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INTRODUCTION DISSOLVED SOLIDS Each pie diagram also shows the proportion The bedrock can affect the chemical compo-
. ) ) of cations and anions that comprise the concen- sition of water in the aquifer in several ways.
105° ] . 0g° - S : In 1978, the U.S. Geological Survey initi- . As a result of geochemical and biochemical tration of dissolved solids in ground water at Water at the base of the aquifer in contact with
C'A/MPB\ELL 1l wesire 101 100 . : hepl il Vi : | ated a 5-year study of the High Plains regional interactions between water and the geologic that location. Only the concentrations of the the bedrock can dissolve minerals and transport
sl i B whie Rigr ] i AURGRA” Y N o J aquifer to provide: (1) Hydrologic information - materials through which it flows, ground water most common ions were used to construct the solutes through the aquifer by flow and dif-
o R T}“f‘/‘f‘f’\‘-?‘ S f T Ue el . s - AR needed to evaluate the effects of continued contains a variety of dissolved inorganic chemi- diagrams. The numerous other ions found in fusion. Water containing large concentrations
L Je £/ e 4_1l " L || ground-water development; and (2) computer cal constituents. The concentration of dis- ground water make up a very small percentage of of solutes within the bedrock can flow from the
:Yz()w 14 ﬁ(N/C G 1 o \“-;3 I~ models to predict aquifer response to changes in solved solids in ground water can vary by many the dissolved-solids concentrations. The ca- bedrock into the aquifer in response to
e T,/f o ) i s = ?’- ground-water development. The plan of study for orders of magnitude. A simple method for cate- tions, including calcium (Ca), magnesium (Mg), hydraulic-head differences. Water chemistry
AN ) - ; é’-%t the High Plains Regional Aquifer-System Analysis gorizing ground water based on dissolved-solids and combined sodium (Na) plus potassium (K), also can be affected by dissolution of minerals
s gnda“ N was described by Weeks (1978). A description of cgncentration is presented below (Winslow and comprise one-half of the pie diagram. The from reworked bedrock material contained in the
: ' Y D& Fi T the High Plains aquifer and a map of the 1978 Kister, 1956): anions, including bicarbonate (HCO;), sulfate aquifer since deposition.
Valeniines e L 4% water table were presented by Gutentag and Weeks (50,), chloride (C1), and nitrate (NO,), com-
i "’FR . Sl Wy (1980). Maps of the bedrock geology, altitude prise the other one-half. The concentration of dissolved solids in
- ' R || Ponda) of aquifer base, and saturated thickness of the Concentration of dissolved water from the High Plains aquifer exceeds
PN XN High Plains aquifer were published by Weeks and Category solids, in milligrams per The 15 chemical analyses from which these 1,000 mg/L near outcrops of Late Cretaceous age
. o Dajdta K1 Gutentag (1981). Water-level and saturated- " T4eap diagrams were constructed are presented in the in Goshen County, Wyoming. The bedrock units
L A T : oy o thickness changes, from predevelopment to 1980, table below. These analyses were selected underlying the aquifer in Goshen County are the
o Hae s N_E B URS were mapped by Luckey, Gutentag, and Weeks Fresh Less than 1.000 because they are representative of the variation Lance Formation of Late Cretaceous age and the
- i St | iy (1981). This report describes the areal dis- Slightly saline 1.000 - 3.000 in concentration of dissolved solids and the Chadron and Brule Formations of Tertiary age.
