ute a— ? Owl Rock Member Rock Point Member i arming ; g Heron Nakey (9
Mtn —_ g . ' ‘ I \ | o
g T . I — Z Sonsela Sandstone Bed — — Petrified Forest Member CHINLE FOIRMATIO:\I Fggl\l;&’}fgll \/‘% ’ 3N RI AR ILB A 00 p Q’Q
NOBTERUMA o / D ek s d i ' Shinarump (?) Member é{y i i / 5000 } / 3 F e
e ; ) ’ 84
& / . |n||||||||||||||||||||||||||||Il|u||l||||||||||u|| 7 i } %509 i )@ 2
¥ / COLORADO
37° — ‘ - e — e = (o] /i - . >J
, 7 & NEW MEXICO / - 20 a0 [ | 55 b i a8 oo
Carrizo K3 GLORIETA SANDSTONE ! ,. f | | 1 =
; é / PERMIAN YESO FORMATION N I C O ’ \ I?
Mts &Q’ P DE CHELLY SANDSTONE A ‘ I o = ( )
& ABO FORMATION 1 o, | \ o 7 /
= | , A l ! | J ( £ <
Et HERMOSA FORMATION o — HONAKER TRAIL FORMATION Vs g ‘ “bargo & Z2q
= gy RI0 ARRIBA PENNSYLVANIAN of Wengerd and Matheny, 1958 - ::mn:mrn::m:mu ¥e H /% : 1 1 I
J A N ) S |
1 | f(, T\;:\ ’JI) y I \ // 595 -
I : , Jeawvox e g : S= o Nl N
Central basin " NATIONAL MORUMEN" ,O/
MISSISSIPPIAN | b oal | g L ";‘i‘;” iy ‘ 7 o 2\ ) & ! \r\\,/ =
- B MmO ererd | e ’VJ ~5 | B - C e < [ |
_ OURAY LIMESTONE s ( ' S CULTURE .
|= Jemez p——r——— ANETH FORMATION L K g2 I e il S, \"‘b@ PR CACQ CULTURE | B = I
» B caldera DEVONIAN g per, 1955 () \/? |7 = l LSS NATIONRS HISTORICAL PARK
- _ - - — L o = — ’ ) ' y < — Cu
& B 36200 | L 36000 36200 s — _._..-__1_1 _ U Sre@iw ~ O — L
14 | « 7
Mesa Defiance MCKINLEY =) SILURIAN ; (7 — (5) 2
Basin monocline \S ORDOVICIAN e APSHD 4l ,-z’if“”ki ; l } * i
sanovaL | (= \ & ] 2 LI/V\
; | = IGNACIO QUARTZITE %@N @\W - \‘ | 3 " '
S CAMBRIAN m ‘ 2 §
De / ‘ / e
/ { 57 x N
ol& N | N 4
QJ&Q’ 5 y : :‘] Qé\\ e e \ I _~.>/)/— v
o PRECAMBRIAN | GRANITIC AND HIGH RANK METAMORPHIC ROCKS ’ = 371)
S [ (Moified from Molenaar, 1977a,b, and 1989) 26— | \ R / & \ ¢ <
S ] ~~ " T = e Y It . N : oo i A i =
Mt Tﬂy—llor ’\ Figure 3. Time- and rock-stratigraphic framework and nomenclature. Window Bock ] “T{Crownpoint 1 le(m_w_ Rk & ] T{g ownpoint N\ & 5 A
- & \ B ‘ N 264)- , TN ) IS T ) L " /rr[
& 0&‘ £l lgnacio /3 ] 566 7 / |5 QYN /g e ﬂ?&’;ﬂ |
T monocline ! Cally \ ' Galup” / b % S o
o embayment . } N < " - MCKINLEY [ CO N o MCKINLEY | CO ' ikfk
f 5 CONVERSION FACTORS . % e£r | o | / (=2 ] 1%
: / S =2 .
Acoma sag ;é,b o Temperature in degrees Celsius (°C) can be converted to f R N,
EXPLANATION o c_éu Multiply inch-pound unit By To obtain metric unit temperature in degrees Fahrenheit (°F) by using the following 3 L o \~J‘ J
5 & inch 25.4 millimeter OF =18 X o . R Sy - ey | 7 '
[ B foot 0.3048  meter R < _/ -— I O D S . 5 . N\ & ] I =k | .
