COUNTY ATLAS SERIES
ATLAS C-2, PLATE 4 OF 8
BEDROCK HYDROGEOLOGY

PREPARED AND PUBLISHED WITH THE SUPPORT OF
THE WINONA COUNTY BOARD OF COMMISSIONERS

UNIVERSITY OF MINNESOTA
MINNESOTA GEOLOGICAL SURVEY
Matt Walton, Director

o o ‘ NEE ' b ANATION L B - ]
(7 TS AR, 7Y PRAIRIE DU CHIEN-JORDAN AQUIFER EXPLANATION e iy e FRANCONIA-IRONTON-GALESVILLE AQUIFER EXPLANATION |
O & “healish N TR I N & 5 . 8l O i S - . LT W | i
- T Y. W 7 e S5 CTN - AR Water-table Configuration 900-—--1 ENRVAIRE: & SRy N VSR Water-table/Potentiometric Configuration ——700--"2 |
| 9 . | \..; ».“ ';‘ b W 4 N ;/ A > '*'-‘_vt: i . ‘ L. X . I .- 3 B . [ . ,\. ‘
Yos ! ; , ater-table/potentiometric contour in feet above mean > i i i
eI o o : . NEN Water-table/potentiometric contour in feet above mean
o i o o 1 ey = PPN S sea level.. Contour mtgrval 20 feet. Das_hed Where BEDROCK HYDROGEOLOGY sea level. Contour interval 50 feet. Dashed where
Mok N éf?; p \ } vl ) og inferred; querried where uncertain A inferred; querried where uncertain
:\\\ - N ) i . ) _ -l _ oo \Z” ! ™ g " -\ J’\)—J—J_ B _l/\/‘—/L_L_
—r 37 AT - e ( ; L l? - T !
ol g 7 Ay e o Sl s g Boundary between water table and confined conditions; R ; Boundary be ble and confi itions;
A , 0 M AN o & E-LE » ) oman Kanlvetsk undary between water-table and confined conditions;
43 1 o K OQ % st i o T ;’c hachures toward confined conditions Y hachures toward confined conditions
N : ' —g i X : r/ i ':"‘f £, 7 X ‘:‘ -~ 1984 —
m“{ i 3 N = : I7“"i "o *“ fenemalisinesticoiol mesniiwates movemeit General direction of ground-water movement
Area where aquifer is absent Area where aquifer is absent
o o
Data point INTRODUCTION conditions in the east where it is affected by stream drainage. Its Data point
The ground-water resources of Winona County are contained in maximum thickness is about 250 feet. Where the shallower Prairie du
_ bedrock reservoirs and unconsolidated deposits of sand and gravel. ~ Chien-Jordan aquifer can be used, few wells are drilled to the - : N low
oo 460 The depth to which wells must be drilled and the amount of water they Francor}la-lronton-Galesvﬂle, and thus almost no data for this aquifer i
will yield are a function of the ability of subsurface materials to store ~ r¢ gve;:nlable for the southwest(;amhguaner fozi the cognté/. ThedF Tan: A&
and to transmit water. Bedrock formations that serve as water-bearing ~ ¢onia Formation is composed chiefly of fine-grained sandstone N
units or aquifers in some parts of the county contain little water in interbedded with shale and siltstone, whereas the Ironton and Gales- — 20,
others, and no single aquifer is used throughout the county. The  Ville Sandstones ar‘ﬁ composed of coar;er sand with only dmm?lr 250/
hydrogeologic maps on this plate show the directions of ground-water ~ amounts of shale. All three units will stand open in an uncased well, A W50( 5
movement and the estimated yields from the two major bedrock but fine sand may be pumped, espgaally wher_e the agglfer exhibits ‘A A
aquifer systems. Other aquifers may be used locally, but data are w?e;\-table condmo?s. Thg under}ylnc? EatéiClalre.co.nﬁmng lazygrfhats =S i WY =R
insuffici to d ibe them” o is. a high percentage of very fine grained sandstone in its upper eet, 3 L4
Loniadeb e sl b nat il s which locally may be hydrologically connected to the Galesville. The i 8 o3 0 LU N o 1)
OCCURRENCE St. Lawrence confining layer separates the Franconia-Ironton-Gales- ! B NN
. ) - R ville from the Prairie du Chien-Jordan aquifer. The difference in water P | oyt NS
whigil ggf:g i‘:lltaotetti'llen g\:\gzggadggttlgtsgzrgagt;ngfg rar\lso\?;cei(:liﬁ]tghtﬁz level between these two aquifers is substantial, especially where the '_v i ol a2
aquifers. The velocity of ground-water movement and the amount of latter is comp]etely saturated. These differences are shown on the R o -
water available depend on the nature of the pathways in the bedrock polettiomeine inape. I . A\ . BN
or unconsolidated deposits. Many subsurface materials, such as The Praitie du Chien-Jordan aquifer 2 the major source of ground f NEY INRTTSR
sandstone, sand, shale, and clay, are composed of rock fragments water for Tany areas of the el r)ty. lt.’s commgnly‘the shallowgst » U Oo
ranging in diameter from very ] (2 mm) to clay (less than bedr‘ock aquifer present and exhlbltsa\‘v_lde range in thlcknes§ fromits : } A L) i
1/256 mm). The size and arrangement of the voids or pores between ma>§1fmum of abo:ixt 4f0(c)i f;aet. .;l'he F(’;a;}'le d:j Chien dG_r oupisa léarst O - K L9 AR
these particles affects the amount of water that moves through them. A~ 2duier d?m‘?ﬁse o i ofoml € anr d 1:n§sdone ,?: hls e.’;Potshe ﬁo: AR oA .Y SEER. W
\ well-sorted, coarse-grained sandstone has much more interconnected (t:)oxéerek Sf[.";] e matm teo.tllx]nilc:nsm dael . epgsn dw esrelés t Gu —~ > I : (750
Aa pore space than does a shale and will yield water to pumping, whereas tre r%c sl o fac ;”' ;s N tunf f}: VTQ dor an '?sn .;,one ]'s . e N 2
shale will exhibit little or no vield (Fig. 1). Sand and gravel deposits or b ?nd ov(e; = e:/v ek most 9 d e c(i)rt - cgnls 1sﬁ @ pqtci)ry
- ‘ ; , 7 - I sandstone bedrock can be used as aquifers, but layers of clay and cergen ed, medium- to coarsel—grifame san }s]one. olution cavi es& S E oo S e 7 o S
oo - % et shale tend to retard ground-water movement and may even act as and even caverns more than eet deep, have been encountere == & £ e
confining beds between aquifers during well drilling, especially near the contact between the two units.
Carbonate bedrock, such as limestone and dolomite, is generally Small potentiometric f:lifferences Ay -exist Ioca!ly within .this aquifer,
very well cemented an d dense. and pore space tends t o be minimal but no regional confining layer separates the Prairie du Chien from the
‘ _ However, this type of rock comm only has a secondary porositg; Jordan. Water-table conditions occur throughout the aquifer, except - . . T

