STATE OF MINNESOTA
DEPARTMENT OF NATURAL RESOURCES

REGIONAL HYDROGEOLOGIC ASSESSMENT SERIES
RHA-4, PART B, PLATE 3 OF 4

content in ground water for most of the aquifers in the area. Data
collected from 84 wells included general water chemistry;
radioactive isotopes of hydrogen and carbon; and stable isotopes
of sulfur, hydrogen, and oxygen.
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INTRODUCTION snowmelt are major sources Qf rgc_harge to surﬁcial aquifers and Aquifer Water Chemistry MAP EXPLANATION
cause water levels to rise significantly. During the summer,
The Upper Minnesota River Basin Regional Hydrogeologic ~ evapotranspiration uses most of the available precipitation and The chemistries of water samples from Cretaceous aquifers Water Table
Assessment focuses on ground-water occurrence, movement, and ~ recharge to the water table is negligible. When recharge does  completely overlap the range of chemistries in Quaternary aquifers
chemistry on a regional scale. The study area spans a large portion ~ occur in the summer, it likely coincides with significant rainfall (see Figure 1). This observation is not surprising since large —1100—  Water table elevation (feet above sea level)
of the Minnesota River headwaters. The Minnesota River bisects ~ events. Recharge can also occur in the fall, depending on rainfall, amounts of Cretaceous materials are incorporated into the glacial ntour interval 50 feet ’ A
the study area from northwest to southeast. The aquifers within  runoff, and evapotranspiration rates. Water levels decline in the  drift. The wide scattering of points on the diagram illustrates the _ contou erva ce )
and beneath the fine-grained sediments provide most domestic =~ winter, when precipitation is stored on the land surface as snow, wide variation in major ion water chemistry for both Cretaceous - — Supplementary contours (25-foot interval) SR -
water supplies. The significant fraction of readily soluble minerals  and typically reach a low point before spring thaw. and Quaternary aquifers. The amount of dissolved minerals in —_— General direction of ground-water movement Ll
in these sediments helps to explain the high dissolved mineral Recharge amounts to the water table in surficial sand and T.121N. L

gravel aquifers in Swift County were estimated by Delin (1986)
using hydrographs from 12 observation wells. Annual average
recharge estimates ranged from 1.2 inches to 15.1 inches and
averaged 6.0 inches. This average is consistent with the findings
by Larson (1976) that showed recharge estimates for the same

ground water in the study area apparently evolves in a fairly
short period of time, a fact supported by the absence of a
relationship between the total dissolved mineral content and
the observed residence time (as determined by tritium).
Residence time refers to the time that ground water has resided

Well Symbols

Shape indicates aquifer type

GROUND-WATER OCCURRENCE ion of 8.4 inch 5.0 inches for 1072 and 1973 ivel below the land surface. This means that most of the dissolved A Quaternary water table
X region of 6.4 mnches and J.U ICHes tor an - TeSpectVely. - mineral content of ground water results from chemical evolution -
AND MOVEMENT The recharge amounts to buried aquifers are much less. .+ ocours in 1essgthan 45 years. V¥ Quaternary buried outwash
Exponential increases in ground-water age with well depth The cation exchange with sodium observed in some @®  Cretaceous sandstone
Water Table observed in this study support this conclusion. For example, B Cretaceous regolith

Water infiltrating the land surface moves generally downward
through unsaturated soil and geologic materials. This water
eventually reaches the water table, which is the surface that
separates saturated sediments from overlying unsaturated sediments.
The water table is commonly referred to as an unconfined surface;
this means the pressure exerted on this surface is equal to
atmospheric pressure. Most wells in the region, however, are
completed in buried aquifers that generally have water that is
under greater than atmospheric pressure. These buried aquifers
are referred to as confined aquifers.

