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INTRODUCTION crossbedded, very fine to coarse-grained arkose, which are locally conglomeratic and Concentrations of sulfate from water in the San Jose, Nacimiento, and Animas 35000 " e / - | 052\ \ Y 35°00' 35000 -~
This report is one in a series resulting from the U.S, Geological Survey’s Regional contain abundant silicified wood (Baltz, 1967, p. 46; Fassett, 1974, p. 229; Anderholm, Formations are shown in figure 12. The concentrations vary greatly and no pattern of 10930 \___SCIBOLALCO ! BB gfletils : / 109730 109°00’ / I‘
Aquifer-System Analysis (RASA 4 fg he S e g urvey's negiona 1979, p. 23). occurrence is evident. The largest concentrations of sulfate are in a small area just east of o ; \ AL l
q ystem Analysis ( ) study of the San Juan structural basin that began in . Ty Esisnii fie. 12). Th ber of wells with th llest ti f sulf .7 - ' SCALE 11,000,000 [y B !
October 1984. The purposes of the RASA (Welder, 1986) are to: (1) Define and evaluate the Baltz (1967, p. 45) recognized four formal members of the San Jose Formation in the armington (fig. 12). The greatest number of wells with the smallest concentrations of sulfate @ ACOMA ; ! et ACOMA
aquifer system; (2) assess the effects of past sent. and potential d east-central part of the basin; he also identified, but did not name, a fifth member in the are in the northern part of the area of outcrop in Colorado. i | el
: past, present, and potential ground-water use on r AR . 3 C - f fluoride f in the San J Nacimi d Ani 25 0 95 MILES / S i o 5 25 0 RS MILES / ® [NDIAN RE
aquifers and streams; and (3) determine the availability and quality of ground water. Previous northeastern part of the basin. The members and their principal lithology in ascending order oncentrations ol Tworlde trom water in the: San Jose, Nacimiento, and Anfias i ; I — N P EREARE Ly = = — ] Vol
reports in the series describe the hydrogeology of the Dako?a Sandstgne (Crai and others are Cuba Mesa Member (sandstone), Regina Member (shale), Llaves Member (sandstone), Formations are displayed in figure 13. The concentrations range from 0.1 to 8.8 milligrams ‘ S N N, N L 1] A7 oL P
- 198 : and Tapicitos Member (shale). The stratigraphic relation and subsequent mappability of per liter with no apparent trend. The largest fluoride concentrations, those greater than the 25 0 25 KILOMETERS A R TN T 25) (1 / 25 0 25 KILOMETERS e ALENCIATO
1989), Gallup Sandstone (Kernodle and others, 1989), Morrison Formation (Dam and v 4 - : e 4 aigi | 2L % 1 VALENCIANLO 1} 34045 — 11— ] o | £ I VALENCJANLO 34045
others, 1990a), Point Lookout Sandstone (Craigg and others 1990), Pictured Cliffs these members are complicated by extensive intertonguing and pinchouts (Fassett, 1974, primary drinking-water standard (table 2), are located in La Plata County and southern San 34045 ) 34045 L ) ; . 34
Sandstone (Dar;l and others, 1990b), Kirtland Shale and Fruitland Formation (Kernodle and p. 229; Anderholm, 1979, p. 23; Stone and others, 1983, p. 25), and whether the members Juan and Rio Arriba Counties. 108°00" 107°00" 106°30 108900 107°00" 106°30
others, 1990), Menefee Formation (Levings and others, 1990), Cliff House Sandstone can be identified throughout the basin has been the subject of some discussion. CHemin - constiuent diagr?ms for tha S dese. Nasimignte, and Ani;nas Formations
Thorn and others, 1990a), and Ojo Al : ‘ : . Thickness of the San Jose Formation generally increases from west to east. Fassett are displayed in figure 14. Alkalinity, shown in figure 14, is the capacity of the solution to . 5 o } . . . . S .. . .
S]uan structural basin. B SHIESU eaiio-Sensiafone (Tisrusus) sitiers; 15080%) e Son (1974, p. 229) reported a maximum thickness of 2,400 feet in the east-central part of the neutralize a strong acid (Hem, 1985, p. 106) and consists primarily of bicarbonate ions and Figure 4. . Location of oil- or gas-test holes and Wf‘lte-r wells used t.o compile thl'CkneSS and Figure 5. Approximate thickness of the San Jose, Nacimiento, and Animas Formations.
On aregional scale, the San Jose, Nacimiento, and Animas Formations are hydraulically basin, and Stone and others (1983, p. 25) reported a range of from about 200 feet in the west small concentrations of carbonate ions. Dominant ions from water in the San Jose, altitude of the bottom of the San Jose, Nacimiento, and Animas Formations.