, " e NS T AR gl tribution of dissolved solids and sodium in Moderately saline 3.000 10.000 chemical composition of water in the High Plains Rapp, Visher, and Littleton (1957) reported that
— d 3 ford | r—— water of the High Plains aquifer. Data used in Very saline 10.000 35000 aquifer. Concentrations of chemical constituents the dissolved-solids concentration in water from
S ]| .GRANT | HOOKER ! riyomAS R this study were provided by the U.S. Geological Brine More than 35.000 exceeding U.S. Environmental Protection Agency the Lance Formation ranged from 416 to
RRILL ©*; 7 i . Survey and State agencies in each of the eight ’ (1976, 1977) primary and secondary drinking- 1,250 mg/L and exceeded 1,000 mg/L in 2 of 7
B D = aan e States in the High Plains. Their contribution water regulations are ir;dicated h1']n tge t?’?]e' wate:'] samples. Water in the Lance (Fonnatiog
P o ol is an integral part of this investigation. " The concentrations of sulfate, chloride, fluo- usually is under artesian pressure (Rapp an
ARTHUR | © o |LOGAN| '[o put the concent.:ration ranges in per ride, nitrate, and dissolved solids in several others, 1957) and may be moving upward into the
G ayc te e Sy PHETS_OT_LE?'G_"u 2 o The High Plains aquifer underlies about ;pgggw;aﬂwat(?nr%]f?n::r::1ngermoqeitet:|)an dﬁ%%%qug samples exceed the regulations. Feder and High Plains aquifer.
— i 7\ waun 174,000 square miles in eight States--Colorado, <ot generally 'igs 200 pmineralized o deink Krothe (1981) noted that selenium exceeded the
il e | garlzs?:s’ ;{_ebraska,dNe';l M?Xico,n(])khhomaf, South (Freeze and Cherry, 1979). The U.S. Environ- Eegulagions in a water sample from Kiowa County, 1‘_In nort]heastern Nebraska, the High Plains
Fa I akota, Texas, and Wyoming. e aquifer con- : Sy olorado. aquifer includes interfingering glacial till
AR sists mainly of sediments of Tertiary and Qua- T?::}::] foi:_r°§‘:‘;§:"]”",edA9:g]C.1Yds(112‘77Lr1,”“:‘i:z';"1'3:‘::$ . deposits. The till deposits consist of reworked
1 o ternary age. In ascending order, the Tertiary supplies s 500 mg/L Dssalvalesolids cone The chemical composition of water in the Cretaceous bedrock material of marine origin.
v:_,\,\ \\\\ ~ SEDGWICK l . ! rocks consist of the Brule Formation, Arikaree centrations also provide a measure of the salin- High Plains aquifer is related to the concentra- Wells in the till do not yield adequate quanti-
AR \"} g e i | Formation (or Group in Nebraska where it is ity hazard of walt’:er used for irrigation. Most tion of dissolved solids. In general, water in ties of water for irrigation. Where the aquifer
\,,\ : W__\me;ik;}kgs | subdivided), and Ogallala Formation. The upper crops can tolerate water containing as r;uuch as the High Plains aquifer containing less than includes till deposits, the dissolved-solids
B b - part of the Brule Formation is included in the 500 mg/L dissolved solids without adverse ef- 250 mg/L dissolved solids is a calcium bicar- concentration in ground water usually exceeds
e i High Plains aquifer where it contains inter- fects; if leaching or drainage is adequate bonate type water. Sodium and sulfate become 500 mg/L and, in parts of Stanton and Wayne
- 5 o e t = ! gedtrice connected fractures in parts of northeastern concer:trations of 500 to 1,500 mg/L are noi’: more prevalent where the concentration of dis- Counties, the concentration exceeds 1,000 mg/L.
{(——=1 B | wi - TR Colorado, western Nebraska, and southeastern likely to be harmful (U.S §a11 ity Lab solved solids is 250 to 500 mg/L. The chemical The maximum reported concentration of dissolved
- ) P < — <t ",_,')a ‘, Wyoming. The Arikaree Formation or Group is S;:agfy 19054) Ao L 52 lamverary character of water in the High Plains aquifer solids in water from the till was 2,120 mg/L
i i ’ L part of Eh$ aq(;n‘fer where it undiﬂies no;th- ? ’ that exceeds 500 mg/L dissol\aed soh‘difis mixeda (R. A. Engbe;g, U.S. Geological Survey, oral
OCT ; | % eastern Colorado, western Nebraska, southern ; with the ions calcium, sodium, sulfate, an commun., 1981).
