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Hydrogeologic Framework of Pennsylvanian and 
Late Mississippian Rocks in the Central Lower 
Peninsula of Michigan 

By D.B. Westjohn and T.L. Weaver 

ABSTRACT 

Late Mississippian and Pennsylvanian sedimentary rocks form part of a regional system 
of aquifers and confining units in the central Lower Peninsula of Michigan. The upper part 
of the Pennsylvanian rock sequence constitutes the Saginaw aquifer, which consists primarily 
of sandstone. This sandstone aquifer overlies the Saginaw confining unit, which consists 
primarily of shale. The Saginaw confining unit separates the Saginaw aquifer from the 
Parma-Bayport aquifer, which consists primarily of permeable sandstones and carbonates; 
these permeable units are interpreted to be hydraulically connected and stratigraphically con
tinuous at the scale of the regional aquifer system. 

The Saginaw aquifer ranges in thickness from 100 to 370 feet along a 30- to 45-mile
wide south-trending corridor through the approximate center of the aquifer system. The 
Saginaw aquifer typically contains freshwater along this corridor of thick sandstone. Most 
municipalities that use water from the Saginaw aquifer are located along this corridor. On 
either side of this corridor, the Saginaw aquifer generally is less than 100-feet thick, and 
typically contains saline water. Altitude of the surface of the Saginaw aquifer ranges from 
800 to 900 feet in the northern part of the aquifer system, and from 500 to 600 feet in the 
southern part. Altitude of the top of the Saginaw aquifer is lower in the western and eastern 
parts of the aquifer system (typically 400 to 500 feet). The Saginaw confining unit is thick
est in the northwestern part of the aquifer system (100 to 240 feet thick); however, thickness 
decreases to 50 feet in the southeast. Thickness of the Parma-Bayport aquifer generally 
ranges from 100 to 150 feet. The surface configuration of this aquifer is similar in shape to 
the Saginaw aquifer; altitudes are highest in the southern and northern parts of the aquifer 
system (900 and 500 feet, respectively). Lowest altitude (approximately -100 feet) of the 
Parma-Bayport aquifer is in the east-central part of the basin. The Parma-Bayport aquifer 
contains freshwater in subcrop areas where it is in direct-hydraulic connection to permeable 
glacial deposits; however, this aquifer contains saline water or brine down dip from subcrop 
areas. 
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INTRODUCTION 


Mississippian through Jurassic bedrock units and unconsolidated Pleistocene glacial deposits form 
a regional system of aquifers and confining units in the central Lower Peninsula of Michigan. The 
areal extent of this aquifer system is approximately 22,000 mit (fig. 1). This aquifer system was 
studied as part of the Regional Aquifer-System Analysis (RASA) program (Mandle, 1986; Mandle 
and Westjohn, 1989) of the U.S Geological Survey (USGS). The Michigan Basin RASA project is 
one of 28 USGS hydrogeologic investigations of regional aquifer systems of the United States (Weeks 
and Sun, 1987). 

The purposes of this report are to describe the hydrogeology and hydraulic properties of Penn
sylvanian and Mississippian bedrock units in the central Michigan Basin and to publish maps that 
delineate aquifer- and confining-unit boundaries. Descriptions of geologic units are summarized on 
the basis of published information and data collected as part of the Michigan Basin RASA investiga
tion. Maps that delineate aquifer- and confining-unit boundaries were constructed by use of geophysi
cal and geologic logs of oil, gas, and water wells. 

GEOLOGY 

The Michigan Basin is an intracratonic depression that contains more than 17,000 ft of sedi
mentary rocks and unconsolidated sediments. The stratigraphic record is nearly complete from Pre
cambrian sedimentary units through Jurassic red beds, with the exception that rocks of Triassic age 
are not present in the basin. Pleistocene glacial deposits cover bedrock in most areas, and knowledge 
of bedrock geology is almost entirely from geophysical and geologic logs of drill holes. 

Geologic units that form the Michigan Basin regional aquifer system include units of Missis
sippian age and all younger geologic units. The aquifer system consists of six bedrock formations 
that have been assigned formal stratigraphic names and three geologic units that have informal names 
(figs. 2 and 3). Formally named units of Mississippian age are the Coldwater Shale, Marshall Sand
stone, Michigan Formation, and Bayport Limestone; formally named units of Pennsylvanian age are 
the Saginaw Formation and Grand River Formation. Geologic units that have informal names are the 
Parma sandstone, Jurassic red beds, and Pleistocene glacial deposits. The stratigraphic relations of all 
units of the aquifer system are shown in figure 3 and in geologic sections A-A' and B-B' (Appen
dix A). 