cennected and form one of the prim;ary water—be;aring units in the regional aquifer system. and south to almost 2,700 feet in the center of the structural basin. Nacimiento, and Animas Formations are: sulfate, bicarbonate, sodium plus potassium, and
This report summarizes information on the geology and the occurrence and quality of water calcium. Water with large concentrations of major ions commonly is in the central part of the
in the San Jose, Nacimiento, and Animas Formations. Data used in this report were collected basin ea'sflo{‘Farmington asindicated b% the larger d_iafgrams dis?]llayed ir&figuge 14. l‘}ilowever,
during the study or were derived from existing records in the U.S. Geological Survey’s water with the greatest concentration of major ions is from a well located in the northwestern
comp?.lterized Nyational Water Information System (NWIS) data base and the Petroleum THICKNESS AND CONFIGURATION OF THE BOTTOM OF part of the outcrop area; the sample is a sodium chloride type water. The smaller
Information Corporation’s data base. Although all data available for the San Jose, THE SAN JOSE, NACIMIENTO, AND ANIMAS FORMATIONS concentraftxoristlof major ions generally are from wells near the perimeter of the area of
Nacimiento, and Animas Formations were considered in formulating the discussions in the The location of data points used to compute the thickness and altitude of the bottom of outcrop (fig. 14).
text, not all those data could be plotted on the illustrations. the San Jose, Nacimiento, and Animas Formations is shown in figure 4. These data were
The San Juan structural basin is in New Mexico, Colorado, Arizona, and Utah.and bas obtained primarily from oil- or gas-test holes from the Petroleum Information Corporation’s
an area of about 21,6]00 squﬁre mi(]ies (fig. 1). ;l;he SthCt;-lfﬁl basin is al}’%‘-lt 14?] miles wide data base with supplemental information from water wells from NWIS. Sea level is the datum SELECTED REFERENCES
and about 200 miles long. The study area is that part of the structural basin that contains used in the configuration of the bottom of the Animas and Nacimiento Formations.
rocks of Triassic or younger age; therefore, the study area is less extensive than the structural The thickness of the San Jose, Nacimiento, and Animas Formations is shown in figure 5. Andesra}\]r?g:\,/als.?ﬁa 11329}\3%:1'(029010;823 ?\Inei/ ﬁiizcge'sggzté)ﬁoog\l?uez ﬁ:}:ﬁ: oqlzasg:z?egl;
basin. Triassic through Tertiary sedimentary rocks are emphasized in the RASA study Thickness ranges from zero to more than 3,500 feet in the east-central part of the structural Mini d Technol blished M.S. thesis. 162 ? EXPLANATION
because the major aquifers in the basin are present in these rocks. The study area is about basin. Balt l[i:"}r-lig ‘32 18%7n05?rgayt,' L;npﬁ 13 g deil letSIS’t " Fm lications of part of Ubper | Outcrop of San Jose Formation—From Dane and Bachman, 1965; and Tweto,
140 miles wide (about the same as the structural basin), 180 miles long, and has an area of The altitude and configuration of the bottom of the Nacimiento and Animas Formations a z(’.“,re.tac':,eod,s and ’Tertialg ?gclisar;ast-ecg:r)lt;l g:r? :I(L:lan pBl;:ino lflec:u LI)VlexiCO' %pg 1979
about 19,400 square miles. are shown on the structure-contour map (fig. 6). The overall structural configuration of the PN Sy — Profgsi sl P aper 552. 101 ’ T , EXPLANATION {:] Outcrop of Nacimiento Formation—From Dane and Bachman, 1965; Fassett,
Altitudes in the study area range from about 4,500 feet in southeastern Utah to about basin also is shown in figure 6. The bottom of the Nacimiento and Animas Formations Baltz. E Hg J d VS(/ t SW 1967pG Aeisiat B f th th it of | Outcrop of San Jose Formation—From Dane and Bachman, 1965; and Tweto, 1974; and Tweto, 1979
11,000 feet in the southeastern part of the basin. The area-weighted average altitude is decreases from a maximum altitude of more than 8,000 feet above sea level along the a zj .rili’a Ar" ar;] I g'sa’n R i i ; rguré. -wanfr resoul\rlces If/)[ i € 'S%us %n l?a icgl 1979 ) Outcrop of Animas Formation—From Dane and Bachman, 1965; Fassett, 1974;
about 6,700 feet. Annual precipitation in the high mountainous areas along the northern northeastern basin rim to less than 4,000 feet above sea level in the east-central part of the Slca wpta c-g 1 ; ) eserilg;%gansga Jacent areas, New Mexico: L.o. Geolog Outcrop of Nacimiento Formation—From Dane and Bachman, 1965; Fassett, and Tweto, 1979
and eastern margins of the basin is as much as 45 inches, whereas annual precipitation in the basin. Bamelsmll-le:rleya Era ]tzupl_;,)l-% jfe; b Haye; B TP. 1954, Geology and fuel resources of the 1974; and Tweto, 1979 THE0G0 30 107900 Boundary of study area 108°00' 30 107°00'
. .. % als . . 5 5 y Lol % 5 Emdiey, y £ . — i s ) . . ) . . . s 37045:
laﬁ:)“c;ii i;lgt?ndceﬁe(;entral Fest e Shebrpy e umer g, I e pieip el g Red Mesa area, La Plata and Montezuma Counties, Colorado: U.S. Geological Survey Outc;gg g{v ,:gmla;;;rmatnon From Dane and Bachman, 1965; Fassett, 1974; 37045 I} { 37045 ‘6765 Water well—Upper number is altitude of potentiometric surface, in feet above sea 37045 - It *
Data obtained from documents published by the U.S. Bureau of the Census (1980 and Oil and Gas Investigations Map OM-149, scale 1:63,360, 1 sheet. Boundary of sty dy area 1988 level. {-Owef number is year water level was measured orreported. —— indicates !