ol uor 3). HYDROLOGIC WATER-LEVEL woo - uroo
Ground water moving through an aquifer that is overlain by an ROCK UNIT | AQUIFER SYSTEM| conpiTION RELATIONSHIPS =S !
impermeable confining layer cannot move upward and will be under 7 UPPER MOSTLY ‘
pressure. Artesian conditions exist when this pressure forces water to FORMATION C‘;%%?F'}'E‘;TE /| DEWATERED ‘
rise above the level of the aquifer in wells drilled through the overlying it SILE |
confining layer. Ground water that is not under pressure is said to be PLATTEVILLE FM| CONFINING LAYER | NON -AQUIFER
) under water-table conditions. Discharge of ground water into stream RLENMORD N
X valleys, by releasing the pressure, may produce water-table conditions ST PETER §7PETER MOSTLY &
: near the valleys in aquifers that are under artesian conditions else- SANDSTONE 7// ,LAQU;}:’E(F; DEWAT ERED
SN where. T ‘
e e S 1 | |
SCALE 1:200 000 COUNTY AQUIFERS & N ‘ \ SCALE 1:200 000 |
| * ' Sand and gravel aquifers occur in valley fill deposits, but they tend = e 18 ‘ .
- e to be discontinuous and their lateral distribution is difficult to oneota | = yPRAIRIE DU CHIEN® T 2% o
3 determine with existing subsurface data. Such aquifers are used for DOLOMITE | JORDAN / UNCONFINED | £ 2 é ‘
: - supply, particularly along the Mississippi River from Minnesota City to = AQU'FER a3 |= } {
T N Winona. 2 7 |3 ;
1 N Five bedrock aquifers, each consisting of one or more of the JORDAN s |7 | ‘
MR &5 il Paleozoic rock units described on Plate 2, are utilized in Winona SANDSTONE / - I r 1
20 e - County (Fig. 4). The aquifers are separated from each other by
) ( T relatively impermeable confining layers, and each aquifer behaves as slcéﬁffﬁgﬁa Sl E U W s s E_ H |
S o | \ s a single hydrologic unit even though it may consist of more than one / / > |8 N
= PR i e S - rock type. The pressure or potentiometric head is fairly uniform from / //// ARTESIAN e |5 ! \
| the top to bottom of any one aquifer. However, there is considerable e FRANCONIA - s |8 \‘
o oo - 1 w c — we e potentiometric difference between aquifers, due to the presence of the GiRLOE'\;C?ELE I s l A oo ——— —— == = - o o B T w . o I T
' confining beds or layers. AQUIFER ’ DISCHARGING 5
! N%t all of ﬂ}[?haq(‘;iff o \Agrécznlg County';:ontain lalllrgetac;noun;\ts %f oALESVILLE /// o A & 3 POTENTIOMETRIC MAPS more than 100 wells which used either the Prairie du Chien-Jordan or YIELD MAPS
‘ g:,%uﬁav‘:a}:ﬁ}; oreno ) ZT; a[\?ear ;t,f;f,': a\l,g'ﬁlee;s tz:aelgrairlije diw(a:hei;_ SRR 5 Water pressure within an aquifer is reflected in the water level of a the Franconia-Ironton-Galesville aquifer. The value of an aquifer as a potential source of water depends on
o Y EAU CLAIRE : i i : | The Mississippi River drainage system has a great effect on local bility to st d vield water. A sustained vield rating is a measure
well A well B Well C Jordan and the Franconia-Ironton-Galesville aquifers are also dewat- ormaTiON | CONFINING LAYER | NON -AQUIFER © well which uses only that aquifer. Non-pumping or static water levels ilors , § el el et th its ability to store and yield water. A sus vi g al
Artesian Unconfined Almost Totally ered, but these and the Mt. Simon aquifer supply most of the ground - are usually measured in feet below the land surface and can be irections of ground-water movement. Except in the extreme sou of the amount of water that can be obtained by continuous withdraw:
Conditions Conditions Dewatered water used in the county. / /// s expressed as elevations above sea level. The compilation of static western corner of the county, the ground water discharges :‘owardnthe from a well that is at least 6 inches in diameter and (1) uses the total