The geology and hydrology of Mississippian rocks that form the lower part of the aquifer sys
tem and underlie the Bayport Limestone (Coldwater Shale, Marshall Sandstone, and Michigan Forma
tion) are described in a report by Westjohn and Weaver (in press). Geologic units that form the 
upper part of the aquifer system (Jurassic red beds and Pleistocene glacial deposits) are described in a 
related USGS report (Westjohn and others, 1994). The geologic setting, stratigraphic relations, and 
hydrogeology of the Bayport Limestone, Parma Sandstone, Saginaw Formation, and Grand River For
mation, which form the middle part of the regional aquifer system are described in this report. 
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Figure 2. Bedrock geology of the Lower Peninsula of Michigan. (Modified from Western Michigan University, 
1981, pl. 12; and from Westjohn and others, 1994.) 
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Figure 3. Mississippian through Pleistocene stratigraphic nomenclature, hydrogeologic units, and rock units 
in the central Lower Peninsula of Michigan. (Modified from Michigan Geological Survey, 1964.) 
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Bayport Limestone 

The Mississippian Bayport Limestone consists of sparsely fossiliferous to very fossiliferous 
limestone, dolostone, sandy limestone, cherty limestone, and sandstone; thickness of the formation is 
typically 50 to 100 ft (Cohee and others, 1951; Harrell and others, 1991). The Bayport Limestone is 
considered to form the upper part of the Grand Rapids Group (fig. 3), and this geologic unit overlies 
the Mississippian Michigan Formation (lower part of the Grand Rapids Group). Stratigraphic rela
tions of the Bayport Limestone to other strata in the basin are shown in Lilienthal (1978), and are 
described by Cohee (1979), Ells (1979), and Newcombe (1933). The name "Bayport Formation" is 
often used informally, but Bayport Limestone, as originally named by Lane (1899), is the recognized 
formal stratigraphic name for this unit (Michigan Geological Survey, 1964, Chart 1). Most previous 
investigations that focused specifically on the Bayport Limestone are summarized in unpublished 
theses (Bacon, 1971; Ciner, 1988; Lasemi, 1975; Strutz, 1978; Tyler, 1980). 

Geologic maps that illustrate the subcrop area of the Bayport Limestone were compiled by 
Martin (1936) and Milstein (1987). The major difference in these maps is that Martin (1936) shows 
the Bayport as stratigraphically discontinuous. The most recent map of bedrock geology (Milstein, 
1987) illustrates the Bayport Limestone as a stratigraphically continuous unit. Geologic maps that 
predate Martin's map (1936) combine the Michigan Formation and Bayport Limestone and illustrate 
the areal extent of the Grand Rapids Group (Lane 1902a, 1905; Allen and others, 1916). 

Structure-contour maps of the base of the Bayport Limestone were constructed by Lasemi (1975) 
and Strutz (1978). These investigators relied primarily on geologic logs; consequently, the maps are 
very similar. Vugrinovich (1984) relied substantially on geophysical logs to map a 5,500-mit area in 
the central part of the basin, and he compiled an isopach map and structure-contour map of the top of 
the Bayport Limestone. Tyler (1980) focused on a much smaller area (approximately 12 mit) and 
constructed structure-contour and isopach maps of different lithofacies trends that he interpreted from 
examinations of drill cuttings and from geophysical logs. Isopach maps generated by Cohee and 
others (1951) and Strutz (1978) illustrate similar thickness trends (typically 50 to 100 ft). Cohee and 
others (1951), however, interpreted the Bayport Limestone as being absent in many areas down dip 
from subcrop regions. Examination of geophysical logs by the authors of this report support interpre
tations of Cohee and others (1951) and Martin (1936) regarding the absence of Bayport Limestone in 
many areas of the basin. 

Parma Sandstone 

The Parma Sandstone consists of medium- to coarse-grained sandstone and is generally less than 
100 ft thick (Cohee and others, 1951). This geologic unit has not been the focus of any geologic 
investigation of the Michigan Basin, but it is mentioned in descriptions of Pennsylvanian rock units by 
several investigators (Cohee, 1965; Cohee and others, 1951; Dorr and Eschman, 1970, p. 349; Kelly, 
1936; Wanless and Shideler, 1975; Winchell, 1861, p. 112). Several publications on Michigan Basin 
stratigraphy do not delineate the Parma Sandstone as a separate stratigraphic unit (Ells, 1979; Lane, 
1902a; 1905; Milstein, 1987). 
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The Parma Sandstone is considered by many stratigraphers to form the basal part of the Penn
sylvanian Saginaw Formation (Cohee and others, 1951; Kelly, 1936, p. 157; Wanless and Shideler, 
1975). Nevertheless, the relations of this unit to recognized and formally named geologic strata are 
still subjects of debate. Vugrinovich (1984) used geophysical logs to map thickness of the Parma 
Sandstone in a region that makes up about one-half of the areal extent of this geologic unit (approxi
mately 5,500 mi2). Vugrinovich (1984, p. 9) did a detailed stratigraphic and lithologic investigation 
of Late Mississippian and Pennsylvanian rocks in the Michigan Basin, and he suggests that "the name 
Parma should be raised again to formational rank to designate the sequence of sandstones immediately 
overlying the Bayport Limestone." Vugrinovich (1984) also suggests, on the basis of stratigraphic 
relations, that the lower part of the Parma Sandstone should be assigned to the Late Mississippian; 
however, assignment of Early Pennsylvanian or Late Mississippian to the Parma Sandstone is conjec
tural, because indicator fossils that would provide a means to establish age are absent. 

Geologic maps that illustrate the subcrop area of the Parma Sandstone were published as part of 
early investigations (Martin, 1936; Winchell, 1869). Some subsurface geologic maps combine the 
Parma Sandstone with other geological units (Allen and others, 1916; Lane, 1899, 1902a, 1905; 
Martin and Straight, 1956), and the most recently published bedrock geologic map of Michigan does 
not show the Parma Sandstone at all (Milstein, 1987). 