1985) d to calculate th lation of the stud s ‘The pemnlxicie 1970 ws GROUND WATER Brimhall, R.M., 1973, Ground-water hydrology of Tertiary rocks of the San Juan Basin, New e ! : novalde AN /€O
were used to calculate the population of the study area. pop - Mexico, in F JE., ed, C d Terti ks of th hern Colorad —5000— — i imi i UAN/JCO 1 . Spring— Upper number is altitude of land surface at spring, in feet above sea level. A S —
. : . . exico, in Fassett, J.E., ed., Cretaceous and Tertiary rocks of the southern Colorado 5000 Structure contour—Shows altitude of bottom of Nacimiento and Animas . - g
calculated to be about 134,000. The population increased to about 194,000 in 1980, The San Jose, Nacimiento, and Animas Formations are a source of water for public- G400 L ber i ted dicat 1 !
212,000 in 1982, 221,000 ,in 1984, and then decreased to about 210 OOd in 1985. The supply. commercia,l private-dor’nestic and livestock use in areas where drilling depths and Plateau: Four Corners Geological Society Memoir, p. 197-207. Formations. Contour interval 500 feet. Datum is sea level | 1970 ower number is year spring was visited. —— indicates no value _ ,
economy of the basin is supported by exploration for and development of natural gas, pumping levels are economically feasible and where water quality is suitable. The altitude of Cral%g, kS.P',SDa?’t VX'LZ’ lfgrngdlezl J'I:[" tandt Le\l/llr;gs.,nGNW., %;[38?’ Hsédrlogeglogkl .Of the ! HINSDALE CO z ! HpNSRaLE £U 5 oary
petroleum, coal, and uranium resources; urban enterprise; farming and ranching; tourism; the potentiometric surface of ground water in the San Jose, Nacimiento, and Animas a dc:; hérEJ séoGe "l] e lgn ua l-? r;c lu ra Iasx ati e‘:.’ et(:;]o ’ 70281.? g’ hnz?na, 109°30' 109900" 30 } | 106"30'o 109930’ 109000’ { ' 106 3307030,
and recreation. The rise and fall in population were related to changes in the economic Formations at selected water wells and springs is shown in figure 7. The altitude of the anc lah Ui, aeological suvey Hydrologic Investigations Atlas T S SRR 37930 , < 37730 37930" - ; &
: P g Craigg, S.D., Dam, W.L., Kernodle, J. M., Thorn, C.R., and Levings, G.W., 1990, Hydrogeol A [ & S ! 7] S ’
strength of the minerals, oil, and gas industries, and support services. Uranium-mining and potentiometric surface in water wells was determined from measured or reported depths to ggf, the P o, e i( emg eé hllor orrl';, it AU LEVINGS, O 1 basin. Ny roI%[e ology o L )} $ oy MINERALKCO } RI0 GRANDE o } $ 7180/ N MINERALACO
milling activities underwent rapid growth from the 1950’s until the late 1970’s when most water or was calculated from pressure-gage readings on flowing wells. Interpretation of 2: | e d O'Rt_ ookout 4 Jnh§t8n5e (‘; t I e 'Sa]n dJuan sHtrL:ictu]ra- [asm, New eX‘TOv = B L r ES : — B ' o e | o _I P & /893013 ! AN . | ey
uranium-mining activity came to an abrupt end. Likewise, the oil and gas industry prospered completion data for the water wells shown indicates these wells only derive water from the 7‘2) (;3_"8 %v hm(zna’ and Utah: U.S. Geological Survey Hydrologic Investigations Atlas 2‘ . fecs) — e Lemon ) 2 B BT e - ‘ 1818 = h A iroadis Lo A -
until about 1983 and then declined rapidly. San Jose, Nacimiento, and Animas Formations. The water-well and spring data were B . ; - _Ho 5 L ‘ vy 0 & S ! ‘ T D & N -
collected from 1938 to 1989 Dam, W.L., Kernodle, J.M., Levings, G.W., and Craigg, S.D., 1990a, Hydrogeology of the - = (ot fory { 7T TN TA R (&@ - T N _@g X . 2
Water in the San Jose, Nacimiento, and Animas Formations occurs under both water- Morrison Formation in t_he San Juan structur‘al basin, 'Nev‘v Mexico, Colorado, Arizona, 8 PN \ 1 Durango s 7 3 ' % z T Durango #1975 7080 N 1974 " R I‘ §osa ﬁ
and Utah: U.S. Geological Survey Hydrologic Investigations Atlas 720-J, 2 sheets i ' MONJMZUMA/CC A g0z - \ c g - \ 1,740 Sprimg i =
REGIONAL GEOLOGIC SETTING table and artesian conditions. Recharge to the aquifer is from infiltration of precipitation and Dam. WL. Kernodle. J M. Th CR. Levinas. G.W.. and Craiaa S.D.. 1990b. Hud o i >l N e R : e J {60 48,7 1967 e N o
The San Juan structural basin is a northwest-trending asymmetric structural depression streamflow on outcrops and from vertical upward leakage of water from underlying o fthe Pictured Cliffs gm’ it Sen Tuanatructucal bacin & ico ros]zeo o, T - L i : L ' : L
formed during the Laramide orogeny {Late Cretaceous.early Tertiaty fime) Sguctural e oft.he Pictured Cliffs San stonci: m.the SandJuan structura'lbasm, New_Mexnco, Co7orado, A 4 | 2 ik “ G S A =iy a RS %, N .. = s \\ 2