(Modified from Kelley, 1951) foot per day 0.3048 meter perday { - Puﬂw <:U ) _ Bluewater ' \ | ! Bluewater r %; ]
0 10 2 30 40 50 60 MILES foot squared per day 0.09290  meter squared per day Sea level: In thi " level” ref . ! L o , N Zh e / ; ‘ Lake \ / f L ’ Lake ‘ S
R, N S S I I gallon per minute 0.06309 liter per second wil ety this report “sea level” refers to the Natlon?l 7 ] gl:ﬂ = & \ / | = 1 N e —
0 10 20 30 40 50 60 KILOMETERS ga"on per minute per foot 0.2070 liter per second per meter Geodetlc Vertlcal Datum Of 1929 (NGVD Of 1929)—a geodetlc ' e = - | \ ;\E@} | ( _L1 L 173 G i 5 =
mile 1.609 kilometer datum derived from a general adjustment of the first-order level =1 - PN ® ! 4 Pt Sy s, I G T [ == ;
- <= S BN \Crants I 2 ns CANONCITO |__ e rants ' CANONCITO | ; -
pound per square inch 6.8948  kilopascal nets of both the United States and Canada, formerly called “Sea s = I D e g~ LS N\ A Doy s YJALBUQUER 1 L. \ 3| ALBUQUERQUE]f C4l2 1
Figure 2. Structural elements of the San Juan structural basin and adjacent areas. square mile 2.590 square kilometer Level Datum of 1929.” S = ) i ™ . { = _“/,/ N \ ~ N\ { o _ﬁ/ RES us |
K i - U poare O T \ AN ——— ¢ : B - ST \ / ny
p \&:\ F ND AR J«I 4 L i/ x — S ’A—k ‘ \ T/ T - S 'u *‘u‘r‘
(53 ® e & ;u ~ > A S, b = : %1, MORRO Y > / to —— £
35°00" I'Q/ \§> (rlh 5 [ \kww A / { pan /050N it — 35%00" 35°00' Lo oy O i/ { l , [ — 35%00'
109°30' 109000’ 30 NS CIBOLA | Cco 1 LAGUNA L e 109930 \//’C IBOLA| CO BERFALILLO CO k ]
) . ) . - I F | INDIAN RESERVATION f SO =l M —
INTRODUCTION The configuration of the top of the Cliff House Sandstone is shown on the structure-contour map Chemical-constituent diagrams for water from the Cliff House Sandstone are shown in flgurc'e }2- SCALE 1:1,000,000 i . | = ‘ 3
This report is one in a series resulting from the U.S. Geological Survey’s Regional Aquifer-System (fig. 6). The overall structure of the basin also is shown in figure 6. For example, the deepest part of the Mostsamplas are ftorvwllewithin. e fiesr thearés atoutesop-of thie Clilk House S.andstone. Alka'hmty, @4 i i ISLETA INDIAN @<‘ Ao ISLETA INDIAN) ¢ / RESERVATION
Analysis (RASA) study of the San Juan structural basin that began in October 1984. Previous reports in structural basin in the northeast, the Hogback monocline surrounding the central basin, the Chaco shown in figure 12 as the sum of bicarbonate and carbonate ions, is th? capacity of the 5°'““°"_ to 25 0 25 MILES / \ WS B g B 25 0 25 MILES /7 | R m— B 5
the series describe the hydrogeology of the Dakota Sandstone (Craigg and others, 1989), Point Lookout slope, and the Four Corners platform, as delineated in figure 2, are all apparent in figure 6. neutralize astrong acid (Hem, 1985, p. 106). Alkalinity of water from the Chf.f Hou.se Sa.mdstone consists —_— - : | \‘ s -~ INDIAN RESERVATION | R !— Frary : = i : ; ; ; \! < " INDIAN RESERVATIO) e 225 : L ]
Sandstone (Craigg and others, 1990), Morrison Formation (Dam and others, 1990), Gallup Sandstone The top of the Cliff House Sandstone decreases from a maximum altitude of about 8,000 feet above primarily of the ions bicarbonate and, to a smaller degree, carbonate. I?ommant ions in water from ?he o 0 55 KILOMETERS / I 1 Lo ) o5 0 25 KILOMETERS 7~ . —TJ , L]
(Kernodle and others, 1989), and Menefee Formation (Levings and others, 1990) in the San Juan sea level along the northern rim of the central basin to about 1,000 feet above sea level near the Cliff House Sandstone are sodium, sulfate, and bicarbonate. Calcium, magnesium, and chloride 1 - qa015 L/ /\7 IND RiS| ﬁ | | VALENCIANLO =40 34045’ =TT : s |/ /\ il \ | | VALENCIANGO Y| 34045
; . . . = : structural center of the basin. Dip of the Cliff House is steepest where contours are closely spaced concentrations do not present any significant pattern of occurrence. Tadb 34945
structural basin. The purposes of the RASA (Welder, 1986) are to: (1) Define and evaluate the aquifer P P conto y:spaced, as 108200 30’ 107°00' 106”30 108°00" 30’ 107°00' 106°30'
system,; (2) assess the effects of past, present, and potential ground-water use on aquifers and streams; near the basin margins, anf:l less steep where contours are spaced farther apart, as on the marginal " . : 5 . . " . . »
and (3) determine the availability and quality of ground water. platforms and near the basin center. Figure 4. Location of oil- or gas-test holes and water wells used to compile depth to and altitude of the top of the Cliff House Sandstone. Figure 5. Approximate depth to the top of the Cliff House Sandstone.
This report summarizes information on the geology and the occurrence and quality of water in the
Cliff House Sandstone, one of the primary water-bearing units in the regional aquifer system. Data used
in this report were collected during the study or were derived from existing records in the U.S. Geological
Survey’s computerized National Water Information System (NWIS) data base, the Petroleum WATER IN THE CLIFF HOUSE SANDSTONE EXPLANATION
lf;lf‘:l":laﬁon lcslm?ratfnél‘jf?tl: base, Sanddthe Dwight'’s ENE:G\;DA'{A Incl. BRIthaLa base. Although The Cliff House Sandstone is a source of water for domestic and livestock use in areas where drilling Outclrggg # Cliff House Sandstone—From Dane and Bachman, 1965; and Tweto,
all data available for the Cliff House Sandstone were considered in formulating the discussions in the depths and pumping levels are economically feasible and where water quality is acceptable. Water wells .
