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EXECTUIVE SUMMARY 

The reoccurring drought in western Iowa starting in 2011 has forced many public water utilities to actively 
look for alternative sources of water.  Based on this demand for additional water, many water utilities and 
private well owners in western Iowa are looking at the Lower Dakota aquifer as a primary or secondary 
water supply.  Due to the increased interest in the Lower Dakota aquifer, the Iowa Department of Natural 
Resources (IDNR) contracted with the Iowa Geological Survey (IGS) to characterize a portion of the Lower 
Dakota aquifer in north-central and southwest Iowa.  This current study is a continuation of a study 
conducted in 2008 (Gannon et al., 2008). 

An isopach, or thickness, map of the Lower Dakota aquifer was generated for north-central and southwest 
Iowa.  Most of the study area has a sandstone thickness of less than 50 feet, and is discontinuous in both 
lateral and vertical extents.  The Fremont bedrock valley and its many smaller associated bedrock valleys 
cut though the southwestern portion of the study area.  Numerous outliers exist in Adair, Cerro Gordo, 
Floyd, Franklin, Greene, Hancock, Mitchell, Page, Webster, Winnebago and Wright counties.  Based on 
the isopach map, a sandstone thickness of greater than 100 feet exists southwest of Titonka in Kossuth 
County, east of Dakota City in Humboldt County, southeast of Scranton City in Greene County, northern 
and southern Guthrie County, and northeast and northwest of Red Oak in Montgomery and Cass counties.  

Transmissivity values range from less than 100 to greater than 3,000 ft2/day in the study area.  The highest 
transmissivity values occur in portions of Carroll, Cass, Greene, Guthrie, Humboldt, Kossuth, and 
Montgomery counties. 

Potential well yields range from less than 5 gallons per minute (gpm) to 500 gpm.  The highest potential 
well yields occur in portions of Carroll, Cass, Greene, Guthrie, Humboldt, Kossuth, and Montgomery 
counties. 

The results of the 16 county area studied in 2008 and the current study area were combined to produce an 
isopach map and well yield map of the Lower Dakota aquifer in Iowa.   

Total water withdrawal by type of usage was estimated for the Lower Dakota aquifer.  Public water supplies 
use the most water at 23.2 million gallons per day (mgd) or 56% of the total.  This is followed by agriculture 
at 11.8 mgd (28%), industry at 4 mgd (10%), and domestic or private usage at 2.6 mgd (6%). 
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     Figure 1.  Total extent of the Lower Dakota aquifer in Iowa including the current study area. 

INTRODUCTION 

In 2008 the IGS conducted a hydrogeological 
investigation of the Cretaceous System in a 16 
county area of northwest Iowa (Figure 1).  This 
study also included a three-dimensional 
groundwater flow model to evaluate the 
sustainability of the Cretaceous System, and 
more specifically, the Lower Dakota aquifer 
(Gannon et al., 2008).  The lateral extent of the 
Cretaceous system actually extends well beyond 
the original 16 county area but the discontinuous 
nature of the sandstone prevented the 
development of a three-dimensional model in this 
region.  Figure 1 shows the area studied in 2008 
alongside the current study region. 

Despite the discontinuous nature outside the 16 
county area, many private and public water users 
have production wells that are screened in this 
unit.  The reoccurring drought in western Iowa 
starting in 2011 has forced many public water 
utilities to look for an additional source of water 
to supplement their shallow alluvial water source. 
Based on this demand for additional water, the 
IDNR has asked the IGS to characterize the 
Dakota aquifer outside the original 16 County 
area (Figure 1).  The study included the following 
tasks: 

• Collecting, compiling, and analyzing
available geologic and hydrologic data. 

• Constructing a grid or raster surface of the
overall thickness of the Dakota sandstone. 
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• Constructing grid or raster surfaces for the
estimated transmissivity, hydraulic conductivity, 
and estimated maximum well yield. 

• Collecting, compiling, and estimating the
location and amounts of groundwater 
withdrawals within the study area. 

GEOLOGY 

The geology of the study area is broken up into 
three primary stratigraphic groups.  The first 
group is the unconsolidated Quaternary group, 
which overlies the Dakota Formation followed 
by isolated Pennsylvanian, Mississippian and 
Devonian systems.  The second group is the 
shale and sandstone units of the Dakota 
Formation.  The third group is loosely labeled 
as Sub-Cretaceous, or Sub-Dakota Formation.  
A more detailed discussion of the Quaternary 
group and Dakota Formation is included in the 
following sections.  The sub-Cretaceous will 
not be discussed in this report.  For additional 
information on the Sub-Cretaceous, please refer 
to Gannon et al. (2008). 