Contour lines on the map provide a regional depiction of
the water-table surface. Delineation of the water-table contours
relied on information available in the County Well Index (CWI)
data base maintained by the Minnesota Geological Survey,

if the average annual recharge amount of 6 inches were applied
to buried aquifers, the residence time of water in these aquifers
would be only a few decades to a few hundred years old. In
fact, however, several samples from buried aquifers were age-
dated to several thousands of years. Factors determining the
amount of recharge to buried aquifers are the vertical hydraulic
gradient, which is the head difference between the water table
and the water level in the buried aquifer; the thickness of
overlying geologic materials; and the geologic materials’
hydraulic conductivity.

The amount of water that recharges ground water through
wetlands has likely been reduced since the advent of ditching and
tiling. Presettlement wet mineral soils and peatlands covered
approximately 35 percent of the study area (Minnesota Department

samples is associated with waters having a greater than 45-year
residence time. Conversely, samples younger than 45 years
were not observed to have evidence of cation exchange. One
possible explanation is that in sediments presently containing
water with less than a 45-year residence time, any available
sodium was exchanged and removed at an earlier time. It is
also possible that these sediments never had sodium available
for exchange.

Environmental Isotopes

Ground-water residence time. All 84 wells were sampled
for tritium, an isotope of hydrogen. Tritium is a naturally occurring
radioactive isotope of hydrogen with a 12.5-year half-life that is
useful for estimating ground-water residence time. Before 1954,

Color indicates tritium age

Recent—Waters with tritium concentrations of
8 tritium units (TU) or more entered the ground
water after 1953.

Mixed—Waters with 0.9 to 8 TU are a mixture of
recent and vintage.

Vintage—Waters with less than 0.8 TU entered the
ground water before 1954.

Well Labels

including depth to water measurements taken when wells were of Natural Resources, 1997). The mapped locations of these  patural levels of tritium were about 3 to 5 tritium units (TU). 113852 Unique well number of well not sampled
drilled. Since only 6 percent of the wells listed in the data base feat'u.res are 111'<ely_ areas where wetlands existed prior to.the advent Atmospheric testing of nuclear weapons during the 1950’s and for.carbon-14
of tiling and ditching. Today only 5.5 percent of the area is wetlands 1960’5 increased the tritium in precipitation more than a thousand- 408547 Unique well number of well sampled

for this study area are screened in a water-table aquifer, and these
few wells are geographically limited, additional information was
needed to determine depth to the water table. Water-table elevations
were inferred where the water table is expressed at some lakes,
streams, and wetlands. The water elevations for these features
were obtained from U.S. Geological Survey (USGS) 1:24,000-scale
topographic maps. Depth to water table was also determined using

seismic refraction, which measures differences in the physical A ° > - . . .

properties of saturated and unsaturated geologic materials Itjo i]ocate topographically high areas toward the Minnesota River. Locally,  ater less than 50 feet below the land surface will likely have Shallow Quaternary buried aquifer, elevation 950 to

the water-table surface. Results obtained from eight locations greot;la?nddswEslttreeral(illsscgl?crlglzietsvylfggCt(())rll)t(r)izlgaratp grtcc?’[llgrcl)orlvd arf:tl; measurable tritium, although two of the three wells sampled in 1000 feet

show areas with low-relief topography generally have a shallow W ’ ’ . ributt ound w this depth range did not have tritium. Less than half of the sampled : : :

(Iess than 20 feet below lané) sﬁrfé)ce}; %vater taB{)le, while high- to wetlands and streams, for example, is evident during drought wells screened at depths between 50 and 100 feet had detectable Quaternary buried aquifer, elevation 920 to 975 feet

relief areas have deeper water tables, sometimes more than 50 feet when streams continue to flow and wetlands do not dry up.  tritium. This depth range probably represents the maximum that . ) .

below land surface. In most of the study area, the water table Artificial discharge is represented by pumping from wells, which  ritjum has penetrated since 1953. Only 16 percent of the sampled Sub-Quaternary buried aquifer, elevation 750 to

approximates a subdued surface topography. Contours of surface ~ 4COUNts for an increasing proportion of ground-water discharge.  ells greater than 100 feet deep had tritium. This percentage likely 920 feet.