text, not all those data could be plotted on the illustrations. completed in the formation generally are on or near the outcrop areas. Oil and gas are being produced SELECTED REFERENCES EXPLANATION Outcgophof o~ lgegtana Tongue of Cliff House Sandstone—From Dane and
The San Juan structural basin is in New Mexico, Colorado, Arizona, and Utah and has an area of from the Cliff House in some parts of the basin. Many of the oil- or gas-test holes also produce water, but Beaumont, E.C., Dane, C.H., and Sears, J.D., 1956, Revised nomenclature of Mesaverde Group in San Outcrop of Cliff House Sandstone—From Dane and Bachman, 1965; and Tweto, o X 3
about 21,600 square miles (fig. 1). The structural basin is about 140 miles wide and about 200 miles the quality is not acceptable for domestic and livestock use. Juan Basin, New Mexico: American Association of Petroleum Geologists Bulletin, v. 40, no. 9, Outcrop of Mesaverde Group, Undivided—Includes Cliff House Sandstone. From
long. The study area is that part of the structural basin that contains rocks of Triassic or younger age and, The altitude of the potentiometric surface of the Cliff House Sandstone at selected water wells and p. 2149-2162. Outcrop of La Ventana Tongue of Cliff House Sandstone—From Dane and 10800’ 30' 107000'0 ' Dane and Bachman, 1965; and Tweto, 1979 108000’ 30’ 107000’ ’
therefore, is less extensive than the structural basin. Triassic through Tertiary sedimentary rocks are oil- or gas-test holes is shown in figure 7. The altitude of the potentiometric surface in the water wells was Collier, A.J., 1919, Coal south of Mancos, Montezuma County, Colorado: U.S. Geological Survey Bachman, 1965 L S e X I 37045 Boundagy of study:arep 37045 DOLORES_{ I 37045
emphasized in this study because the major aquifers in the basin are present in these rocks. The study determined from measured or reported depths to water or was calculated from pressure-gage readings Bulletin 691-K, P. 293-310. OUtCTOP of Mesaverde GYOUPy Undivided—Includes Cliff House Sandstone. From CO[\/ s Water well—Upper number is altitude of potentiometric surface, in feet above sea C%} - ‘
area is about 140 miles u.;ide (about the same as the structural basin), 180 miles long, and has an area of on flowing wells. Interpretation of completion data for the water wells shown indicates that these wells Craigg, S.D., 1980, Hyfirogeology .and water resources of the Chico AYTOVO/TOTYGOH Wash area, Dane and Bachman, 1965; and Tweto, 1979 I S I y ﬁggg level. Lower number is year water level was measured or reported e I I
about 19,400 square miles. : derive water only from the Cliff House Sandstone. The water-well data were collected from 1964 to Sandoval and McKinley Counties, New Mexico: Socorro, New Mexico Institute of Mining and Boundary of study area ?)___b ANPJUAN/CO | 1 + Oil- or gas-test hole—Upper number is altitude of potentiometric surface, in feet 73__5 AN JUAN/CO ]
Altitudes in the study area range from about 4,500 feet in San Juan County, Utah, to about 11,000 1989. The altitude of the potentiometric surface in oil- or gas-test holes was calculated by analyzing Technology, unpublished M.S. thesis, 272 p. ——5000— Structure contour—Shows altitude of top of Cliff House Sandstone. Contour ! 6401 above sea level, calculated from drill-stem test. Lower number is year drill-stem I
feet in Cibola County, New Mexico. Annual precipitation in the high mountainous areas along the north shut-in pressures from drill-stem tests conducted from 1957 to 1985; the data were obtained from Craigg, S.D., Dam, W.L,, Kernodle, J.M,, and Levings, G.W., 1989, Hydrogeology of the Dakota interval 500 fect. Datiith 1§ sea level : l e test was conducted { HWNSDALE coO }
and east margins of the basin is as muc!'\ as45 inches, whereas an-m.xal precipitation in the lower altitude, Petroleum Information Corporation. Drill-stem tests were selected for analysis if the length of time Sandstc?ne in the San Juan.structur.al blasin, New Mexico, Colorado, Arizona, and Utah: U.S. 109(')30, on ! | 106°30' 109930 - 4 N ‘ 106030’
Fentral basin is generally less than 8 inches. Mean annual precipitation in the study area is about 12 allowed for shut-in pressures to stabilize was greater than 1 hour. _Geo]og[cal Survey Hydrologic Investigations Atlas 720—11 2 sheets. 3703( i 109°00 30 < 37°3(0" 37930’ il ol < l 37030’
inches. The object of a drill-stem test is to determine the potential for oil or gas production, not to determine Craigg, S.D., Dam, W.L,, Kernodle, J.M,, Thorn, C.R,, and Levings, G.W., 1990, Hydrogeology of the D OUNTAIN {1 =T j 3 S t e {1 5 & ! l , -
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used to estimate the population of the study area. The population of the study area in 1970 was result that the hydrologic data are from less permeable zones; however, the data generally are all that are Utah: U.S. Geological Survey Hydrologic Investigations Atlas 720-G, 2 sheets. : i < (566 J N F 7 % i) e L =3 ! — =< (o6 J % Lem SR e 0] ] i
estimated to be about 134,000. The population rose to about 194,000 in 1980, 212,000 in 1982, available for aquifers in the deeper parts of the basin. Dam, W.L., Kernodle, J.M,, Levings, G.W., and Craigg, S.D., 1990, Hydrogeology of the Morrison L) ' o <;o:. i Reseruoi VgRahito N | -::; o il Pl ToRalhito e - - -