A search of geologic literature failed to locate maps that show surface configuration or thick
ness of Parma Sandstone over the entire areal extent of this geologic unit. 

Saginaw and Grand River Formations 

Pennsylvanian rocks in the Michigan Basin have been formally subdivided into the Saginaw 
Formation (Early Pennsylvanian) and Grand River Formation (Late Pennsylvanian) (fig. 3). The 
Saginaw Formation constitutes the bulk of the Pennsylvanian rock sequence and consists of inter-
bedded sandstone, siltstone, shale, coal, and limestone. 

Previous investigations of Pennsylvanian rocks in Michigan focused almost entirely on geolog
ical aspects including stratigraphy (Kelly, 1936; Shideler, 1969; Vugrinovich, 1984; Wanless and 
Shideler, 1975), coal resources (Cohee and others, 1950; Lane, 1900; 1902b), depositional setting 
(Martin, 1982; Strutz, 1978; Tyler, 1980), and sedimentology (Cohee and others, 1951; Ells, 1979; 
Velbel and Brandt, 1989). Studies related to the hydrogeology of Pennsylvanian rocks include a 
compilation of ground-water-resource information (Western Michigan University, 1981), a water-
resources investigation of a three-county area (Vanlier and others, 1973), and a regional hydrogeo
logic investigation and simulation of ground-water flow (Mandle and Westjohn, 1989). 

A map showing the total thickness of Pennsylvanian rocks was published by Strutz (1978). 
Shideler (1969) subdivided Pennsylvanian rocks by time-stratigraphic series (North American provin
cial series) and generated maps showing the composite thickness of sandstones of the Desmoinesian, 
Atokan, and Morrowan subdivisions. The isolith maps of Shideler (1969) illustrate restored and 
exaggerated thickness rather than actual thickness, and were prepared for use as an aid to interpret 
dispersal patterns of Pennsylvanian sediments. Maps that delineate aquifer- and confining-unit bound
aries within the Pennsylvanian rock sequence were not located during the literature search of this 
study. 
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Location and Extent 

The Grand River Formation is the stratigraphic name attributed to Kelly (originally Grand River 
Group, see Kelly, 1936, p. 206) for Pennsylvanian rocks exposed along the Grand River in north-
central Eaton County (fig. 1). The Grand River Formation is reported to consist predominantly of 
sandstone, although Kelly (1936, p. 209) said that a conglomerate bed at the type locality (north
central Eaton County) separates the Grand River Formation from the underlying Saginaw Formation. 
The authors of this report examined more than 12,000 geologic logs of boreholes drilled through the 
entire Pennsylvanian rock sequence and found that conglomerate seems to be rare and highly local
ized. It is difficult, if not impossible, to assign sandstones or other Pennsylvanian rocks to either the 
Saginaw Formation or the Grand River Formation with any degree of certainty because no lithologic 
differences or stratigraphic horizons mark a change from one formation to the next. 

The most recent bedrock geologic map of Michigan (Milstein, 1987) shows the areal extent of 
the Grand River Formation to be small (less than 350 mi2) in comparison to the areal extent of the 
Saginaw Formation (larger than 11,000 mi2). The Grand River Formation is not considered to be an 
important rock unit in the RASA study area because of its small extent. All further discussion of 
Pennsylvanian rocks above the Parma Sandstone is therefore limited to the Saginaw Formation. 

Relations of Stratigraphic Units to Aquifer and Confining Units 

Relations of commonly used stratigraphic names to hydrogeologic nomenclature established for 
the Michigan Basin RASA study are shown in figure 3. Also shown are lithologic constituents of 
formations and thicknesses of aquifer and confining units. The boundaries and thicknesses of aquifers 
and confining units of the Michigan Basin regional aquifer system were delineated on the basis of 
hydraulic properties. Thus a hydrogeologic unit might include all or part of a formation, depending 
on hydraulic properties of strata within a formation. For example, the Parma Sandstone and Bayport 
Limestone, which are hydraulically connected and consist primarily of permeable lithologies, together 
form the Parma-Bayport aquifer (fig. 3). In contrast, the terms Mississippian Coldwater Shale 
(formal stratigraphic nomenclature) and Coldwater confining unit (hydrogeologic name) refer to the 
same geologic unit (fig. 3). Stratigraphic names and hydrogeologic-unit nomenclature are used alter
nately in this report, depending on whether the topic of discussion is geology or hydrogeology. The 
terms Mississippian sandstone and Pennsylvanian sandstone are used in a general sense where asso
ciation of rock units to a specific formation is not critical. 

DELINEATION OF AQUIFER- AND CONFINING-UNIT BOUNDARIES 

Several of the units that form the aquifer system have been the subject of detailed geologic 
studies, and maps that were generated as part of these investigations were prepared to aid in the inter
pretation of stratigraphy, sedimentology, and depositional environment (Allen and others, 1916; 
Cohee and others, 1951; Lane, 1902a, 1905; Lasemi, 1975; Martin, 1936; Martin and Straight, 1956; 
Milstein, 1987; Strutz, 1978; Tyler, 1980; Vugrinovich, 1984; Wanless and Shideler, 1975; 
Winchell, 1869). The thickness and surface-configuration maps in this report delineate aquifer and 
confining-unit boundaries rather than contacts of different formations. These maps were prepared to 
assist in computer simulation of ground-water flow. 

