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8 Map of Allen County, Indiana showing the potentiometric surface and recharge-discharge relations of
the Huntertown and Aboite aquifer systems and other shallow sand and gravel aquifers.
9 Map of Allen County, Indiana showing hydrogeologic regions and their sensitivity to contamination.
10 Hydrogeologic cross sections of Allen County, Indiana showing principal bedrock and unconsolidated
aquifers, confining units, and potentiometric surfaces.
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CHAPTER 1

INTRODUCTION AND METHODOLOGY

by Anthony H. Fleming

BACKGROUND

Allen County is in northeastern Indiana, adjacent to the
Ohio state line and about 33 miles south of the Michigan
state line (fig. 1). The county is approximately 671 square
miles in size and had a total population of about 300,000 in
1990. The county seat is the City of Fort Wayne, one of the
most rapidly growing metropolitan areas in Indiana.

Ground water is the principal source of water for more
than half of the residents and much of the industry in the
county. The City of Fort Wayne is the only area in the county
served by a public water supply derived from surface sources.
Population growth is greatest in outlying areas, thus it is
likely that the percentage of county residents and businesses
served by ground water will grow in the future.
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Due to the humid climate and abundant precipitation
(approximately 35 to 40 inches per year), the growing reli-
ance on ground water in Allen County is unlikely to be
threatened by inadequate quantity. Although a few widely
scattered localities do exist in the county where ground-
water availability is somewhat limited, a far more signifi-
cant threat is the potential for contamination of productive
aquifers by activities or facilities located in areas where the
ground water is naturally susceptible to pollution. The high
economic, societal, and environmental costs of polluted
ground water are well known and far exceed the relatively
minimal costs associated with preventing ground-water con-
tamination in the first place. For example, several million
dollars have reportedly been spent attempting to clean up
soil and ground-water contamination at just one Superfund
site in Allen County, whereas the cost of this study is less
than $200,000. Growing recognition of these costs, coupled
with the highly publicized nature of many ground-water con-
tamination incidents and the identification of a wide variety
of potential contaiminants and activities that can negatively
impact ground-water quality (U.S.E.P.A., 1980; Pye and
Kelley, 1984), have led to a heightened awareness of the
need to protect ground-water quality on the part of concerned
citizens and local officials.

This study was initiated at the request of several Allen
County agencies in order to provide information needed to
understand and protect the ground-water resources of the
county. The results are designed to be incorporated into the
land-use planning process and can be used for a wide vari-
ety of planning and screening activities. The information
contained in this study is presented at too coarse a scale to
be suitable for most site-specific activities but it provides a
useful regional perspective for more detailed site investiga-
tions.

PURPOSE AND SCOPE

The main goal of this study is to provide the citizens of
Allen County with the technical and scientific information
needed to understand the geologic framework within which
ground water occurs so that appropriate steps can be imple-
mented to protect the resource. Because of natural variations
in a variety of conditions that can influence the availability
of ound w: and the rate at which contaminants  n mi-
grate into it, the natural sensitivity of ground water to
contamination differs considerably from place to place. The

nary objectives of the study, therefore, are to identify,



describe, and map the principal geologic and hydrogeologic
features and elements that collectively form the
hydrogeologic framework and that contribute to important
geographic variations in ground-water conditions.

The report covers a wide range of ground-water related
topics and is supplemented by ten plates that show a variety
of important geological and hydrogeological elements. These
plates serve as the primary illustrations for the topical dis-
cussions that follow and are frequently referred to throughout
the report. Numbers and titles of the plates are listed sepa-
rately in the table of contents.

Any detailed discussion of ground water and its inti-
mate relationship to the complex sequences of geologic
materials it occurs within is necessarily technical in nature,
and the use of many names and terms specific to these top-
ics is virtually impossible to avoid. At the same time,
however, this report and the accompanying plates are in-
tended for a diverse audience that includes geologists, public
officials, businesses, consultants, and the general public,
many of whom will have little if any scientific background
in the field of geology. In order to accommodate this con-
flict, every attempt has been made to explain each geologic
term and name in the simplest possible language at the point
where it is introduced in the report. These terins and names
are also highlighted in boldface and are defined in a glos-
sary at the end of the report. In addition, the general
discussion of geologic and ground-water conditions is supple-
mented by several sidebars throughout the report. These
sidebars are highlighted and enclosed in boxes. They pro-
vide more in-depth coverage of topics of a more technical or
geographically specific nature that may be of particular in-
terest to certain segments of the readership.

The report is organized into five main chapters. This
chapter introduces the study, describes the approach used to
define and map geologic and hydrogeologic elements, and
identifies the principal limitations of the study. This chapter

so gives  brief overview of several commonly used terins
and important concepts.

The second chapter provides a detailed description of
the geologic history, geographic distributions, and physical
characteristics of the bedrock formations and unconsolidated
deposits, and details their relationship to the modern land-
scape of Allen County. The information contained in Chap-
ter 2 may be particularly useful to those scientifically-minded
readers who are looking for an in-depth understanding of
the geologic history and physical properties of the glacial
deposits that may have a significant bearing on ground-
water movement. This information is not absolutely essen-
tial, however, for most readers to generally understand the
hydrogeologic framework presented in subsequent chapters.

The third chapter provides an overview of key ground-
water principles and concepts, and establishes the
hydrogeologic framework of Allen County. This framework
relates the general hydrogeologic behavior of the geologic
units to their physical, chemical, and spatial characteristics

INDIANA GEOLOGICAL SURVEY SPECIAL REPORT 57

as described in Chapter 2. The fourth chapter identifies eleven
distinct hydrogeologic regions in Allen County based on the
geologic and hydrogeologic framework and principles pre-
sented in the preceding chapters. Sections covering each
region describe the typical range of geologic conditions and
emphasize the availability of ground water and its sensitiv-
ity to contamination. The final chapter summarizes the study
results and offers suggestions and recommendations for pro-
tecting ground-water quality in Allen County.