: = | On this sheet, the map shows the areal ; .
(-'l ; el Azmaomad || Bsiai ] Sgt:ﬁ(l: D%kota,] ar!id sou.t:eag»tertr:lh Nyﬁ?irr:g.m The distribution of dissolved-solids concentrations chloride most prevalent. —_—
1 | rEPUBLIC (wastINGTO v PPIGCIRRT . SRiOgic  WAIL W - the Mg e 165 found in water from the High Plains aquifer. . . : ) . In Kiowa County, Colorado, the concentra-
NVER | erispsobe . XL aquifer is the Ogallala Formation which under- Each interval on the map shows the range in Most of the High Plains aquifer is composed tion of dissolved solids in water from the
ittelhg ) ) ( ' . g 7 : L l‘t_L-—- : lies 156,000 square miles of the study area in concentration of dissolved solids thatgpre- of sand and gravel usually mixed with silt, aquifer exceeds 1,000 mg/L. The maximum concen-
i | v 1C°"é°'Ld' 39 : wiodind | New Mexico, Oklahoma, Texas, and parts of Colo- dominates in that area. The dissolved-solids clay, and caliche. The chemical composition of tration of dissolved solids reported by
T, | (L b 8 - Caye | rado, Kansas, Nebraska, South Dakota, and Wyo- ; ) water from the aquifer is predominately calcium Boettcher (1964) in Kiowa County was 2,560 mg/L.
og® L | hdow . NS Cent map is based on several thousand reported chem- : . : : - . A g
s\ /e e e Ay [rpighion 1 i ming. ical analyses of water samples. Because of ma Bicarkanate fype wthr darived frim foe $alution In this area, the aquifer is underlain by the
W ' oN | -@\@ _ | scale, it is not possible to show small areag of calcium carbonate cementing the sand and Smoky Hi1l Marl Member of the Niobrara Formation
B B e =] The Quaternary deposits included in the within or between intervals whars the dissolved gravel. About 62 percent of the area of the of Late Cretaceous age. The Smoky Hill Marl
i et I s High Plains aquifer consist of alluvial, dune- solids concentration may be more or less than High Plains aquifer contains water with 250 to Member is "practically impermeable" and contains
IR c mson g sand, and valley-fill deposits. Alluvial de- that indicated. More detailed information about 500 mg/L dissolved solids, 19 percent of the gypsum (calcium sulfate) crystals according to
CColdfado Springs |~ il Wl S Nt o = posits comprise the aquifer in .eastern Nebraska the quality of ground water is available in ~area of the aquifer contains water with less Boettcher (1964). Water in the High Plains
—————— [ B\ R A's o [N iy AL il ISP =i § and the Great Bend area in central Kansas. In reports from varigus Federal, State, and County than 250 mg/L dissolved solids, and 19 percent aquifer in Kiowa County commonly contains sul-
1 L; — oo Shhe e~ — == \ oo '_K - many areas of the High Plains, saturated al- agencies. ’ g of the area of the aquifer contains water ex- fate as the dominate anion (pie diagram 8),
\ FE—- %AQ a WY &y " | luvial deposits overlie the Ogallala Formation ceeding 500 mg/L dissolved solids. Only 3 per- which is attributed to gypsum in the bedrock.
