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Table 1.--Description of geologic units and their hydrologic properties
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' where the.shales have been fractured or weather- Extrusive rocks are primarily olivine ba- | No information available. Not consider- Nes st
! ‘ ed extensively. Well yields are generally less Pliocene Tertiary salt with some light-colored tuffs and ed an aquifer. oda
| than 25 gal/min (1.6 L/s) in aquifers in the o GO ET L D , R 84V,
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SN Sy S X S - these formations because the sandstone and con- Varying proportions of semiconsolidated Reported well yields are as much as 25
glomerate aquifers are semiconsolidated and have siltst?ne, sandstone, and conglomerate. gal/rpin. _Water is predominar.mtly a
Hiceena Volcanic ash present locally. The sand- calt_:lum blcarbonaFe type. Dissolved-
not been fractured. BrounstPark stones are yellowish brown to chalky solids concentration ranges from 95 to
INTRODUCTION Formation Tbp 2,000 white, soft, friable, and slightly cal- 1,070 mg/L. Water may contain concen-
; careous. Other beds are more resistant trations of chloride, fluoride, and
and weather with a characteristic lumpy iron in excess of U.S. Public Health
This I"epOI"t pr‘esents the results of an in- QUAL|TY OF GROUND WATER or jagged surface. Se:vnce (1962) standards for drinking
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vestigation of ground-water resources in that @ ] : 4 y = ] : b
. . The quality o round water in the stu £ Varicolored shale and sandstone with in- Reported well yields are as much as 25 T. 8 N.
part of the Yampa River basin between the towns : qHc Y 9 » Y E terbedded conglomerate and coal. The gal/min. Quality data from wells out- T.8N
of Craig and Steamboat Springs. The location of area '(S variable and dependent, in part, on rock o R medium- to coarse-grained fluvial ark- side the study area indicate that the
. . type (table 2). Most of the waters are calcium Eocene 3 Tw 5,000 osic sandstones form resistant horizons water is predominantly calcium and
the StUdy area is shown on the index map . The e o .) rotmatiich giving a ''badlands-type'' topography. sodium bicarbonate types. Dissolved-
investigation was begun in 1975 by the U.S. Geo- and sodium bicarbonate types, because of the solids concentration ranges from 260
logical Survey in cooperation with the Colorado abundance of granitic rock fragments rich in to 372 mg/L.
Department of Natural Resources, Division of calcium and SOd'um’ an<_i the presence of calcium Interbedded sandstone, shale, and ligni- Reported well yields are as much as 25
Water Resources, Office of the State Engineer carbonate as a cement in most of the sandstones tic coil. Sandstones are light brown to gal/min. Water is predominantly a
. . gray, fine to medium grained,and locally calcium bicarbonate type, but a cal-
and conglomerates. Ca!CIum sulfe_ite type water% ferruginous. A basal chert-pebble con- cium sulfate type water is found when
The purpose of the investigation was to de- are found where water in the aqulfel" has been in EorttUniion glomerate conformably overlies the Lance water is in contact with coals. Dis-
scribe the aquifers and to evaluate the availa- contact with gypsum, organic materials, or coals. o it i i ikl ??lfﬂi?l;d?l?°2§?’Cfra&;‘€2rr223eion-
bility and chemical quality of ground water in Sodium bicarbonate and sodium sulfate type wa- tain concentrations of fluoride, iron,
the study area. Parts of the area have under- ters occur in aquifers where calcium bicarbonate 'Jagga;zli‘f;ca::a?;;rg::v;gee’(‘fgzz)“
gone rapid population growth in recent years and calcium sulfate type waters are in contact standards for drinking water.
which has resulted in an increased demand for W'th.C]aYS or Weath?l‘ed.Sha]eS- Calcium ions Interbedded gray shale, sandstone, and Reported well yields are no greatér than| B e N e Tode Tl D el e e e
additional domestic, industrial, agricu]tura] ; readily replace sodium ions from the clays and coal. The sandstones vary from a light- 5 gal/min. Only two springs sampled.
