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Surficial Geology of Cass County, Michigan StoryMap

Cass County contains complex glacial landforms and sediments that formed during advance and
retreat of the Lake Michigan and Saginaw Lobes of the Laurentide Ice Sheet during the last
glaciation. The Lake Michigan Lobe (LML) advanced from the NW and the Saginaw Lobe (SL)
advanced from the NE into the county resulting in complex and often overlapping interlobate
deposits in the eastern portion of the county. The prominent uplands of the SW-NE trending
LML-Kalamazoo Morainic complex and associated large southeast sloping outwash fans
dominate the western half of the county. It consists of two main ridges, the Outer Kalamazoo
Moraine to the east and the Inner Kalamazoo Moraine to the west, both of which broadly climb
in elevation to the NE. In places there is a third ridge between them. The location and orientation
several tunnel valleys also provide evidence that both the LML and SL occupied Cass County
different times.

Glacial Lake Dowagiac which was a major glacial lake and glacial meltwater sluiceway at about
19,000 years ago running NE to SW the between the Valparaiso ice to the NW and the Inner
Kalamazoo Moraine to the SE. It cut several streamlined residual ridges, a terrace above the
floor of the valley and a linear escarpment on the east side of the Inner Kalamazoo moraine all
providing evidence for the large volumes of water that flowed through the valley as a result of
the catastrophic overflow of proglacial Lake Dowagiac as part of the Kankakee Torrent.

Other glacial features within the county include eskers, parallel thrust ridges, streamlined
features, meltwater channels and glacial drainageways and numerous ice-walled lake plains on
the morainal uplands. A large sand sheet and dune field as well as many isolated inland dunes
occur mostly in the NW part of the county associated with Dowagiac River valley.

The bedrock topography, bedrock valleys and drift thickness, and were mapped using the HVSR
passive seismic method. As series of NW trending buried bedrock valleys occurs in the north
half of the county and are extensions of deep bedrock valleys that run NW across Van Buren
County to the north. Glacial deposits average 310 feet thick and range in thickness from 115 to
717 feet which is the thickest known in the southern half of the Lower Peninsula of Michigan! A
previously unknown gravel aquifer was discovered in one of the bedrock valleys.
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SURFICIAL GEOLOGY OF CASS COUNTY, MICHIGAN

Cass County contains complex glacial landforms and sediments that formed during advance and retreat of the Lake Michi%an and Saginaw Lobes of the
Laurentide Ice Sheet during the last glaciation. The Lake Michigan Lobe (LML) advanced from the NW and the Saginaw Lobe (SL) advanced from the NE into the
county resulting in complex and often overlapping interlobate deposits in the eastern portion of the county. The prominent uplands of the SW-NE trending LML-
Kalamazoo Morainic complex and associated large southeast sloping outwash fans dominate the western half of the county. It consists of two main ridges, the
Outer Kalamazoo Moraine to the east and the Inner Kalamazoo Moraine to the west, both of which broadly climb in elevation to the NE. In places there is a third
ridge between them. The location and orientation several tunnel valleys also provide evidence that both the LML and SL occupied Cass County different times.

Glacial Lake Dowagiac which was a major glacial lake and glacial meltwater sluiceway at about 19,000 years ago running NE to SW the between the Valparaiso ice
to the NW and the Inner Kalamazoo Moraine to the SE. It cut several streamlined residual ridges, a terrace above the floor of the valley and a linear escarpment
on the east side of the Inner Kalamazoo moraine all providing evidence for the large volumes of water that flowed through the valley as a result of the
catastrophic overflow of proglacial Lake Dowagiac as part of the Kankakee Torrent.

Other glacial features within the county include eskers, parallel thrust ridges, streamlined features, meltwater channels and glacial drainageways and numerous
ice-walled lake plains on the morainal uplands. A large sand sheet and dune field as well as many isolated inland dunes occur mostly in the NW part of the county
associated with Dowagiac River valley.

The bedrock topography, bedrock valleys and drift thickness, and were mapped using the HVSR passive seismic method. As series of NW trending buried bedrock
valleys occurs in the north half of the county and are extensions of deep bedrock valleys that run NW across Van Buren County to the north. Glacial deposits
average 310 feet thick and range in thickness from 115 to 717 feet which is the thickest known in the southern half of the Lower Peninsula of Michigan! A
previously unknown gravel aquifer was discovered in one of the bedrock valleys.

Esch, J.M., 2025, Surficial Geology of Cass County, Michigan, Geological Society of America Abstracts with Programs. Vol. 57, No. 3 doi: 10.1130/abs/2025NE-408996
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* This presentation is from an ArcGIS StoryMap. These are screen
captures from the original Surficial Geology of Cass County, Michigan
StoryMap presented at GSA in March 2025 and at DMT 2025. The
StoryMap is DRAFT and is not for distribution.

* This StoryMap will likely be modified and likely go live later in 2026.
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From 2016-2020 the Michigan Geological conducted a surficial
geological mapping program Cass County, Michigan.

Cass County Michigan is a geological dead zone as far as recent
surficial geological (glacial) mapping, geological research, or basic
geological knowledge.

All the surrounding counties including in those in the neighboring
Indiana to the south have had recent surfical geological mapping
and some basic research.