boundaries of the basin are well defined in many places; elsewhere, the be;sin merges Transmissivity data for the San Jose, Nacimiento, and Animas Formations are minimal. ?lggzrelta; i oglcal urveg Hgcmsogls lnnsdlgafions Al BT, k ‘ﬂh.} £/ e . ! // [ il N o \ : & /76,140 u - ’ ‘ \) - 6,30? . [i | 0 ey \
radually into adjacent depressions or uplifts (Kelley, 1951, p. 124). The structural Values of 40 and 120 feet squared per day were determined from two aquifer tests (Stone : . o ; A S P O HULETA £0 AR ~ - C b bE R R g
goundar%es as defi)ned by Ktﬁley (1951, p. 1p24_1(27) pr%ncipally c'c))nsist o)f largee, ilrcl)l:ggiz, and others, 1983, table 5). Dan%u%l:; gga‘fer-g%rS%%oGé);’hiztgs’ Shealgfs oy of New Metlen 0.5, Gesingfal = \‘,.» N“j {, ST o \ ) $§i?>5,0m = ' . ol ;; \\
domal uplifts; low marginal platforms; and abrupt monoclines (fig. 2). Faulting is common. The reported or measured discharge from 79 water wells completed in the San Jose, Fassett, J.E., 1974, Cretaceous and Tertiary rocks of the eastern San Juan Basin. New = ) B [ e . < %) | b ) () B d260.)%7° . > 410Y (5010 6.280 . | <
especially in the southeastern part of the basin. Maximum structural relief in the basin is Nacimiento, and Animas Formations ranges from 1 to 61 gallons per minute and the median Mesien vl Bl da Guidebosk orfyGhost Rsnch. centralnomhein New Meglco: \ {10} / Lol N ? \ % ‘ Riv® <\.\ Ao 974 .7 1';77:5 (19 974 f\1q75 1975 RAVY
about 10,000 feet (Kelley, 1951, p. 126). ' is 6 gallons per minute. The specific capacity of 12 of these wells ranges from 0.03 to 2.30 New Mexico Geological Society, 25th Field Conference, p. ;25_230_ ' 000 __UraAH i - s ﬁ SOURIN = © gy (SSHESTRY ATIORC 1) . COLORADO i— 37900 37000 UTAH ‘ SOUERRS > U N BE706 67200y e = . A COLORADO _ L _1 37000
The San Juan structural basin contains a thick sequence of sedimentary rocks ranging in gallons per minute per foot of drawdown and the median is 0.23 gallon per minute per foot of 1987, The ages of the continental, Upper Cretaceous Fruitland Formation and 0 =R T7 6N % - T \ e ' . A NEY I NEYXIco 9 TR L ARTZONRZ - _— T T OO 6590 1974 AW 6430 | ok 6,070 D NEW MEXICO (3
age from Cambrian through Tertiary, but mostly from Pennsylvanian through Tertiary drawdown. The distribution of these data is shown in figure 8. Kirtland Shale based on a projection of ammonite zones from the Lewis Shale, San Juan s ! % 3 & : o = = so100 ASS0 o) 1en jers cig 198 A\ : {54) /M/
(fig. 3). The maximum thickness of the sequence of rocks is about 14,000 feet (Fassett and The location of eight selected wells that derive water only from the San Jose, Basin, New Mexico and C(ilorado in Fassett, J.E., ed, The Cretaceous-Tertiary % t % ’ < . 1 i L ! % ¥ Lo ., 202 8 ?:7‘ - {970 MY X f
Hinds, 1971, p. 4). These sedimentary rocks dip basinward from the basin margins toward Nacimiento, and Animas Formations and have five or more water-level measurements is bounc’iary in the San Juan and Raton Basins, New Mexico and Colorado: Geological 7z ' &; ! v J ) - . l k— 1 'i 2 | 9 v o ‘,'\, 1986 . . . ﬂggg L BN 1 |
the troughlike structural center or deepest part of the basin. Older sedimentary rocks crop shown in figure 9.‘Rgferen'ce numbers on figure 9 correspond to the numbers on the Society of America Special Paper 209, p 5—’16 . o & L S . Mavajo . L Vs \‘ - Lo A 58667 6,024 , 6.0 g‘w“”‘ 31 o
out around the basin margins and are successively overlain by younger rocks toward the hydrographs. The site identification (SITE ID) used to identify each well in the NWIS data Fassett, J.E., and Hinds, J.S., 1971, Geology and fuel f the Fruitland Formati “ 154} T ; v {4 Sy 3 < T *5 N WA g AR o I *aug 1568
; ; : : : base is posted on the hydrographs. The water-level hydrographs for these wells show both assett, c.-., anc 11incs, ¢.9., , 200 Oy Bile e Tesourtes oytie ruikana.” anmalion i ~\ : 1- - | ' 1 , \\2 ‘5 P Shi $ s = - ez g 1 ‘
center of the structural basin. Volcanic rocks of Tertiary age and various deposits of | | nE We and Kirtland Shale of the San Juan Basin, New Mexico and Colorado: U.S. Geological Shiprock / - i ) ohiprock 70 T ; = 0 ; e =
Quaternary age also are present in the basin short- and long-term changes in water level. Short-term fluctuations primarily result from S ; 7 1 > 544 : - s ] ! J 511 (544 58Ity . L T &
. . = . urvey Professional Paper 676, 76 p. / = & . f ' 1986 1986 /- ~ 1988 s | &
periodic changes in discharge from wells and from seasonal changes in recharge. Long-term H ; " . g / . , S oy e = ~ | HeronYakey (95