elevations generated from the USGS 1:24,000-scale Digital Artificial ground-water discharge could significantly reduce the  gyerestimates the probability of tritium being present in wells

Elevation Model (DEM) were used to guide placement of the amount of.water available to wetlands, streams, and other surface greater than 100 feet deep. Well construction problems and geologic Seismic Refraction

water-table contours. water bodies. conditions may account for tritium being observed deeper than

Flow arrows on the water-table map illustrate the regional expected. For example, two wells completed at 150 feet and 910 Numbers indicate range of depth in feet to the water

ground-water flow directions in the near-surface geologic sediments. WATER CHEMISTRY 215 feet deep had low but detectable levels of tritium. The two S~ table: arrow points to location of the midpoint

The rate of ground-water flow depends on the ability of these . . ) wells are close to each other and located southeast of the City of of tra’ns ect

sediments to transmit water (hydraulic conductivity) and the slope The chem}cz_il eyolu_tlo_n of ground water begins as surface Appleton where some of the thickest sand and gravel aquifers in ’

of the water-table surface (hydraulic gradient). The mapped water and precipitation infiltrate below the land surface'. The the entire study area are found. In the Appleton area (Figures 4

geologic materials shown on Plate 1, Part A, can be subdivided chemls.try of the water changqs as it percolates throqgh S.Oll and  4nd 5 on Plate 2, Part A), some surficial sand and gravel deposits

into two general categories: the more permeable sand and gravel geologic material. Factors affecting ground-water chemistry include  may be in direct connection with buried sand and gravel deposits. o . o5

stream deposits (speckled pattern on the map) and less permeable land use, initial water Ch?mIStry, length of flow path, chemical  1p these areas, water containing tritium could travel deeper into *®" [N Dakom N “

loam to clay tills or lake deposits. The actual rate of ground-water ~ reactions, and residence time. ) o the aquifer system. GRANT | DOUGLAS L

flow through geologic materials in the two permeability categories Water samples were collected for chemical analysis in Wells completed deeper than 100 feet generally had water AERSE

is determined by the hydraulic gradient, which is reflected in the 84 wells from autumn 1997 to autumn 1998. Seventy-eight of  yith no tritium. For these wells, the radioactive isotope of carbon STEVENS voPE e

spacing of the water-table contours. More closely spaced contours these samples were collected from wells completed in Quaternary a5 used to estimate ground-water residence time. Nine samples 15 SIOTth

indicate a steeper hydraulic gradient and faster deposits (only two of these samples represent water-table wells),  were collected for carbon-14 (14C) age dating in wells ranging BIG el

ground-water movement. and SIX samples were from \yells completed in Cretaceous deP‘?SltS- from 109 feet to 453 feet deep (Table 2). In addition, a 61-foot-deep N ~ 5
Sampling locations are indicated on the map, and the chemistry  we]] containing tritium was also sampled to calibrate the §

Aquifers results are summarized in Table 1 according to aquifer type. The  carbon-14 model. g >
chemistry results were used to characterize water resources and The age-dating results show that water more than 100 feet a5l LAC QUI S o 2 536611
Aquifers are porous and permeable geologic materials that ~ © evaluate ground-water recharge processes. below the land surface generally has a residence time from

yield sufficient quantities of water to wells for the intended use. ) ) 1,000 to 9,000 years before present. The relatively young waters < RENVILLE Al 536622, \

Most wells in the study area are completed in Quaternary sand Water Quality Indicators found in aquifers within 100 feet below the land surface suggest ° YELLOW MEDICINE HESHEER. 4 Xd /T

and gravel deposits. Locally important aquifers include Cretaceous o . ) the presence of local and intermediate flow systems that recharge < | \ S 0 s et e e R ;

sandstones and fractured Precambrian bedrock. Precambrian . .AS water 1nf11t'ratf'>s into the subsurface, it a'ccumulatc‘:s and discharge over shorter distances and times. The much older Q \/__\Charkﬁél q |

igneous and metamorphic rocks underlie the entire study area. addltl.onal .carbo.n dioxide (CO2) gas frqm de.caymg. organic waters in aquifers below 100 feet are more likely to be associated & LINCOLN  LYON REDWOOD — = = =

