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EXPLANATION
[Bedrock lithostratigraphic units include formal and informal units; refer to 
“Lithostratigraphy of Berrien County” section in accompanying pamphlet]

Mississippian

Coldwater Shale (Lower Mississippian)

Coldwater Red Rock (Lower Mississippian; informal unit)

Devonian

Ellsworth Shale (Upper Devonian)—Shown uncolored where it 
crops out on the bottom of Lake Michigan

Lower Ellsworth Shale, also known as the light Antrim zone 
(Upper Devonian; informal unit)

Antrim Shale, also known as the dark Antrim zone (Upper 
Devonian)

Traverse Formation of the Traverse Group (Middle 
Devonian)

Traverse Group, undifferentiated (Middle Devonian)
   

Bedrock-surface contour—Showing altitude (meters) of 
the bedrock surface; contour interval 10 m. Ticks point 
into closed depression

Oil or gas well or U.S. Geological Survey strati-
graphic drill hole that penetrated bedrock—Number 
is altitude (m) of top of bedrock 

Electrical resistivity sounding—Number is calculated 
altitude (m) of bedrock

Water well—Number is altitude (m) of bottom of well

Lake Michigan shoreline

Trace of cross section
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Figure 14. Map showing till deposits of the upper Lake Border morainic system overlying stratified deposits of glacial Lake Baroda and older till deposits of the lower Lake Border morainic 
system beneath western Berrien County, and also showing deposits of the Valparaiso and Kalamazoo morainic systems. Subsurface structure contours show the altitude of the top of buried 
and submerged till deposits (Qltu) along the western margin of this part of the Lake Border morainic system. The map shows lacustrine deposits of glacial Lake Baroda (Qbg, Qbbb, Qblu) 
that accumulated contemporaneously with ice-margin recessions and readvances that built the till ridges of the lower (Qltl) and upper (Qltu) parts of the Lake Border morainic system.  The 
map (1) depicts the landscape following deposition of younger fluvial and deltaic deposits graded to the South Bend channel (Qsk); (2) shows deposits of the Glenwood (Qcgj, Qcgp), Calumet 
(Qccj, Qccp), and Toleston phases of glacial Lake Chicago; and (3) shows littoral and lake-bottom deposits of the Glenwood phase (Qcg, Qcgl), which in turn was followed by the Lake 
Chippewa low phase in the Lake Michigan basin and by fluvial erosion and deposition (extent inferred; Qal, Qst) on till deposits (Qltu).

Figure 11. Map showing deposits of the Valparaiso and Kalamazoo morainic systems beneath Berrien County, including basal till of the Lake Border morainic system (unit Qllt). Surface 
topographic contours and subsurface structure contours show the altitude of the top of till deposits (Qvtu) that overlie deltaic and lake-bottom deposits of glacial Lake Dowagiac and that 
extend along the entire western margin of the lake and this part of the Valparaiso morainic system. The till deposits accumulated during a significant readvance of the ice margin at the end 
of Valparaiso moraine deposition, which followed earlier ice recession, erosion of the meltwater channel along Lemon Creek, lowering of Lake Dowagiac, and subsequent initiation of 
ice-margin readvance. The map also shows the small fluvial terrace deposits (Qsk) that record renewed southward flow of meltwater through the eroded Lake Dowagiac deposits coincident 
with the Valparaiso ice-margin readvance. The terrace deposits were graded to the eroded lake spillway channel at Niles that extended to the St. Joseph–Kankakee River drainage divide 
(218 m (715 ft) altitude) in South Bend, Ind.