s Y X City to form one aquifer. Wind-blown dune-sand The chemical composition of ground water at cent of the area of the aquifer contains water Because the Smoky Hill Marl Member is not known
; R et N : i deposits are part of the aquifer in an area of Yected sTtas 13 hp the ms by 16 ¢4 with more than 1,000 mg/L dissolved solids, most to yield water to wells, the chemistry of water
e cRowiky | L\ E about 20,000 square miles in west-central Ne- S?af.c er .-511-:.:5 ;?as:w: onThee ?epdiz ramsf: ;f.; of which is in Texas. Generally, the maximum in the High Plains aquifer probably is affected
Ve g & US, 5. TN - | braska and smaller areas in Kansas. Valley-fill g d w e W 2 di ? d concentrations of dissolved solids in water from by solution of gypsum at the bedrock contact or
\ TER e : e deposits along present streams also are part of ased on the concentrations of dissolved con- the High Plains aquifer are less than 3,000 mg/L in wells that are drilled through the aquifer
‘ S0 = y the aoeitar, ] K wore detyited @ ot £ th stituents expressed as milliequivalents per except where the aquifer has been contaminated inte bBedvock _
— Bl b [ BNt [fpfaow - ] geolog; of the H?gh Plains :qui;e’::‘r:lgs g:egenteg liter. The concentration of each ion, in milli- by saline water '
/ A s - : 114 aoutua "
! o 1 i dufL by Gutentag and Weeks (1980) and Weeks and grams par ]!ter, o5 goqvgrted ha mﬂhqun{a Extending from McPherson to Pratt Counties
[ __,, il . 4 Gutentag (1981). lents per liter by dividing by the combining In parts of Colorado, Kansas, Nebraska, and in central Kansas, the High Plains aquifer is
wey” ) weight of that fon (Hem, 1970). Milliequiva- Wyoming, water in the High Plains aquifer con- underlain by Permian bedrock containing salt
g 5, The High Plains region is an important 1f‘"t§ p]er 11tetr_texp;essqs the concer{l_traﬁwn. °T tains less than 250 mg/L dissolved solids as beds and saline water. In this area, water in
Loy " agricultural area that includes about 16 million 3 eqnca]i S Luen L t:r]ms do .cbemut::?‘ shown on the map. A large part of this area in the aquifer contains 500 to 1,000 mg/L dissolved
e B, | acres of irrigated land. The High Plains aqui- equ1va.§r.|ce, a}n n;:ore ac&:u_:?l . y1 is:cnhgs b E Colorado and Nebraska is covered by sandy soils solids and large proportions of sodium and chlo-
N fer is the only source of water for irrigation ;::omposl O V{atgr il on " r]'e] tolbirsin 11pt e; and dune sands. The concentration of dissolved ride (pie diagram 9) indicating that water from
Trinida : g T e in most of the High Plains. In part, the economy aweg:t;:':\s (yc‘)s?giee};n.chargeedmior})eql\‘rl]iv]al egeagt Zgyds /1Ln bthe area cor\lfered Ey i?lnd is j:ss Fhan the Permian bedrock may be entering the aquifer.
- bk A ; ; ilabili ' PRI ’ i m ecause recharge to the aquifer from
" R ey T : B - g; En?taHglgeh §J:111'n€y dsg:ggsfgr; ?’Qii;;:;gﬁ?ﬂ}ﬁi with one milliequivalent of an anion (negatively precipgitation is re]atgvely lar'geq and most Permian bedrock also underlies the High
I ( o \}ﬁt/v e Buttato suitability of water for irrigation is deter- charged ion). : ic,:;:]ubledmater-ia] already has been removed from Plains aquifer in Beaver County, Oklahoma.