SOME IMPORTANT TERMS AND CONCEPTS

Most of the geologic terminology used in this report is
introduced and defined in the appropriate locations in the
text. A few terms and concepts, however, are of such central
importance that a brief discussion is in order at this point.

Ground water is defined as all water that occurs within
openings in rocks and soil below the surface of the Earth.
Ground water is present to depths of thousands of feet, but
for all practical purposes only ground water within several
hundred feet of the surface is of acceptable natural quality to
sustain plants and animals and sufficiently accessible to the
land surface to constitute a source of water for human use.
The water table defines the boundary between the saturated
zone and the unsaturated zone (fig. 2). Below the water
table, ground water fills all the openings in the rock and soil,
whereas openings in the unsaturated zone above contain both
water and air. Due to a combination of pressure and eleva-
tion, ground water at any given location in the subsurface is
under hydraulic head, which is represented by the eleva-
tion to which ground water will rise in a well installed at that
location. Another representation of hydraulic head is the
elevation of the water table. Hydraulic head values differ
from place to place, as evidenced by the slope of the water
table, which typically mimics the configuration of the land
surface, but in a more subdued fashion. Ground water al-
ways flows from | her hydraulic head to lower hydraulic
head, and in most instances this flow direction is parallel to
the direction of regional slope on the overlying land surface.
Consequently, ground water usually flows away from high
points on the land surface to discharge in rivers, lakes, and
other low parts of the landscape. This entire regime of
ground-water movement is known as a flow system. Places
where large amounts of infiltrating water enter the flow
system are known as ground-water recharge areas and lo-
calities where ground water is generally moving toward the
land surface are known as ground-water discha
areas.

Most of the midwestern United States was invaded by
glaciers on several occasions during the Pleistocene Ep-
och, otherwise known as the Ice Age, which took place during
the last one million years or so. Unlike the ancient bedrock
of the region, the sediments left by the glaciers have not
been deeply buried and cemented since they were deposited,
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Figure 3. Schematic diagram illusirating the major components of typical wells drilled in sand and gravel {left) and bedrock {right}. The
diameter of the borehole and casing, and the length of the screen or open borehole depend on the particular application of the well and the
waler-yielding characteristics of the aquifer. In Indiana, the annular space is required to be grouted for a minimum of 25 feet above the

well screen or open borehole.

features that are referred to throughout this report, either as
map unit names or for purposes of general geographic refer-

METHODOLOGY
General Strategy

The geologic maps and interpretations of hydrogeological
conditions presented in this report rely heavily on abundant
and detailed infonmation concerning the subsurface configu-
ration of geological materials. Such information is not
generally available from conventional geologic maps, which
traditionally show only the type of malerial present within a
few feet of the land surface and commeonly are published at
scales of 1:100,000 or smatler. More importantly, the par-
ticular goals and objectives of this study require a
three-dimensional ap  ach to the analysis and mapping of

geologic conditions that differs considerably from the more
traditional methods typically used to construct a map of near-
surface geology. Specifically, interpretation of I

three-dimensional geometry and characterization of the
physical properties of both aquifers and confining units in
the glacial deposits depends to a large degree on recogniz-
ing the nature of the depositional environments that prevailed
during each of sev I major glacial episcdes as well as on
identifying the lateral and vertical relationships between se-
quences of sediments produced by different glacial episodes.

The basic system empioyed during this study to define

and map the glacial deposits integrates two fundamental con-
cepis of glacial ge  :gy:

1) that therc arc predictable successions of geologic ma-
terials in the subsurface, called vertical sequences,
whose distributions and characteristics are intimately
related to the particular glacial depositional environ-
ments and episodes that produced them; and
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Figure 4. Map of Allen County showing potitical subdivisions and geographic localities referred to in the text.

2) that there is commonly a basic rclationship between
surface terrain characteristics (namely, landscape con-
figuration} and the nature of the vertical sequence
underlying each particular landscape.

The basic association between a vertical sequence, landscape,

Data Sources and Map Compilation

Many scurces of infortnation were used during this study,
including descriptions contained in published sources, un-
published data on file at various agencies, as well as data
collected specifically for this study. Some of the informa-

and the glacial episode(s) that produced them is known as a
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the grain size, clay mineralogy, and other diagnostic physi-
cal properties of the different depositional sequences. The
texture of a particular sediment is one of the most important
diagnostic properties because it provides clues regarding the
history of glacial deposition and because it has a direct rela-
tionship to hydrogeologic properties. Texture refers to the
proportion of particles of different sizes within a sediment,
and is generally measured as the percentage of gravel (>2.0
mm diameter), sand (0.049 to 2.0 mm diameter), silt (0.002
to 0.049 mm diameter), and clay (<0.002 mm diameter).
Texture and other physical properties, such as the predomi-
nant types of pebbles and the presence of certain clay
minerals, may be useful for determining the source of the
glacier that deposited a particular sequence.

Gamma-ray logs record the amount of natural back-
ground gamma radiation emitted by different types of
sediments, which in Allen County is largely a function of
the amount of clay minerals and shale fragments they con-
tain. Consequently, the different glacial units commonly
have distinctive gamma-ray signatures on the log that re-
flect bulk differences in grain size as well as the mode of
deposition. By comparing sediment samples from known
depths with the gamma-ray logs, the relationship between
measurable physical properties of the sediments and the
gamma-ray log signatures of specific depositional sequences
was determined (fig. 5; see sidebar, Gamma-Ray Log Sig-
natures Of Glacial Sequences, page 9). This relationship
was employed to identify and map the distribution, thick-
ness, and other characteristics of the major glacial aquifers
and confining units across the county.