221,009 in 1984, and then fell to about 210,000 in 1985. The economy of the basin is supported. by The final shut-in pressure was converted to equivalent-freshwater hydraulic head according to the Formati.on in the San Juan .structurfxl b'asin, New Mexico, Colorado, Arizona, and Utah: U.S. f— 1 —5 = Copt o ! =TT ST & N ‘ o —E o Cot 3 4 STV © D) \ | -
explc?ratlon and development of petroleum, natural gas, coal, and uranium resources; urban enterprise; procedure outlined by Miller (1976, p. 17). The following equation was used: Geological Survey Hydrologic Investigations Atlas 720-J, 2 sheets. o o e S - ] H . o Q¥ Pa l o o i z  arka N B, ! <
farming and ranching; tourism; and recreation. The rise and fall in population were related to changes Dane, C.H., and Bachman, G.0., 1965, Geologic map of New Mexico: U.S. Geological Survey, scale , é@ i f © o MONMZUMA/CO Y 4 urangoe, — Sprikg R .- = | MONMAZUMA/CO @’ 1987 Qp?} o ;] =2
in the economic strength of the mining, petroleum, and natural-gas industries, and support services. h=(FSIP X X)—PRD+LS (1) 1:500,000, 2 sheets. . I - o . e \ & ¥ (=) - ' i N I = : Ny o)
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Uranium mining and milling activities grew rapidly until the late 1970’s when most uranium-mining Fassett, J.E., 1974, Cretaceous and Tertiary rocks of the eastern San Juan Basin, New Mexico and 2 - . G ANk ki / . /S s L Jﬁ il s N e L v
activity ended in the study area. Likewise, the oil and gas industry prospered until about 1983 and then where h is the altitude of the water surface, in feet above sea level; Colorado, in Guidebook of Ghost Ranch, central-northern New Mexico: New Mexico Geological SAN JUAN cO &y, % \ JmyEsie s . : <V I | ~N 3 \\ o SAN JUAN 0 T [ 3 \\ °
declined rapidly, also affecting many jobs in support industries. FSIP is the final bottom-hole shut-in pressure, in pounds per square inch, measured by the Society, 25th Field Conference, p. 225-230. S L/Z\{ @ (\\ WAL < A < i < o ! s \@' Z e | ; : e " \
pressure-recording device; 1977, Geology of the Point Lookout, Cliff House, and Pictured Cliffs Sandstones of the San . 4, N = Q:.@ S I I N AR \ = Ty ] ~" ARFHUL
X is a factor to convert FSIP to equivalent-freshwater hydraulic head, in feet; Juan Basin, New Mexico and Colorado, in Guidebook of the San Juan Basin III: New Mexico fé ‘/"72 o y AW & = 109 ) 1 % S | \
PRD is the depth to the pressure-recording device, in feet below land surface; and Geological Society, 28th Field Conference, p. 193-197. B 46 = 2008 , / / . ' \ i > . ,( B 4N S \ | \Q’w | < )
REGIONAL GEOLOGIC SETTING OF THE LS s the altitude of the land surface, in feet above sea level. Fassett, J.E., and Hinds, J.S., 1971, Geology and fuel resources of the Fruitland Formation and Kirtland K 160 Ma =, P s ‘ e i\ S0 \ R _@ } ) L 3 : RWWY
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The San Juan structural basin is a northwest-trending asymmetric structural depression formed This val th o waieriteatat § f4d Celstswitthia dehsifo oEL.0 g , 76 p. (s ARIZONA . o 0 NEW MEXICO 5 K- ARIZONA ) avajo EW I MEXICO é
during the Laramide orogeny (Late Cretaceous-early Tertiary) at the eastern edge of the Colorado is yalue assumes the waterisatatemperature or ¢.degrees Celsius with'a density of.1.U gram per cubic Fuchs-Parker, J.W., 1977, Alibi for a Mesaverde misfit—The La Ventana Formation Cretaceous delta, , . | L - ) ) & S l -
Plateau (fig. 1). Structural boundaries of the basin are well defined in many places, whereas, in some Eeatimeter. . ] » New Mexico, in Guidebook of the San Juan Basin IIIl: New Mexico Geological Society, 28th Field 7 i | 4 £ L i 2 [ ' 4 e { i ¢
. ) ) . . Water in the Cliff House Sandstone occurs under both water-table and artesian conditions. v ! A | @ \ ; [Fé 7 I 2. ( ~ ’ e, L
areas, the basin merges gradually into adjacent depressions or uplifts (Kelley, 1951, p. 124). The Potantial rech h for is £ ifieasion of il ' e o Conference, p. 199-206. 2 %, ! g N \ ) 1 2 %, kY5 BN \ . | i
structural boundaries principally consist of large, elongate, domal uplifts; low, marginal platforms; and aren 1; TeEhne 1o the a%ufl et 15 Trom ;'} : l\;atnon ;) precq:ls: atnor}: on c;u 'crolla)s, d rof iration o Haynes, D.D., Vogel, J.D., and Wyant, D.G., 1972, Geology, structure, and uranium deposits of the L = L = N ge ’?é‘;w ‘ kA e . ~—~51§5£-—|\’® S\ gava]ol |
abrupt monoclines as shown in figure 2 and as defined by Kelley (1951, p. 124-127). Faulting is strea;ln ow.on ?.utcroPs, and from vertical leakage of water throug c‘:)n ining beds. 5 ar Cortez quadrangle, Colorado and Utah: U.S. Geological Survey Miscellaneous Geologic o 3 | *"1000 | < A l 5,636 _ eseroir ‘
common especially in the southeastern part of the basin. Maximum structural relief in the basin is about oareas o inordinate stress from ground-watel: development are known to exist. T! eaterievels Investigations Map 1-629, scale 1:250.000. 2 sheets. ! Shiprock‘rJ 17 \@_N | ! Shiprock 7 1962 N =
10,000 feet (Kelley, 1951, p. 126). The present structural elements of the basin had developed by Zhi)wn -In él?unle 7 ?re dthe mo;ﬁ r;a;':e'nt d:ta av?xlable, General ground-water gradients may be Hem, J.D., 1985, Study and interpretation of the chemical characteristics of natural water (3d ed., rev.): \o 511) | : +5,168(544 Ve | 537