Figure 10. Map showing (1) all stratified deposits of glacial Lake Dowagiac, (2) deposits of local ice-marginal lakes and ice channels adjacent to older moraine deposits, (3) a surface 
ice-margin readvance till (Qvtm) and concealed basal and middle tills of the Valparaiso morainic system, and (4) older deposits of the Valparaiso and Kalamazoo morainic systems beneath 
Berrien County. Surface topographic contours show the tops of 11 successive glaciodeltaic deposits (in units Qdr, Qdmt, Qdb, and Qdo; see fig. 9) which filled the central basin of glacial 
Lake Dowagiac. Surface topographic contours also show four adjacent ice-channel and glaciodeltaic deposits (in units Qec and Qcr; see fig. 9) which filled ice-marginal local basins dammed 
to the east by older moraine deposits, and the top of the local ice-readvance till (Qvtm) that overlies Dowagiac deltaic sediments. Subsurface structure contours show the buried ice-contact 
slopes of a fourth ice-hole deposit (Qhd) in the northeastern part of the basin, and the tops of the concealed, collapsed parts of the large deltas (Qdmt, Qdo) along their compound ice-contact 
boundary to the west. The map shows deposits and their bounding ice-contact slopes that accumulated along the ice margin at 14 different times during recession, and the surface till (Qvtm) 
of a minor readvance of the edge of the ice sheet. Deposits of glacial Lake Dowagiac are graded to a lake water plane at 224 m (735 ft) altitude in the central basin. 

Figure 8. Map showing stratified deposits of early glacial Lake Dowagiac, and older deposits of the Valparaiso and Kalamazoo morainic systems beneath Berrien County. Surface topographic 
contours show the tops of small glaciodeltaic deposits (Qdm) that prograded from their sediment source areas in older deposits into the McCoy Creek basin, which is the southern Lake Dowa-
giac basin; and deltaic deposits (Qdg) that built out into the western Lake Dowagiac basin between the villages of Galien and Dayton.  Surface topographic contours also show the large delta 
(Qdf) that filled the eastern basin of the lake. Subsurface structure contours show the top of buried prodelta lake-bottom deposits in the eastern and western basins, and the inferred altitudes 
of the tops of the concealed, collapsed parts of the large ice-marginal deltas in unit Qdf along its ice-contact boundary to the north. The map shows deposits and their bounding ice-contact 
slopes that accumulated near and along the ice margin at seven different times during recession of the edge of the ice sheet (see numbered ice-margin positions on sheet 1). Deposits of glacial 
Lake Dowagiac are graded to a lake water plane at ~226 m (~741 ft) altitude in the southern and western basins, and to a younger, lower level at 224 m (735 ft) in the eastern basin. Subsur-
face structure contours also depict the base of the postglacial St. Joseph River valley, cut beneath alluvium into glacial sediments from <190 m (<623 ft) altitude south of Bertrand to 180 m 
(591 ft) altitude north of Buchanan.

Figure 7. Map showing stratified deposits of glacial Lake Madron; concealed basal till (Qvlt) of the lower Valparaiso morainic system; a lower till (Qvtl), which is a product of a minor 
ice-margin readvance in the lower Valparaiso morainic system; and older deposits of the Kalamazoo morainic systems beneath Berrien County. Surface topographic contours show the top 
of three glaciodeltaic deposits (Qmrb, Qmw, Qmo) that prograded from their recessional ice-margin positions into the Lake Madron basins. Subsurface structure contours show the top of 
buried ice-marginal lake-bottom deposits (Qml) and of the overlying thin till (Qvtl), and the inferred altitudes of the top of the concealed, collapsed parts of the younger deltas along the 
ice-contact boundaries of the landforms to the north. The map shows deposits and their bounding ice-contact slopes that accumulated along the ice margin at seven different times during 
recession of the edge of the ice sheet. Deposits of glacial Lake Madron are graded to a lake water plane at ~231 m (~758 ft) altitude.