The mapping procedure was initially carried out using
the 20 USGS 7.5-minute (1:24,000) topographic quadrangle
maps that cover Allen County (pl. 1). The locations of all
discrete subsurface data points (for example, gamma-ray logs,
water well records) were plotted on these maps and a net-
work of geologic cross sections was constructed. The number
of cross sections constructed per quadrangle ranges from eight
to 57, and depends on the availability of subsurface data
points and on the percentage of the quadrangle that lies within
Allen County. To facilitate interpretation of subsurface re-
lationships, geoll c cr sections were constructed at a
variety of orientations that allow major terrain features and
depositional sequences to be viewed from at least two azi-
muthal perspectives. The goal was to include every data
point on at least one cross section and to keep the spacing
between adjacent cross sections as close as practical (gener-
ally about one mile or less). For the entire county, 337 cross
sections were constructed, representing a total length on the
land surface of 1,325 miles. Some of these are incorporated
into the four, much longer cross-sections presented on

properties of the sediments provided a basic and consistent
geologic framework that could be filled out and extended
across the county using water well records and other subsur-
face information. It is important to note that neither the
gamma-ray logs nor water well records are evenly distrib-
uted in a geographic sense (pl. 1). The average number of
well records per section is about nine, but some sections
contain as many as 100 records, whereas a few contain none.
Similarly, gamma-ray logs were obtained on an opportunis-
tic basis wherever new water wells were being drilled, hence
their distribution underrepresents some parts of the county
(in particular, areas served by public water supplies). The
reliability of the mapping and interpretation varies directly
with both the density and quality of these subsurface data
points.

Once the hydrogeologic framework was established, a
series of maps showing key geologic and hydrogeologic fea-
tures (such as major aquifers, confining units, flow systems,
hydrogeologic regions) was constructed for each quadrangle.
These hydrogeological quadrangle maps constitute the main
part of an open-file report (Fleming, 1992) available for
examination at IGS and the Allen County Department of
Planning Services. Plates 1 through 10 of this report were
compiled at a scale of 1:63,360 (one inch to one mile) from
the quadrangle maps. Due to the difference in scale, certain
geologic and hydrogeologic features shown on the quadrangle
maps may be presented in a somewhat more generalized for-
mat on the plates.

Statement of Limitations

The interpretations of geologic units and ground-water
conditions presented in this report and on Plates 1 through
10 are not absolute and are subject to several types of error
and uncertainty. One of the largest sources of uncertainty is
the irregular distribution of subsurface information (pl. 1),
which makes determining the continuity of certain units and
the range of variation in certain sequences problematic in
some places. This difficulty is mostly applicable to rela-
tively deeply buried units that generally do not appear at the
land surface, whereas the continuity of  rface ur can in
most cases be determined from other types of information,
such as landscape characteristics and aerial photography.

A different kind of problem is that the lateral and verti-
cal boundaries between major depositional sequences are
not always clear, even when high-quality data are available.
Certain types of materials common to two adjacent or
subjacent sequences may in places have very similar physi-
cal characteristics that make it virtually impossible to
distinguish them, especially in areas where down-hole data
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INTERPRETATION

100 LAGRO FORMATION

(Erie Lobe)

Basal till (clay loam)

Shale-r  granule sand

Basal till (clay loam)

HUNTERTOWN FORiniai1:0ON
(Saginaw Lobe)

Till-like sediments

(chiefly mud flows)
- i_nte_rbt_edd_ed _with sand
_ Sand and gra_vel'
Basal till (sandy loam)
with sand seams

TRAFALGAR FORMATION

(Huron-Erie Lobe)
Basal till (loam)

Basal till (loam)

PRE-WISCONSIN (2)
(Saginaw Lobe ?)

Basal till (clay loam)

Intertill sand and gravel

Figure 5. Gamma-ray log signatures of glacial sediments from a water well in northwestern Allen County. The sediments in this hole
constitute a stack of late Wisconsin and older(?) sequences composed chiefly of glacial till and till-like sediments. Each till unit tends to
produce a characteristic log response that reflects the texture of the unit and the regional mineralogy of the source area. This consistency
gives rise to the distinctive till stratigraphy shown in this example, which can be traced over large areas in northern Allen County using

other gamma-ray logs.

fairly distinctive physical characteristics. O zable
areas where such first-hand data are not available, however,
this horizon can generally be distinguished only where wa-
ter well drillers report the characteristically abrupt increase
in hardness associated with the overconsolidated Trafalgar
tills. On well records, this break is typically marked by the

_oearance of “har  n” ( opposed to the . “clay”
“sandy clay” that typically denote the softer overlyi till
units). In some places, however, parts of these overlying till
units may also be relatively hard, hence the use of the term
“hardpan” may not always be definitive. Likewise, the top
of the Trafalgar Formation is composed of sand and gravel in
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some places. Unless down-hole samples are available, it is
usually not possible to distinguish sand and gravel of the
Trafalgar Formation from sand and gravel associated with
the overlying Huntertown or Lagro Formations. Conse-
quently, the placement of the top of the Trafalgar Formation
as shown on Plate 4 is somewhat subjective in certain areas.

