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ABSTRACT

U.S. Geological Survey (USGS) Monograph 53 by Frank Leverett and Frank 
Taylor identifi ed more than 20 deltas of late Pleistocene age in the Lower Peninsula 
of Michigan. To that list, we add many additional deltas discovered during the course 
of our research. These “relict” deltas are important proxies for paleoenvironmental 
conditions, particularly wave energies, as well as prevailing wind and longshore drift 
directions. If dated, they can help to constrain the chronologies of ice retreat and 
proglacial lake stages. In plan view, relict delta morphologies usually protrude from 
a paleolake shoreline and are often elongate or cuspate shaped. Most of the deltas 
identifi ed by Leverett and Taylor have this morphology and are located at the junc-
tion of a major present-day river and a relict paleolake shoreline. In this chapter, we 
map and discuss these deltas, fi rst identifi ed by Leverett and Taylor, while also identi-
fying and describing the other, newly found deltas. All of these deltas formed during 
the marine isotope stage 2 ice retreat, roughly 28–13 ka. To identify and characterize 
them, we utilized a variety of data within a geographic information system, mainly 
a statewide USGS 7.5′ digital raster graphic, a 10 m digital elevation model (DEM), 
county-level Natural Resources Conservation Service soil data, and schematic litho-
logic depth profi les interpreted from descriptive water well and oil/gas logs. DEMs 
were particularly useful, because they can be “fl ooded” to various elevations of paleo-
lakes. Maps of soil wetness and textural characteristics were also useful in detecting 
and delineating deltas. In sum, we mapped 61 deltas; 27 had been known from previ-
ous works, whereas 34 are newly reported in this study. Most are composed of sandy, 
well-drained sediments and have smooth, graded longitudinal profi les. Of these, most 
are perched above a relatively low-relief, poorly drained lake plain. However, unlike 
several deltas recognized by Leverett and Taylor, we found that many of the newly 
reported deltas are (1) adjacent to one or more formerly unknown shorelines, (2) not 
associated with a modern river, (3) complex, and/or (4) broad, coalesced features, 
deposited by more than one river, with fan-like morphologies. The methods that we 
used to identify and delineate these deltas can be applied to other regions. Mapping 
like the kind reported here will aid in a better understanding of the paleocoastal and 
terrestrial conditions during the late Pleistocene.
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doi:10.1130/2018.2530(08). © 2018 The Geological Society of America. All rights reserved. For permission to copy, contact editing@geosociety.org.
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INTRODUCTION

Deltas, which form when a river deposits more sediment 
at its mouth than can be removed by the nearshore water body 
in longshore drift, are valuable environmental proxies (Lyell, 
1832; Galloway, 1975). Relict deltas are no longer graded to an 
active shoreline and thus provide evidence of paleolake levels 
and conditions (Gilbert, 1885, 1890). The shape and sedimentary 
characteristics of relict deltas are also excellent proxies for cer-
tain paleoenvironmental conditions, such as wave energies, and 
dominant wind and longshore drift directions (Leverett and Tay-
lor, 1915; Coleman and Wright, 1975; Orton and Reading, 1993; 
Suter, 1994; Milligan and Chan, 1998; Bhattacharya and Giosan, 
2003; Woodroffe and Saito, 2011; Vader et al., 2012; Blewett et 
al., 2014; Gobo et al., 2014). Such deltas can also provide proxy 
data for paleoterrestrial conditions within their catchment areas, 
such as sediment load and landscape stability (Oldale et al., 1983; 
Shipp et al., 1991; Barnhardt et al., 1995, 1997; Walker, 1998; 
Mangold and Ansan, 2006; Bell, 2009). The wide variety of 
paleoenvironmental proxies associated with relict deltas merits 
their thorough study. Our focus in this chapter is on relict deltas 
associated with paleolakes, most of which were formed in asso-
ciation with glacial meltwater sources. In some ways, such deltas 
are unique from others: They have minimal tidal infl uence and 
form under the infl uence of highly variable discharge regimes 
with respect to both water and sediment.

