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Resistivity (ohm-meters)

10010

Airborne resistivity profile over a portion of cross section C–C'
Airborne resistivity is a geophysical data-gathering method whereby an instrument (sonde) is flown over the land to measure how 
resistive the land is to an electromagnetic current.  The sonde gathers data from different depths below the ground surface to 
construct a vertical, two-dimensional resistivity profile.  The resistivity of a sediment is a function of its water content, grain size, 
and grain type.  Dry, gravelly sediments have high resistivity; such coarse-grained sediments in Berrien County typically are 
saturated and appear yellow to red on the profile.  Increasing water content and (or) increasing fine sediment content decrease 
resistivity.  Saturated silt and clay sediments in Berrien County have low resistivity and appear blue on the profile.  White lines 
superimposed on the resistivity profile show the position of geologic unit contacts.
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Contact—Delineates surface boundary of map unit; solid where location is 
accurate; dashed where location is approximate; dotted where location is 
concealed

Crest of eolian dune—Symbol drawn on crest of dune ridge 

Eolian sediment transport direction—Determined from dune forms

Eolian sediment transport direction—Determined from dune crossbedding 

Former shoreline bluff—Cut by wave and slope erosion; line symbol 
drawn at top of scarp; hachures point downslope. Along the shoreline of 
modern Lake Michigan, segments of a wave-cut scarp are best developed 
where the bluff contains till, such as at Shoreham and Mizpah Park. 
These modern shoreline bluffs are not shown on the map in order to 
preserve legibility

Cutbank of glacial meltwater stream channel—Cut by 
meltwater-channel erosion; line symbol drawn at top of scarp; hachures 
point into channel

Scarp at edge of meltwater terrace—Cut by meltwater stream erosion; 
line symbol drawn at base of scarp; hachures point upslope

Meltwater sediment transport direction—Flow direction of glacial 
meltwater stream or lake current, determined from crossbedding or ripple 
cross-laminations; observation at tip of arrow

Flow direction of glacial stream—Generalized flow direction of glacial 
meltwater stream, inferred from slope of depositional surface of deposits

Delta foreset strata slope direction—Sediment transport direction of 
delta foreset strata, measured from dip direction of foreset strata; 
observation at tip of arrow

Glacial-lake spillway channel—Outlet channel of glacial lake across 
drainage divide; letter symbol (Qm) indicates that glacial Lake Madron 
drained through this spillway. Channel is cut in meltwater deposits; flow 
direction of water shown by arrow; number is estimated altitude of 
channel floor, in meters

Inferred glacial-lake spillway channel—Outlet channel of glacial lake 
across meltwater deposits;  spillway area modified by subsequent stream 
erosion; letter symbol indicates that glacial Lake Dowagiac drained 
through this spillway area. Flow direction of water is shown by arrow; 
number is estimated altitude of original spillway channel floor, in meters

Thickness and grain size of surficial material—Dot shows point of 
observation; number is thickness in meters. Letter symbol, defined in the 
list below, shows grain size. Fractional symbol shows thickness and grain 
size of superposed units 

 gc    Gravel, cobble to boulder, and sand; also "large gravel" of   
    water-well drillers' logs
gpc    Gravel, pebble and cobble, and sand
 gp    Gravel, pebble, and sand; also "small gravel" of water-well   
     drillers' logs
  g    Gravel
 sg    Sand and gravel
 sp    Coarse sand with pebbles or beds of pebble gravel
  sc    Sand, coarse to very coarse 
 sm    Sand, medium 
  sf    Sand, fine 
  s    Sand
  si    Silt, very fine sand, little clay
  cl    Clay, little silt
   t    Till
   tr    Till, red

EXPLANATION OF MAP SYMBOLSLIST OF SURFACE AND SUBSURFACE MAP UNITS

Isotopic or radiogenic age locality—Location of radiocarbon (14C) date or 
luminescence (L) date

Grain size of glaciodeltaic and meltwater deposits—Patterns show 
generalized grain size of surface meltwater deposit; in some places 
contact (blue line) is shown at edge of or between patterns

Coarse gravel—Coarse cobble to boulder gravel, and some beds of sand

  
Coarse gravel and sand—Chiefly cobble to boulder gravel, some large   

     boulders, beds of sand, and flowtill

  
Gravel and sand—Chiefly pebble to cobble gravel and beds of sand

  
Fine gravel and sand—Granule to pebble gravel and beds of sand

  
Fine to coarse sand, with a few granular pebbly sand beds and   

     silt-and-clay beds 

  
Very fine sand, silt, and some clay, in variable proportions

 
Silt, clay, and some very fine sand, in variable proportions

Crest of moraine ridge—Symbol drawn on crest of ridge

Limit of significant glacial advance—Solid where location is accurate; 
dashed where location is inferred. Based on maximum extent of 
associated till deposit, identified by map unit symbol. Hachures on side of 
advancing ice