Hydrogeologic Framework of Pennsylvanian and Late Mississippian 
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Geophysical logs of oil and gas wells were used to establish hydrogeologic characteristics and to 
map hydrostratigraphic units in the central part of the basin. In areas where geophysical logs are 
sparse or unavailable, delineation of aquifer and confining-unit boundaries was based on data recorded 
in geologic logs of oil, gas, and water wells. Interpretation of geophysical logs is the primary basis 
for delineation of hydrostratigraphic units of the Michigan Basin regional aquifer system. In 
Appendix B, example logs are provided, and methods used to delineate aquifer and confining-unit 
boundaries by interpretation of geophysical and geologic logs are described. 

HYDROGEOLOGY 

Pennsylvanian rocks that overlie the Parma Sandstone consist of complexly intercalated aquifer 
and confining-unit material. Thickness of Pennsylvanian rocks (above the Parma Sandstone) typi
cally ranges from approximately 100 to 500 ft and exceeds 600 ft in the north-central part of the 
aquifer system (fig. 4). Relief on the surface of Pennsylvanian rocks is approximately 600 ft. Alti
tude ranges from approximately 350 ft in the west-central to east-central parts of the subcrop area to 
highs of 600 ft in the north and 900 ft in the south (fig. 5). The locations of boreholes whose geo
logic logs were used to construct thickness and surface-configuration maps are shown in Appendix C. 

In Michigan, vertical sequences of sedimentary strata can be identified, which are similar to the 
cyclothem series that is considered generally to be characteristic of Pennsylvanian sedimentary 
sequences in other areas of the United States (Weller, 1930). However, all lithologies typical of such 
rock sequences are stratigraphically discontinuous at the scale of the RASA study area. In most areas 
of the Michigan Basin, individual Pennsylvanian strata above the Parma Sandstone cannot be traced 
laterally more than a few miles. The complex stratigraphic relations and lateral discontinuity of dif
ferent lithologies complicates delineation of aquifer- and confining-unit boundaries at the scale of the 
study area. 

Interpretation of geophysical logs indicates that the lower part of the Pennsylvanian rock 
sequence is predominantly shale, whereas the upper part is predominantly sandstone. Subdivision of 
Pennsylvanian rocks younger than the Parma Sandstone into a lower confining unit (Saginaw 
confining unit, see fig. 3) and an upper sandstone aquifer (Saginaw aquifer) was determined to be the 
most suitable approach for the Michigan Basin RASA's computer simulation of ground-water flow. 

The Bayport Limestone and Parma Sandstone appear to interfinger throughout the Michigan 
Basin. These units are stratigraphically continuous and hydraulically connected, and together they 
form the Parma-Bayport aquifer. The hydrogeologic characteristics of the Saginaw aquifer, Saginaw 
confining unit, and Parma-Bayport aquifer are discussed separately in the following sections of this 
report. 

Saginaw Aquifer 

The Saginaw aquifer is the cumulative thickness of sandstones that overlie the Saginaw confin
ing unit (fig. 3). These sandstones are assumed to be hydraulically connected at the scale of the study 
area; therefore they form a regional aquifer that functions as a single layer for computer simulation of 
ground-water flow (N.G. Grannemann, U.S. Geological Survey, oral conunun., 1992). 

Hydrogeology 9 
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Figure 4. Thickness of Pennsylvanian rocks in the central Lower Peninsula of Michigan. 
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Areal Extent, Thickness, and Surface Configuration 

The areal extent of the Saginaw aquifer is approximately 11,000 mit. The aquifer is thin (less 
that 100 ft thick) near the boundary of the study area (fig. 6). The Saginaw aquifer is thickest along 
a 30- to 45-mi-wide south-trending corridor through the approximate center of the study area, where 
thickness ranges from 100 to 370 ft (fig. 6). The Saginaw aquifer constitutes the upper part of the 
Pennsylvanian rock sequence, and the configuration of the surface of the Saginaw aquifer is the same 
as illustrated for the Pennsylvanian rock sequence (fig. 5). The locations of drill holes whose 
geologic logs were used to construct surface-configuration and thickness maps of the Saginaw aquifer 
are shown in Appendix C. 

Hydraulic Properties 

Analyses of aquifer-test data indicate a wide range of transmissivities within the Saginaw aqui
fer. Transmissivities that range from 130 to 2,700 ft2/d were reported for a three-county area (fig. 1, 
Clinton, Eaton, and Ingham Counties) by Vanlier and Wheeler (1968), where the Saginaw aquifer is 
the principal source of water for municipal supply. 

Measurements of matrix-controlled hydraulic properties were made of a suite of sandstone 
samples (Saginaw Formation). Measured porosities and matrix-controlled vertical hydraulic conduc
tivities range from 4 to 34 percent and 0.0001 to 55 ft/d, respectively. These large ranges of poro
sities and hydraulic conductivities generally are a function of cement type and degree of cementation. 
A complete tabulation of the hydraulic-property data can be found in a report by Westjohn and others 
(1990). 