Third, the distributions and geologic histories of the dif-
ferent geologic materials and sequences presented in this
report, and their arrangement into specific hydrogeologic
regions, are in large part based on the author’s interpreta-
tions. QObviously, it is not possible to directly observe the
actual depositional environments nor the large-scale subsur-
face arrangement of the glacial sequences. Consequently,
interpretations of the ancient glacial deposits below Allen
County are based on a comparison with modemn analogues
that are believed to be representative of the types of condi-
tions that prevailed in northeastern Indiana during the Ice
Age. Similarly, data that pertain to the specific hydrogeologic
properties of the geologic materials in Allen County are not
as plentiful or as detailed as might be desired. Thus, the
hydrogeologic properties of many of the geologic materials
in Allen County must be inferred from studies conducted on
similar materials and geologic sequences in other regions.
In summary, there is every reason to believe that the inter-
pretations presented herein are largely accurate, but the
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possibility always exists that conditions in some places or
in some geologic units may differ significantly from those
postulated.

A final type of error can arise from the misuse of the
information presented in this report. Specifically, the use of
plates 1 through 10 at any scale larger than the published
scale of one inch to one mile could lead to serious difficul-
ties. The geologic and hydrogeologic information depicted
in the plates is intended to illustrate the range of conditions
at a regional, or county-wide scale. Such information is not
a substitute for detailed site-specific studies, because geo-
logic conditions at such a local scale may differ considerably
from those shown on the plates for all of the reasons noted
earlier in this section. The information presented in this
report, however, is appropriate for showing the different
ranges of conditions that might be expected between sev-
eral different sites (namely, the regional hydrogeologic
settings of those sites), which may be highly useful for com-
parative, or screening, purposes. Similarly, by providing a
regional perspective for a particular site, this report illus-
trates the range of conditions that might occur at that site.
Such knowledge may highlight the need to acquire addi-
tional site-specific information and may be useful in the
development of drilling projects or other types of investiga-
tions.



CHAPTER 2

GEOLOGIC FRAMEWORK

by Anthony H. Fleming

GENERAL SETTING

The geology of Allen County has been described in a
number of publications dating back more than 100 years.
The earliest comprehensive treatments of the regional gla-
cial geology were provided by Dryer (1894; 1889) and
Leverett and Taylor (1915). These pioneering efforts estab-
lished the basic geologic framework of the area and represent
remarkably perceptive and accurate accounts given the lim-
ited amount of detailed stratigraphic information available
at that time. Secveral more recent studies directly or indi-
rectly related to various aspects of Allen County geology
include Ault and others (1973), Bleuer (1974), Wayne (1963;
1968), Foley and others (1973), Gooding (1973), Zumberge
(1960), and Bleuer and Moore (1972; 1974; 1978). The lat-
ter established the general glacial stratigraphic framework
of the county and identified a number of key characteristics
of the glacial deposits. The surficial geology and bedrock
geology of Allen County were mapped at a scale of 1:250,000
by Burger and others (1971) and Johnson and Keller (1972),
respectively.

The diverse array of landforms present in Allen County
is primarily the result of processes and events that occurred
during and immediately following the most recent period of
glaciation. The bedrock present at depth below Allen County
does not figure prominently in the modern landscape, inso-
far as it is buried by glacial deposits that are known to range
from about 30 feet to more than 300 feet thick (pl. 3). How-
ever, the regional configuration of the bedrock surface did
exert some influence on the dynamics of the ice sheets, and
thus indirectly affected the characteristics of some of the
deposits.

In gene . glacial deposits are thickest in the northern
part of the county, which is considerably more rugged and
topographically varied than the southern part, a difference
that reflects regional-scale differences in conditions during
the most recent ice advances. The modern drainage pattern
largely reflects t  system of meltwater drainage that devel-
oped at the end of the last ice advance. Virtually all of the
rivers, stre s, and la wetland areas in the county oc-
cupy former meltwater cnannels, ice-block depressions, and
outlets of glacial lakes.

On a regional basis, the county can be thought of as the
boundary between three contrasting physiographic regions
(fig. 6). Much of the northern part of the county is typified
by belts of hummocky, morainic topography punctuated by
numerous irregular lowlands that locally contain extensive

peat bogs, small lakes, and other types of wetlands. This
area is part of a much broader region of similar aspect in
northeastern Indiana that has been referred to as the Steuben
Morainal Lakes Area (Malott, 1922; Schneider, 1966). In
comparison, the topography over much of the southern part
of the county is more subdued and is closely allied in origin
and appearance with the Tipton Till Plain (Malott, 1922;
Schneider, 1966), the physiographic region that makes up
most of central Indiana. The principal topographic relief in
this part of the county is provided by the southern limbs of
the Wabash and Fort Wayne Moraines (fig. 6) and by valleys
of small- to medium-sized streams incised into the other-
wise flat or gently rolling plain. In contrast to either of these
areas, the eastern part of Allen County contains a flat, nearly
featureless plain that is cut by the small valley of the Maumee
River. This region, which also extends over much of north-
western Ohio, represents the former bottom of ancestral Lake
Erie and historically has been termed the Maumee Lacus-
trine Plain (Malott, 1922; Schneider, 1966).

Although these three regions are convenient for com-
paring the general physiographic setting of Allen County to
settings in other parts of the state, a more local perspective
is required for purposes of the present study. At such a scale,
Allen County can be subdivided into a variety of smaller
regions, each of which contains a relatively distinctive asso-
ciation of one or more types of landforms that differ from
landforms in surrounding regions in terms of size, shape,
composition, and origin. In most cases, the sediments that
underlie each of these landform regions are composed of
one or two typical assemblages of glacial deposits, here
terined vertical sequences. Such sequences are indicative
of specific modes, or styles, o “acial deposition, as are the
landforms above. __ch of these associations of landforms
and their underlying sequence(s) of sediments have experi-
enced a common geologic history and are referred to as
glacial terrains throughout this report. These terrains, dis-
cussed in mmore detail later in this chapter, rep ent the
intimnate relationship in the glacial and near-glacial environ-
ment between process “~~ologic history), material (vertical
sequence), and formn (1andscape configuration). The par-
ticular characteristics of each terrain greatly affect the
occurrence of ground water, the nature of surface drainage,
and a variety of other hydrologic and envirommnental quali-
ties. Consequently, glacial terrains form the basis for most
of the subsequent discussion and interpretation of the geo-
logic history and ground-water conditions in Allen County.