A RN ¥ oill el ey il apER . mined largely by the concentrations of dissolved S . e sand. Water in the aquifer in this area typically
;}\T SR TN BN e O | o o solids (salinity hazard) and sodium (sodium EafCh pie ‘?1ag“"‘! 1s °°"St”,"°t‘§d S0 tr’]'at the contains 500 to 1,000 mg/L dissolved solids but
g % eSO OF Z RN S — N hazard). The purpose of this report is to arei °t. the fc1dr.c e]'lsdpro;])qztlong t.(’”t' il il In several areas where water in the aquifer exceeds 1,000 mg/L near the Permian outcrops in
i S L | oy Y el vy | - describe the areal variatfons in dissolved ‘lie" ration ]9 1ssc_)|_hve S‘; ‘]5’ i m; ;gquwa- contains more than 500 mg/L dissolved solids, Beaver County. As shown by pie diagram 11,
’ l fagmd " - e | NOBLE || 3 e solids and sodium in water from the High Plains ﬁ"tﬁ per lﬁer. ui’ E.e a;‘gt::;‘l E e.t1agraFm, the water chemistry appears to be related to water in the aquifer is a sodium chloride type
= L, o N o : AELET v B, SREE aquifer, relate the concentrations of dissolved s ?rge:h * conc:n v 1dop a lg N g' ¢ 25 bedrock geology. Except south of the Canadian with nearly equal proportions of sodium and
! <%0 AT VL AN b e solids and sodium to salinity and sodium haz- et e e T R ST Sl e o River, the age of the geologic units underlying chloride, which indicates that saline water from
R\ TN e TaNiing . ' {sileatre eyt ards, and determine the suitability of the water ;‘",‘e; .adr'.ger a"h etharea o tmet' 1agr1;arr(|r ’ the High Plains aquifer increases from north to the Permian bedrock is entering the aquifer.
7 Wors PN L) oA | o i A T Sl for irrigation. The concentration of dissolved oW 1]c.adtes.t . i G e south and from west to east (Weeks and Gutentag, The maximum reported dissolved-solids concentra-
s g t \° | | _jsggan \EREER. solids in water of the High Plains aquifer is b A 4o« i P, g gl = 1981). The age of the bedrock ranges from tion in water from the aquifer in this area was
/] i gl N el T 03 AN - W e X i i described on sheet 1 of this report; sodium WG R0 T gromes SBEL 3T BIeE B Tertiary to Permian and, in general, the older 6,200 mg/L.
@&«NT FE o t\q MILLS!’ g\ Bt~ — _72"('7;_—-—- o el concentrations and salinity and sodium hazards rocks contain more soluble minerals than the ,
wo gyt Yeses e t \\' o, 2 ', 2 g if@,, | ST 0 o U are described on sheet 2. younger rocks. South of the Canadian River, in New Mexico
! S\: N{ Cé_,,c us |\ &, I 3 4 : LR e N2 T »%slr | and Texas, the High Plains aquifer is underlain
et % \J & UWE 2)\&,1_ B [ ! ___/-4 | "9, OKTAHOMA CITY |, (- ~layOifreh Co b by Triassic, Jurassic, and Lower Cretaceous
PN ) i Yo 15 , Ty /OLOHAM  {POTTE Norgy soyre L l N eV g ’[f 'r-— - CHEMICAL ANALYSES OF SELECTED WATER SAMPLES FROM THE HIGH PLAINS AQUIFER bedrock. The Lower Cretaceous rocks were depos-
[ o | PRIt — e Lt i RS cADpO | A ol 5N vl . o _ ) o . . ited in a deep-water marine environment. Water