Quaternary Geology 

The unconsolidated materials that overlie 
Cretaceous rocks in the study area are grouped 
together as Quaternary materials.  From 
youngest to oldest, this grouping includes: 
Holocene (modern) river deposits, Pleistocene 
loess (wind-blown silt), Pleistocene glacial 
materials (including glacial till and related 
deposits), buried bedrock valley fill materials, 
and Tertiary “Salt and Pepper” sands (Figure 2). 
Although the hydrologic characteristics of these 
units vary greatly, limited well data introduces 
difficulties in mapping their distributions and 
thicknesses.  For this investigation, the 
unconsolidated materials are treated as a single 
unit.  The isopach map of the unconsolidated 
material is shown in Figure 3.  Quaternary 
thickness varies from 1 to 640 feet. 

Dakota Formation 

The Dakota Formation is the most widespread 
Cretaceous stratigraphic unit in Iowa.  The 
name is derived from exposures in the Missouri 
River Valley in Dakota County, Nebraska, 
across the river from Sioux City, Iowa.  The 
Sioux City area comprises the classic type 
section of the formation (Ravn and Witzke, 
1994).  The Dakota Formation is characterized 
by a succession of poorly consolidated 
sandstone and mudstone (shaly strata), which 
typically dominates the upper portion.  Its 
thickness is highly variable due to being 
truncated by numerous bedrock valleys.  Where 
the Dakota Formation forms the bedrock 
surface in our study area, it ranges from less 
than 10 feet to about 300 feet in thickness. 

The Dakota Formation is stratigraphically sub-
divided into two lithologically distinct members 
across most of its extent in Iowa, a lower 
Nishnabotna Member and an upper Woodbury 
Member (see Munter et al., 1983; Raven and 
Witzke, 1994; see Figure 4).  These member 
names a re  derived from lower Dakota 
exposures along the Nishnabotna River Valley in 
southwest Iowa and from upper Dakota exposures 
in Woodbury County, northwest Iowa, 
respectively.  

The Nishnabotna Member is dominated by 
poorly consolidated sandstone and mudstone 
strata.  However, quartz sandstones 
overwhelmingly dominate the member over most 
of the study area.  The sandstones vary between 
very fine and very coarse-grained units, with 
some conglomerate units found near the base of 
the Nishnabotna Member in southwest Iowa. 
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Definition of the Lower Dakota Aquifer 

A study by the Iowa Geological Survey during 
the early 1980s was the first to recognize the 
stratigraphic complexity of the Dakota aquifer. 
As summarized by Munter et al., (1983, p. 19), 
that study was the first to recognize the 
relationship between the stratigraphy and water 
yields within the aquifer: 

“The term Dakota aquifer, as used in 
this report, refers to sandstone beds 
within the Dakota Formation that yield 
significant quantities of water to wells. 
Wells drilled only into the Woodbury 
Member are significantly less productive 
than wells completed in the Nishnabotna 
Member because of the limited vertical 

and lateral extent of the sandstone 
deposits within the Woodbury.  Wells 
penetrating a significant thickness of the 
Nishnabotna Member, commonly have 
very high yields (800-1000 gpm) 
because of the thick and extensive 
nature of the sandstone units.” 

These observations significantly changed the 
earlier conception of a homogeneous Dakota 
aquifer.  Stratigraphic position within the Dakota 
Formation proved to be vitally important in the 
development of high-capacity wells.  The 
important results of the Munter study were used 
in the design of the current study, with our 
primary focus on defining the stratigraphic 
package that hosts the lower highly productive 
part of the aquifer.  However, unlike the earlier 

     Figure 2.  Stratigraphic representation of Quaternary materials within the study area (Gannon et al., 2008). 
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s tudy by Munter et al. (1983), the lower 
aquifer was not simply restricted to the 
Nishnabotna Member.  Instead, the current study 
has recognized that the hydrologic container of 
the lower aquifer can also include contiguous 
sandstone bodies of the lower Woodbury 
Member.  The Lower Dakota aquifer is now 
defined to include the body of contiguous 
sandstone that encompasses portions of the 
Nishnabotna and lower Woodbury members. 
 
Lateral and Vertical Extents of the Lower 
Dakota Aquifer in the Study Area 
 
The lateral and vertical extents of the Lower 
Dakota aquifer were evaluated using well data 
found in the IGS GeoSam database (GeoSam, 
2015) and the IDNR Private Well Tracking 

System database (PWTS, 2015).  A total of 795 
striplogs and drilling logs were found in the study 
area.  The highest concentration of logs were 
found in Guthrie and Greene counties, and are 
associated with the natural gas storage structures 
in the area.  A total of 5 new striplogs were 
produced in locations shown on Figure 5.  Four 
of the new striplogs were in Kossuth County, and 
one was in Carroll County.  These five new 
striplogs are shown in Appendix A. 
 