Few wells are completed in Precambrian rocks because the yields material. Dissolution of carbonate minerals in sediments is limited  ith regional flow systems, which can discharge many miles from 2 B

are generally poor. They are used only when overlying Quaternary by the amount of dissolved caybon d10x1de,.wh1ch in turn controls  \here they receive recharge. A | ~

or Cretaceous aquifers are either absent or do not yield sufficient the amount of dissolved calcium, magnesium, and bicarbonate. Ground-water source. The 10 samples listed in Table 2 D oo | MURRAY comoNT \\ P

water for the intended use. The supply potential for Precambrian Water hardness is the sum of dissolved calcium and magnesium.  were also analyzed for ratios of stable isotopes of hydrogen and “ore % ot — |

aquifers generally ranges from a few gallons per minute (gpm) to Ground water from most sampled wellg was very hard. . oxygen. The results indicate that ground water in the deep regional 0 somi Lo§

several tens of gpm. Wells are often drilled deeply into the ~ Another measure of water quality is the total dissolved  flow systems largely originates from precipitation. The 8'30 i { Hazel Run

Precambrian rocks in order to intersect as many fractures as mineral concentration in water samples. The 84 samples collected  ya1yes reflect the temperatures of the precipitation. Results show ’ o

possible and to provide storage space for water between pumping th}s study had repofted values for total dissolved solids (TDS)  small variations that might be related to small climatic fluctuations. LOCATION OF STUDY AREA Sy ~

intervals. Less than 2 percent of the wells listed in CWI are ~ 408M8 from 298 milligrams per.hter (mg/L) to 2,59_9 mg/L. Most  There is no indication of water originating from glacial meltwater, o i
samples exceeded the U.S. Environmental Protection Agency’s  which is consistent with the calculated postglacial

completed in Precambrian rocks, and most of these wells are
found along the Minnesota River in the southeastern part of the
study area.

Cretaceous sediments overlie Precambrian rocks in
approximately half the study area (see Figure 3 on Plate 2, Part
A) and are generally found southwest of the Minnesota River.
Cretaceous sediments consist of interbedded shale, siltstone, and
sandstone and have thicknesses mapped by Setterholm (1990)
exceeding 600 feet southwest of the City of Canby in Yellow
Medicine County. Approximately 12 percent of the wells in CWI
are screened in Cretaceous sandstones; these wells range in depth
from less than 50 feet to more than 400 feet below land surface.
Wells completed in Cretaceous aquifers are common in areas
where the overlying Quaternary aquifers are absent or lack sufficient
yield. Woodward and Anderson (1986) reported that yields for
Cretaceous aquifers are generally from a few gpm to several
tens of gpm.

During the past 800,000 years, several glacial advances have
deposited a complex series of glacial sediments that are more than
600 feet thick in northern Lincoln County and eastern Swift
County. In the rest of the study area, the sediments are generally
less than 300 feet thick. Most of these deposits are glacial tills,
which are unsorted mixtures of clay, silt, sand, and gravel. Other
important sediments include lake deposits, which primarily consist