] S, r i f./ - i Washs, L ] L i'2>°'de";': [Values are in milligrams per liter except as indicated; values in blue are in milliequivalents per liter; values in red exceed in these rocks is highly mineralized and prob-
35° — l N V | e Uy ] | %, T\ bu_,l_'__*'%%‘ ’ i A¥bdarkol “%L: LS dpurcen | 18 1 HUGH :h35o U.S. Environmental Protection Agency regulations (1976, 1977); umho = micromhos per centimeter at 25 degrees Celsius] ably is movinghinto ]the hHi%h Z]a'ins aquifer in
St WL . r ' % ===y e : — A, , response to hydraulic-hea ifferences. As
» Sg NPy Up/aE/“_,» i - \ ‘“‘5& | EXPLANATION | Sodium N shown on the map and pie diagrams 14 and 15,
P,WﬁDA”NcE ' inra ks S ol DISSOLVED-SOLIDS CONCENTRATION, - . O well ... . Wagna-  * S canh- _ . _ Dissolved Specific b dominate water in the aquifer in the southern High Plains
4 ; Atgocorno 1 N - P S IN MILLIGRAMS PER LITER | Map -Site Geo]o<111c depth Silica Calcium sium Potas- onate >Sulfate Chloride Fluoride Nitrate ool fde pH conduct- contains large concentrations of dissolved
i . ; i . { number number unit P (Si0,) (ca) : (S0,) (C1) (F) (NO,) (units) ance : ; solids and unusually large proportions of magne-
« ik T o W e || WRTL S nees ;\1\ { feet) . (Mg) (3;:‘_'"(') (HCD,) ’ 2 sun) (umho) GELan e sium, sodium, chloride, and sulfate. This
F = Fws\sfmner e-./"i | E..dreﬁé probably is caused by the movement of solutes
'L OE>~8ada || A "R E— from the marine bedrock into the aquifer. Also,
,X{\\L\Q ‘ ! a‘f»?z;'g;v-" j\’“'”" N 1 4312571012815 ARKR 96 77 2&% " 8 g 6625 ; 232 g 28 : 8.2 (_)“1 }_S_) 332 7.6 446 Na H(:O3 :c{eeves ?nd M}']ler (197?) proposed lf);hat seepage
A O —- . i ' . ’ ' ’ ' ’ ' e rom saline lakes or playas contributes to the
s B bl uoTiey | < T;LE! - L3a 2 4244261042007 ARKR 100 54 122 1 22 , 3? ; 442 ! 24 i 4(1) 1 -5 678 7.5 926 Ca  HCO, relaEiveli Tsvgs Siksived-eolits consentrations
i . ] o A ) ’ ’ ’ ’ found in water from the aquifer in the southern
. ‘ ﬁ’;!::};-_@ ] — BOUNDARY OF HIGH PLAINS AQUIFER gt 3 4200401005902 SDGV 245 58 2(3 ; 3.3 12 " 9‘} . 5.? _“.i’: _f ?_(_) 148 8.1 158 Ca HCO3 H;ghd Plai]ns gf Tglexgs. The naximms conﬁentration
o Eo ‘ . : ) ’ L of dissolved solids in water from the aquifer
‘ 5“ii"'fil:\ﬂ}9.w" CHEEAL CONFOSITION OF DIESBUNED SOLIDS // 4 4114520984721 OGLL 200 63 92 . llll . 21 . 332 . 18 " 18 ; i 7.? 403 7.7 605 Ca HCO3 EOte,? tdt':nﬁng t;n.i St"‘éy("{gseﬁzo’zoolé"g)/" re(p;orted
: pps ™ Giifne ’ - ’ ’ ’ ’ ’ ’ ’ y Rettman and Legga s P in Gaines
: 4 . TV)(“A /] S e — e 5 4109391045801 OGLL 250 28 4523 : S.g 6.3 15; 4 6.? 2.213 _f 7.? 191 7.4 281 Ca HCO3 County, Texas. This anomalously large concen-
LA i ' \ ’ ' ’ : : ’ -2 tration was caused by contamination from dis-
% :F i B X y ~ A, N RN . ? 6 4011081001734 OGLL 200 58 5623 ; 1? ' 19 : 202 ! 13 ; 3.? _f - 273 I 420 Ca HC03 posal ]?f o;]-gield bgine? in surface pits.