In U.S. Geological Survey (USGS) Monograph 53, Leverett 
and Taylor (1915) documented more than 20 relict deltas in the 
Lower Peninsula of Michigan. These deltas (and others discussed 
in this chapter) formed during ice retreat after the Last Glacial 
Maximum, in a paraglacial environment where rivers discharged 
into nonmarine, pro- and postglacial lakes (Leverett and Taylor, 
1915). Leverett and Taylor had minimal subsurface information 
and relied heavily on topographic signatures in their interpre-
tation. Based on their fi ndings, the locations of the majority of 
known relict deltas are shown on Plate VII of the Glacial Map of 
the Southern Peninsula of Michigan (Leverett and Taylor, 1915). 
For example, using dashed lines in a fan-shaped pattern, Leverett 
and Taylor (1915) highlighted the Allendale and Zeeland Del-
tas, both located nearly 10–15 km inland from the  present-day 
mouths of the Grand and Macatawa Rivers, respectively, in 
Ottawa County, Michigan. The massive (~475 km2) Jackpines 
Delta, located in Iosco County, was also originally identifi ed by 
Leverett and Taylor (1915), as well as many deltas of Glacial 
Lake Maumee, in southeastern Michigan.

Forty years after USGS Monograph 53 was published, 
Helen Martin (1955) published the Map of the Surface Forma-
tions of the Southern Peninsula of Michigan. On this map, she 
labeled many (but not all) of the same deltas mentioned in USGS 
Monograph 53. Martin also identifi ed another delta, the Chip-
pewa River Delta, located between Mount Pleasant and Midland. 
Roughly 20 years after Martin’s map was published, Wendy Bur-
gis’ (1977) dissertation on the glacial landforms in northeastern 
Lower Peninsula of Michigan was published. Burgis focused on 

the relict deltas associated with the glacial Au Sable River, origi-
nally discussed in USGS Monograph 53. Like Martin before her, 
Burgis added to the list of known deltas. More recently, Vader et 
al. (2012) identifi ed and discussed the origin of the Black River 
Delta, another relict delta in northeastern Lower Peninsula of 
Michigan that had gone undocumented in previous research.

As discussed herein, history has shown that detailed study 
of Michigan’s physical landscape can lead to discoveries of pre-
viously undocumented landforms. We build upon these previous 
works to develop a new, more thorough inventory of relict Pleis-
tocene deltas in the Lower Peninsula of Michigan. In our study, 
we employed current geologic maps and spatial data, viewed and 
profi led in a geographic information system (GIS), to identify 
and describe dozens of relict deltas in the Lower Peninsula of 
Michigan. We attempt here to provide information about the age 
and physical characteristics for a few typical examples, using the 
categories identifi ed by Luehmann (2015) via a principal compo-
nents analysis. Although other deltas certainly will be found in the 
future, our study nonetheless provides the most complete inven-
tory of relict deltas in the Lower Peninsula of Michigan to date.

METHODS

Data Sources

Our mapping effort began by examining the geologic lit-
erature on the Great Lakes region (Leverett and Taylor, 1915; 
Farrand and Eschman, 1974; Karrow and Calkin, 1985; Larson 
and Schaetzl, 2001). Each delta mentioned in this literature was 
marked as a point feature using ArcMap 10.1 (ESRI©, Redlands, 
California) and stored in a GIS project (.mxd). Maps published by 
Martin (1955) and Farrand and Bell (1982) were georeferenced, 
and the deltas and shorelines on those maps were digitized within 
the GIS project. In addition, water well and oil/gas log data for 
each county in the Lower Peninsula of Michigan, downloaded 
from the Michigan Geographic Data Library (http://gis.michigan.
opendata.arcgis.com/), were added to the project. Well locations 
were formatted as point features within the GIS, whereas attri-
bute data were saved in a spreadsheet. Well-log attributes were 
joined to the well-log locations to aid in identifying the primary 
lithology, depth, thickness, and color of the well strata. In order to 
more effi ciently interpret and describe the subsurface sediments, 
a graphical depth plot was created for each well log using the R 
software package (version 3.1.2, http://www.r-project.org/). An 
R script, coded specifi cally for this study, was used to read in 
the well-log information and construct lithologic logs (Fig. 1). 
Individual logs were saved as portable document format (PDF) 
fi les. The original point-feature shapefi le of wells, developed on a 
county-by-county basis, was then converted to a peninsula-wide 
geodatabase, and the depth plot images were joined to the associ-
ated well-log point using the “add attachments” tool in ArcGIS. 
This geodatabase allowed the “HTML popup” tool in ArcGIS 
to be employed to show stratigraphic and textural characteristics 
of wells, sometimes exceeding 150 m. This tool and the data it 
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Figure 1. Location of water wells from the Michigan Geographic Data Library database, and the lithologic logs of selected 
wells using the ArcGIS “HTML Popup” tool, revealing the texture and depth of lithologic contacts. The base map is a 10 m 
digital elevation model (DEM) that is overlaid on a hillshaded DEM. White inset at bottom left shows map location in the 
state of Michigan. 
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provides are useful for exploring sedimentary (grain-size) char-
acteristics of landforms.