Retreatal position of stagnant ice margin—Solid where location is 
accurate; dashed where location is inferred. Determined from ice-contact 
slope or collapsed deposits at head of associated meltwater deposit, 
identified by map unit symbol. Positions within a single map unit are 
numbered sequentially; higher number represents younger position

U.S. Geological Survey stratigraphic drill hole—Surficial deposits and 
sedimentary facies shown in appendix 1, in accompanying pamphlet

Excavated pit—Cut in surficial materials (sand, gravel, or clay). Where 
shown, number and letter symbol indicate thickness (meters) and grain size 
of surface materials, respectively, in the pit face. Fractional symbol shows 
thickness and grain size of superposed units. Letter symbols are defined in 
the explanation above for “Thickness and grain size of surficial material”

Active

Inactive

Geophysical data collection locality—Time-domain electromagnetic 
sounding

Glaciofluvial coarse gravel facies—in terrace and glaciodeltaic deposits

  
Glaciofluvial gravel and sand facies—in glaciodeltaic and stream terrace deposits

Glaciofluvial coarse pebbly sand facies—in glaciodeltaic and stream terrace deposits  

  
Glaciodeltaic sand and gravel foreset facies—view parallel to strike of foreset beds

  
Glaciodeltaic sand and gravel foreset facies—view oblique to strike or updip of foreset beds

Glaciodeltaic coarse sandy foreset facies—view parallel to strike of foreset beds

 
Glaciodeltaic coarse sandy foreset facies—view oblique to strike or updip of foreset beds

Glaciodeltaic fine sandy foreset facies—view parallel to strike of foreset beds

Glaciodeltaic fine sandy foreset facies—view oblique to strike or updip of foreset beds

  
Glaciodeltaic fine sandy bottomset facies and glaciolacustrine lake-bottom fine sand facies

 
Glaciolacustrine lake-bottom silty sand facies

  
Glaciolacustrine lake-bottom silt-clay facies

  
Deformed englacial and superposed sediment from ice at bottom of kettle structure

 
Contact between map units

Collapse high-angle reverse and normal faults caused by melting of buried ice; inferred 
from ice-contact slopes at the surface

Dominant trend of bedding

Drill hole—projected to the line of section

EXPLANATION OF CROSS-SECTION SEDIMENTARY FACIES AND SYMBOLS
[Sedimentary facies (modified from Stone and others, 2004, 2005) and collapse-deformation symbols (McDonald and Shilts, 1975) are shown schematically. Because boundaries between
facies typically are gradational or are inaccurately known, they are not shown by contact symbols. Patterns shown in units Qmlm, Qmls, and Qltu are not included in the explanation.]
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[Map units include unconsolidated and locally cemented Quaternary surficial materials, >1 m 
(>3.2 ft) thick, and bedrock. For complete descriptions, see Description of Surface and 
Subsurface Map Units and Description of Bedrock Map Units in accompanying pamphlet]

QUATERNARY
HOLOCENE

Artificial fill (late Holocene)

Lake Michigan beach deposits (late Holocene)

Lake Michigan nearshore deposits (late Holocene)

Active eolian dune sand (late Holocene)

Lake Michigan lake-bottom sand deposits (late Holocene)

Lake Michigan lake-bottom mud deposits (late Holocene)

Alluvium (late to early Holocene)

Alluvial fan deposits (middle to early Holocene)

Beach deposits, Nipissing lake phase (middle Holocene)

HOLOCENE AND LATE WISCONSINAN

Stream terrace deposits (middle Holocene to late Wisconsinan)

Eolian dune sand deposits (middle Holocene to late Wisconsinan)

Eolian sand sheet deposits (middle Holocene to late Wisconsinan)

Swamp and marsh deposits (late Holocene to late Wisconsinan)

Colluvium deposits (middle Holocene to late Wisconsinan)

LATE WISCONSINAN

Beach deposits, glacial Lake Chicago, Calumet phase  (late Wisconsinan)

LATE WISCONSINAN GLACIAL MELTWATER DEPOSITS
Stratified and sorted gravel, sand, silt, and clay deposited by meltwater in glacial streams 

and glacial lakes  

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 Lakes

Deposits of glacial Lake Chicago (Leverett and Taylor, 1915; Farrand and Bell, 1982; 
Lineback and others, 1983;  Stone, 2001)

Lake littoral deposits, Glenwood phase (Leverett and Taylor, 1915; Larson 
and Monaghan, 1988)

Lake-bottom deposits, Glenwood phase (Leverett and Taylor, 1915; 
Stone, 2001)

Deposits of glacial Lake Baroda of the Lake Border morainic system (Leverett, 1899; 
Leverett and Taylor, 1915; Farrand and Bell, 1982; Lineback and others, 1983; Stone, 