middle Tertiary time (Kelley, 1951, p. 130). e ex:rmme s lz:h e:ireas}l e :ic:en't. at: exxfst. he CliffH Sand i irnited U.S. Geological Survey Water-Supply Paper 2254, 263 p. h armingt ; Heron Xakey (95 i Farmlggét ) = Heron Yakey (9
The San Juan structural basin contains a thick sequence of sedimentary rocks ranging in age from ransmissivity and hy l'a“l{ lc-<:90n1 uctivity data c.>rt. e lf2 fouse an ;tonedare eéxtreme 5:1 1ml,|]te 3 Hollenshead, C.T., and Pritchard, R.L., 1961, Geometry of producing Mesaverde sandstones, San Juan i J £ ) I | 7 i J = o 1 | /&
Cambrian through Tertiary, but principally from Pennsylvanian through Tertiary (fig. 3). The maximum Agrggovehry teston a:a;er Wl‘? in 1d6 gave altra;'nsm(;sfswnty 01 Zet Squaflf .le‘ ay (Stone afn thb ers, Basin, in Peterson, J.A, and Osmond, J.C., eds, Geometry of sandstone bodies: American % ? [ R10  ARR ILBA B g e % 1 R10  ARR I{B A CO / <& ¥ v =
thickness of this sequence is about 14,000 feet (Fassett and Hinds, 1971, p. 4). These sedimentary rocks 1 p O)O;T efaverage ydrattic.con t:ictlvnty.ca lcu ated from ol and gas wells i deeper parts of the basin Association of Petroleum Geologists Symposium Volume, p. 98-118. <2, / i A S /«’D/ 2, ; i / [ i . R (; 2y
dip basinward from the basin margins toward the troughlike structural center or deepest part of the - 2rioet day (Re"etai‘:i.a i Ha“;'s’ 9257)' . M B Kelley, V.C., 1951, Tectonics of the San Juan Basin, in Guidebook of the south and west sides of the San 7,0 A | | ‘ /¥ (o4) 7, | -f | 1 & pos
basin. Older sedimentary rocks crop out around the basin margins and are successively overlain by e reported or measure ischarge from 6 w.atel.' wells complete .mt e Cliff House San s.tone Juan Basin, New Mexico and Arizona: New Mexico Geological Society, Second Field Conference, [ ? > 7 h ’ ‘ | &
younger rocks toward the center of the structural basin. Volcanic rocks of Tertiary age and various ranges from 1 to 40 gallons per minute and the median is 8 gallons per minute. The specific capacity of p. 124-131. ! ) 2\ o ¥ [ I - 2 i :
deposits of Quaternary age also are present in the basin. 14 of these wells ranges from 0.01 to 0.15 gallon per minute per foot of drawdown and the median is Kernodle, J M., Levings, G.W., Craigg, S.D., and Dam, W.L., 1989, Hydrogeology of the Gallup 5 7\;’) | 2, %0% s e A T (wJ = il - - ;J i ({5410 | e QZ,} N _,J(f\c: - — - {d.__l - i -
0.06 gallon per minute per foot of drawdown. The distribution of these data is shown in figure 8. Sandstone in the San Juan structural basin, New Mexico, Colorado, Arizona. and Utah: U.S ! SAN UANH ! <> ] / Gl ! 1,986 SAN JUAN f i ! | (> ! ! ’ 2 30
The locations of six selected water wells that derive water only from the Cliff House Sandstone and Geological Survey Hydrologic Investigations YAtlas 720-H. 2 sh cots. ’ i P o a8 : 1 o> 3 J! by - %ip | \| co | ; o L“ J f
have four or more' water.-level measurements are .shox.un'in fig\:lre 9 Reference numbelts in f}gure 9 Knight, R.L., and Cooper, J.C., 1955, Suggested changes in Devonian terminology of the Four Corners {}) ! } | 3 RO /5 ) : % & | ’ \ 1 \‘;@\» S /’> //
GEOLOGY OF THE CLIFF HOUSE SANDSTONE corrglate well locations with hydrographs. The official site identification (SITE ID) used to ‘.de“t‘fy each area, in Guidebook to Four Corners: Four Corners Geological Society, First Field Conference, - ‘i}; e f P / - : "i}) A= l 6407 F/
; . . well in the NWIS data base is posted on the hydrographs. Hydrographs for these wells primarily show ' . 2 , ] { | { % o i | | 1961 | ; Y
The Cliff House Sandstone is of Late Cretaceous age (fig. 3). It crops out around the margins of the p. 56-58 { i [ 2 2 H 2
. Wk short-term changes in water level. Short-term fluctuations result from periodic changes in discharge ) ) 7 \ . La 2q 7 A ° 5,625 | 'Largo ( / g
central basin and typically caps mesas (as in the Chaco Canyon area and southwest of Cuba, New b wialli sl from sessonal changesii rechaise. Howevat, wall2 thie wiellbith the longest seriod 6f Levings, G.W., Craigg, S.D., Dam, W.L., Kernodle, J.M,, and Thorn, C.R., 1990, Hydrogeology of the ﬁ/ ¥ t } h ﬂ/ 5,448 1989| : ; /
Mexico) and forms erosion-resistant dip slopes and hogbacks (as on the Hogback monocline in fig. 2). S T I—— declinegin —— leve% ﬁ', om 1936 ,until th’e v 1950's. foll @ db » riod Menefee Formation in the San Juan structural basin, New Mexico, Colorado, Arizona, and Utah: 5 ! 04 {{ ¢ 1 f A | % 1986 | 5,763 ( I 5,852 \ 4 | @
The Cliff House Sandstone, named by Collier (1919) for exposures on Mesa Verde in southwestern y : g : ) b e e U.S. Geological Survey Hydrologic Investigations Atlas 720-F, 2 sheets. )= : 1 ¢ ‘ | N / ry [ I / 1957 | —— —yy )
. : . of lesser decline until 1980 and, finally, a period of generally stable water levels to the present. 4 : . 4 e , IS / { 595 ~ — : 1986 / | | 595
Colorado, is the uppermost formation of the classical three-part Mesaverde Group of the San Juan Basin Wells 1 2. ond 1B (i 9)-axe leexiad in: on sem we; e oufiomp ol TR lowss Sardston Mannhard, G.W., 1976, Stratigraphy, sedimentology, and paleoenvironments of the La Ventana Jeanvon D chiELLY H ~ \ % = — e = Jeanyox pe cjiELLY ® % = S e e e \K\ f\/