Use and Quality of Water 

The Saginaw aquifer is a source of water for numerous residential wells (Western Michigan 
University, 1981, pl. 20), and for at least 32 municipalities (Baltusis and others, 1992). All munici
palities that use ground water from the Saginaw aquifer are located in the eastern part of the study 
area. The Saginaw aquifer generally is productive and freshwater bearing along the south-trending 
corridor where sandstones are thick (fig. 6). Most municipalities that use ground water from the 
aquifer are located along this freshwater-bearing bedrock corridor. 

In the Lansing area, ground-water withdrawal from the Saginaw aquifer exceeds 30 Mgal/d, 
which is the largest withdrawal rate of ground water from a bedrock source in Michigan (Baltusis and 
others, 1992). Areas where the Saginaw aquifer is freshwater bearing also appear to be in direct-
hydraulic connection with Pleistocene glaciofluvial deposits (Westjohn, 1993; Westjohn, 1994; 
Westjohn and others, 1994). 

In the west-central part of the aquifer system, Jurassic red beds separate the Saginaw aquifer 
from glacial deposits; here the Saginaw aquifer typically contains saline water. Jurassic red beds 
form a sub-regional confining unit (figs. 2 and 3), and seem to impede recharge of freshwater from 
overlying glacial deposits (Westjohn and others, 1994). Saline water is also present in the Saginaw 
aquifer in the east-central part of the study area (Saginaw Lowlands, fig. 1), where fine-grained 
lacustrine sediments and clay-rich-lodgment tills are the dominant types of glacial material. The 
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lacustrine sediments and clay-rich-lodgment tills appear to trap and (or) inhibit discharge of ground 
water in this area (Westjohn, 1993). 

Saginaw Confining Unit 

The Saginaw confining unit is present in most of the study area and separates the Saginaw 
aquifer from the underlying Parma-Bayport aquifer (fig. 3). This confining unit consists predomi
nantly of shale; the rest of the sequence consists of sandstone, siltstone, coal, and limestone beds. 
Geophysical logs show that sandstone and siltstone beds typically are thin (less than 15 ft) and discon
tinuous, and generally cannot be traced laterally more than 5 to 10 mi. Electric logs show that sand
stone and siltstone beds within this predominantly Pennsylvanian shale sequence contain saline water 
or brine (Westjohn, 1989); these permeable strata are assumed to be isolated from the regional 
ground-water-flow system. 

Areal Extent and Thickness 

The Saginaw confining unit has the same areal extent as the Saginaw aquifer (approximately 
11,000 mi2). The thickness of this confining unit ranges from 100 to 240 ft in the northwest, but 
decreases to approximately 50 ft near the boundary of the study area (fig. 7). Thickness of the Sagi
naw confining unit was delineated entirely on the basis of interpretation of geophysical logs 
(Appendix C). 

In the central part of the study area, where the confining unit is thickest, lithology and thick
ness were delineated by use of electrical-resistivity and spontaneous-potential logs, which were run in 
boreholes open to Pennsylvanian rock units. The thickness of the Saginaw confining unit is poorly 
constrained in the central and southeastern parts of the study area because geophysical logs for this 
area are few in number and uneven in distribution. 

Use and Quality of Water 

Water wells are rarely completed in bedrock in the northeastern part of the study area, because 
overlying glacial deposits are a shallow source of ground water (Westjohn and others, 1994). Water 
quality is interpreted from electrical-resistivity logs of oil and gas wells (Westjohn, 1989). Thin-
sandstone beds are commonly intercalated with shale. The sandstone beds contain saline water or 
brine, and the salinity of ground water increases with depth. The quality of ground water in the 
Saginaw confining unit in other areas of the Michigan Basin is unknown. 

Parma-Bayport Aquifer 

The Parma Sandstone and Bayport Limestone are considered by most geologists to be separate 
and distinct time-stratigraphic units. Examination of geophysical logs shows that these units consist 
mostly of permeable sandstones and carbonates and that the formations are hydraulically connected 
throughout the area of the regional aquifer system. For characterization of hydrogeologic setting and 
computer simulation of ground-water flow, these units are combined to form the Parma-Bayport 
aquifer. 
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Figure 7. Thickness of Saginaw confining unit in the central Lower Peninsula of Michigan. 
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Areal Extent, Thickness, and Surface Configuration 

The areal extent of the Parma-Bayport aquifer is approximately 11,000 mit. Thickness of this 
aquifer exceeds 200 ft in some parts of the area mapped (fig. 8); in most areas, however, thickness 
generally ranges from 100 to 150 ft. Relief on the surface of the Parma-Bayport aquifer is approxi
mately 1,000 ft (fig. 9). Altitudes are lowest (approximately 100 ft below sea level) in the east-
central part of the study area and highest in the south and north (approximately 900 and 500 ft, 
respectively). The locations of boreholes whose geophysical and geologic logs were used to construct 
maps of the Parma-Bayport aquifer are shown in Appendix C. 

In the northeastern part of the aquifer system, the Parma-Bayport aquifer was delineated pri
marily on the basis of characteristic electric-log traces (Appendix C). Electric logs typically display 
mud-invasion profiles, indicating the bulk of this aquifer is permeable (Appendix B). Gamma-ray 
logs were used to delineate boundaries of the aquifer in the southeast (Appendix C). Data recorded in 
geologic logs were necessary to complete the thickness and surface-configuration maps in several 
areas where no geophysical logs are available (Appendix C). 