e ¢ 2 brown, soft, fine-grai i i lcium bi )
and municipal supplies of water. A knowledge of PG e g Bt e B P T R e
the occurrence of ground water will permit a ¢ f Larice . ks to gray, c?ars:-grained, Iedge-fgrmir.!? 501 and 56? mg/L% Water may cgntéin """
o e o u i o ater i 1 LIVi Ui S 5 5 sandstone in the western part. 0SS concentrations of manganese and ni-
more efficient allocation of the resource. . The qual tY .W t n all al aq ? Faehation identification in the lower part of the trate in excess of U.S. Public Health
1S dependent primari ]Y on the type»of mater|a] forrpation indicates a marine environment Service (1962) standards for drinking T.7 N'
The investigation included identification that was eroded and deposited as alluvium. Wa- idelRid R R R rra e
. . O ose o e over n resn-w. r
of aquifer units and presentation of hydrologic ter quality also can be influenced by the under- Chocies, e ek
Hen i = flow of ground water from adjacent sedimentar
characteristics of the aqunfers. These were ac s 9 J . . ¥ Dark-gray to bluish, homogenous, marine Reported well yields are less than 5
complished by reviewing publ ished geologic maps, aqunfers. The types of water in the alluvial shale with several thin interbedded gal/min. Water is predominantly a
obtaining olats from existing wells, and conduct- aqt.erI"S include calcium and sodium bicarbonate, sandstones and calcareous concretions. calcium bicarbonate type. Dissolved-
5 5 & 2 o - o 2 . solids concentration ranges from 272
ing four aquifer tests on selected wells through- and calcium sulfate. Calcium and sodium bicar ﬁ:ﬁ Kls 1,900 to 4,230 mg/L. Water may contain con-
out the study area. Seventy-nine water samples bonate type waters are more common and are found centrations of iron, manganese, ni-
3 3 if o . il trate, selenium, and sulfate in excess
were collected from wells and springs and were where the alluvial aquifer is composed primarily of U.S. Public Health Service (1962)
analyzed to define the chemical quality of water of material eroded from sandstones or granitic Upper standards for drinking water.
5 i - % 3 s . Cretaceous
from the aquers. GEO]OQIC information used in rocks. The calcium sulfate Eiile waFers OC(.ZUI' i Sandstone, light-brown to grayish-white, Reported well yields are as much as 100
preparation of this report is from published re- parts of the study area where alluvial aquifers I with interbedded gray carbonaceous gal/min, but average less than 10 |  foooimmiichiggeecihiiyMogpgreofane Beesaie i e g LN g e R e 00geegt e gipo e T R R
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pOI"tS by Tats (1975) Bure Eby and CampbeH are Composed of reworked Fort Union Formation 3 thle;rcozl', and c!lnl;er b:ds. Th: coal ?al/mur;. tFIr.)WlngI\iweHs c:n‘be found 40°30" 5
9 9 ? % e e economic Importance an more In mos stream va eys an Iin areas i & ¢
(1955), and Buffler (1967). Basic hydrologic material or where ground water from the Fort E Williams numerous than those of the Iles Forma- where sandstones areyoverlain by Lewis i
. . . - . wl . . . . . . .
data used in the preparation of this report were Union Formation is dlscharged to the alluvial o 5 i Forl;. Kw 2,100 :mrr:t The \t/eryhféne to flne-grameg,d Shgle.d‘Watzr lsbprefom;nantly aalmum
o . . . ormation g -gray to white, massive, crossbed- an sodium icarbonate ypes. ater
collected by W. E. Hofstra (written commun. , aquifers. Dissolved-solids concentrations of § ded Twentymile Sandstone Member is a in contact with coals may be a calcium
. water in the alluvial aquifers range from 82 to @ prominent ledge-forming sandstone about sulfate type and contain fluoride,
1975) and by the authors durlng 9758 . 3 q 2 9 9 800 to 900 ft above the base of the for- iron, manganese, selenium, and sulfate| [.---6000
29970 mg/L (ml 11 igrams per 1 'ter) ’ and average 5 mation. in excess of U.S. Public Health Serv- | ool e ) D L L T L o B g e R o R ittt B et L e e e o oy oo
724 mg/L. Arsenic, iron, manganese, nitrate, ° i o A = ; ice (1g§2) ?tagdarﬁdfor drinking wa-
. . s . = nterbedde: g t-brown to white, massive, ter. Issolved-sol ids concentration
AVAILABILITY OF GROUND WATER selenium, Su}fate’ and dissolved-solids concen = fine-grained, ledge-forming sandstone, ranges from 334 to 1,460 mg/L and av- T.6 N.