An isopach, or thickness, map of the Lower 
Dakota aquifer was generated following analysis 
of the geologic log data (Figure 5).  Most of the 
study area has a sandstone thickness of less than 
50 feet, and is discontinuous in both lateral and 
vertical extents.  The Fremont bedrock valley and 
its many smaller associated bedrock valleys cut  

     Figure 3.  Quaternary isopach map of the study area. 
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though the southwestern portion of the Lower 
Dakota aquifer.  Numerous outliers exist in 
Adair, Cerro Gordo, Floyd, Franklin, Greene, 
Hancock, Mitchell, Page, Webster, Winnebago 
and Wright counties.  Based on the isopach map, 
sandstone thickness of greater than 100 feet exists 
southwest of Titonka in Kossuth County, east of 

Dakota City in Humboldt County, southeast of 
Scranton City in Greene County, northern and 
southern Guthrie County, and northeast and 
northwest of Red Oak in Montgomery and Cass 
counties.   

     Figure 4.  Stratigraphic representation of the Dakota Formation in Iowa (Gannon et al., 2008). 
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Transmissivity of the Lower Dakota 
Aquifer in the Study Area 

 

The Lower Dakota aquifer is defined as the 
contiguous body of sandstone that lies at the base 
of the Dakota Formation.  The hydraulic 
properties of the Lower Dakota aquifer vary both 
laterally and vertically.  The aquifer consists of 
fine to coarse sandstone, as well as isolated 
conglomerate units.  Most of the sandstone and 
conglomerate is poorly cemented, and wells 
installed in the Lower Dakota aquifer require well 
screens.  Exceptions to this occur in parts of 
southwest Iowa, especially in Guthrie County, 
where the sandstone and conglomerate units are 
well cemented.  A total of 167 specific capacity 
tests were conducted in the Lower Dakota 
aquifer in the study area by various 

consultants, well drillers, and communities.  The 
distribution of these tests is shown in Figure 6. 
Appendix B lists each specific capacity test 
estimated transmissivity values, aquifer 
thicknesses, and hydraulic conductivity values. 
Estimates of the transmissivity values were 
calculated using the Illinois Water Survey 
method (Walton and Csallany, 1963). 

Figure 7 incorporates both the 167 specific 
capacity values in Figure 6 and Appendix B , and 
the transmissivity estimate based on the average 
hydraulic conductivity of 48 feet/day (Munter 
and others, 1983), multiplied by the sandstone 
thickness (Figure 5).  Based on Figure 7, the 
highest transmissivity values occur in portions of 
Carroll, Cass, Greene, Guthrie, Humboldt, 
Kossuth, and Montgomery counties. 

     Figure 5.  Lower Dakota aquifer isopach map for the study area. 
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     Figure 6.  Specific capacity test distribution within the study area. 

     Figure 7.  Transmissivity distribution within the study area. 
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Estimated Potential Well Yields of the 
Lower Dakota Aquifer in the Study Area 
 

The potential well yields in the study area were 
estimated by converting the transmissivity to 
specific capacity and multiplying by half of the 
available drawdown.  The available drawdown 
was assumed to be one-half the distance between 
the static water level and the top of the aquifer.  
Available drawdown varied considerably by 
location, and ranged from 7 feet in Mills County 
to 145 feet in Greene County.   

The estimated potential well yields are shown in 
Figure 8.  Based on Figure 8, the highest potential 
well yields occur in portions of Carroll, Cass, 

Greene, Guthrie, Humboldt, Kossuth, and 
Montgomery counties. 

Combining Results from 2008 and 2015 

The results of the 16 county area studied in 2008 
and the current study area (Figure 1) were 
combined to produce isopach and potential well 
yield maps of the Lower Dakota aquifer in Iowa. 
Figure 9 shows the isopach map of the Lower 
Dakota aquifer for the state of Iowa.  Data from 
the edges of the two study regions were correlated 
when possible.  As part of the correlation process, 
some of the point data from the 2008 study were 
revaluated along the southern edge of Woodbury, 
Ida, Sac, and Calhoun counties.  Following 
reevaluation, sandstone thickness was reduced in 

     Figure 8.  Estimated potential well yields in the Lower Dakota aquifer within the study area based on 
transmissivity, specific capacity data, and available drawdown. 
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many cases, especially in Woodbury County. 
Many of the interpretations in 2008 used the 
entire thickness of the Dakota Formation to create 
the isopach map, which included nearly 100 feet 
of Woodbury shale.  The reevaluation of the data 
to include only the sandstone thickness allowed 
for more accurate correlation between the map 
products.  Based on the results in Figure 9, the 
Lower Dakota sandstone is much thicker and 
more laterally extensive in the following 
counties: Buena Vista, Cherokee, Clay, 
Dickinson, Emmet, Ida, O’Brien, Osceola, Palo 
Alto, Plymouth, Sac, Sioux, and Woodbury 
counties.   