of clays, silts, and a few fine sands. Some of the most extensive . . . S
lake deposits are associated with glacial Lake Benson. Rittenour, ~ Ditrate is usually found in near-surface ground water, but most of Control Agency, Report to the Legislative Commission on ca 80 Cecl) . éo 20 Na+K HCOg+ Cosci? . 4Cc|> . 60 NOB(:\I Cl+ NOg-N
Geiger, and Cotter (1998) interpreted glacial Lake Benson to have Fhe we}ls sampleq in this study are s_c.reened 'below. the water table Minnesota Resources. sietum (G2 orde (G Nirate (NOsh
a maximum depth of 60 feet; therefore, the lake sediments are 1 aqu1fers overlal.n by loyv—permeablhty glac.lal. sedlments. Second,  Minnesota Department of Natural Resources, 1997, Pre-settlement CATIONS Percent meg/L ANIONS
less than 60 feet thick. During each glacial retreat, meltwater biologically mediated nitrate remoyal (denitrification) may have wet mineral soils and peatlands, Map 4, of Minnesota
streams from the glaciers deposited sands and gravels, generally occurrt.:d. Th_e OXygen-poor (anoxic) ground water commonly wetlands and surface water resources: St. Paul, Minnesota EXPLANATION S BRI
referred to as outwash. Some of these deposits formed networks foupd m'bun.ed aqulfe?rs and deeper parts of some water-table Department of Natural Resources, 1 pl. 44°30 X B e
of long, narrow meltwater channels, while others were more aquifers is a likely environment for denitrification. Rittenour, T.M., Geiger, K.L., and Cotter, J.F.P., 1998, Glacial O Quaternary water table R.43W. 96700 R.39W. 95730
widespread such as the delta deposits. Subsequent glacial events Chloride (CI) is another parameter that may indicate human Lake Benson, west-central Minnesota, in Patterson, C.J., © Quaternary buried outwash Diaital b ite:
buried these potential aquifers beneath confining materials, impacts on gro }md water.' Amﬁc.lal sources of chlqude include and Wright, H.E., Jr., eds., Contributions to Quaternary O Cretaceous sandstone Rlc?s:\c?s ai%ecrc?gr?t; ob?ﬁr?c?;ﬁés - Minnesota Department of Transportation GIS Statewide Base
including tills and lake sediments. road salt; fertilizers; and 1nd.ustr1‘al, human, and ammal. wastes. studies in Minnesota: Minnesota Geological Survey Report ® C lith Map (source scale 1:24,000)
Thicknesses of the outwash deposits vary from a few feet Several Qf the sampled wells in this study may have c_hlonde from of Investigations 49, p. 97-102. I‘etaCBOL.lS regolit . SCALE 1:200 000 Hydrologic features - U.S. Geological Survey Digital Line Graphs (source scale 1:100,000)
to more than 100 feet in some locations. A median thickness of ~ contaminant sources. Natural sources of chloride include  Segterholm, D.R., 1990, Geologic maps of the late Cretaceous O Hypothetical sample point 5 10 Miles Digital base map annotation - Minnesota Geological Survey.
approximately 8 feet was determined using CWI well log ~ Precipitation and Cretaceous shale. Interpretations of chloride rocks, southwestern Minnesota: Minnesota Geological Survey : ‘ _ ‘ Project data compiled from 1997 to 1999 at the scale of 1:200,000. Universal Transverse Mercator
information for both surficial and buried outwash deposits. In ~ SOUICeS for individual wells are inconclusive because elevated Miscellaneous Map Series M-69, 2 pls., scale 1:750,000 and FIGURE 1. Piper trilinear plot of major cations and anions by aquifer 5 0 5 10 Kilometers projection, grid zone 15, 1983 North American datum. Vertical datum is mean sea level.

plan view, outwash deposits commonly occur in dendritic patterns
that reflect their deposition by streams. In cross-section, outwash
deposits appear as lenticular, thin, and discontinuous, but they
commonly yield enough water for domestic water needs. Most of
the wells listed in CWI are completed in buried outwash deposits.
Buried aquifers are indicated on this map where they are at least

and lakes according to the National Wetlands Inventory. Some of
the potential recharge to ground water is now redirected by
agricultural tiling and ditching (Magner and Alexander, 1994).
Drainage tiles intercept infiltrating water, discharging it directly
to river systems via ditches.