Hydraulic Properties 

Geophysical logs run in boreholes open to the Parma-Bayport aquifer are the basis for the 
description of general hydrologic characteristics. In the central part of the basin, highly permeable 
sandstone (approximately 100 ft thick) is the predominant lithology. Evidence of the high permea
bility of this sandstone is indicated by caliper and porosity logs. Caliper logs show that borehole 
diameter is larger than bit diameter by several inches in upper part of the sandstone sequence. This 
indicates that fluid circulation during drilling eroded poorly consolidated, permeable sandstone. Geo
physical logs show that porosities in the upper part of the sandstone sequence typically range from 
25 to 35 percent; these are the highest porosities of any bedrock unit in the aquifer system (Westjohn 
and others, 1990). Porosity decreases and sandstones become more consolidated with depth. Below 
the predominantly sandstone part of the Parma-Bayport aquifer, the unit consists of calcareous or 
dolomitic sandstone, limestone, dolomite, and shale. Lithologies below the permeable sandstone are 
complexly intercalated, and the composite thickness is usually less than 50 ft. 

Hydraulic-property data for the Parma-Bayport aquifer are scanty, primarily because this aquifer 
is rarely used for water supply. No records of aquifer tests are known, but helium-gas measure
ments of hydraulic properties were made of a suite of Parma Sandstone cores to evaluate gas-storage
reservoir properties (Robert Bomar, Michigan Consolidated Gas Company, written commun., 1993). 
Data reported from these tests are in millidarcies, the standard units used by the oil and gas industry. 
These units, rather than hydraulic conductivity, are retained to indicate that permeability was 
measured. 

Vertical and horizontal permeability components and porosity were measured of 106 core 
specimens. Vertical and horizontal permeability components have approximately the same range 
(0.1 to 2,500 millidarcies), and porosity ranges from 2 to 25 percent. These ranges are similar to 
those reported for the Pennsylvanian sandstones that overlie the Parma-Bayport aquifer (Westjohn and 
others, 1990). 
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Examination of core specimens indicates that permeability and porosity vary as a function of 
degree of cementation. Cements in the Parma-Bayport aquifer are the same as those determined for 
the Saginaw aquifer (Westjohn and others, 1991). 

Use and Quality of Water 

The Parma-Bayport aquifer is a source of domestic water supply in some areas of the basin. At 
least two municipalities use ground water from this source (Dannemiller and Baltusis, 1990). 

In most areas of the basin, the Parma-Bayport aquifer contains saline water or brine. Electrical-
resistivity logs have been interpreted to show that freshwater is present only in areas where the 
aquifer is in direct hydraulic connection to overlying Pleistocene glacial deposits (Westjohn, 1989, 
1993, 1994). The transition from freshwater to brine takes place over a distance less than 10 mi 
down regional dip and away from subcrop areas in the northern part of the aquifer system. The tran
sition zone of freshwater to brine is much broader in the southern part of the aquifer system (greater 
than 20 mi). Water-quality data for ground water from deepest parts of the Parma-Bayport aquifer 
(greater than 800 ft deep) show that dissolved-solids concentration exceeds 200,000 mg/L (Western 
Michigan University, 1981, pl. 23; Michigan Department of Public Health water-quality records). 
Such a concentration is consistent with the interpretation of geophysical-log data (Westjohn, 1989, 
1993, 1994). 

SUMMARY 

Late Mississippian and Pennsylvanian sedimentary rocks form part of a regional system of 
aquifers and confining units in the central Lower Peninsula of Michigan. The upper part of the Penn
sylvanian rock sequence constitutes the Saginaw aquifer, which is primarily sandstone. This sand
stone aquifer is a source of water for domestic use and for many municipalities. Production from the 
Saginaw aquifer in the Lansing area exceeds 30 Mgal/d, which is the largest withdrawal rate of 
ground water from a bedrock source in Michigan. The Saginaw aquifer overlies the Saginaw confin
ing unit, which consists primarily of shale. The Saginaw confining unit separates the Saginaw aquifer 
from the Parma-Bayport aquifer, which consists primarily of permeable sandstones and carbonates 
that are hydraulically connected and stratigraphically continuous. The Parma-Bayport aquifer contains 
freshwater only in areas where it is in direct-hydraulic connection to overlying Pleistocene glacial 
deposits. Down regional dip and away from subcrop areas, the Parma-Bayport aquifer contains saline 
water or brine. 

Geophysical and geologic logs were used to construct thickness and surface-configuration maps 
of aquifer and confining units. The Saginaw aquifer ranges in thickness from 100 to 370 ft along a 
30- to 45-mi-wide south-trending corridor through the approximate center of the aquifer system. This 
trend of thick sandstone approximately delineates the area where the Saginaw aquifer is freshwater 
bearing. On either side of the south-trending corridor, the Saginaw aquifer generally contains saline 
water. The Saginaw confining unit is thickest in the northwestern part of the aquifer system (100 to 
240 ft thick); however, its thickness decreases to 50 ft in the southeast. The Parma-Bayport aquifer 
typically ranges in thickness from 100 to 150 ft. 
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Thickness and surface-configuration maps were prepared to aid in the assessment of hydro-
geologic and geochemical characteristics of the regional aquifer system, and these maps delineate 
aquifer- and confining-unit boundaries for purposes of computer simulation of ground-water flow. 
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Table Al. Identification of geophysical and geologic logs used to construct hydrogeologic section A-A', 