Cass County is Ground Zero on in the area of high volume aquifer
agricultural irrigation withdrawals

Cass County is Ground Zero in the debate between farmer and
Michigan's environmental agency on the use if the Water
Withdrawal Tool and the permitting of high volume aquifer
agricultural irrigation wells

Highest elevations of SW Michigan with the thickest glacial deposits
in the southern half of the Lower Peninsula



~ Laurentide Ice Sheet

lllinois
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Desktop Survey

-LiDAR Elevation data

-Review existing borehole data: water wells,

exploration borings, environmental borings
-Soil survey data

-Aerial photos

-Review existing water well logs & Oil & Gas logs
-Cross-sections every mile and 3D visualization
* Review existing literature and maps

Field Methods

-Drive all the roads making observations

-Hand augered borings: Road cuts, natural

exposures, gravel pits, foundations
«Drilling/Coring to bedock (if possible)
-Gamma-ray logging existing wells & new borings
-HVSR - Passive Seismic for bedrock depths

-0SL sampling/age dating
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Cass County Major Glacial Landforms
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LIDAR DEM Grey Grey Scale



Ice-Walled Lake Plains

il

ice-walled lake

Clayton, L., Attig, J.W., Ham, N.R., Johnson, M.D., Jennings, C.E., and Syverson,

K.M., 2008, Ice walled-lake plains: Implications for the origin of hummocky
glacial topography in middle North America: Geomorphology, v. 97, p. 237-248.
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Yellow: aguifer material (sand and gravel)
Dark Green: Confining material (clays and tills)
Light green: partly confining material

Tan: Marginal aquifer material

Orange to yellow to green surface at bottom is the

bedrock surface getting deeper

Grey: horizontal planes every 100 feet

Animation




Southwest Interpreted Late Wisconsinan
Glacial Advance and Retreat

Lake Mi Lobe Retreat to Kalamazoo Mid Margin

Animation

Note Tunnel Valleys and Fans at Ice Margin



Cass County Interpreted Late Wisconsinan Glacial Advance and Retreat
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Stage 4 LML Outer Kalamazoo IM A

Stage 3 LML-5L Interlobate Sturgis West IM



Stage 5 LML Outer Kalamazoo IM B Stage 6 LML Inner Kalamazoo IM



Stage 7 Glacial Lake Dowagiac Flow to Kankakee Torrent

Stage 8 LML Valparaiso IM



Cass County Interpreted Late Wisconsinan

Glacial Advance and Retreat
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Drilling/Coring Results
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Bedrock Geology
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Pleistocene Glacial Deposits

Mississippian

Devonian

Silurian

Owdowician

Cambrian

Precambrian Basement

Generalized Stratigraphic Column in St. Joe County to the east

Mississippian Coldwater Shale underlies the
northeastern two-thirds of Cass County.

A distinctive reddish colored informal marker
bed, the Coldwater Redrock, occurs at or near
the base of the Coldwater Shale.

The underlying Devonian Ellsworth Shale forms
the bedrock surface in the southwestern one-
third of the county. It's often tabular to
rectangular clasts and cobbles with a distinctive
light green color are common in the drift in the
southwest part of Cass County.

The Upper Devonian Antrim Shale likely
subcrops at the bottom of a deep bedrock valley
(see below).

These formations dip to the northeast at a rate of 20 ft/mile toward

the center of the Michigan Basin.

Coldwater Shale with Coldwater Redrock informal marker bed

(purple colored core in box in foreground. CAS-17-01 core
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Cass County Bedrock Topography
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Bedrock Topography and Drift Thickness

The bedrock topography, bedrock valleys and drift thickness were mapped in
Cass County. The bedrock surface ranges from approximately 64 feet above
mean sea level at the bottom of a deep bedrock valley in the northwest part

of the county to 727 feet above mean sea level, averaging 535 feet elevation.

A series of generally northwest trending buried bedrock valleys occurs
mostly in the north half of the county. This bedrock valley system is an
extension of a series of deep bedrock valleys that runs southeast-northwest
across Van Buren County to the north and extend at least to the Lake
Michigan shoreline. A couple of the bedrock valleys are over 40 miles long.
One of the main northwest trending bedrock valleys underlies a large tunnel
valley. In the northwest corner of the county, this bedrock valley joins
another pronounced buried bedrock valley which runs north-northwest
along the west side of the county. The previously unmapped bedrock valleys
are significant because, even in a prolific glacial drift aquifer system with
significant high-capacity irrigation, in most places only the upper half or less
of glacial deposits have been characterized or are being used for aquifers. In
at least one of the bedrock valleys, drilling has confirmed a previously
unknown gravel aquifer. The glacial deposits in the mapped area average 310
feet thick with a range from 115 feet northwest of Dowagiac to 717 feet
thick over the deep bedrock valley. The 717 feet of glacial drift is the thickest
known in the southern half of the Lower Peninsula of Michigan.

HVSR Passive Seismic was used to fill in the bedrock depth data gaps for drift
thickness and bedrock topography mapping
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Unidentified deep gravel aquifer discovered in
bedrock valley

Deep boring by the Michigan Geological Survey in Cass County, as part of a
county-wide surficial geology mapping project encountering previously

unknown deep gravel aquifer in a high irrigation agricultural area. Edge of
major bedrock valley, likely not in the thalweg.
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OSL Age Dating: OSL Samples from the Kalamazoo and Valparaiso/Charlotte Moraines
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Kankakee Torrent
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Curry, B.B., Kehew, A.E., Antinao, J.L., Esch, J., Huot, S., Caron, O.J., and Thomason, J.F., 2020, Deglacial Kankakee Torrent, source
to sink, in Waitt, R.B., Thackray, G.D., and Gillespie, A.R., eds., Untangling the Quaternary Period—A Legacy of Stephen C. Porter:

Geological Society of America Special Paper 548, https://doi.org/10.1130/2020.2548(16) .
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