In addition to the data listed above, several of the geographic 
data layers listed in Schaetzl et al. (2013) were also included in 
the GIS project. In particular, a statewide USGS 7.5′ topographic 
map, a seamless 10 m National Elevation Data set (NED) and 
digital elevation model (DEM), and a hillshade DEM (Gesch et 
al., 2002) were added to the GIS. Several derivative data sets, 
which are based on Natural Resources Conservation Service 
(NRCS) soil map data, were also included, e.g., the natural soil 
drainage index (Schaetzl et al., 2009, 2013), and the textures of 
the uppermost mineral, and deepest subsurface horizons. These 
data were originally derived from the NRCS Soil Survey Geo-
graphic (SSURGO) database.

The majority of the deltas mentioned in the literature were 
identifi ed using the geospatial data layers mentioned here; we 
searched for landforms that formed a bulge along a relict shore-
line, often with a fan-shaped or elongated outline (Vader et al., 
2012). Because many of the deltaic landforms identifi ed in previ-

ous works were composed of sandy, well-drained sediments and 
had one or more clear paleochannel(s) and a graded longitudinal 
profi le, we focused on exploring sites with these characteristics. 
Furthermore, our focus was on sites that were located on rela-
tively low-relief and (usually) wet lake plain areas.

Identifying Additional Deltas

Within the GIS, in many cases, we “fl ooded” sections of the 
landscape using a 10 m DEM to help fi nd areas where an upland 
or area of contrasting soil texture or wetness occurred along a 
probable relict shoreline and/or an escarpment that could be 
interpreted as a relict shoreline (Fig. 2). This exercise facilitated 
the identifi cation and description of the overall shape and area of 
any additional deltas or subdeltas. It also helped us to refi ne the 
extents of deltas previously reported in the literature (Luehmann 
et al., 2013); the names of such deltas were retained. However, 
each newly identifi ed delta was named after a river/creek or for-
merly named geologic feature within the region that was likely 

Figure 2. Example of a digital elevation model (DEM) 
“fl ooded” to the 225, 215, and 210 m levels of Gla-
cial Lakes Maumee and Arkona (Karrow and Calkin, 
1985). This area, in southeastern Lower Michigan, il-
lustrates that relict deltas may form conspicuous ter-
races along relict shorelines. Deltas are located near 
the cities of Adrian, Saline, Ypsilanti, Plymouth, and 
Birmingham. Note: Lake symbology (i.e., blue fi ll) 
has no reference to water depth. White inset at top left 
shows map location in the state of Michigan. 
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associated with the delta during its formation. A Roman numeral 
was added to the delta name (with Roman numeral “I” being old-
est) for situations in which multiple deltas had formed from a 
single fl uvial system.

The longitudinal profi le of each delta, both those under 
review and those previously reported, was examined using data 
from a 10 m DEM and employing the “profi le” tool in ArcMap. 
Each profi le began near the apex of the delta and ended beyond 
the delta front, approximately at the start of the prodelta position.