Figure 10 shows the estimated potential well 
yields for the Lower Dakota aquifer in Iowa. 

Well yields were found to be much higher within 
the 16 county area studied in 2008 and more 
variable outside the 16 county area.  The 
discontinuous nature of the aquifer and the 
variable sandstone thickness most likely account 
for the variability in potential well yields. 

Water Usage in the Lower Dakota Aquifer 

Known water use wells found in the Lower 
Dakota aquifer are shown in Figure 11.  Permits 
indicate water use from public water supplies, 
industrial usage, and agricultural usage.  
Estimated total water withdrawal by type of 
usage is shown in Figure 12, and was obtained 
primarily from IDNR source water data  

     Figure 9.  Lower Dakota aquifer isopach map in Iowa generated by combining Figure 5 with work completed 
by Gannon et al. (2008). 
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(IDNR Source Water Database, 2015), and the 
IDNR water use database (IDNR Water Use 
Database, 2015).  Domestic supplies were 
estimated based on 1,000 gallons per day per 
known private well.  Public water supplies use the 
most water at 23.2 million gallons per day (mgd) 
or 56% of the total.  This is followed by 
agriculture at 11.8 mgd (28%), industry at 4 mgd 
(10%), and domestic at 2.6 mgd (6%). 
 

CONCLUSIONS 
 

 

The reoccurring drought in western Iowa starting 
in 2011 has forced many public water utilities to 
actively look for alternative sources of water.  
Based on this demand for additional water, many 
water utilities and private well owners in western 

Iowa are looking at the Lower Dakota aquifer as 
a primary or secondary water supply.  Due to the 
increased interest in the Lower Dakota aquifer, 
the IDNR contracted with the IGS to characterize 
a portion of the Lower Dakota aquifer in north-
central and southwest Iowa.  This current study is 
a continuation of a study conducted in 2008 
(Gannon et al., 2008). 

An isopach map of the Lower Dakota aquifer was 
generated for north-central and southwest Iowa.  
Most of the study area has a sandstone thickness 
of less than 50 feet and is discontinuous in both 
lateral and vertical extents.  The Fremont bedrock 
valley and its many smaller associated bedrock 
valleys cut though the southwestern portion of the 
study area.  Numerous outliers exist in Adair, 
Cerro Gordo, Floyd, Franklin, Greene, Hancock,  

     Figure 10.  Estimated potential well yields in the Lower Dakota aquifer in Iowa. 
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Mitchell, Page, Webster, Winnebago and Wright 
counties.  Based on the isopach map, sandstone 
thickness of greater than 100 feet exists 
southwest of Titonka in Kossuth County, east of 
Dakota City in Humboldt County, southeast of 
Scranton City in Greene County, northern and 
southern Guthrie County, and northeast and 
northwest of Red Oak in Montgomery and Cass 
counties.   

Transmissivity values range from less than 100 to 
greater than 3,000 ft2/day.  The highest 
transmissivity values occur in portions of Carroll, 
Cass, Greene, Guthrie, Humboldt, Kossuth, and 
Montgomery counties. 

Potential well yields range from less than 5 gpm 
to 500 gpm.  The highest potential well yields 

occur in portions of Carroll, Cass, Greene, 
Guthrie, Humboldt, Kossuth, and Montgomery 
counties. 

The results of the 16 county area studied in 2008 
and the current study area were combined to 
produce a isopach and well yield maps of the 
Lower Dakota aquifer in Iowa.   

Total water withdrawal by type of usage was 
estimated for the Lower Dakota aquifer.  Public 
water supplies use the most water at 23.2 mgd or 
56% of the total.  This is followed by agriculture 
at 11.8 mgd (28%), industry at 4 mgd (10%), and 
domestic or private usage at 2.6 mgd (6%). 

     Figure 11.  Known water use permitted wells screened in the Lower Dakota aquifer in Iowa. 
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     Figure 12.  Water usage in the Lower Dakota aquifer in Iowa (millions of gallons per day). 
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