(Point Lookout Sandstone, Menefee Formation, and Cliff House Sandstone). Ground watéri;m the outcrgc; areais unconfin‘e dan dr:han :as Scosior lesel e lllb oau:e o? th:]:r ee' Tongue (Cliff House Sandstone) and adjacent formations of the Mesaverde Group (upper LA / Cj) NATIONAL MOJUMENT 1 1 @ \/\ 96 L / 7’ NATIONAL MOYUMENT 1 \( | 537) Ve ~ A%6)
The Cliff House Sandstone is conformably overlain by and intertongues with the Lewis Shale; both storage coefficient of the : lfer. Conseauernil waterglev Is in th a e" mﬁ eﬁm S———— ?o Cretaceous), southeastern San Juan Basin, New Mexico: Albuquerque, University of New Mexico, e s B © 0 P / %0y ! , ] — = Coed iy ’14/7 8075 ) 5,869 | 5,721 &7 : I oo
of these units conformably and unconformably overlie the Menefee Formation, with which they locally seasognal chasses i recharqe anc:i discha? . Ay\;zater-levelemeasur::'neer‘xeins 159.?;’ for ;e“sg 2eflects unpublished Ph.D. dissertation, 182 p. Qe e~V }7 B - . tL o 2 l s AT f\\&/ o 1989// 6.246 1986 1972 ! l
intertongue (Molenaar, 1977b, p. 164; Craigg, 1980, p. 7). In some areas where Cliff House tongues ey duegto oy r?)un i — witi d.rawal bt sdbsaquant messurknents [1980-89) showa Miller, W.R., 1976, Water in carbonate rocks of the Madison Group in southwestern Montana—A 1~ L' : /p/“ g = ”«00 CHACO CULTURE : N , L= S W : o~ 2 CHACO [CULTURE 6‘;72; L N :
pinch out, the Lewis Shale may directly overlie the Menefee Formation (Stone and others, 1983, p. 33). SRS st i :n% van btie seasongl channg 9 s preliminary evaluation: U.S. Geological Survey Water-Supply Paper 2043, 51 p. A ¢ y & ] RAHONAL HISTORICAL PARK A ¢ Pl 2 &L NATIONAL HJSTORICAL PARK + 6438 :
In the western part of the basin, near the confluence of Coyote Wash and the Chaco River, the Cliff it e e . Molenaar, C.M., 1977a, San Juan Basin time-stratigraphic nomenclature chart, in Guidebook of San Lo Vsl : -G v PN 6,395 |6,345 1978 a4 ,
; 5 ; ) : : Wells 3,4, and 6 are 3 to 10 miles from the outcrop of the Cliff House Sandstone. The hydrographs ) ) ) y N 0AH i A L ! Oy YLD N 1 1979 Cu
House merges with the Pictured Cliffs Sandstone, wedging out the Lewis Shale (fig. 3). The Cliff House fareachofthiens wells indicate thaf waterlevals ficorfined naris of the squilsr aresbleckto relafival Juan Basin Ill: New Mexico Geological Society, 28th Field Conference, p. xii. 36°00" (— U SNSRI, SHS— SRR SN SO OO.....o 3 = s Lo = —— — === 36°00' 36°00" (— LU e Gu— " & JNe I, - - | Lremm —— — —— ——— 36000’
Sandstone strata consist of several thick sandstone tongues that represent marine shorezone deposits of large and rapid fluctuations in response to chanaes in nea::) roun d-wq tet withdra uials y 1977, Stratigraphy and depositional history of Upper Cretaceous rocks of the San Juan Basin Yise ! } & _~ @ s fis4) } _ 6,580 ﬁ’ggg
an overall transgressing shallow sea. Molenaar (1977b, p. 164) noted that these sandstone bodies g P P s v L : area, New Mexico and Colorado, with a note on Economic resources, in Guidebook of San Juan APACHE C0O Red P | \ s > ! g b APACHE COQ Red = [ 6300, 1986 e |
actually are offlap or regressive deposits formed during stillstands and minor regressions of the Basin IIIl: New Mexico Geological Society, 28th Field Conference, p. 159-166. "E\I“k"’ < ! | ; A L‘ ’\1"’“’ L I s 10 1986 6420‘
shoreline. 1989, San Juan Basin stratigraphic correlation chart, in Finch, W.I.,, Huffman, A.C., Jr., and %@\“‘" - \ i \ 5.\ %;v : . m‘(‘\ @\ua = \\ (\ P "o 1986 |
Stratigraphy of the Cliff House Sandstone is complex. Nomenclature problems and differing Fassett, J.E., eds., Coal, uranium, and oil and gas in Mesozoic rocks of the San Juan Basin— v ) | . 850 AL lco / v P, 6,600 3, *
interpretations tend to complicate regional correlations. The unit consists of two major sandstone QUALITY OF WATER FROM THE CLIFF HOUSE SANDSTONE Anatomy of a giant energy-rich basin: 28th International Geological Congress, Washington, D.C., / . : { @ ,-)/ . T 7‘4\ 4 : )57\ |
tongues—La Ventana Tongue and the “Chacra tongue” of informal usage (Molenaar, 1977b, p. 164). Water-quality data discussed in the following section are from the NWIS, Petroleum Information Guidebook for Field Trip T120, p. xi. h \\@‘»‘“ s } L JEMER | ] §
Several other minor sandstone tongues of considerably less thickness and areal extent are common Corporation, and Dwight's ENERGYDATA Inc. BRIN data bases collected during 1952-84. Distribution O'Sullivan, R.B., and Beikman, H.M., 1963, Geology, structure, and uranium deposits of the Shiprock / <7 @/— IND)~REY | ‘:95;67
(Molenaar, 1977b, p. 164; Stone and others, 1983, sheets 2-4), but pinch out to the northeast. of datareflects the locations of water wells near the outcrop where drilling depth is economically feasible. quadrangle, New Mexico and Arizona: U.S. Geological Survey Miscellaneous Geologic Investigations —A\\\ ) & v LA § ] —~\
The major buildup of La Ventana Tongue crops out in the southeastern part of the basin at La Well records were checked to assure, to the extent possible, that a particular sample represents water Map [-345, scale 1:250,000, 2 sheets. T { lWin Jow Bole S ’ i point | P 1 4 /.S A S~ [ |
Ventana south of Cuba and, according to some authors, it can be traced in subcrop across the basin to only from the Cliff House Sandstone and not a mixture of water from other aquifers. Data presented on Reneau, W.E., Jr., and Harris, J.D., Jr., 1957, Reservoir characteristics of Cretaceous sands of the San S 'ELQ ; —— — e L\ NI | Ch, : "5‘;9 Pt N - fu MY Chag, EQ \— —\ 1 R