o - em, J.D., 1985, Study and interpretation of the chemical characteristics of natural water i armingt ~ . & i~ HeronYakey (95 ! S darmirpt . 6,853, . 3 okey Ao
changes primarily result from prolonged ground-water discharge from wells, from (3d ed., rev): U.S, Geological Survey Water-Supply Paper 2254, 263 H 7 . . -l | 3 _ /4 i DA o ~ 5,80 - 19 1075 e | 7
GEOLOGY discontinuation of discharge from wells, and from changes in rates of recharge due to P ek S 0lo8 Y upply Fap ; p. - (& _ L . = i 5 ) - i) . 5P 19 0 Dot . 1988 Fl Vddo % / T fles
dlivnatic variations Kelley, V.C., 1951, Tectonics of the San Juan Basin, in Guidebook of the south and west 2 I : e l’ - RIO ARRIBA ¢C gL Vedo a1 g %5 & ] 1986 > : BT 0 s—wéﬁm . 00 Reservaur_4 ¥ -
Animas Formation Onlit one: of t'he cight hydrographs (well 5} shows a longsterm change in water level sides of the San Juan Basin, New Mexico and Arizona: New Mexico Geological Society, <, | | \ )| ' " ~ : N J// I N ‘ ‘ AN | %812 ' 1986 7,030 < 4 ? {50
Most of the Animas Formation is of Paleocene age, but the lower part of the formation is Water from this well is used in a public water-supply system for a boarding-school dormitory. Second Field Conference, p. 124-131. 2 | A , o & . 7 y ‘ i ; lsa70 ' "“S‘im 2R) ™
of latest Late Cretaceous age (Barnes and others, 1954). It crops out principally inside the Continued withdrawal of water for this purpose has caused a steady decline in the water level Kernodle, J.M., Levings, G.W., Craigg, S.D., and Dam, W.L., 198?, Hydrogeology _of the 3 . ] ‘ ! ey oy | ‘ ’ . - ?9‘723 . 6531 H}}LJ B
northern margin of the central basin (figs. 2 and 4). The Animas is present only in about the since the well was completed in 1968. Gallup Sandstone in the San Juan structural basin, New Mexico, Colorado, Arizona, (1) ' i . ;(5%7 ~ - 0 o (o) I . 513;;5 o 7613- e b W e W ,
northern one-third of the basin, mainly in Colorado; it does not occur south of a line that Hydrographs for the other wells probably show only short-term changes in water level and Utah: U.S. Geological Survey Hydrologic Investigations Atlas 720-H, 2 sheets. 30 2 1 o g ‘ - i 4000 @ . 2 — 30 30~ 1 P o < 5035\ 1980, 1986 1’93{ . 181 | 541 gsge \g‘?(' 1988 7221 Z ~1 40
extends from Dulce, New Mexico, to the La Plata River valley near the New Mexico-Colorado due to seasonal changes in recharge and withdrawals of water. The most recent water-level Kernodle, J.M,, Thorn, C.R,, Levings, G.W., Craigg, S.D., and Dam, W.L., 1990, Hydrogeology SAN JUAN l oy , , - j i { SAN JUAN f co g 6.2 228 {6101 tags | 1%, Jloss BBQBJ ,ma )
State line. Along this line the Animas Formation grades laterally into the Nacimiento measurement for most of these wells generally falls within the range of previous of the Kirtland Shale and Fruitland Formation in the San Juan structural basin, New @ ' ‘ q"\\,\ﬁ* . y / ' 8 986 24?86' 1988 ~ km. “%et0) Tlege 1142 )/
Formation (Fassett and Hinds, 1971, p. 33; Fassett, 1974, p. 229), which occupies the same measurements. Based on this criterion, the hydrograph for well 8 may indicate a long-term Mexico, Colorado, Arizona, and Utah: U.S. Geological Survey Hydrologic Investigations 1 % o 3 k o . i e 1 8204 8518 O o /
stratigraphic interval (fig. 3). The Animas conformably overlies the Kirtland Shale of Late decline; however, this well is only 1,100 feet from well 7, for which the latest water-level Atlas 720-C, 2 sheets. _ . ) 2, 2 | o : o At sggg 6399 1986 , (;ggg i ., <
Cretaceous age in the north; farther south, near the New Mexico-Colorado State line, the unit measurement is well within the range of previous measurements. These two wells are Knight, R.L., and Cooper, J.C., 1955, Suggested changes in Devonian terminology of the 7, 2 f / [ 220 o8 V%, " \ig Largo , ) 724
may unconformably overlie the Ojo Alamo Sandstone of Tertiary age (Fassett and Hinds, completed in the San Jose Formation but in different intervals in the aquifer. These and I;f)ur go]rémérs afrea, in GungeGb%%k to Four Corners: Four Corners Geological Society, | v /0 || ° N } i : 63 k s‘ 92;; e - Lin - /
1971_11hp- 34)~ ) ) ) several other wells in the immediate vicinity are used to supply coolingwater for a natural-gas First Fie onference. p. 56-58. 2 } . ) . i - ' [T 6765 7’333 :
e Animas Formation consists of two members: the lower McDermott Member of latest transmission station. The differences in the hydrographs are due to differences in withdrawal Levings, G.W., Craigg, S.D., Dam, W.L,, Kernodle, J.M., and Thorn, C.R., 1990, Hydrogeology ‘ | i S0 | =y 1988 as) e