Loy, || K °! §ronewalL || HASKELL R D otassiom®MNas+ Ky L5 ’ ' ’ : ) ’ ; Generally, the dissolved-solids concentration in
e Asperm;*m&rj | o | 12 s (N((:)+ A AN 7 3918061021418  OGLL 321 36 3?'5 10 . 2{ : 18:13 ! 10.2 3.? 1:? 7.e1'> 214 8.0 325 mixed HCO, water from the High Plains aquifer in southern
:*;~/?_1__L_T.__W“~f°x % P it - 8 3s04gl020652  OGLL 100 22 28 114 26 18 L1013 o 4.0 329 2,10 77 2,630 mixed 50, Texas is less than 3,000 mg/L.
i i O I3 (HCO3) = . 5 : : ! : 4 - ; ; The concentration of dissolved solids in
i, \!_,heo;ﬁ.&‘\! :\c i s iy 9 3816540985512 SDGV 100 20 102 g 2% i 112 ; 24?L : 93 : 17; ] 1.(1) 3 ] 694 7.5 1,235 mixed mixed water in the High Plains aquifer near major
| \COLORgm, | | : : S ) ’ ; : ; ; streams is affected by irrigation practices.
~ _ A%Z : ¢ ?‘PSCALEOFS:AD" L 10 3725431013338 OGLL 40 20 5% X 2? : 3&; . 182 ; ?% 30 . l.lll 12 . 339 7.6 555 mixed HCO, Sa]tst that'acgymu]ate i?j.the] 53"‘ %eca#]sehog
| ) - : : : 3 ‘ J ' ; evapotranspiration are dissolved an ushe
! < :MM./ (TOTAL OF MILLIEQUIVALENTS PER LITER) 11 3700591003420 OGLL 260 23 63 . 151) ; 218 ; 21(3) , 9421 ; 358 ; 1.(1) }_Z 900 7.1 1,650 Na C1 w:lth irr'igatlc':n water. I]n stress valleﬁs Share
[ = A g Spring__| Chemical analyses represented by circular diagrams ' . ‘ . . . . . i the water table is near land surface, the salts
E i l__ i e onvthe ba;sof perceztage ofmtalg 12 3627141031104 0GLL 170 38 52.8 32.8 17.7 21&;5 4?.0 4?‘3 1? 24'4 372 7.4 628 mixed HCO3 :natawer% disso}\vedhfrom th%chsoﬂ areﬂcl:arried o
s 57 : : f ; ESa milliequivalents per liter. Number beside pie diagram ; e aquiter. S Shown on the map, the concen=-
i L’\"Ql;a'r%i Y ,{ w,,\_(“ﬂ--ﬂ: N ,: l er | ASSCOCK'*:\.‘,\ im sz‘;)q corresponds to sample number in table on this sheet. 13 3543091010043 OGLL 569 27 42 3 1213 5 3{ 6 24[31 0 32 7 28 8 __? 3'? 312 8.0 507 mixed H(:03 t;‘ation hof :i'fsolved Sfl)]ids in dgrollzmd bv{later
) B2 M| CULBERsO N I8 LoyinG | [ < B LA ND . ~ fSterting City S [o 1 c ORISR — . : ’ : ’ ’ ’ ’ along the Arkansas, atte, an epublican
) /A.\,,\--_-,__%:\,/iﬁ! | 4 oo | U eeme T ~j ey GT, . g Cenants WNR\\ };\/\»—WW /?\\ =4 14 3255461030251 0GLL 150 58 75 i 2(1) . 4111 i 22% . 10; . 4? : 1.? 5.(15 507 7.3 675 Ca  HCO, Rivers generally fs 500 to 1,000 wefL and
4 ’ L -— ™o S Bro od Ve \ = . . . . . . . .
: o L — L A MBS %° 97 15 3239241023450  OGLL 104 64 231 225 845 282" 1,351 1,109 4.0 4.2 3,970 7.4 5,350  Na mixed S?giigsan}i’?\?&an"‘s%/s'- Rf\):;'f parts of the South
11.5 18.5 36.8 4.6 2051 S1is3 & 2l *
SCALE 1:2500 000 1ARKR-Arikaree Formation; OGLL-Ogallala Formation; SDGV-Quaternary sand and gravel deposits.
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