Martin’s (1955) Map of the Surface Formations of the South-
ern Peninsula of Michigan, which was georeferenced in a GIS 
for this project, was often used in combination with the profi le 
information to determine the shoreline to which each delta was 
graded, i.e., the upper end of each profi le. This information was 
then used to assign each delta to a lake stage and/or phase, and to 
infer an estimated age range (Table 1).

RESULTS AND DISCUSSION

Relict Deltas in the Lower Peninsula of Michigan

Based on morphological and soil characteristics, we identi-
fi ed 61 relict deltas in the Lower Peninsula of Michigan (Fig. 3; 
Table 1). In total, 23 of these deltas were originally recognized 
by Leverett and Taylor in USGS Monograph 53, four additional 
deltas were acknowledged by subsequent studies and research-
ers, and this study, along with Luehmann (2015), identifi ed 34 
more unique deltas (Table 1). Many of the newly identifi ed deltas 
are not associated with a large, present-day fl uvial system, and 
hence the word “creek” is often applied to the deltas (e.g., Brown, 
Cedar, and Deer Creek Deltas). The lack of a large, contemporary 
river at some delta heads may explain why they had not previ-
ously been reported.

Although additional sedimentological criteria (e.g., topset 
and foreset bedding, and basinward textural fi ning trends) could 
have helped confi rm whether each feature has deltaic origins, we 
lacked such data. Thus, it is possible that some of the “deltas” 
we identifi ed may have formed at least partially subaerially and 
thus are better termed alluvial/colluvial fans and fan deltas. We 
nonetheless believe that each of the features we report has del-
taic properties.

Presumably, each of the relict deltas discussed in this study 
formed during the marine isotope stage 2 ice retreat. Of the 61 
deltas, 17 occur in the Lake Erie drainage basin (15,016 km2; 
one delta per 883 km2), 29 in the Lake Huron drainage basin 
(38,250 km2; one delta per 1319 km2), and 15 in the Lake Michi-
gan drainage basin (53,195 km2; one delta per 3546 km2; note: the 
number of deltas per drainage area is based on the shaded regions 
illustrated in Fig. 4). We labeled the deltas in Figures 3 and 4, and 
listed them in Table 1, incrementally from south to north within 
each basin. However, deltas in a delta complex were labeled fi rst, 
before assigning the next closest delta a number. Therefore, del-
tas are not listed exactly in order by latitude; there are eight delta 
complexes in the Lake Erie and Lake Huron Basins (Table 1).

Distribution of Deltas

Eastern Lower Michigan has the densest concentration of 
deltas (Fig. 3). This distribution likely occurs because paleolakes 
were more expansive on this side of the peninsula, and these lakes 
experienced wider lake-level fl uctuations. For example, at least 
11 and 12 different lake elevations existed for the Lake Huron and 
Erie Basins, respectively, between the Crown Point–Port Bruce 
and Two Rivers–Onaway phases (Fullerton, 1980; Karrow and 
Calkin, 1985; Colman et al., 1994; Larson and Schaetzl, 2001; 
Kincare and Larson, 2009). Conversely, throughout roughly the 
same time period, the paleolakes in the Lake Michigan Basin 
refl ect primarily two (main) paleolake elevations of Lake Chi-
cago (Glenwood and Calumet; Evenson, 1973; Hansel et al., 
1985; Clark et al., 1994; Colman et al., 1994). The wider range 
of paleolake fl uctuations in the Lake Erie and Huron Basins, as 
opposed to the Lake Michigan Basin, implies that fl uvial systems 
draining to the eastern Lower Peninsula of Michigan had to make 
more base-level adjustments. Thus, more deltas and subdeltas 
had the potential to form. Figures 3 and 4 illustrate this point; 
many of the deltas in the Lake Erie and Huron drainage basins 
are complex features and are closely spaced or stacked (i.e., delta 
complexes), even when they are associated with a single fl uvial 
system. We could fi nd no evidence of similar situations for relict 
deltas within the Lake Michigan drainage basin (Figs. 3 and 4).