Figure 6. Map showing stratified deposits and concealed basal till (Qklt) of the Kalamazoo morainic systems beneath Berrien County. Surface topographic contours show the top of the large 
ice-marginal delta (Qoko; see section C–C’) of the outer Kalamazoo morainic system, and three high, ice-bounded glaciodeltaic units (Qikp, Qikc, Qikk1-4) of the inner Kalamazoo morainic 
system. Subsurface structure contours show the top of the concealed parts of the stratified deposits, inferred to be collapsed and buried by younger deposits along the ice-contact boundaries 
of the landforms. The map shows deposits and their bounding ice-contact slopes that accumulated along seven ice-margin retreatal positions during recession of the edge of the ice sheet. 
Deltaic deposits of the outer Kalamazoo morainic system were graded to a lake with water plane at ~250 m (~820 ft) altitude. Deposits of the inner Kalamazoo morainic system accumulated 
in ice-bounded ponds and lakes having water-plane altitudes of 241 m (791 ft) and 256 m (840 ft). Areas where there is no till cover on bedrock are shown uncolored. Subsurface structure 
contours also depict the base of the postglacial St. Joseph River valley cut beneath river terraces and alluvium into glacial sediments below 190 m (623 ft) altitude from south of Bertrand to 
northwest of Niles.

Figure 5. Map of Berrien County and the adjacent area of Lake Michigan showing concealed basal tills that overlie the bedrock surface (figure 3) beneath the Kalamazoo, Valparaiso, and 
Lake Border morainic systems of the area. Basal-till-surface structure contours show the altitude of the top of the buried till deposits (Qklt, Qvlt, Qllt). These lowest gray, clayey-silt tills have 
similar lithic characteristics that are distinct from overlying stratified meltwater deposits and underlying bedrock as reported in descriptions of oil and gas exploration wells, deep water wells, 
and U.S. Geological Survey stratigraphic drill holes. The thickness of till is 0 to 10 m (33 ft). Areas having no till cover on bedrock (shown uncolored) are generally tops or southeast-facing 
slopes of hills, or valley slopes where postglacial streams have eroded channels in bedrock. The subdivision and distribution of these lowest till units are based on the extent of the overlying 
deposits of the morainic systems (figure 4) and their inferred position in the subsurface. Just as field criteria describe the lithic similarity of surface till deposits of the Lake Border and 
Valparaiso morainic systems, samples from the lowest tills beneath the moraines may reveal strong compositional similarities that would make lithic differentiation of the tills difficult.

Figure 9. Map showing (1) stratified deposits of local ice-marginal lakes and ice channels adjacent to older moraine deposits, (2) deposits of glacial Lake Dowagiac, (3) concealed basal and 
middle tills of the Valparaiso morainic system, and (4) older deposits of the Valparaiso and Kalamazoo morainic systems beneath Berrien County. Surface topographic contours show the 
tops of four successive glaciodeltaic and related ice-channel deposits (Qec1, 2; Qcr1, 2) that filled ice-bounded local basins dammed to the east by older moraine deposits. Surface topographic 
contours and numbered ice-margin positions also show the tops of 11 additional older glacial deltas (Qdr, Qdmt1–5, Qdb, Qdo1–4) that filled the central basin of glacial Lake Dowagiac. 
Subsurface structure contours show the tops of buried ice-contact slopes along the margins of the local deposits in the eastern part of the central basin; the tops of the concealed, collapsed 
parts of the large deltas along their ice-contact boundary to the west; and the top of a local till (Qvtm) that overlies Dowagiac deltaic sediments. The map shows correlated map units and 
their bounding ice-contact slopes that accumulated near and along the ice margin at six different times during ice recession, and the extent of the readvance of the edge of the ice sheet 
south of Arden. Deposits of glacial Lake Dowagiac are graded to a lake water plane at 224 m (735 ft) altitude in the central basin. Subsurface structure contours also depict the base of the 
postglacial St. Joseph River valley, cut beneath alluvium into glacial sediments from <190 m (<623 ft) altitude south of Bertrand to <170 m (<558 ft) northwest of Berrien Springs.