trations occur ]Qca]]y in excess of U.S. Public ’ b;o:m to I;lack]car-t;gna‘lc_eous Ehalz,ssazdy e_erages‘7li6 rpg/L% Hydra:lic-;onductiv—
o es . shale, an coal . e rout ree! and- ity values Ttor racture sandstones
Ground water may be found at var‘Ying depthS Health Service (1962) recommended standards for Formation Al 15500 stone Member, a 50- to 100-ft thick, range from 3.7 to 26 ft/d.
. o drinking water. light-brown to light-gray, fine-grained,
thrfj)Uthut the]StUdyhare?i AQUI'F:I’S include 9 massive sandstone, is located at the top
sand and gravel in the alluvium of the Yampa of the formation.
: : T : o Water from the sandstone and conglomerate
River and its prlnCIpal trlbUtarles’ sands, . . g- Light-gray to dark-gray fossiliferous mar- | Reported well yields are less than 5
semiconsolidated sandstones, and conglomerates aquifers of the Browns Park Formation is mostly ine shale with interbedded sandstones gal/min. MWater is predominantly a
of the Browns Park Formation; sandstones O'F the of the calcium and sodium bicarbonate types. Upper and limestones. The sandstones are gen- calcium bicarbonate type. Dissolved-
g " of . erally thin bedded, fine grained, tan, solids concentration ranges from 338
Fort Union, Wasatch, Williams FOl"k, and lles One well in the southeastern p?l"t of th? StUdy ngdr Mz:cz])s Km 5,300 and fossiliferous, and form resistant to 2,590 mg/L. Water may contain con-
Formations; and fractured and weathered shales area produced water of the sodium chloride type. Cretaczous S 1edg:s in the basal and upper parts of centrations ot chloride, fluoride,
% % - H LT the formation. The overall area occu- iron, and manganese in excess of U.S.
in the Lance Formation and the Lewis and Mancos This type of water may have originated by water pied by the Mancos Shale is character- Public Health Service (1962) standards
Shales (geo]ogic map and table ]) Except for coming into contact with volcanic intrusives. ized by a rolling hummocky topography. for drinking water.
: : Dissolved-solids concentrations from aquifers in
wells completed in the alluvium of the Yampa K ¢ £ 9 1 0 % fokats Eahdirone Sedimentary rocks in this age category No information available. Rock units
River and sandstones of the Williams Fork and th? Browns Park Formation range from 95 to 1,07 -z et e Have a wide range of character, but con- may be aquifers near outcrop areas.
. . . ma/L., and average 0 ma/L. Chloride, fluoride n = X sist primarily of interbedded and vari- Yields are estimated to be less than
Iles Formations in certain parts of - the StUdy .g % » g 35 ?/ ? . 3 & Cretaceous to Sunc.iance FormaFlon colored sandstones, shales, |imestones, 10 gal/min.
area, well yields are low, generally less than iron, and dissolved-solids concentrations OCCUI‘ Lé"é Precambrian Cﬁt;\:;:eio;:::\a;g?on Kpey Hakiown and conglomerates. Igneous and metamor-
25 gal/min (1.6 L/s) locally in excess of U.S. Public Health Service e Sanatch Busrezite phic rocks also vary considerably, with
g o = . 0 < a S felsic and biotite gneisses,amphibolites,
(1962) recommended standards for drinking water. S and granitic rocks Sl araniiet roks el nenpradoREnt:
5 ; 5 T.5 N.