Another possible reason for the greater number of deltas in 
the eastern Lower Peninsula of Michigan may be related to the 
strength or persistence of waves and/or longshore currents within 
individual lake basins. Stronger waves and currents along the 
western margins of the Lower Peninsula of Michigan may have 
been able to carry away more of the load that was being trans-
ported to the coast, slowing or preventing deltas from forming. 
The strength and persistence of longshore drift would have been 
governed by the dominant wind strength and direction. Proxy 
data for wind direction and strength for the Great Lakes region 
during this fairly large time span are, understandably, equivocal. 
Evidence from many Midwestern U.S. loess and dune deposits 
suggests strong westerly and northwesterly winds during the time 
period when deltas may have formed in the Lower Peninsula of 
Michigan (Muhs and Bettis, 2000; Rawling et al., 2008; Schaetzl 
et al., 2014; Arbogast et al., 2015). Conversely, data from spits 
and other coastal features within Glacial Lake Algonquin (some-
what later in time) point to strong easterly winds for areas within 
a few hundred kilometers of the ice margin (Krist and Schaetzl, 
2001; Vader et al., 2012; Schaetzl et al., 2016). Evidence is also 
mounting that locally strong, katabatic winds could have domi-
nated, or at least been more prevalent, near former ice margins 
(Krist and Schaetzl, 2001; Luehmann et al., 2013; Schaetzl 
and Attig, 2013). Regardless of directionality, winds within the 
Lower Peninsula of Michigan at the time of delta formation were 
likely considerably stronger than at present, potentially leading to 
strong longshore currents and wave energies at exposed shoreline 
locations. Thus, delta formation may have been promoted mainly 
in sheltered areas and embayments (Vader et al., 2012).
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Figure 3. Locations of the 61 deltas reported in this study. Labels refer to the delta ID numbers; the letter prefi xes refer to the modern wa-
tershed (E = Lake Erie, etc.). Additional information on each delta is provided in Table 1. White inset at top right shows map location in the 
state of Michigan.
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Figure 4. Extent of the (modern) Great Lakes drainage basins within the Lower Peninsula of Michigan, and the locations of Pleistocene deltas 
reported in this study. White inset at top right shows map location in the state of Michigan.
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Categories of Deltas

When examining the deltas, we observed that certain groups 
of deltas had similar topographic and textural characteristics. For 
example, many of the deltas in northern Michigan have charac-
teristics similar to the Black River Delta (Vader et al., 2012). The 
Black River Delta is a sandy, nearly symmetrical, arcuate-shaped 
landform, with one paleodistributary channel. It also has a rela-
tively steep delta front and a low-gradient delta plain. Accord-
ing to Galloway’s (1975) delta classifi cation system, modern 
wave-dominated deltas often have one main feeder channel, with 
a smooth, arcuate outer margin, and a relatively steep, subaque-
ous, delta front, due to strong wave action along the margins of 
the delta. We agree with Vader et al. (2012), who suggested that 
the Black River Delta is best characterized as a wave-dominated 
delta. Based on similar morphology, we have interpreted a wave-
dominated origin for the Platte River, Boardman River, Rapid 
River, Brown Creek, and Deer Creek Deltas, all located in the 
northwestern Lower Peninsula of Michigan (Fig. 5). The McPhee 
Creek, Turtle Creek, and Indian Creek I and II Deltas also have 
characteristics of wave-dominated deltas and are located in the 
northern Lower Peninsula of Michigan (Fig. 3; Table 1).

Some deltas that we mapped are not associated with an as-
yet reported paleolake. The Cottage Grove and South Higgins 
Lake River  Deltas are examples of deltas in the northern interior 
of the Lower Peninsula of Michigan, known as the High Plains. 
They are also sandy and generally arcuate shaped, and they were 
only recently identifi ed by Luehmann (2015), and the Cottage 
Grove Delta later studied by Schaetzl et al. (2017; see also Fig. 6 
herein). These deltas are unique because they are located on the 
distal sides of ice-marginal (kamic) ridges. Schaetzl et al. (2017) 
concluded that these deltas formed as the retreating ice margin 
temporarily paused, forming large ice- contact, kamic ridges, 
and because the ice margin was subaqueous at the time, these 
kame deltas formed in preferred locations. Nonetheless, the lake 
name(s) and stage(s) associated with these deltas are still unclear. 
Today, both the ridges and the deltas are relict, and thus, the del-
tas lack a contemporary catchment area. Like other deltas in the 
northern Lower Peninsula of Michigan, the deltas within this area 
are sandy and have steep outer margins, suggestive of a wave-
dominated depositional environment.

