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A large amount of geology and groundwater information is available in the form of reports, 

complex maps, and databases from various government agencies (see References at the end of 

this section.)  That information is not duplicated here.  The following is a brief discussion of 

important geology and groundwater features that relate to and influence surface water in the 

watershed district.  Maps and cross sections created for this study are also included.  More 

detailed discussions of the features of each major watershed are included in Volume IV: 

Watershed Modeling and Discussion. 
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B.1  Bedrock Geology 

 

Figure V.B-1 shows the bedrock geology map of the watershed district.  Bedrock geology in the 

area is often described as the “Twin Cities Basin”.  Layers of sedimentary rocks are nearly 

horizontal.  Near the center of the basin, at the east end of the watershed, all the bedrock layers 

are present.  From top (youngest) to bottom (oldest) they are: 

Platteville-Glenwood Formation 

St. Peter Sandstone 

Prairie du Chien Limestone 

Jordan Sandstone 

St. Lawrence - Franconia Formation 

Ironton - Galesville Sandstone 

Eau Claire Formation 

Mt. Simon Sandstone 

Near the edges of the basin, at the west end of the watershed, many of the younger layers have 

been eroded away, and the older bedrock units become the uppermost bedrock.  See Minnesota 

Geological Survey (2000) for a complete bedrock map and description of the units.  

 

Figures V.B-2 through V.B-7 show cross sections of bedrock geology and well construction 

through several parts of the watershed.  Cross sections were created from data in the County 

Well Index (MGS, 2003). 

 

Figure V.B-2:  Geologic Cross Section A – A' 

Figure V.B-3:  Geologic Cross Section B – B' 

Figure V.B-4:  Geologic Cross Section C – C' 

Figure V.B-5:  Geologic Cross Section D – D' 

Figure V.B-6:  Geologic Cross Section E – E' 

Figure V.B-7:  Geologic Cross Section F – F' 
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B.2  Surficial Geology and Soils 

 

Surficial geology maps for the region are produced by the Minnesota Geological Survey (MGS 

2001 and 2003).  Surficial geology is shown on Figure V.B-8.  For a detailed legend of all the 

features, see the MGS map.   

 

Three distinct areas of different surficial geology are found in the district.  In the west, surficial 

geology is dominated by high relief, hummocky glacial deposits.  The glacial deposits are 

associated with the Superior Lobe and later Des Moines Lobe periods of the Wisconsinan 

glaciation.  In the middle and east, surficial geology is dominated by outwash deposits.  The 

outwash is from meltwater that ran off stagnant Des Moines lobe ice toward the Mississippi 

River valley.  In the extreme east, surficial geology is dominated by terrace deposits associated 

with the Mississippi River. 

 

The glacial deposits in the west part of the district include kames, eskers, ice-walled lake plains, 

and other geologic features associated with a stagnant, melting glacier. Lake Minnetonka and 

other nearby lakes could be described as remnants of these glacial lakes.  The water from the 

melting glacier followed several west-east channels toward the Mississippi River valley.  The 

Minnehaha Creek channel was apparently the deepest channel and is the last active channel. 

 

Detailed soils maps are found in the Hennepin County Soil Survey (USDA, 1968).  Soils vary 

greatly across the watershed, although they generally reflect their parent material.  In the east, 

terrace deposits and outwash deposits were the origin for relatively sandy soils.  In the west, 

glacial tills created a wide variety of soils, but most were relatively clayey or loamy.  Organic 

mucks are more common in the west where the hummocky terrain and poorly drained soils led to 

more wetlands. 
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B.3  Groundwater Elevations and Flow 

 

Bedrock Aquifers 

Groundwater elevations for each of the major drinking water aquifers are shown on Figures V.B-

9 through V.B-13.  Groundwater data for the maps were taken from the County Well Index.  See 

Volume II of this report for details on how the elevation contours were created. 

 

Figure V.B-9:  Platteville-Glenwood Formation, Groundwater Potentiometric Elevation 

Figure V.B-10:  St. Peter Sandstone, Groundwater Potentiometric Elevation 

Figure V.B-11:  Prairie du Chien Limestone, Groundwater Potentiometric Elevation 

Figure V.B-12:  Jordan Sandstone, Groundwater Potentiometric Elevation 

Figure V.B-13:  Franconia-Ironton-Galesville Aquifer, Groundwater Potentiometric 

Elevation 

 

Groundwater flow is from areas of higher groundwater elevation (potential) to areas of lower 

groundwater elevation.  Flow is perpendicular to the elevation contour lines.  Consequently, flow 

in all the aquifers is generally from west to east.  Groundwater potential also generally decreases 

in deeper aquifers, so there is a significant amount of groundwater flow vertically downward. 

 

Recharge of the bedrock aquifers occurs mostly through precipitation and infiltration.  Some 

recharge comes from the west and north, especially into the Franconia and deeper aquifers, but 

this is relatively insignificant when compared to the infiltration from above. 

 

Discharge points for the bedrock aquifers include lower aquifers, wells, springs along the 

Mississippi River bluffs, and the Mississippi River itself.  Lakes, wetlands, and creeks in the 

watershed are generally not hydraulically connected to the bedrock aquifers, only the surficial 

quaternary aquifers.  Minnesota Department of Health is currently working on a groundwater 

model of the northwest part of the Twin Cities area.  When it is complete, the model will provide 

quantitative information about groundwater flow toward drinking water wells. 
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Quaternary Aquifers 

The quaternary (glacial) aquifers differ in the east and west part of the watershed.  In the west 

part of the watershed there are two quaternary aquifers; the shallow water table aquifer and the 

deep buried aquifer.  The shallow water table aquifer, as the name implies, is the first 

groundwater encountered below the ground surface.  It may be encountered in any kind of 

material from clay to sand to organic muck.  Groundwater flows into and out of the shallow 

water table aquifer, lakes, creeks, and wetlands.  It is generally not used as a drinking water 

supply.  The deeper buried aquifer is encountered in sandy deposits at depths from about 75 to 

300 ft below ground surface.  Typical of glacial deposits, the sandy deposits vary in thickness 

and grain size distribution, and frequently include clayey layers within them.  The degree of 

connection between the sandy lenses and layers is not known.  The deep buried aquifer is an 

important drinking water source for both private and municipal drinking water wells.  The extent 

of the two quaternary aquifers roughly corresponds to the extent of the Des Moines Lobe glacial 

deposits. 