outcrops on Hogback Mountain south of the San Juan River (Fassett, 1977; Molenaar, 1977b, p. 164). the illustrations do not represent the total amount of available data for the Cliff House Sandstone. If ‘Juan Basin, in Guidebook to geology of Southwestern San Juan Basin: Four Corners Geological B (L ) " e | ¥ JEMEZ | L[r 25 T | - | T JME) T et
Other authors report that La Ventana Tongue is a more localized buildup in the southeastern part of the more than one analysis exists for a single well, the most recent analysis is shown on the illustration. Society, Second Field Conference, p. 40-43. | o / ,L ) ,_ & IDIAN RES  logs | ,L = N INDIAN RES i@p N
basin, representing deposition in a deltaic environment rather than in a marine beach environment Selected water-quality properties and constituents are presented in table 1. The minimum, maximum, Sears, J.D., 1925, Geology and coal resources of the Gallup-Zuni Basin, New Mexico: U.S. Geological ! éaﬂu ! i s . P \*\‘\‘_ {L\ l TE L B s S~
(Mannhard, 1976; Fuchs-Parker, 1977). Maximum thickness of La Ventana Tongue according to and median values were calculated for the most recent analysis for those wells that have multiple Survey Bulletin 767, 53 p. y B MCKINL EY> COo ‘ Q& ) = v; ' Q& T
Molenaar (1977b, p. 164) is about 800 feet. However, Mannhard (1976, p. 39) and Fuchs-Parker analyses. Sears, J.D., Hunt, C.B., and Dane, C.H., 1936, Geology and fuel resources of the southern part of the 30— g { ‘ j { Bl % 30" — ] | ¢ 28 L
(1977, p. 199) reported a maximum thickness of about 1,000 feet in outcrops along State Highway 44 Temperature data are displayed in figure 10 and presented in table 1. Most of the temperature data San Juan Basin, New Mexico: U.S. Geological Survey Bulletin 860, 166 p. QS 1 502) ) S 22 \1 /- é— E2 ‘L]
south of Cuba. Mannhard (1976), Fuchs-Parker (1977), and Tabet and Frost (1979) showed La are from water wells drilled where the Cliff House Sandstone crops out within the basin. Bottom-hole Stiff, HAA., Jr., 1951, Interpretation of chemical water analysis by means of patterns: Journal of % J x r L NS d ( & | } " o’
Ventana Tongue to pinch out about 15 to 20 miles to the west of these outcrops. temperatures obtained during a drill-stem test on two oil- or gas-test holes are shown also. Petroleum Technology, v. 3, no. 10, p. 15-17. @3’“ /(?D/ e | ’% — \_J| k2, 3 f i 5 ’% L. e \—FJI |
The “Chacra tongue” (informal term) occurs stratigraphically above and is not physically connected Selected secondary (nonenforced contaminant level) drinking-water standards are shown in table 2 Stone, W.J., 1979, Descriptions of sections measured for hydrogeologic study of the San Juan Basin, 63) | | | c":f@ Q“% " oy o3 i i wj@:@{’){-} Ve
to La Ventana Tongue (Fassett, 1977, p. 196). The Chacra tongue is the major buildup of the Cliff House (U.S. Environmental Protection Agency, 1986b); these standards have all been exceeded as shown by northwest New Mexico: New Mexico Bureau of Mines and Mineral Resources Open-File Report 90, { TR | P |~ - 1 :
Sandstone found at the type section on Mesa Verde, at Chaco Canyon, and at the Hogback monocline the maximum values listed in table 1. From a total of 46 samples for pH, 10 (22 percent) exceeded the 131 p. o - l e .. _ —_ XY _f e 5 L™ e & N o : L el ok o T
and forms the margins of the central basin (fig. 2). The unit is about 400 feet thick at its type section on standard (table 2). From a total of 49 samples for sulfate, 32 (65 percent) exceeded the secondary Stone, W.J., Lyford, F.P., Frenzel, P.F., Mizell, N.H., and Padgett, E.T., 1983, Hydrogeology and water | f 7o ,t:u [ i ! Bl ) h % i !' s <! ] ¥ \ ne ;
Mesa Verde (Collier, 1919, p. 297). Molenaar (1977b, p. 164) reported a range of about 150 to 300 feet drinking-water standard. Five samples out of 51 samples (10 percent) for chloride exceeded the resources of San Juan Basin, New Mexico: New Mexico Bureau of Mines and Mineral Resources L o e Zh ! f l Lake \ : 3 L / P z'; J [ ; Lake N \ r‘ ‘ 5
in thickness, and Stone and others (1983, p. 33) reported that the thickness of the Chacra tongue standard. From 49 samples for fluoride, 17 samples (35 percent) exceeded the secondary drinking- Hydrologic Report 6, 70 p. ! ] s l::: i N = S=— — A T . lcx: i & * ‘\‘ \ T= ; S m——— ——
throughout most of its extent in New Mexico ranges from 0 to 250 feet. water standard. Ten out of 49 fluoride samples (20 percent) exceeded the primary drinking-water Tabet, D.E., and Frost, S.J., 1979, Environmental characteristics of Menefee coals in the Torreon Wash (3 - ___E =_ B M\ ﬁgg‘\* ] I ; ) | = B / » _5 = B r A\@\\& [ ' ( q ) i~ B T
Several other minor tongues of the Cliff House Sandstone of limited areal extent occur in the Lewis standard of 4 milligrams per liter (U.S. Environmental Protection Agency, 1986a). From a total of 39 area, New Mexico: New Mexico Bureau of Mines and Mineral Resources Open-File Report 102, Qﬂk - 1 J \\ & ranis [T / e ﬁl — S caRoNermo L L = - . 3 | L 1 &K Lorants [ o — . ’oxctﬁo -
Shale northeast of the two major sandstone bodies, La Ventana Tongue and Chacra tongue. Molenaar samples, 35 (90 percent) exceeded the secondary drinking-water standard for dissolved solids. 134 p. <l T S A~ AN Lo ) \ 7 ¢ \2% & - A\ . ALBUQUERQUE : i <I T S A AL N \ / 219 = ALBUQUERQUE T