12

BEDROCK GEOLOGY

Bedrock of Silurian and Devonian age (see sidebar, Geo-
logic Time and the History of Bedrock and Glacial
Deposition, page 15) is present at depth below the glacial
deposits throughout Allen County (pl. 2). Because there are
no natural bedrock outcrops in Allen County, knowledge of
bedrock characteristics is gained chiefly from cuttings, drill
cores, and geophysical logs taken from wells and test holes,
and from exposures in several local quarries. The principal
bedrock types represented in Allen County include:

1) limestone, composed of calcium carbonate;

2) dolomite, composed of calcium-magnesium carbon-
ate; and

3) shale, composed chiefly of clay and some silt.

For simplicity, the limestone and dolomite bedrock are col-
lectively referred to as “limestone” or “carbonate” bedrock
throughout this report.

Four rock units can be mapped in Allen County (pl. 2).
From youngest to oldest these are:

1) the Antrim Shale (late Devonian), composed mostly
of dark brown to black shale. The base of the forma-
tion commonly consists of black or dark grey limestone
interbedded with calcareous grey shale, especially in
western Allen County where this lower unit reaches
thicknesses of up to 35 feet. The Antrim forms the
bedrock surface over much of northern and central
Allen County, and attains a maximum known thick-
ness of about 90 feet near the Dekalb County Line;

2) the Traverse Formation (mniddle Devonian), composed
chiefly of thinly bedded grey limestone and much
lesser dolomite and shale. The Traverse Formation
reaches a maximum thickness of about 75 feet in north-
ern Allen County;

3) the Detroit River Formation (early to middle Devo-
nian), composed of interbedded limestone and
dolomi ‘hat locally co n abu te min-
erals such as gypsum and anhydrite (calcium sulfate).
The base of the formation is commonly marked by a
greenish sandy shale. The thickness of the Detroit
River ranges from less than 35 feet in southern Allen
County to as much as 70 feet to the north. The Detroit
River and Traverse Formations collectively forin the
bedrock surface over much of eastern and western
Allen County;

4) the Salina Group (Silurian), a complex assemblage of
massive light grey or tan dolomite, lesser limestone
and shale, and much lesser dolomitic siltstone depos-
ited in or near a regionally extensive reef bank. The
Silurian rocks form the bedrock surface in the south-
ernmost part of Allen County, and have a known
thickness of between 400 and 600 feet.

Thebedrock f  itions below Allen County dip gently north-
ward at an angle that ranges from about 10 feet per mile in
the south to as much as 30 feet per mile in the northeast

INDIANA GEOLOGICAL SURVEY SPECIAL REPORT 57

(pls. 2 and 10). The bedrock structure reflects the position
of the county between the northern flank of the Cincinnati-
Kankakee Arch and the southern edge of the Michigan Basin.
The large flexure evident in the southward extent of the
Antrim Shale in the central part of the county may be partly
fault-controlled. Good evidence for faulting associated with
this structure was found near its eastern margin in northeast-
ern Allen County, 1 near its center in the northern part of
the county (pl. 2). The faults may be related to the develop-
ment of the Michig 1 Basin, or to other faults that may have
amore recent mov  ient history, such as the Bowling Green
Fault of northwestern Ohio. Data are insufficient at this time,
however, to determine the regional relations of these faults,
or to ascertain the timing of their most recent movements,
A more detailed discussion of the bedrock geology is be-
yond the scope of this report, and the reader is referred to
Bleuer and Moore (1978), Gray, Ault, and Keller (1987),
and Shaver and others (1986), and references therein for ad-
ditional information.

BEDROCK SURFACE

The buried bedrock surface (pl. 2) is entirely erosional
in origin, in contrast to the constructional glacial topogra-
phy of the present-day landscape. The configuration of this
buried surface more or less represents the land surface that
existed prior to the :e Age. The total relief on the bedrock
surface (approximately 200 feet) is comparable to that of
the modem land surface, but the pre-glacial landscape in
Allen County would have resembled in many ways that now
found in unglaciated parts of southeastern and south central
Indiana. Although the buried bedrock surface cannot be di-
rectly observed and has undoubtedly undergone extensive
modification by glacial erosion, a number of inferences can
be drawn concerning various characteristics of the pre-
glacial lan  pe.

Those parts of the bedrock surface underlain by lime-
stone generally constitute a gently north-sloping dissected
karst plain that is locally cut by narrow steep-sided valleys
with 50 to 150 feet of local relief. The ability of infiltrating
precipitation, which is slightly acidic, to preferentially dis-
solve limestone is evidenced on this buried karst surface by
the presence of numerous relict solution features seen in
quarry exposures throughout northeastern and north-central
Indiana (Nowacki, 1991). These features include sinkholes,
small caves, and enlarged joints and bedding planes (see
sidebar, Karst: Characteristics and Origin, page 16). Nu-
merous isolated hills and small depressions, similar to
features common to the Mitchell Plain of south-central Indi-
ana, were evident during the compilation of bedrock surface
data for Plate 2, especially in western Allen County.