Late Cretaceous age, and the unnamed upper member of Paleocene age (Barnes and others, rates and time intervals for individual wells and to different hydraulic properties of the of the Menefee Formation in the San Juan structural basin, New Mexico, Colorado, - : = - N =y ] - - S 60 ﬁag ! S 5
1954). The upper member disconformably overlies the McDermott Member; this uncon- completion intervals of the wells Arizona, and Utah: U.S. Geological Survey Hydrologic Investigations Atlas 720-F, 537 ! Y ! ‘:-ggﬂ | 1535 37 ogg o (e N
formity represents a time gap of about 6 million years (Fassett, 1987). The Animas ’ 2 sheets. o 2001 6749
Formation mainly consists of volcaniclastic deposits; the diagnostic characteristic of the Molenaar, C.M., 1977a, San Juan .Basin time-stratigraphic -nomenc}ature chart,. in , } I - i o 1988 ° 1988 | l
Animas Formation as a whole is the presence of macroscopic volcanic material (Fassett and Guidebook of San Juan Basin III: New Mexico Geological Society, 28th Field : : . __* | L ; 6760 - x
Hinds, 1971, p. 33). The McDermott Member consists of varicolored (dominantly purple) WATER QUALITY Conference, p. xii. I« i ‘ ; 1 ) 6,927 :
tuffaceous sandstone and conglomerate with minor variegated shale (Reeside, 1924, p. 25). Water-quality data described in this section are from the NWIS data base and were 1977b, Stratigraphy and depositional history of Upper Cretaceous rocks of the San o [ L | . 5 - Cubk o —- VoD Vi | | | 0 ’ R - O [P —- T )
The unnamed upper member consists of varxcolorec! and 1nterbeddeq tuffaceous §andstone, collected during 1938-84. Well records were checked to assure, to the extent possible, that a dJuan Basin area, New Mexico and Colorado, with a note on Economic resources, in 36700 — B e I —— St . - Y e A B 3600 B e 3 ] : B “—} N9 A
Conglomerate, and shale (Fassett, 1974, p. 229) Tthkl:leSS of the Animas Formation ranges parﬁcular sample represents water only from the San Jose, Nacimiento, and Animas Guidebook of San Juan Basin III: New Mexico Geological Society, 28th Field Conference, i \\ ;;\W\' { APACHE (€O ol ; i ‘1\ ! & ‘?\’”\\ = / ¢ \ %), ’/1:
from about 230 feet at the type section along the Animas River at Durar?go (Barnes and Formations and not a mixture of water from other aquiferS. I_oca"y, however, these p. 159-166. \t / Ry Al /'Zf]‘:g i ! ! > - 8,526 ‘/07 ‘
others, 1954) to about 2,700 feet near the La Plata-Archuleta County line in Colorado formations may have substantial differences in the concentration of some water-quality 1989, San Juan Basin stratigraphic correlation chart, in Finch, W.I., Huffman, A.C., | , .\ \\./4\ ) 1986
(Fassett and Hinds, 1971, p. 33). constituents due, in part, to differences in rock characteristics as described in the Geology Jr., and Fassett, J.E., eds., Coal, uranium, and oil and gas in Mesozoic rocks of the San o LY / @“}q\(g ! .
Nacimiento Formation section. Data presented on the maps do not represent the total quantity of available data for Juan Basin—Anatomy of a giant energy-rich basin: 28th International Geological ! (\2%\3 f 51/ ‘\_\l e SAND
e Naciiaiont dow is af Pal . Baltz, 1967, p. 35). It tina the San Jose, Nacimiento, and Animas Formations. In some instances, the density of data Congress, Washington, D.C., Guidebook for Field Trip T120, p. xi. ; 7 1] P ' ; \ S
broa-cli_ bean ; ?::llde: tﬁ eF;);Tti elcr): ;‘;g s easteec:ge:;rzgi:s( ofa ﬂf ec entralp basir)1 ancdrci)ri:saor:lar:'ow was too great to display for a single well or group of closely spaced wells, in which case the Reeside, J.B., Jr.,, 1924, Upper Cretaceous and Tertiary Formations of the western part of : Gy S ! ~_ | Gn // :
band along the west face of the Nacimiento uplift (figs. 2 and 4) The Naciterte i a most recent analysis was chosen to be shown on the illustrations. Selected water-quality the San Juan Basin, Colorado,and New Mexico and Flora of the Animas Formation by ™ 4 { TN 102 l
nonresistant unit and typically erodes to low, rounded hillssor forns, Badbands topography properties and constituents are presented in table 1; the minimum, maximum, and median F.H. Knowlton: U.S. Geological Survey Professional Paper 134, 117 p. | \\\,_,‘/ T~ | | N ‘ ! P
The Nacimiento Formation occurs only in approximately the southern two-thirds of th a were calculated using the most recent analysis from water wells and springs that had multiple Simpson, G.G., 1948a, The Eocene of the San Juan Basin, New Mexico: American Journal Lrownpoint e jlyﬁm_jgﬂ Rock | C{Crownpoint e | o Y
. G e et S S - [ ¢ Y L ocK S \ Ny