 

The shallow water table aquifer and deep buried aquifer have very different groundwater 

elevations, as illustrated in Figure V.B-14 (on the following page).  Elevations in the deep buried 

aquifer are typically much lower than the lakes and other surface water features.  This leads to 

the conclusion that Lake Minnetonka and other western lakes are perched on clayey, less 

permeable glacial deposits.  The lakes interact with the shallow water table aquifer, but not with 

the larger deep buried aquifer.  Water levels in the lakes are more controlled by precipitation and 

evaporation and less by groundwater levels than many other lakes in the Twin Cities area. 
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Figure V.B-14 
Relationship between groundwater levels in aquifers in the western part of MCWD 

(Adapted from Minnesota Geological Survey, 1989) 

 

In the east part of the watershed, water levels in deeper quaternary wells are about the same as 

water levels in shallower quaternary wells.  Therefore, the quaternary deposits are assumed to be 

hydraulically connected, and they are considered to be one aquifer.  The quaternary aquifer has 

been used extensively for drinking water wells in the past.  Now almost all the area has 

municipal water supplies and all but a few large water supply wells have been abandoned. 

 

Groundwater supply maps for the deep buried aquifer (western part of the watershed only) and 

the shallow water table aquifer (entire watershed) are shown on Figure V.B-15 and Figure V.B-

16.  Enlarged maps and discussions about shallow groundwater flow in major watersheds are 

included Volume IV of this report. 

 

Typically, groundwater elevation contours show a characteristic “V” pattern pointing upstream 

in the area of creeks and rivers where groundwater is discharging.  This pattern is not observed 

along Minnehaha Creek, and in fact the “V” points downstream in many areas.  This leads to the 

conclusion that Minnehaha Creek is losing, not gaining water to the shallow water table aquifer 

in many areas.  In some areas this conclusion can be readily explained: 
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• In Edina, creek levels have been artificially raised above the natural water table elevation 

by the Browndale Dam and the spillway in Arden Park. 

• Close to Minnehaha Falls, groundwater table levels decrease rapidly as groundwater 

approaches the Mississippi River Valley and the many springs in the area. 

 

Several observers have noted that during periods of low water, parts of Minnehaha Creek will 

continue to flow (although at very low volume) while other parts may be completely dry.  This is 

consistent with the idea that the Creek looses or gains water along different reaches. 

 

Other significant groundwater flow issues in the watershed district include: 

• Coldwater Spring.  Reconstruction of the Highway 55/62 interchange in the southeast 

part of the watershed threatened to change groundwater flow patterns toward Coldwater 

Spring.  MCWD worked with the Minnesota Department of Transportation to redesign 

construction methods and roadway drainage structures to minimize the impact on 

groundwater and the Spring.  Contact MCWD for more specific information regarding 

this issue. 

• Airport construction dewatering.  Extensive construction dewatering was required for 

expansion of the Minneapolis/St. Paul International Airport.  Although most of the 

dewatering would take place outside of MCWD boundaries, the effects on regional 

groundwater threatened surface water resources within MCWD.  MCWD worked with 

the Metropolitan Airports Commission to develop a groundwater flow model of the area, 

design a monitoring and mitigation plan, and redesign the dewatering to minimize 

potential impacts.  Further information about the construction, dewatering, and 

monitoring is available from the Metropolitan Airport Commission at 

www.mspairport.com/MSP/Airport_Expansion/Tunnel_Construction/Monitoring/. 
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B.4  Depth to Groundwater 

 

The depth to groundwater map is shown on Figure V.B-17 (this map may take several minutes 

to open).  Maps and discussion of major watersheds are included in Volume IV of this report.  

Note that these maps were created from the best available data, but actual depth to groundwater 

must be verified on a site-by-site basis. 

 

The depth to groundwater information is useful for a number of planning and engineering 

purposes including design of excavations, foundations, and stormwater management (especially 

infiltration) structures.  No patterns were identified across the watershed.  As expected, the depth 

to groundwater is lowest in low-lying areas near surface water bodies and highest in high-relief 

areas away from surface water bodies. 
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B.5  Infiltration potential 

 

The infiltration potential map is shown on Figure V.B-18 (this map may take several minutes 

to open).  Maps and discussion of major watersheds are included in Volume IV of this report.  As 

with the other watershed maps, the infiltration potential must be verified on a site-by-site basis. 

 

The infiltration potential was assigned using an algorithm based on the soils and surficial 

geology (See Volume II of this report.)  Areas mapped only as bedrock or organic deposits were 

listed as “Variable” because the infiltration potential can be very high or very low depending on 

the type of bedrock or organic material found there.  No further information was available about 

these areas. 

 

Infiltration potential is useful for planning and identifying areas where stormwater infiltration 

may be a viable stormwater management alternative.  It also identifies areas where precipitation 

is more likely to infiltrate and recharge aquifers.  In general the infiltration potential in the west 

part of the watershed district was identified as medium to low.  In the east part of the watershed 

the infiltration potential was classified as medium to high.  This pattern corresponds to the 

surficial geology; clayey glacial tills in the west and sandier outwash and terrace deposits in the 

east. 
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