Figure 12. Map showing stratified deposits of early glacial Lake Baroda, concealed basal till of the Lake Border morainic system, tills of the Valparaiso morainic system, and stratified 
deposits of the Valparaiso and Kalamazoo morainic systems beneath Berrien County. Subsurface structure contours show the top of buried lake-bottom deposits that overlie till deposits 
along the entire western margin of this part of the Valparaiso morainic system. The map shows lacustrine deposits that accumulated along the ice margin at one time, following ice recession, 
lowering and draining of glacial Lake Dowagiac, and establishment of the first levels of glacial Lake Baroda. Early deposits of Lake Baroda were graded to lake water planes at 225 m (738 ft) 
altitude, controlled by lake spillways in northern Indiana.

Figure 13. Map showing till deposits of the lower Lake Border morainic system overlying stratified deposits of glacial Lake Baroda and older till deposits of the Valparaiso morainic system 
beneath western Berrien County, and stratified deposits of the Valparaiso and Kalamazoo morainic systems. Stratified deposits of glacial Lake Baroda (Qblm) lie on top of the Lake Border 
till (Qltl) moraine ridges. Subsurface structure contours show the top of lake deposits and till deposits that lie buried beneath younger morainic deposits in this part of the Lake Border 
morainic system.

Figure 4. Surficial geologic map of Berrien County, displayed as a perspective view of the surface geology (map sheet 1), draped over a block diagram with raised relief having vertical exaggeration X15. Gently sloping topographic plains and ridges of each of 
the three morainic systems (fig. 1, this sheet) can be seen as lowering, stepped surfaces from east to west, their lower slopes buried by the broad lake-bottom plain of glacial Lake Baroda in the western part of the area. Distal meltwater terrace surfaces, stream 
terraces, and the present alluvial plain are incised into the glacial deposits.

Figure 3. Bedrock geologic map of Berrien County and the adjacent area of Lake Michigan showing Paleozoic sedimentary rock units that lie concealed beneath surficial deposits.  Bedrock 
surface contours show the altitude, in meters, of the top of the buried or submerged surface of rock.  Bedrock-surface altitudes are known in deep oil and gas exploration wells and in a few 
deep water wells that penetrated bedrock, and at data points for depths of rock determined from resistivity soundings. Water wells of moderate depth that did not penetrate rock establish 
limiting maximum altitudes of the bedrock surface. The lithostratigraphic units are recognized from their distinctive lithic characteristics in oil and gas exploration wells in the area.  The 
distribution of units is based on the known extent of rock units in the regional stratigraphic framework (bedrock geologic map of Michigan (Michigan Geological Survey Division, 1987)), 
and on the altitudes in the wells of unit boundaries that separate these marine sedimentary units along gently sloping planar surfaces.  The Ellsworth Shale crops out in three areas on the 
bottom of Lake Michigan.

Figure 2. Map showing the total thickness, in meters, of surficial deposits in Berrien County and the adjacent area of Lake Michigan that lie above the bedrock surface (fig. 3) and below 
the land surface. Total-thickness values were derived from digital elevation models of the bedrock surface, the land surface, and the lake floor.

Figure 1. Location map of Berrien County and the adjacent area of Lake 
Michigan showing morainic systems and some of their deposits. Uncolored 
areas represent bedrock outcrop on bottom of Lake Michigan.
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by map unit symbol; hachures point toward ice. Shown in figures 
11, 13, and 14

Limit of local glacial readvance—Related till deposit identified by map 
unit symbol; hachures point toward ice. Shown in figures 7 and 9

Retreatal position of stagnant ice margin—Solid where location 
is accurate; dashed where location is inferred. Identified by map 
unit symbol of related meltwater deposit; successive positions 
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Flow direction of glacial stream—Inferred from slope of 
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Meltwater channel cut in stratified deposits—See figures 7 and 11
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HOLOCENE

Alluvium

Alluvial fan deposits

HOLOCENE AND LATE WISCONSINAN

Stream terrace deposits

LATE WISCONSINAN
DEPOSITS OF GLACIAL STREAMS

Paw Paw fluvial terrace deposits, Calumet phase, glacial Lake Chicago

St. Joseph and Galien fluvial terrace deposits, Calumet phase,
glacial Lake Chicago