Muskegon County to Crawford County, Michigan 

[Abbreviations: USGS, U.S. Geological Survey; Permit numbers are assigned to oil and gas wells by Michigan Department of Natural Resources; dashes 
indicate that no permit number was issued, or well was used for purposes other than oil or gas exploration or production. USGS identifiers are numbers 
assigned to logs on file at USGS, indicating county where well is located, type of well, and type of log] 

Permit Number on USGS Section Township name, county 
number geologic identifier Township 

section Range 

18227 1 Mk-g12 13-11N-18W Fruitland, Muskegon 
2 Mk-W11 16-11N-17W Fruitland, Muskegon 

1499 3 Mk-g9 03-11N-16W Dalton, Muskegon 
— 4 R2 30-12N-15W Holton, Muskegon 
217 5 Mk-g16 13-12N-15W Holton, Muskegon 

16718 6 Nw-7 01-12N-14W Bridgeton, Newaygo 
13520 7 Nw-5 10-12N-13W Garfield, Newaygo 
13719 8 Nw-21 11-12N-13W Garfield, Newaygo 
13264 9 Nw-25 13-12N-13W Garfield, Newaygo 

— 10 Nw-W3 16-12N-12W Brooks, Newaygo 
13146 11 Nw-29 33-13N-11W Big Prairie, Newaygo 
16245 12 Mt-32 05-13N-10W Aetna, Mecosta 
16305 13 Mt-3 03-13N-10W Aetna, Mecosta 
16005 14 Mt-16 26-14N-10W Mecosta, Mecosta 
34622 15 Mt-N3 04-14N-09W Austin, Mecosta 
11775 16 Mt-5 23-15N-09W Colfax, Mecosta 
9806 17 Mt-11 17-15N-08W Martiny, Mecosta 

12018 19 Mt-22 12-16N-08W Chippewa, Mecosta 
11061 20 Mt-28 12-16N-08W Chippewa, Mecosta 
16335 21 Os-6 34-17N-07W Orient, Osceola 
12868 22 C1-13 22-17N-06W Garfield, Clare 
10498 23 C1-10 06-17N-05W Surrey, Clare 
31670 24 Cl-N5 21-18N-05W Lincoln, Clare 
10795 25 C1-18 12-18N-05W Lincoln, Clare 
11946 26 C1-20 06-18N-04W Hatton, Clare 
14759 27 C1-17 36-20N-04W Frost, Clare 
15433 28 Cl-3 19-20N-03W Franklin, Clare 
16985 29 Re-9 29-21N-03W Roscommon, Roscommon 
15702 30 Re-2 20-21N-03W Roscommon, Roscommon 
39826 31 Re-g3 23-22N-03W Denton, Roscommon 
5521 32 Re-g64 06-22N-02W Bachus, Roscommon 

16683 33 Re-g8 21-24N-02W Higgins, Roscommon 
— 34 Re-g7 02-24N-02W Higgins, Roscommon 

7864 35 Re-g17 36-23N-01W Richfield, Roscommon 
36 R5 12-25N-02W South Branch, Crawford 
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Table A2. Identification of geophysical and geologic logs used to construct hydrogeologic section B-B', 

Wexford County to Shiawassee County, Michigan 

[Abbreviations: USGS, U.S. Geological Survey; Permit numbers are assigned to oil and gas wells by Michigan Department of Natural Resources; dashes 
indicate that no permit number was issued, or well was used for purposes other than oil or gas exploration or production. USGS identifiers are numbers 
assigned to logs on file at USGS, indicating county where well is located, type of well, and type of log] 

Permit Number on USGS Section Township name, county 
number geologic identifier Township 

section Range 

29755 1 Wx-g20 16-24N-11W Hanover, Wexford 
10303 2 Wx-3 11-23N-11W Antioch, Wexford 
35866 3 Wx-Nl 05-23N-10W Colfax, Wexford 
12304 4 Wx-4 11-22N-10W Selma, Wexford 
10661 5 Wx-g58 24-22N-10W Selma, Wexford 
18209 6 Wx-6 36-22N-10W Selma, Wexford 
20742 7 Wx-5 13-21N-10W Cherry Grove, Wexford 
10754 8 Os-8 09-20N-09W Sherman, Osceola 
25007 9 Os-g15 14-20N-09W Sherman, Osceola 
15934 10 Os-9 19-20N-08W Highland, Osceola 

— 11 Os-24 34-20N-09W Sherman, Osceola 
14591 12 Os-31 29-20N-08W Highland, Osceola 
11670 13 Os-1 19-19N-08W Hartwick, Osceola 
9039 14 Os-g97 25-19N-08W Hartwick, Osceola 
8573 15 Os-g65 07-18N-07W Sylvan, Osceola 

14639 16 Os-4 09-18N-07W Sylvan, Osceola 
32394 17 Os-N1 03-17N-07W Orient, Osceola 
13739 18 Os-12 03-17N-07W Orient, Osceola 
12375 19 Os-29 12-17N-07W Orient, Osceola 
26256 20 Ib-g45 10-16N-06W Coldwater, Isabella 
12911 21 Ib-65 20-16N-06W Coldwater, Isabella 
11747 22 Ib-13 02-15N-06W Sherman, Isabella 
18330 23 Ib-57 13-15N-06W Sherman, Isabella 
23980 24 lb-L1 16-14N-05W Deerfield, Isabella 
15597 25 Ib-6 01-14N-05W Deerfield, Isabella 
16275 26 lb-7 17-14N-04W Union, Isabella 