- The Mt. Simon aquifer is used only in the eastern areas of the ARTESIAN 5 water-level elevations from throughout the county shows the differ- 34355'3?1%?1 Rlbvgf Vallley "{fa d“"I’—fUO'I’ al.rgost 0531301513|te to t ‘; sha CI’_]W saturated aquifer thickness, (2) pumps continually while causing the
SAND OR SANDSTONE CLAY OR SHALE T county, because elsewhere it is deep, and usable bedrock aquifers are MT. SIMON MT SIMON EXCEPT WHERE g ences in water pressure in an aquifer. The potentiometric contours v&l)%o e be \;VOC aqull ers{h‘ ocal tri c‘i‘tafyd"g eys, suc beaj t l(i maximum allowable drawdown, and (3) is not interfered with by
DRY [T available at shallower depths. No data are available to describe SANDSTONE AOUIFE DISCHARGING 3 shown on the maps are lines of equal pressure elevation. Thus, a l.tfewaterdgr . 1scoy, atg: t ﬁegstwar _lf'}’]e“ lo%:laulfmg ¢ l’?ﬁ competing wells using that aquifer. The sustained yleld rating is an
ROCK i hydrologic properties of the Mt. Simon aquifer for most of the county, INTQ VALLEVS H potentiometric map displays the changes in aquifer pressure ex- aquiters to disc arcg‘;e into their drainages. gse _a“ClangeS in - e index to the maximum yield capacity of an aquifer that can be
UNSATURATED and so maps showing ground-water movement and estimated yield - pressed as contours and shows water movement from areas of higher direction of ground-water rréovement may 5;1 stantially lower aqll" er sustained without irreversible depletion of the aquifer. The values
ZONE —— [======———="1 [Tonfining loyer —] cannot be prepared. PRECAMBRIAN | UNKNOWN ? ? UNKNOWN to lowelx;tzntial. Arrov;/sﬂhave been added to assist the reader in w t:gfyvil:lz;d may even dewater an aquiter in proximity to a large gKiW" are apgfog?gogz :irf\:lr ;ﬁfgﬁ:;;";qi?g;?;{‘gﬁﬁg'
Y SOM ] = —_——— == i 5 ; i ; noting irections of flow. etermining site-specific
(SS%LFLSL?? TEER) H 7 couIt};e lr;rzr;‘l:\?l?i‘t: larr?tg;g:\ (zglr‘\a;rﬁgisa?: l:ﬁ:e l\l:flgtargfii n\::::iter(-){aglg Figure 4.—Sequence of bedrock aquifers. The potentiometric surfaces shown on the maps are approxima- - The Prairie du Chien-Jordan aquifer exhibits much higher static because hydrologic conditions may vary loca}ly. _
AQUIFER ~ e, Local Water Table ' tions. The primary sources of data are water-well logs which report water-level elevations than does the Franconia-lronton-Galesville The major reason for the variability in aquifer yield as shown on
BEING static water levels when the wells were constructed. As a result, these aquifer. Therefore, in addition to the eastward direction of lateral flow, the maps is the effect of ground-water discharge into valleys. No large-
USED data describe aquifer pressures at different seasons of the year and Prairie du Chien-Jordan water will move vertically downward if the St. scale changes in rock type are known to occur in either aquifer system,
wares TaBLE — """ over a period of many years. However, to determine potentiometric wrence conﬁn_mg layer contains any joints or other pathvyays open so their yields are directly related to the degree of water saturation
§__MLAT RATED | —~ — — — -~ —confining layer — e differences precisely, static elevations should be measured over brief to, the Franconia-Ironton-Galesville. The amount of this vertical rather than to permeability. However, the Prairie du Chien-Jordan
— = —— . RIVER® DE POSITS time periods. In order to supplement the well-log data, staff members recharqe and -the areas ufhere it is most likely to occur cannot be aquifer has a greater maximum yield potential tl}an the Franconia-
w‘:.%éé PrAnﬁeLseo) | DIFFERENT AQUIFER RS et of the Minnesota Geological Survey measured the static water levels in determined with existing information. Ironton-Galesville, because it is about 150 feet thicker and can store
R R more water. It also contains significantly less shale and clay than the