Most of the karst development probably occurred well
before glaciation, although additional karst formation could
have taken place in localities where the bedrock was at or
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Figure 6. Map of Allen County showing selected glacial landforms and their relationship to major physiographic regions of Indiana as
defined by Malott (1922) and Schneider (1966). Heavy dashed lines denote the transitional boundaries belween: A = the Tipton Till Plain;
B = the Steuben Morainal Lakes Area; and C = the Maumee Lacustrine Plain.

near the land surface during warm interglacial periods. Pre-
glacial karst features appear {0 be more numerous in 1he
western half of the county, perhaps owing 1o greaier glacial
erosion of the bedrock surface to the east along the axis of
ice flow out of the Eric Basin,

subdued, forming a broad north- (¢ northeast-sloping ow-
cui valle The two pa

of the bedrock surface are generally scparated by a gentle
nerth-facing regional slope, which marks the change from
the soft, easily eroded Antrim Shale north of the escarpment
to the more resistant carbonate rocks to the souath,

At least one regionally significant drainage divide was

NOMBWOSIWArd [0 e MeIEd VALIEY {wayne, 1Y30), 2 Major

scuthy  t-uriented pre  acial val - wh | :
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mostly appear to have lain in northwestern Allen County,
The northemn and eastern part of the county, however, drained
north and northeastward to the Butler Valley (Wayne, 1956;
Gray, 1982), whose buried course generally trends eastward
toward Lake Eric across northwest Ohio. Several bedrock
valleys it the cxtreme southern parts of Marion and Madi-
sonTownships (fig. 4) appear to drain southward, presurnably
joining a tributary of the Teays Valley near Decatur, in Adams
County (Bruns and others, 1985; IDNR-Division of Water,
unpublished data),
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GLACIAL GEOLOGY
Overview

During the past one mitlion years or s, ice sheets have
repcatedly invaded northeastern Indiana, leaving behind a
diverse assemblage of unconsolidated sediments over 400
feet thick in some places. The bulk of the glacial sediments
in Allen County were deposited during the most recent pe-
riod of glacial activity, known as the late Wisconsin Age',

'A few states use the term “Wisconsinan™ to refer to this time period, and this was the policy of the Indiana Geological Survey from about
1978 to 1993, Before 1970, IGS had used the simpler and historically established term “Wisconsin,” which is zlso the name preferred by
the U.8. Geological Survey and the Wisconsin Geological and Natural History Survey. The term “Wisconsin” has been reinstated for

formal use by the Indiana Geological Survey.

Ice

a.

Northern Source ,Lake Phases

FEastern Source  Age (¥bp)
fce
> 10,000
12,000 %) d.
15,000 17} —

17,0087}

Figure 7. Generalized distzibutions and temporal relationships of glacial lobes in Indiana and their relationship to phases of ancestral Lake
Erte in Allen County during the late Wisconsin Age. a) Relative positions of glacial lobes at their mnaximum advance in Indiana; b} Huron-
Erie Lobe at its maximum advance; ¢) Saginaw Lobe advances into northern Indiana and covers northern Allen County at its maxiinum
advance; d) maximum extent of the Erie Lobe during the last major glacial episode to affect northeastern Indiana.
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The time span represented by the geologic materi-
als below Allen County is measured in hundreds of millions
of years. The adjacent geologic column depicts the ma-
jor periods of geologic time and the predominant events
and rock types deposited in northeastern Indiana.

The period of time between late Precambrian and
middle Paleozoic is represented by the bedrock forma-
tions below northeastern Indiana. Most of these rocks
lie at great depth below the bedrock surface in Allen
County, however, and are of only minor importance in
human affairs. The oldest rock formations present at the
bedrock surface are of Silurian age and represent a pe-
riod of major reef development in a shallow sea that
covered much of the upper Midwest. A period of
nondeposition accompanied by localized emergence of
the old sea floor followed during the early Devonian. Lime-
stones and shales of middle and late Devonian age record
the reestablishment of marine conditions and the gradual
subsidence of the sea floor to form the large Michigan
Basin to the north. Circulation in parts of this sea was
evidently limited, and evaporation of sea water caused
salts to become sufficiently concentrated in some parts
of the basin to deposit halite (rock salt) and gypsum (cal-
cium sulfate).

Rocks representing the upper part of the Paleozoic
Era are present elsewhere in Indiana but not in Allen
County. Rocks from all of the Mesozoic Era, as well as
most of the Tertiary Era, are also absent from Allen
County. This missing interval, known as an unconformity,
represents a major gap of some 360 million years in the
geologic record of which little is known, at least concern-
ing events in northeastern Indiana. The hiatus ended
when glaciers advanced into northeastern Indiana at the
beginning of the Ice Age, some one million years ago.

Geologic Time and the History of Bedrock and Glacial Deposition

(/] APPROX.
b PERIODS LENGTH ROCK TYPES IN NE INDIANA
w IN YEARS
Q ggg;g-?ggéﬁ\é 1 MILLION Glacial till, sand, gravel, silt, marl,
o) ( = s clay, and peat deposited during and
8 EPOCH) “{rf after continental glaciation 0-400 ft
> X A
w
O | TERTIARY |65 MILLION
O 3| CRETACEOUS |78 MILLION No deposits in
L0o| JURASSIC |64 MILLION northeastern
SNl triassic  |s7miLLon|  Indiana
PERMIAN 41 MILLION
TS
Shale, sandstone, mudstone, clay, coal,
Iimestone, and conglomerate. Not present
in northeastern Indiana but extensive
in nearby parts of Michigan 1,000 ft
Shale, mudstone, sandstone, linestone,
o and gypsum. )
5 | MISSISSIPPIAN Extensive deposits in northeastern
8 Indiana, north and west of Allen Co
40 Ml
= 0 MILLION 1,000-1,500 ft
% | pevoNiaN Upper part: carbonaceous shale 100 ft
Lower part: limestone, dolomite, shale,
48 MILLION [ and gypsim 70-140 ft
SILURIAN 30 MILLION | Dolomite, limestone, siltstone, and
shale deposited in regionally extensive
reef platform (the Fort Wayne Bank)
= < 100-600 £t
Shale and limestone
ORDOVICIAN Not present at
Limestone, dolomite, the bedrock
70 MILLION and sandstone surface in
CAMBRIAN |65 MILLION | Sandstone and dofomite | northeastern
pes— - Indiana
ranite. marble, gneiss,
PRECAMBRIAN 4 BILLION and other igneous and
ERAS metamorphic rock types