Ground-water discharge occurs both naturally and artificially.
Regionally, natural discharge occurs as ground water flows from

(EPA’s) secondary standard for TDS of 500 mg/L. Other chemical
constituents commonly exceeding EPA’s secondary standards
include sulfate (SO,), iron (Fe), and manganese (Mn). Excessive
quantities of these chemicals may give water an objectionable
taste or odor, stain laundry and porcelain, or even plug well
screens. The lowest TDS and sulfate concentrations in the sampled
wells are found in the northeast, primarily eastern Swift County.
This water chemistry likely represents a difference in the mineralogy
of subsurface glacial sediment in that area. In the northeastern
part of the study area, Des Moines lobe sediments originating
from the northwest are thin and overlie glacial sediment originating
from the northeast (C. Patterson, oral commun., 1999). The
northeast-sourced glacial sediments are generally not as calcareous
and lack gypsum. Glacial deposits of the Des Moines lobe
incorporated materials that are more calcareous and are commonly
associated with gypsum.

Nitrate (reported as nitrogen [NO3-N]) at concentrations
greater than 1 mg/L is an important indicator of human impacts
on ground water. Principal sources include septic systems, feedlots,
and agricultural chemicals. EPA’s primary public water supply
standard for nitrate, 10 mg/L, was exceeded in only one of the
84 sampled wells, and two other wells had elevated levels (greater
than 1 mg/L). The low frequency of elevated nitrate concentrations
in most of the sampled wells may have two explanations. First,

natural sources of chloride levels were also encountered in some
Cretaceous and buried glacial aquifers.

Major Ion Water Chemistry

The Piper trilinear diagram (Figure 1) shows the water

fold. Water that recharged before 1954 has lost most of its tritium
by decay over several half-lives. The presence of more than about
8 TU in ground water indicates that recharge occurred since 1953
(modified from Alexander and Alexander, 1989).

Ground-water movement can be interpreted by relating the
presence of tritium to well depth. Approximately 25 percent of
the sampled wells contained detectable levels of tritium. Ground

ground-water ages.
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for carbon-14

Relative Depths of Aquifers

Surficial sand and gravel. Map units Qdb, Qsd, Qsh,
Qsld, Qssd, and Qsw as shown on Plate 1, Part A.