PRAIRIE DU CHIEN-JORDAN AQUIFER
Potential Yields

>1000 gpm

Figure 1.—Comparative yields. Figure 2.—Zones of water saturation.

GEOLOGIC ATLAS OF WINONA COUNTY, MINNESOTA

Figure 3.—Variability in aquifer conditions due to discharge into valleys.

caused by fracturing or by solution weathering. Fracturing or jointing
of the bedrock formations in Winona County is common, particularly
in carbonate bedrock. Horizontal and vertical joints, which give a
blocky appearance to exposures of dolomite and limestone, provide

county, ranging from less than 10 feet to more than 300 feet. It is
underlain by a zone where all pore spaces are completely filled with
water. The water table is the boundary between the unsaturated and
saturated zones (Fig. 2).

An aquifer may be completely or only partially saturated with
water. Where the Mississippi River and its tributaries have cut deeply
into the bedrock aquifers, ground water discharges into them and
lowers the water table within the aquifers. Aquifers may be almost
completely dewatered where they are exposed along valley walls (Fig.

in a small area in St. Charles and Saratoga Townships where it is
covered by younger bedrock. The Prairie du Chien Group is mostly
dewatered in the eastern half of the county, but the Jordan Sandstone

contains water and is used as an aquifer.

with the valley floor, where the karst aquifers have been eroded. The
intersection of large joints in the bedrock, which would channel
ground-water discharge into a local area, may be one mechanism for
causing springs and seeps in valleys. However, some occur in karsted
bedrock in upland areas and along the crests of bluffs. Regardless of
their location, springs and seeps reflect local ground-water conditions
and provide reference points for monitoring long-term changes in

water temperature and chemistry.
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pathways for ground-water movement. Also, the solution weathering Springs and Seeps
of carbonate bedrock has enlarged many joints and created innumer-
EXPLANATION able in?gfzonnectes ca?'ities rasr;]eginrgafrgri\ ,;?eaa;i‘ze to cavel?nr;ularge ~ Springs discharge ground water from a source that can be EXPLANATION
enough for human entry. Karst geology which results from the identified. Seeps also dlschgrge ground water, but they generally
l:l solution of weathering of carbonate bedrock is discussed on Plate 5. cove‘rl larger areas th(ajm springs, and no single source th flow cag
The combination of jointing and karst features enables carbonate ~ ¢adi yMbe determine 5 Spnngsfrand §ee=)s "a'?f in S'Zle}’] S alr:e_’ an 3
0-200 gpm bedrock formations to serve as aquifers and permits rapid infiltration ~ vield- Most seem to discharge from single aquifers, although joints, H 1
of water. especially along ridges, may permit intermixing of waters from
- As water percolates into the ground due to gravity, it passes dnfferent.agux.fers. Some springs and seeps dry up during periods of
through an unsaturated zone where the pore spaces contain both air !0"_" prgmpltaho:f, and these prhObaRly derive tll:elr flow from tre locahl
200-500 gpm and water. Some water in the unsaturated zone is held tightly to rock infiltration of surface water. Others flow throughout the year, althoug
particles by capillary attraction, and rises against the pull of gravity.  rates of flow may vary seasonally. Continuously flowing springs and 1
- The presence of air and gases in the unsaturated zone can cause ~ 5¢PS probably derive at legst part of their yields from regional rather
physical or chemical changes to occur as the water moves downward ~ than local ground-water d‘SCthe' hei vall "
500-1000 gpm through it. The thickness of the unsaturated zone varies within the Springs and seeps commonly occur at the juncture of valley walls