and are less than 22,000 years old. When the continental
ice sheet advanced into the Great Lakes region at the begin-
ning of the late Wisconsin Age, ice ._.w developed along
distinct axes, or lobes, according to the orientations of the
individual Great Lake basins and their major bays (fig. 7).
The principal glacial lobes and the order in which they af-

Allen County « ‘he late Wisconsin ¢/ v T
Huron-Erie Lobe, th 1aw Bay Sublobe or the \
Lobe (hereafter referred to simply as the “Saginaw Lobe™),

Ithe ic ~ ibe.

The geometric configi ion, or stratig Hhy, of gla-
cial deposits indicates that Allen County experienced at least
three major glacial episodes during the late Wisconsin Age,
each consisting of one or more ice advances by a particular
lobe (fig. 7). These episodes were closely spaced in time
and began with the advance of the Huron-Erie Lobe from

the northeast, followed by the advance of the Saginaw Lobe
out of southern Michigan and into no n Allen County,
and culminated with the readvance of the Erie Lobe fr
the east.

These alternating episodes of general ice advance were
punctuated by and, in at least one instance, accompanied the
presence of a e glacial lake in t 1 eastern
portions of the county. The basin formerly occupied by the
lake is contiguous with a much larger basin that extends
: ichofr 1w tOhio to |
Hence, the glacial lakes that existed
times during the late Wisconsin appear to represent phases
of ancestral Lake Erie. The latest lake phase known in Allen
County formed as the Erie Lobe was making its final retreat
from Indiana at the close of the late Wisconsin, and has his-
torically been referred to as Glacial Lake Maumee (Dryer,
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Karst is the geologic term used to describe the dis-
tinctive type of landscape formed on limestone that has
undergone extensive cave formation. Over many thou-
sands or millions of years, limestone (calcium carbonate),
and to a lesser extent, dolomite (calcium-magnesium car-
bonate), will gradually dissolve in the presence of ground
water. Ground water is derived mainly from precipitation.
The precipitation incorporates carbon dioxide from the at-
mosphere as it falls, as well as from the soil as it percolates
downward. When dissolved in water, the carbon dioxide
forms carbonic acid, a weak acid. The mildly acidic ground
water then attacks the limestone along preexisting open-
ings such as bedding planes and fractures (fig. a).

Many types of solution features result from this pro-
cess, some of them subtle and others of spectacular
dimensions (fig. b). The most common result is the en-
largement of bedding planes and joints, a process that
further increases the flow of ground water through the
rock. Over time, further dissolution of the limestone along
the walls of these openings can greatly enlarge their size,
leading to a system of large voids within formerly solid
limestone. Extensive interconnection of such voids cre-
ates caves and caverns. When the roof of a void collapses,
it may undermine the land surface above, forming a fun-
nel-shaped depression called a sinkhole. Mature karst
areas such as the Mitchell Plain of south-central Indiana
can have hundreds of sinkholes in a single square mile
and extensive systems of caves at depth.

Karst limestone represents one of the rare geologic
situations when ground water can actually flow in under-
ground rivers, some of which may be of spectacular size.
In typical karst terrains, however, most of the ground water
movement is through well-interconnected networks of
smaller, pipe-like solution features, which tend to be more
nymerous and widely distributed than large caverns.

us, ground water flow in terrains is f inantly
along discrete conduits, and can be quite rap... __cause
of this characteristic, the most productive wells in karst

Karst: Characteristics and Origin

Depth (m)

Weathered
© mantle

terrains are typi developed along zon«  of icen-
trated fractures or sowtion features, or at the intersections
of two or more fractures.

1889; Leverett and Taylor, 1915) and its basin as the Maumee
Lacustrine Plain (Malott, 1922). Several phases of ances-
tral Lake Erie figured prominently in the history of glacial
deposition in Allen County and in the resulting arrangement
of vertical sequences. To avoid potential conflicts and con-
fusion with existing terminology, the three main episodes,
or phases, of glacial lakes that are known or are inferred to
have existed in Allen County during and after the late Wis-
consin glaciation are referred to in this report as the Fort
Wayne, Wabash, and Maumee phases of ancestral Lake Erie,
respectively (fig. 7).

Characteristics ol ate Wisconsin Sediments

Each of the three major periods of ice advance left be-
hind a distinctive assemblage of sediments, referred to here
as the Trafalgar Formation, Huntertown Formation, and
Lagro Formation. respectively (fig. 7, table 2). The sedi-
ments contained w.  in each of the three formations typically
are characterized by diagnostic textural attributes and depo-
sitional styles that Tect environmental conditions specific
to the glacial episode that produced them. Consequently, each
formation is a distinct stratigraphic entity that can, in most
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Unit

Predominant Sediments

Where Deposited

Post-glacial sediments

Dune sand

Peat and muck
Alluvium

Palustrine sediments

Lacustrine sand and gravel

Lacustrine silt and clay

On or near sand sources (for example,
outwash).

Wetlands in depressions and meltwater
channels.

Floodplains along streams and rivers.
Wetlands, chiefly in Wabash-Erie Channel.
Beaches, bars, and spits of ancestral Lake
Erie.