27 Ib-W2 27-14N-04W Union, Isabella 
16791 28 Ib-10 28-13N-04W Lincoln, Isabella 
9464 29 Gr-g23 13-12N-04W Seville, Gratiot 

30 Gr-Wli 30-11N-02W Emerson, Gratiot 
10536 31 Gr-3 36-11N-03W Arcada, Gratiot 
14844 32 Gr-2 26-10N-03W Newark, Gratiot 
13920 33 Gr-1 36-10N-03W Newark, Gratiot 
33991 34 Gr-NFD-1 28-10N-02W North Star, Gratiot 
33382 35 Gr-NFD-4 22-09N-02W Washington, Gratiot 
3703 36 Gr-g79 36-10N-01W Hamilton, Gratiot 

33313 37 Ct-N2 24-08N-02W Greenbush, Clinton 
33321 38 Ct-N1 09-07N-01W Ovid, Clinton 
3586 39 Ct-g21 25-07N-01W Ovid, Clinton 
1198 40 Sw-g2 01-05N-01E Woodhull, Shiawassee 

23376 41 Sw-g9 25-05N-02E Perry, Shiawassee 
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GEOPHYSICAL LOGS 


Production of oil and gas in the Michigan Basin began in 1925 (Doff and Eschman, 1970, p.237), 
and Michigan continues to be a major producer of hydrocarbons. Geophysical logging of 
hydrocarbon-exploration boreholes became common practice in the 1940's. RASA investigators 
located approximately 300 electrical-resistivity/spontaneous-potential logs (or old electric logs; 
Hilchie, 1979) of boreholes drilled before 1950, which were run in shallow-cased boreholes that were 
open to Pennsylvanian and Mississippian rocks. At many places, the logged boreholes were open to 
Pleistocene glacial deposits, which allows for characterization of geophysical properties of all units in 
the aquifer system. Discoveries of natural gas in Mississippian sandstones in the late 1950's resulted 
in continued exploration activity; most boreholes drilled after 1960 were logged with a suite of 
improved geophysical-logging tools, including caliper, gamma ray, dual induction or dual laterolog, 
neutron porosity, and density porosity. Westjohn (1989) included detailed discussion of applications 
of geophysical logs in the characterization of hydrostratigraphic units in the Michigan Basin regional 
aquifer system study area. 

There are several advantages of using geophysical logs to map hydrostratigraphic units. Aquifers 
and confining units have distinct geophysical-log traces, as can be seen in figure Bl. 

Permeable lithologies can be identified on the basis of electrical-resistivity-log traces. High
density-drilling muds (densities greater than 9 grams per cubic centimeter) are commonly used during 
drilling of oil and gas wells. Filtrate from heavy-drilling mud typically displaces native pore fluid in 
permeable formations. The effects of infiltration of fluids from drilling mud can be measured with 
electrical-resistivity-logging tools. A common design of logging tools involves multiple electrode 
configurations that allow measurement of electrical resistivity at three distances laterally away from 
the borehole opening. One configuration of electrodes is designed to measure electrical resistivity 
very near the borehole in the flushed zone (area of total displacement of formation fluid by mud 
filtrate; Hearst and Nelson, 1985, p. 28-30). A second configuration measures electrical resistivity in 
the transition zone (area of mixing of formation fluid and mud filtrate), and a third configuration 
measures electrical resistivity in the noninvaded zone (true formation resistivity). In cases where 
formation fluid and mud filtrate have substantially different electrical resistivities (which is the 
general case in Michigan) and drilling fluid has invaded permeable strata, a separation of 
electrical-resistivity-log traces is observed. The separations of electrical-resistivity-log traces 
commonly observed in aquifers of the study area are illustrated by the example log (fig. B1). The 
amount of separation of the three traces recorded on electrical-resistivity logs is a function of 
formation permeability and the distance that fluid has infiltrated the formation, as well as the amount 
of contrast in electrical resistivity between formation fluid and mud filtrate. 

Electric logs and combination geophysical-log suites (gamma ray, neutron porosity, density 
porosity, and dual resistivity) are available for much of the study area from the Oil and Gas Division, 
Michigan Geological Survey. Geophysical logs are numerous for some areas of the basin where 
discovery wells or indications of oil and gas stimulated exploration activities. Exploration boreholes 
in areas surrounding oil- and gas-discovery wells were also commonly logged. 

Geophysical logs are sparse or nonexistent for most of the Thumb Area (fig. B1) and the southern 
part of the study area, with the exception of a few gamma-ray logs that were run in cased boreholes. 
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GEOLOGIC LOGS 

Geologic logs of oil, gas, and water wells are on file with the Michigan Geological Survey and the 
Michigan Department of Public Health. Geologic descriptions recorded on logs of oil, gas, and 
water wells (lithologic data, formation tops, and so forth) were used to map aquifer and confining 
boundaries in parts of the study area for which geophysical logs are sparse or unavailable. 
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