Alluvial aquifers are restricted to the , g i i T.5N.
valleys of the Yampa River and its principal Water from aquifers in the Fort Union For
tributaries. Aquifers in the Yampa River valley mation is predominantly of the calcium and so-
range in thickness from less than 10 ft (3 m) to dium bicarbonate types, although calcium Slj'lfate Recharge to the water-table aquifers occurs
an estimated 100 ft (30 m), and in the tributary type water also may be found |n.th? fogmaﬁlon. primarily during the spring. Runoff in the
valleys the aquifers are generally less than 20 The calcium sulfate type water is found where streams infiltrates through stream bottoms and
ft (6 m) thick. The alluvium is thin or absent water has been in contact with gyEsuup or. TnEer sides and raises the water level in the aquifers.
where streams cross the hard, resistant sand- bedded coals that are common in tfe orma1.:|onr.‘ Water levels in the Yampa River alluvium also SEIHNG SEDEDR0ISADCY
stones of the Williams Fork and Iles Formations. Dizsolved-solids concentrations (1:’4 Rl t/e are raised by leakage of water through iFriga-  « ovmarTae et e v Priipepesnlpsiioatee s e plrin gt \ RIS ne NERE I e e e e R e e T e e
The alluvial aquifers are thick and wide where Fort Union Formation range from 440 to 717 mg/L, tion ditches and laterals. In parts of the S W R s i s 106°45'
the streams cross less-resistant rock units, and average 522 mg/L. Fluoride, llroni]mal:\ganese, study area, ground-water underflow from sedimen- R.91 W 167°30' R. 90 W R.89 W R. 88 W. 107°15' Bt ¥l i -
such as the shales in the Lance Formation and amd’ mitTate CONGENTrEt IONs LCHT “Total 1y, T, ©x tary aquifers is another source of recharge to Base from U.S. Geological Survey :
the Lewis and Mancos Shales. cess of U.S. Public Health Service (1962) recom- alluvial aquifers in the valleys. 1:250,000 Craig, 1954, revised 1974 Sk 0 2 4 6 :§ MILES
mended standards for drinking water. P
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Depths of wells completed in the alluvial : : ; Discharge from the alluvial aquifers prin- == ]
aquifers range from 8 to 100 ft (2.4 to 30 m) Calcium and sodium bicarbonate types and cipally is to streams and, in the southeastern
(table 2). The greatest measured depth to water calcium sulfate type waters are found in aqui- part of the area, to underlying confined-sand- GEOHYDROLOG'C MAP
was 10 ft (3 m) and one flowing well was observed. fers in the Williams Fork and |les Formations. stone aquifers. Discharge also occurs from the
Water in contact with interbedded coals or black numerous springs in the area The Abindeafce of
Well yields are reported to range from 5 shales in the two formations can be of the cal- springs throughout the study area indicates that
gal/min (0.3 L/S) to as much as several hundred C!um sulfate type. thSSO]ZZd‘SO] ids concentra- in many places water-table aquifers consisting Table 2.--Chemical analyses of water from wells and springs
gallons per minute. The highest well yields can tll*gns Eange from.33 1.:0 ln e mok, aop avet:age of coarse, relatively permeable material overlie [Analyses by U.S. Geological Survey. Underlined concentration is in excess of that recommended by U.S. Public Health
S ol BT el Pl < 4 el LB a e T gl e redativelpingeiieable rocks FEsuliting . in Service (1962) standards for drinking water. MG/L=milli lit UG/L j ot .1 p i
: . . H - H 1 . = igrams per 11 5 =mi i
Steamboat Springs, Hayden, and Craig. Wells that sul fate, and d!ssolved solids concent.:ratlonsh springs forming at the contact between the two g p er /L=micrograms per liter]
fully penetrate the alluvium, and have been de- ‘;CCU‘: IO‘E?;;’Z)‘” excessdog U'.CS.dPul;l '; He:lt.: : types of material. Springs also occur where the T SHEL s i e i eid
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signed and developed properly, can yield as much ARl yice recommended standards Tor drin water-table aquifers are fractured, allowing 20 DEPTH TO CIAIE SOLVED NON- DIS-  SOLVED SOLVED SODIUM- DIS- DIS- SOLVED SOLVED DIS- DIS- DIS- DIS- DIS-
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manner, long-term, high-yield wells can be devel- bo?ai.te typzs, jl.thougi;fa few samp]e_?hwere]of the lles Formations, the Dakota Sandstone, and older 1 wehe S EE e R - S - = e il o 3 o ; e e .