Paw Paw meltwater terrace deposits, Glenwood phase,
glacial Lake Chicago

St. Joseph meltwater terrace deposits, Glenwood phase,
glacial Lake Chicago

St. Joseph-Kankakee meltwater terrace deposits

DEPOSITS OF GLACIAL LAKE CHICAGO

Lake littoral deposits, Glenwood phase

Lake-bottom deposits, Glenwood phase

DEPOSITS OF GLACIAL LAKE BARODA
OF THE LAKE BORDER MORAINIC SYSTEM 

Upper lake-bottom deposits
  
Littoral deposits
 
Middle lake-bottom and deltaic deposits
 
Lower lake-bottom deposits (subsurface unit)
 
Galien ice-marginal deltaic deposits
 
La Boyer ice-marginal deltaic deposits

ICE-MARGINAL DELTAIC DEPOSITS OF
THE VALPARAISO MORAINIC SYSTEM 

Hennesy ice-hole deltaic deposits

Carmody ice-marginal deltaic deposits
  
Eau Claire ice-marginal deltaic deposits

DEPOSITS OF GLACIAL LAKE DOWAGIAC OF
THE VALPARAISO MORAINIC SYSTEM 

Upper lake-bottom deposits 

Coloma ice-marginal deltaic deposits
 
Bainbridge ice-marginal deltaic deposits 

Biastock ice-marginal deltaic deposits 

Buckhorn ice-marginal deposits (subsurface unit) 

Shanghai ice-marginal deltaic deposits 

Pipestone ice-channel and ice-marginal deltaic deposits  

Oronoko ice-marginal deltaic deposits

Berrien ice-marginal deltaic deposits  

Mount Tabor ice-marginal deltaic deposits 

Range Line ice-marginal deltaic deposits

McCoy Creek lake-bottom deposits  

Galien ice-marginal deltaic deposits 

Fairland ice-marginal deltaic deposits

McCoy Creek ice-marginal deltaic deposits

DEPOSITS OF GLACIAL LAKE MADRON OF
THE VALPARAISO MORAINIC SYSTEM 

Red Bud ice-marginal deltaic deposits

Weesaw ice-marginal deltaic deposits  

Olive Branch ice-marginal deltaic deposits 

Lake-bottom deposits (subsurface unit) 

Bertrand ice-marginal deltaic deposits

ICE-MARGINAL DELTAIC DEPOSITS OF THE
KALAMAZOO MORAINIC SYSTEM

Keeler ice-channel and ice-marginal deltaic deposits 

Cushing ice-marginal deltaic deposits

Portage Prairie ice-marginal deltaic deposits

Oak Forest ice-marginal deltaic deposits

TILL DEPOSITS OF
THE KALAMAZOO, VALPARAISO, AND 
LAKE BORDER MORAINIC SYSTEMS

Upper clayey-silt till deposits of the Lake Border morainic system

Lower clayey-silt till deposits of the Lake Border morainic system

Basal clayey-silt till deposits of the lower Lake Border morainic system 

Upper clayey-silt till deposits of the Valparaiso morainic system

Middle clayey-silt till deposits of the Valparaiso morainic system

Lower clayey-silt till deposits of the Valparaiso morainic system

Basal clayey-silt till deposits of the lower Valparaiso morainic system

Basal clayey-silt till deposits of the lower Kalamazoo morainic system

Bedrock outcrop of unit De on bottom of Lake Michigan; elsewhere, 
areas not having basal till on bedrock surface

EXPLANATION OF SPECIFIC SYMBOL

Meltwater channel cut in stratified deposits—Spillway for 
glacial Lake Madron

EXPLANATION OF SPECIFIC SYMBOL

Meltwater channel cut in stratified deposits along Lemon 
Creek; see map, sheet 1

EXPLANATION OF SPECIFIC SYMBOL

Retreatal position of stagnant ice margin at the end of 
ice-marginal sediment deposition in early glacial Lake 
Baroda
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