(1977b, p. 164) reported that the aggregate thickness of these localized bodies is about 300 feet. Dissolved-solids concentrations of water from the Cliff House Sandstone for water wells and oil- Tweto, Ogden, 1979, Geologic map of Colorado: U.S. Geological Survey, scale 1:500,000, 2 sheets. 2 'Z —//\@" | RAMARH dr\s Q . ol & \ r \ v B %L~ . q’x 666 lz \Z\\y\ \( vt T \ N - < & \ = = ~= |
The Cliff House Sandstone generally consists of tan, light-brown, or yellowish-brown, thick- to very and gas-test holes are shown in figure 11 and listed in table 1. The dissolved-solids concentration of U.S. Bureau of the Census, 1980, Master area reference file for 1980 Census. i N /;g IND AREA| JoIe \ / . _ |, 7 %0 SR ! /\\\\// (ae IND AREA| LR e~y =9 | e .‘ = SO =
thick bedded and locally crossbedded sandstone with calcite or silica cement and clay matrix. Grain size water from water wells was calculated from the summation of the major ion concentrations in the water. 1985, Technical documentation, population, and per capita income estimates: Governmental Bam @@ A o) 1’1 o Bl m / { > San “ & r o B @@/ » \P r‘ i 1, NORRO (53 /) / #eio N = g -
ranges from very fine to fine and the sandstones are well to very well sorted (Stone and others, 1983, The dissolved-solids concentration of water obtained during drill-stem tests from oil- or gas-test holes Units, Washington, D.C., 6 p. 35200 b | b [ NAT HON / \\ i E o ot s g [ L/ — 35200 35°00 o b oo Nrwy  EA— / \\ l ; '("Se f 5 T, op [ —{ 35%00'
p. 28, 33). Interbeds of gray shale and silty shale are common (O’Sullivan and Beikman, 1963; Haynes was determined by weighing the residue remaining after evaporation, which is a different technique than U.S. Environmental Protection Agency, 1986a, Maximum contaminant levels (subpart B of part 141, 109730 109°00 30 V/C IBY LAICO LAGU% ) R ﬂL I 109730 109900 30 A \/J/ . O/L ~ L He > & y A—:—‘ — -1! I—
and others, 1972; Craigg, 1980). the summation of major ions. The data from oil- or gas-test holes were obtained from Dwight’s National interim primary drinking-water regulations): U.S. Code of Federal Regulations, Title 40, SCALE TL000D fL <+ i INDIAN RESERVATION ' 'f‘/‘ =4 t INDIAN RESERVATION 1
Data used to compute the depth to and altitude of the top of the Cliff House Sandstone were ENERGYDATA Inc. BRIN data base. The collection of water samples during drill-stem tests does not Parts 100 to 149, revised as of July 1, 1986, p. 524-528. ALE 11,000,000 @4 ACOMA : 5 il T | SCALE 11,000,000 @4 ACOMA N . e ——
obtained primarily from the Petroleum Information Corporation’s data base (7,252 wells) with represent the optimum sampling conditions; however, these data are the only available data in parts of 1986b, Secondary maximum contaminant levels (section 143.3 of part 143, National 7 \ T | JAETA__INDIASL ¢ RESERVATIO e \ — | _ISLETA __ INDIAN AﬁRh—hR\ ATION
supplemental data from NWIS (34 wells) and from outcrop altitudes. The location of oil- or gas-test the basin and do provide a qualitative value of the dissolved-solids concentration of water in the Cliff secondary drinking-water regulations): U.S. Code of Federal Regulations, Title 40, Parts 100 to % . 0, 2|5 MILES & — INDIAN RESERVATION } : (s e } i ’L 2? R : : . 0 215 MILES 4 Y INDIAN RESERVATION i ‘ o (+ [
holes and water wells is shown in figure 4. Depth to the top of the Cliff House ranges from zero in areas of House Sandstone. Generally, the concentration of dissolved solids increases in a downdip direction. 149, revised as of July 1, 1986, p. 587-590. S | ‘L o 2% , e Py | L , \// ol e S
outcrop to about 6,000 feet near the structural center of the San Juan Basin (fig. 5). The specific conductance of water can be measured at the sampling site and used to estimate Welder, G.E., 1986, Plan of study for the Regional Aquifer-System Analysis of the San Juan structural 25 0 25 KILOMETERS A /,\ ;\AI(\JIR\{\‘ __TJ | VALENCIANEO 2) | // Brscs 25 0 25 KILOMETERS # [4\ %\;‘;\x[— ’Tj l VALENCINTO 35) | / o
A structure-contour map differs from a depth-to-top map in that a structure-contour map represents dissolved-solids concentration (Hem, 1985, p. 66-68). Dissolved-solids concentration in water from the basin, New Mexico, Colorado, Arizona, and Utah: U.S. Geological Survey Water-Resources e ; 34045 . = l ———— 0 3‘% 45 == ' 34045' B! D RE ’ — L 5 34745
some particular geologic horizon referenced to a horizontal datum, thus the effects of topography are Cliff House Sandstone can be estimated by multiplying the field-determined value of specific Investigations Report 85-4294, 23 p. 108°00' 30' 107°00" 106730 108°00' 30' 107°00" 106°30'
removed. In the configuration of the top surface of the Cliff House Sandstone, the datum used is sea conductance by 0.69. This number represents the median value of the ratio of dissolved solids to specific Wengerd, S.A., and Matheny, M.L., 1958, Pennsylvanian System of Four Corners Region: Ameri : : : - . . . : . . : .
lovel. conductance for samples from only the Cliff House Sandstone. it o Patol Geologists Bu"eﬁn‘f v, 42, ot o gl il fs Figure 6. Approximate altitude and configuration of the top of the Cliff House Sandstone. Figure 7. Altitude of potentiometric surface of the Cliff House Sandstone at selected water wells and oil- or gas-test holes.
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