oped in alluvial aquifers. calcium and sodium sultate types. = Eedc WD Paleozoic formations. The direction of ground- 2 402931107311401 SB00609008BCD1 ALLUVIUM 75-05-23 - 1 . ; . 2 : e i o e 9 2 o Loy s OeEl - Rend i 0 o g 140 == 30 == A = 0 ==
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Some thin terrace deposits occur in the vi- the'reductlon Bt len §ulf|de mlnel."als, sth - teristics of the aquifer and partly by the re- 5 402120106535201 SB00508526CCC1 ALLUVIUM 75-07-891 o - ig.g gg 1(7)28 Z;g 3?8 8 32.5 32? Bg.e 3?.1 228 gllf 24'8 2’23 8 Z'g 2'3 ?13 ;g .83 'gtz) 'gg 160 1 12 E%% o 7—8 i : : . <
cinity of Steamboat Springs. These deposits are pyrite, and the {'edUCt'O” of ergan e materials gional geologic structure. In the Yampa River e e Rees L > . . . . .0 4 1 0 o4
100 to 200 ft (30 to 60 m) above the flood-plain that are caimon in black shales. Dissotved basin, the regional dip of the rock units and 7 402156107015201 $B00508627BBC1 ALLUVIUM TEioeos L 40 b 105 270 : = 14 P T i o (o 236 0 o - = . - 00 i 5 . . i ; . o . . : v
deposits of the Yampa River and its tributaries. solids concentrations of water in the shale aqui- the regional ground-water flow is generally to g Zggggﬁg;gﬁ;gi ggggggggg%ggi :\LLUVIUM 75-08-08 -- 30 1556 7 1250 702 190 0 45 363 47 17 210 2.5 bur 443 0 e e 250 11 ~80 -00 .02 0 0 3 ng g %Q :% 8 8 8 'g
Because the terraces have a relatively small sur- fers range from 272 to 4,230 mg/L, and average the west mod morthwest. o LLUVIUM 75-08-06 -- 14 11.0 6.9 690 393 290 42 61 247 81 21 33 1.3 .8 301 0 14 .3 75 14 Sl il .00 .00 0 0 5 20 0 60 .0 0 3 0 .2
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face area, are thin, and are relatively permeable, »113 mg/L. oriae, uoride, lIron, manganese, ; . 390 . . . -0 0 0 4 .0
o . i i i & i ; s 3 402221 -08- g e
a permanent water table does not exist. During nitrate, sc_alenlum, sul fate, ar.md dissolved-solids The confined aquifers are recharged in 1; 4&5&8228238% ggggggggiggégl ﬁtt‘d¥i3: ;g_cl)g_c{g ~ o 1;.8 g.; 2238 1223 g;g 4;3 52 . g;{i 28(2) gg zgé %1 3.2 222 8 6.4 .3 50 12 16 .01 .01 0 0 8 0 2 10 .0 0 3 0 o4
the spring or early summer months, springs may conc?ntratlons oceur locally in excess of U.S. parts of the study area where the Yampa River 13 402633107080101 SB00608727DCA1L ALLUVIUM 75-06-06 Fx 10 20.5 T 1450 1050 820 360 28 457 200 il 31 401 = 557 0 gi :g 288 11'7 1'82 :82 :3; o pr. 308 183 o 3?8 '8 S (2) 9. 'é
Flow at the contact of the terrace material and Public Health Service (1962) recommended stand- and Tts tributaries flow over the sandstones. s e s o e e e e e R R S N e . = s B
the underlying impermeable material. These ards for drinking water. Recharge to the confined aquifers also occurs by ; ¢ 3 ; 2 o 9 S i = 11 -06 R0 s e & L 40 40 1 70 .0 5 3 1 .6
4 : : 4 ; 6 -08- o
cprings dry up as water is discharged from the lcakage from the Browns Park Formation in the e B S o o o o e I L RS TR e e e o o8 e e TR T