in where it conf bl li Sistert ith the Oio Al dst Baltz, analyses. of Science, v. 246, pt. 1, p. 257-282. \ & s
basin w ere.l conformably averlies and inte o vk i Samgstons (Baies Temperature data are shown in figure 10 and summarized in table 1. Water from a 1948b, The Eocene of the San Juan Basin, New Mexico: American Journal of et ey / ! Lo
1967, p. 41; Fassett, 1974, p. 229). Along a line from Dulce, New Mexico, to the La Plata . ; : T - 7 / i
River valley near the New Mexico-Colorado State line, the Nacimiento Formation grades spring located in the northeastern part of the outcrop area has a temperature similar to Science, v. 246, pt. 2, p. 363-385. /( i I <
laterally into the main part of the Animas Formation (Fas,sett and Hinds, 1971, p. 34; Fassett surrounding water wells (fig. 10). The two highest reported temperatures (18° C and 23° C) Steven, T.A., Lipman, P.W., Hail, W.J,, Jr., Barker, Fred, and Luedke, R.G., 1974, Geologic S | _
1974, p. 229); thus, in this area the two formations occupy the same’stratig,raphic, interval were from wells located in the north-central part of the basin just east of Farmington and in map of the Durango quadrangle, southwestern Colorado: U.S. Geological Survey 30— MCKINLEY €O 30 30 £ / ~_ 30
(fig 3’) ’ ’ ’ the northwestern section of the outcrop area, just north of the New Mexico-Colorado State Miscellaneous Geologic Investigations Map [-764, scale 1:250,000, 1 sheet. i & } ,,/ A s 1
’ St‘rata of the Nacimiento Formation were mainly deposited in lakebeds in the central line. Stiff, HAA,, Jr., 1951, Interpretation of chemical water analysis by means of patterns: Journal % Vi L ( !
. ) . : . Primary (maximum enforced contaminant level) drinking-water standards are shown in of Petroleum Technology, v. 3, no. 10, p. 15-17. PV
basin area with lesser deposition in stream channels (Brimhall, 1973, p. 201; Fassett, 1974, : i ! ; _A57) /S
e ; 5 : . X primary , P.F., Mizell, NH,, gett, ET, , Hy v ]
p. 229). In general, the Nacimiento consists of drab, interbedded black and gray shale with tat.)le‘2 Fluoride concentration in 15 of 199 analyses (8 percent) exceed the Stone, W.d,, Lyford, F.P., Frenzel, P.F., Mizell, N.H., and Padgett, E.T., 1983, Hydrogeology oy - S )
discontinuous, white, medium- to very coarse grained arkosic sandstone (Fassett, 1974 drinking-water standard shown in table 2. All samples analyzed for nitrate were less than the and water resources of San Juan Basin, New Mexico: New Mexico Bureau of Mines and (83} - N —— V.
p. 229; Sione and othos. 1983 p. 30). Anderholm (1979, p. 25) reporte,d local primary standard. Selenium concentration in 39 of 73 analyses (53 percent) exceeded the Mineral Resources Hydrologic Report 6, 70 p. for] ’;;’ _jﬁ (s05) J T L i
eathonasaeus shals aid lig,nite i the unit. Baltz (1967, p 39’) stated that sandstone standard shown in table 2. Selected secondary (non-enforced contaminant level) drinking- Thorn, C.R, Levings, G.W., Craigg, S.D., Dam, W.L, and Kernodle, .M., 1990a, s e e e au I e — L ST = R - \ §“ S
. hward h 983. . 30) indicated that the f. - water standards are shown in table 3; these standards were exceeded in some samples for all Hydrogeology of the Cliff House Sandstone in the San Juan structural basin, New L Bluewater VSN | ~<jo ;‘ Blueuater < ) &
percentage increases northward. Stone and others (1 , p- 30) indicated that the formation fth 't h bt ; lues I intabl Mexico, Colorado. Ari d Utah: U.S. Geoloaical S Hudrologic Investiaations ks N / - : ! Lake \ p ,/& /
may contain more sandstone than commonly reported because some investigators assume of the constituents as shown by the maximum values listed in table 1. Of 207 analyses for pH, exlco, Lolorada, /reona, and tUiah: U, taeological Survey Hyaralogic Investy NG/ S ) lx | ?“ / e e 5 g
the slope-forming strata in the unit are shales, whereas in many places, the strata actually are 32 (15 percent) exceed the standard (table 3). Sulfate concentration in 55 of 204 analyses Atlas 720-E, 2 sheets. .. =S L I ==
ooty consalidsted sandstones ’ ’ (27 percent) exceeded the standard. Concentrations of chloride, 10 of 209 analyses (5 percent), Thorn, C.R., Levings, G.W,, Craigg, S.D., Dam, W.L., and Kernodle, J.M., 1990b, 1457 L ;,ll—i—- — L \ - { y "M
B Ty | thick f the N . to F ti os from about 500 to 1.300 feet and fluoride, 43 of 199 analyses (22 percent), exceeded the secondary drinking-water Hydrogeology of the Ojo Alamo Sandstone in the San Juan structural basin, New \/Grants el N_Erants o ALBUQUERQUE([L ’CJZ .