2001; Stone and others, 2003)

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 (Leverett, 1899; Leverett 
and Taylor, 1915; Farrand and Bell, 1982; Lineback and others, 1983; Stone, 2001; 

Stone and others, 2003)

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 (Leverett, 1899; 
Leverett and Taylor, 1915; Farrand and Bell, 1982; Lineback and others, 1983; Stone, 

2001; Stone and others, 2003)

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 (Leverett, 1899; 
Leverett and Taylor, 1915; Farrand and Bell, 1982; Lineback and others, 1983; Stone, 

2001; Stone and others, 2003)

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 (Leverett and Taylor, 
1915; Martin, 1955; Farrand and Bell, 1982; Lineback and others, 1983; Stone, 2001; 

Stone and others, 2003)

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

LATE WISCONSINAN TILL AND MORAINE RIDGE DEPOSITS
Gray clayey-silt sediment consisting of a very poorly sorted matrix of silt, clay, and fine 
sand containing scattered pebbles and few small cobbles, and very few boulders; generally 

nonstratified, homogeneous, compact

Upper clayey-silt till deposits of the Lake Border morainic system 
   (stipple pattern where submerged)

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

Basal clayey-silt till deposits of the lower Lake Border morainic system 
(subsurface unit)   

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 
(subsurface unit)

Basal clayey-silt till deposits of the lower Kalamazoo morainic system 
(subsurface unit)

MISSISSIPPIAN
[Subsurface units, not shown on map or differentiated in cross sections]

Coldwater Shale (Lower Mississippian)

Coldwater Red Rock (Lower Mississippian; informal unit)

DEVONIAN
[Subsurface units, not differentiated in cross sections. Only the Ellsworth Shale (De) is 

shown on the map, because it crops out on the bottom of Lake Michigan]

Ellsworth Shale (Upper Devonian)

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)

A

A'

B

B'

C

C'

SURFICIAL GEOLOGIC MAP OF BERRIEN COUNTY, MICHIGAN, AND THE ADJACENT OFFSHORE AREA OF LAKE MICHIGAN
By

Byron D. Stone, Kevin A. Kincare, Dennis W. O’Leary, Wayne L. Newell, Emily M. Taylor, Van S. Williams, Scott C. Lundstrom, Jared E. Abraham, and Michael H. Powers
2017

U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY 

Prepared in cooperation with the
MICHIGAN GEOLOGICAL SURVEY and the GREAT LAKES GEOLOGIC MAPPING COALITION

SCIENTIFIC INVESTIGATIONS MAP 3383
SHEET 1 OF 2

Explanatory pamphlet accompanies map 

Base from U.S. Geological Survey, 1:100,000; Benton 
Harbor, 1982, and South Bend, 1983, digital line graph files.

Projection and 10,000-meter grid, zone 16, Universal 
Transverse Mercator.

1927 North American Datum

Bathymetry from U.S. Geological Survey, Coastal and 
Marine Geology Program

Geology mapped 1997–2004    
Digital cartographic compilation by J.S. Schindler, 1998; 
V.S. Williams and B.D. Stone, 2000; B.D. Stone, 2001–2006

Map compiled from field data registered to 1:24,000-scale 
topographic maps

Geologic units and features on this map are registered to 
1:100,000-scale base-map featuresAPPROXIMATE MEAN

DECLINATION, 2017

M
A

G
N

E
T

IC
  N

O
R

T
H

T
R

U
E

  N
O

R
T

H

4.5°
SCALE 1:50 000

CONTOUR INTERVAL 5 METERS
BATHYMETRIC CONTOURS IN METERS

NATIONAL GEODETIC VERTICAL DATUM OF 1929

1 1/2 0 1 2 3 4 MILES

1 .5 10 2 3 4 5 KILOMETERS

MAP  LOCATION

MICHIGAN

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement 
by the U.S. Government 
For sale by U.S. Geological Survey, Box 25286, Denver Federal Center, Denver, CO 80225; 
http://store.usgs.gov; 1–888–ASK–USGS (1–888–275–8747)

Suggested citation:  Stone, B.D.,
 
Kincare, K.A.,

 
O’Leary, D.W., Newell, W.L., Taylor, E.M.,

 
Williams, V.S.,

 

Lundstrom, S.C., Abraham, J.E., and
 
Powers, M.H.,

 
2017, Surficial geologic map of Berrien County, 

Michigan, and the adjacent offshore area of Lake Michigan: U.S. Geological Survey Scientific Investigations 
Map 3383, 2 sheets, scale 1:50,000, and 49-p. pamphlet, https://doi.org/10.3133/sim3383.

Printed on recycled paper 

ISSN 2329-1311 (print)
ISSN 2329-132X (online)
https://doi.org/10.3133/sim3383

GREAT LAKES
GEOLOGIC MAPPING COALITION