g 5 ’ < o 5 . = H g = & . 0 e > . . . . . . 30 0
terrace deposits. southeastern part of the study area. Discharge 195 ol e i e £ £ 18 403032107115701 SB00608801ADC1 ALLUVIUM 75-07-02 -- -- 11.0 6.9 400 255 170 45 30 122 49 11 23 2.3 8 149 0 g 2 2 17'2 5 - 81 8; 8 : 4 - . - = 2 2 - ~
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Consolidated and semiconsolidated sedimen- the west and northwest out of the study area. Seoll. Susvey Bull, 1027-D, p. 143-250 . . . . . 3 40 2 0 6 0 0 > o
tary aquifers in the study area include all or Ground water in the study area occurs both Locally, discharge from the confined aquifers [1956] . B g; Zg;g;giggiggggg 2388?833%;333 BROWNS :kkzv;g:MAnoN ;g_gg-ig 21{ . e e i z - 2 - = * i = b g L . oo o e L o 100 Fil 9 i PG 3100 o 4 Te 5 s 0
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aquifers are more variable and, with few excep- the Wasatch and Fort Union Formations, the Lewis Iles Formations are faulted extensively, and pe- Water-Re;ources Circ. 15, 25 . 55’, 28223;%8?322288 §§883885§§§§§ BRg":‘é §ﬁ§" Fahalion TRy L 150 L0 e 18 1 ¢ g 8 i i ke? . 20 fel e 12 o 2.3 - G0 28 g =92 1553 = e g 50 = 20 0
i i- - ; ; : s : 86 BROW K FORMATION 75-08-20 -- -- 9.0 7.0 180 152 91 0 19 &8 g = c i = Re : : ) i ol 50 5 -- -- -- --
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wells range from less than 1 gal/min (0.06 L/s) clockuicohdimact ian. baaimiing with (&) In the report are listed below: 68 402613107390801 SBO0609131BBD MESAVERDE GROUP 75-08-20 -- 900 15.0 7.3 800 519 150 0 42 427 30 19 150 4.2 .3 520 0 3.0 192 %0 15 sl ol .00 — 200 0 - 3 ’ 2 o
) 1 0
: 6 : I - - £ th i 9 9 : s 69 402643107153301 SB00608828DAD1 MESAVERDE GROUP 75-07-11 -- 160 12.0 8.2 2000 1360 24 0 15 1190 4.3 3.1 570 2.2 51 1450 0 21 3.0 30 8.8 04 14 22 0 2 : . = 2 . 0 b=
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hydraulic-conductivity values from analysis of aquifers moves downward and to the west. Dis- vision, consecutive numbers beginning with 1 are feet (ft) 0.3048 meters (m) '71; 2833331833?1383 gggggggggégggl 353235?35 gggg: ;g-gg-gg -E = ig:g g:g 1?61,8 ?23 21(1) g 21; 332 2; 1.3 ggg 13 22 222 138 %.g 1.2 20 i o '33 o 3 2 = = : 2 = ; 0 5 v
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Measurements of well depths and water levels of With the exception of Fortification and Elkhead were inventoried. For example, SB00509015ADCI1 feet per day (ft/d) .3048 meters per day (m/d) 77 402916107061601 i Ham el Lo S e 2 e B o e S g e o G 4% o o : i 13 15 «04 .00 .01 0 1 0 110 3 90 ] 0 0 0 .0
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sented in table 2.

aquifers to streams.

155 T SRR G O

(gal/min) (L/s)

*FLOWING WELL.

OPEN-FILE REPORT

RECONNAISSANCE OF GROUND-WATER RESOURCES IN A PART OF THE YAMPA RIVER BASIN BETWEEN CRAIG AND STEAMBOAT SPRINGS, MOFFAT AND ROUTT COUNTIES, COLORADO

By
Robert E. Brogden and T. F. Giles
1977

+U.S. GOVERNMENT PRINTING OFFICE: 1876 — 777-034/49