Deeper water of ancestral Lake Erie.

Lagro Formation

(Erie Lobe)

Outwash sand and gravel

Lacustrine silt and clay

Ice-contact stratified sand and gravel
Glacial till, clay loam to silty-clay

In and near St. Marys, St. Joseph, and Eel
River Valleys; locally in smaller streams;
also in aprons in front of advancing ice
{(forms part of intersequence unit).

Small ponds on, below, or in front of ice
margin.

Subglacial meltwater channels.

Below ice near ice margin; the principal
surface till throughout Allen County.

Huntertown Formation

(Saginaw Lobe)

Lacustrine sand

Lacustrine silt, clay, and sand
Ice-contact stratified sand, gravel, and
mudflows

Glacial till, loam to sandy loam
Outwash sand

Trafalgar Formation

‘Huron-Erie Lobe)

Deltas along north edge of ancestral Lake
Erie (Fort Wayne Phase).

Ancestral Lake Erie.

Fans and channels in, on, and against
disintegrating ice in northern Allen County.
Below ice near ice margin.

Aprons and channels in front of advancing
ice.

Outwash sand and gravel

Ice-contact stratified sand  avel, and

mudflows

Glacial till, loam, severely overconsolidated

Aprons and channels in front of advancing
ice; fans and sub-glacial channels; aprons
and channels in end moraines (forms part
of intersequence unit).

Fans and channels in, on, oi linst ice;
in buried morainal complex in wustern
Allen County.

Below ice near ice margin.

Unnamed sediments

of probable

pre-Wisconsin age

(chiefly in northern Allen
ity)

Sand and gravel!

Glacial till, loam and clay loam
Lacustrine silt and clay

Buried bedrock valleys; aprons and
channels.

Below ice near ice margin.

Buried bedrock valleys.
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cases, be readily identified and traced regionally in the sub-
surface on the basis of diagnostic physical properties,
downhole geophysical logging characteristics, and strati-
graphic relationships to other formations.

Several types of sediments are prominent components
of one or more of the above-named formations and are also
present over significant segments of the land surface. The
physical characteristics and architecture of these differing
sediment types provide direct clues to the types of deposi-
tional environments that existed in Allen County at different
times during the late Wisconsin Age, and they also strongly
influence the occurrence, movement, and sensitivity to con-
tamination of ground water.

Outwash generally consists of sand and(or) gravel
deposited by meltwater in front of an ice margin, and forms
bodies ranging from narrow channels to broad, regionally
extensive fans and aprons. Outwash deposited during the
initial advance of each glacial lobe commonly occurs at the
base of each of the three formations and is referred to through-
out this report as basal outwash. Qutwash also occurs
abundantly in some of the major river valleys, which origi-
nated as sluiceways that drained significant ice margins.
Sand and gravel also occurs as ice-contact stratified
deposits, which represent deposition by meltwater in, on, or
against glacier ice. Sand and gravel bodies of this type
commonly have highly irregular shapes and sizes and may
be chaotically interstratified with a variety of other depos-
its.

Glacial till is a compact, poorly sorted material depos-
ited directly by glacial ice with little or no reworking by
meltwater or mass movement. Till typically contains par-
ticles ranging in size from clay to large boulders. The relative
proportions of these different particle-size classes within a
particular till unit is a function of the source area of the ice
as well as the nredominant mode of till deposition. Each of
the ~ ¢ msin formations contains a distinctive,
regionall till sheet whose texture reflec  he par-
ticular source area of the glacial lobe that deposited it. For
example, till of the Huntertown Formation typically has a
sandy loam texture, reflecting the abundant outwash the
Saginaw Lobe incorporated as it advanced into Allen County,
whereas till of the Lagro Formation is commonly a clay loam,
reflecting incorporation of fine-grained lake mud as the Erie
Lobe advanced through the bed of ancestral Lake Erie. The
textural names (for example, clay loam, sandy loam) used
in this report to describe the glacial tills and other uncon-
solidated sediments are those defined and employed for many
‘ yy the Soi > vation , I 7 '5 K h and
Zachary, 1969).

Many recently deglaciated landscapes are typified by
extreme instability due to a combination of steep slopes, over-
saturated sediments that have recently thawed, and the loss
of support caused by the ongoing melting of buried ice blocks.
Consequently, mass movement deposits are common in the
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glacial environment and a variety of names have been ap-
plied to them. Among the more common of these names are
mudflows, which generally refer to mass movement of rela-
tively fine-grained sediments such as till, and debris flows,
which may be of any composition. Mass movement depos-
its formed in the glacial environment may be derived from
materials of almost any composition, including sand and
gravel. Because they typically form during the general re-
treat or melting of an ice sheet, mass movement deposits are
frequently associated with ice-contact stratified deposits.
Many mass movement deposits are massive and unsorted in
appearance, much like glacial till, and are difficult to recog-
nize in both modern and Ice Age deposits. Thus, the term
till-like sediment is frequently applied in situations where
the distinction between true glacial till and mass movement
deposits is unclear.

Lacustrine (I e) sediments of several ages are also
widespread in Allen County. These include abundant fine to
mediumn sand, deposited in deltas where meltwater drained
into ancestral Lake Erie; sand and gravel deposited by waves
along beaches; lake mud (silt, clay, and lesser sand) depos-
ited in relatively quiet water in deeper parts of lake basins;
and various mass-movement deposits generated by melting
ice blocks and icebergs.

The late Wisc sin formations typically constitute the
entire sequence of lacial deposits in the southern half of
Allen County and the upper 100 to 200 feet in the north.
Consequently, they are of great significance to the ground-
water resource as well as to other environmental resources
and engineering concerns in the county. Because of the