classification. Plotted on the lower left and right triangles are points
representing the positively charged ions (cations) and negatively charged
ions (anions), respectively. The diamond-shaped field combines the
components in the triangular fields as shown by the hypothetical
sample point.
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20 feet thick and information is sufficient to determine their areal ~ chemistry results graphically. The sample points on each triangle .
extent. These aquifers are color-coded according to stratigraphic ~ (ernary diagram) reflect the percentages in milligram equivalents TABLE 1. Characteristics of natural waters by aquifer in the upper Minnesota River basin study area. The DNR Information Center
position to match the aquifer classifications in Figures 3, 4, and ~ P°T liter (meq/L) of the major cations and anions in each sample. Twin Cities: (651) 296-6157
: . S The lower left ternary diagram of Figure 1 compares the [Samples collected from 1997 to 1998 by Minnesota Department of Natural Resources staff; TDS, total dissolved solids, is the sum of cation and anion concentrations expressed in milligrams per liter (mg/L); Eh, redox i - 1-888-646-
5 on Plate 2, Part A. The last glacial retreat d ted surficial y diag g p P . 0 1995 by : ep nt tu >, 1 . _ . Xpres grams p Minnesota Toll Free: 1-888-646-6367
sazl(li anadegravezirmappe(f azsiseitghgglstr:u;e?)r dili&slsz dirsrtl;r:tci)z major cations for calcium, magnesium and sodium, plus potassium. potential expressed in millivolts (mV); TU, tritium units; alkalinity expressed as CaCOsg; nitrate (NOs) expressed as nitrogen (N): 1 mg/L nitrogen = 4.4 mg/L nitrate; NA, not applicable; <, less than] TABLE 2. Summary of oxygen, hydrogen, and carbon isotope data IV)V];]tIeers el e [Braviem dor (T
Plate 1, Part A. Approximately 25 percent of the study area is ;I};herf 15 a fairly constant ratilo of cazlciuclili to ngnejﬁum thrﬁugh?ut Nitrato for water samples. Hearing Impaired (TDD): (651) 296-5484
mapped as having sand and gravel at or near the land _surface A: \S;vzte};sazzztse?iﬁri;ncpa(l)z?urr?zs drri;gn(:girm i)(;slsutmhr-;fgh‘?lla?s' Well Dissolved as Total [3, ratio of the isotope to its element in the sample compared to the same ratio in an arbitrary TDD Minnes_ota Toll Free: 1-800-657-3929
(speckled pattern on the map). Few wells are completed in these 4 shales. adsorbed sodium is exchaneed into the water. Thi depth TDS  pH  Eh oxygen Tritum Calcium Magnesium Sodium Potassium Iron Manganese Strontium Barium Aluminum Alkalinity Sulfate Chloride nitrogen Bromide Fluoride Silicon phosphorus standard and reported as parts per thousand or per mille (%o); B.P,, before present; TU, tritium DNR Web Site: http://www.dnr.state.mn.us
deposits because most of the sediments are too thin to provide a and shales, adsorbed sodium 1s €xchanged 1nto the water. 1his . units; n.d., not determined; modern, greater than 50 but less than 200 years old; <, less than]
" : process is similar to how a household water softener works. Higher (feet) (mg/L) (pHunit) (mV) (mg/L)  (TU) (mg/L) (mgl)  (mgl) (mgl) (mg/L) (mg/L) (mgl) (mg/L) (mglL) (mgl) (mglL) (mg/L) (mg/L) (mglL) (mgl) (mglL) (mgl) . o ) ) ,
useable water supply. In addition, the sediments are commonly - . S : This information is available in an alternative format on request.
associated with floodplains, which have building and well levc?ls of strontium .(Sﬂ associated with h'1gher proportions of Quaternary Aquifer Age
construction limitations. Some of the thickest deposits, sometimes ~ S0dium support this ion exchange hypothesis. . vAq Unique  Well “C  (B.P,in This map was compiled and generated using geographic information systems
exceeding 50 feet, are located near the City of Appleton and along . ];Fhe lowerlrflght tergar}};ldle}grani compares téle maljor amgns, Number of samples 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 78 well  depth %S 50  &°H §13C  (percent 1000 Tritium (GIS) technology. Digital data products are available from DNR Waters.
the P de Terre River. Most of the irricati s in th icarbonate, sulfate, and chloride plus nitrate. Samples tend to Number of samples o . s ., _ _ _ . _
stdeOar;g:zreecog;etegi dep(z)ssit(s) at these locations, Yields of POt along a narrow band ranging from bicarbonate-rich waters below detection NA  NA NA NA 67 56 0 0 0 0 1 0 0 0 9 0 0 0 54 6 0 0 13 number (feet)  (%e)  (%e) (%) (%) modem) years) (TU) This map was prepared from peumgzlgci\l/ﬁgiglgflr;rf]%rfn;gﬂjoar; only. Every éﬁ%ﬁf’s“%ﬂg
wells completed in Quaternary deposits are extremely variable ~ With low TDS toward sulfate-rich waters with higher TDS limited Minimum 44 298 679 -88 <001 <08 246 975 539 196 <001 0004 0179 0008 <0.001 212 003 034 <0005 <0.015 008 93  <0.02 Quaternary Aquifer interpretation is based. However, the Department of Natural Resources does not
primarily because of variations in aquifer thickness and areal ~ DY the solubility of gypsum. Sulfate concentrations range from warrant the accuracy, completeness, or any implied uses of these data. Users may
extent and hydraulic properties of aquifer materials. Quaternary 1688 than 1 mg/L to 1,630 mg/L. Common sources of sulfate are 25th percentile 75 562 721 157 <0.01  <0.8 93 43.6 20.8 4.0 0.93 0.077 0502  0.02  0.005 330 115 20 <0.005 0.034 0.25 14 0.03 550052 453 -11.0 -1097 -791 127 322 6 <0.8 wish to verify critical information; sources include both the references here and
aquif: 1 1y vield less than 1 Kani . kv 1 dissolution of gypsum and oxidation of sulfide minerals. Sulfate . 469491 216 07 1044 -729 -124 235 8 <0.8 information on file in the offices of the Minnesota Geological Survey and the
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