(Mol ercl);aartllg7r;ea§s 'l?het uenit Zzlgzgh;) th(i)nge zslof?o::nt% e basin margins toward ,th o Brasin standard. Eighty-two of 151 analyses (54 percent) had concentrations of dissolved solids Mexico, Colorado, Arizona, and Utah: U.S. Geological Survey Hydrologic Investigations / - ! : A o y its :g
. » : ) exceeding the standard shown in table 3. Atlas 720-B, 2 sheets. \ p. - ‘ - el { N e | Hiin
flf,n}fr (Baltz,f &265;155 tc?nse, dseteZ:irtls \aal?tii:tt}l‘mir?\’lalcgr’]]it’n t?)tggimzqg)no;t;:r;uig?gs)sh t-lr1:re1 Concentrations of dissolved solids in water from the San Jose, Nacimiento, and Animas Tweto, Ogden, 1979, Geologic map of Colorado: U.S. Geological Survey, scale 1:500,000, Vo R 15 ,)’?7 ~ \\'(;\, - /R o
thlctnteslsfhs' c;( b format?on becaisa thair envirsnment of depesiionwas losalized Formations are shown in figure 11. Water samples with the largest concentrations of 2 sheets. 35000 - /o 25000 @)
te 2l h - f (Brimhall, 1973, p. 201) dissolved solids are in a northwest-trending oval area in the central part of the area of U.S. Bureau of the Census, 1980, Master area reference file for 1980 Census. 109930’ 109900 JCIBOLA| CO BER] 109930’ 109°00
stream channels Yol ’ » P : ) outcrop. The northern extent of this area includes the water well having a dissolved-solids _ 1985, Technical documentation, population, and per capita income estimates: o~ {5 : oo it
San Jose Formation concentration of 6,800 milligrams per liter near the Colorado-New Mexico State line. The Governmental Units, Washington, D.C., 6 p. SCALE 11,000,000 «,; ) . / SCALE 1,000,000
The San Jose Formation of Eocene age was defined by Simpson (1948a, b). The San southern extent of this area includes the water well having a dissolved-solids concentration of U.S. Environmental Protection Agency, 1986a, Maximum contaminant levels (subpart B of (i)™ ALOMA NS \
s o~ | % -
Jose Formation occurs in New Mexico and Colorado and its outcrop forms the land surface 2,300 milligrams per liter just north of the Rio Arriba-Sandoval County line. In Colorado, the part 141, National interim primary drinking-water regulations): U.S. Code of Federal % 0 25 MILES / A [ N 2% 0 25 MILES /
over much of the central basin area (figs. 2 and 4). It overlies the Nacimiento Formation in the dissolved-solids concentration of all water wells and one spring is less than 1,400 milligrams Regulations, Title 40, Parts 100 to 149, revised as of July 1, 1986, p. 524-528. : 1 E 1 1 Yor NS o = u = == —] |
. . . g g ) ’ - ~ /
area generally south of the State line, and overlies the Animas Formation in the area per liter. In New Mexico, with the exception of the area discussed above, the dissolved-solids 1986b, Secondary maximum contaminant levels (section 143.3 of part 143, o5 0 25 KILOMETERS 7 3 : booL— >~ &5 7] % 0 25 KILOMETERS /s
generally north of the State line (Fassett, 1974, p. 229). The basal contact of the San Jose concentration of all water wells is less than 1,600 milligrams per liter. National secondary drinking-water regulations): U.S. Code of Federal Regulations, Title = 5 34045 L/ (™ ] l VALENCIANGD 1! 34045 e s —— ] 34045 L/ ™ 4 34°45'
varies with location in the basin. This contact is a disconformity along the basin margins, and The specific conductance of water can be easily measured with a meter at the sampling 40, Parts 100 to 149, revised as of July 1, 1986, p. 587-590. 108900 30 107900 106°30' 108000’ 30 10700 106030’
it is an angular unconformity along the Nacimiento uplift; the contact is conformable in the site. Because specific conductance correlates with the concentration of dissolved solids Welder, G.E., 1986, Plan of study for the Regional Aquifer-System Analysis of the San Juan
central basin (Baltz, 1967, p. 54; Fassett, 1974, p. 229). (Hem, 1985, p. 67), a measurement of specific conductance can be used to estimate the structural basin, New Mexico, Colorado, Arizona, and Utah: U.S. Geological Survey
The San Jose Formation was deposited in various fluvial-type environments (Baltz, concentration of dissolved solids by multiplying the specific conductance by 0.62. This Water-Resources Investigations Report 85-4294, 23 p. . Figure 6. Approximate altitude and configuration of the bottom of the Nacimiento and Animas Formations. Figure 7. Altitude of potentiometric surface of water in the San Jose, Nacimiento, and Animas Formations at selected water wells and springs.
1967, p. 44-55). In general, the unit consists of an interbedded sequence of sandstone, number represents the median value of the ratio of the concentration of dissolved solids to Wengerd, S.A., and Matheny, M.L,, 1958, Pennsylvanian System of Four Corners Region:
siltstone, and variegated shale. The sandstones are buff to yellow and rusty-colored, specific conductance derived from values for 159 samples. American Association of Petroleum Geologists Bulletin, v. 42, no. 9, p. 2048-2106.
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