Deltas in the southeastern Lower Peninsula of Michigan are 
often different than the sandy, wave-dominated deltas discussed in 
the previous paragraph. Like the deltas farther north, the deltas here 
have relatively large catchments and are often symmetrical and 
arcuate shaped, and primarily have one paleodistributary channel, 
e.g., the North-Branch, and the Clinton River Deltas. However, 
unlike the sandy deltas in northeastern Lower Michigan, many of 
the relict deltas in southeastern Michigan are composed of sedi-
ments with a variety of textures, ranging from clayey to sandy. 
We refer to such deltas as being “texturally mixed.” Additionally, 
these deltas often have muted, or gently sloping, delta fronts. Lev-
erett and Taylor (1915) interpreted the fairly subtle topographic 
characteristics associated with a few of these deltas to mean that, 

2 km
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Lake Ridge Delta

South Higgins 
Lake Ridge Delta

Cottage Grove
Delta

Cottage Grove
Delta

N

H i g g i n s L a k e

369 m
378 m

Crawford Co.
Roscommon Co.

once formed, they were then inundated by higher, succeeding lake 
levels. Erosional processes associated with the later lakes may 
have led to a gradually sloping, wave-beveled, outer delta slope.

Other previously reported deltas in southern Michigan are 
more elongate-shaped features, with multiple paleodistributary 
channels and distinct midchannel bars (Fig. 7). Like the deltas 
in southeastern Lower Michigan, these deltas are also texturally 
mixed and are composed of sandy and gravelly textured sedi-
ments near the surface. Examples include the Allendale and Zee-
land Deltas (Fig. 7). Both the Allendale and Zeeland Deltas have 
deep channels cut into the delta plain. Leverett and Taylor (1915) 
contended that the Allendale and Zeeland Deltas formed when the 
Glacial Grand River functioned as a spillway between the Huron 
and Lake Michigan Basins. The Cass River Delta, located in the 
“thumb” of the Lower Peninsula of Michigan, has similar topo-
graphic and sedimentological characteristics to the Allendale and 
Zeeland Deltas. The Cass River Delta also presumably formed 
in a meltwater/spillway setting, when the Cass River was the 
spillway between Glacial Lakes Whittlesey (within the Lake Erie 
Basin) and Saginaw (within the Lake Huron Basin; Kincare and 
Larson, 2009). The gross morphology and composition of these 
deltas, and their occurrence at the mouth of a meltwater spillway, 
best fi t Galloway’s (1975) fl uvial-dominated delta category.

The Sturgeon–Pigeon River Delta, located in northern Lower 
Michigan, is an example of another type of relict delta identifi ed 
in this study (Fig. 3; Table 1). Similar to the wave-dominated 
deltas, these deltas are sandy and have a relatively steep delta 
front (Fig. 8). Also like the fl uvial-dominated deltas, they have 
multiple distributary and/or feeder channels. We interpreted these 

Figure 6. Digital elevation model (DEM) fl ooded to two potential 
paleolake-level elevations, illustrating the South Higgins Lake Ridge 
and Cottage Grove Deltas (Schaetzl et al., 2017) and the way in which 
they grade southward from the heads of outwash features in this area. 
These deltas are likely ice-contact features that formed as a retreating 
ice margin temporarily paused at the E-W–trending ridges. The ap-
proximate coordinates of the South Higgins Lake Ridge and Cottage 
Grove Deltas are 44°26′N/84°46′W, and 44°30′N/84°42′W, respec-
tively. Co.—County.



174 Luehmann and Schaetzl

Fluvial-dominated

Grand River

Pigeon River

Lake Macatawa

189 m189 m

195 m195 m

189 m189 m

195 m
195 m

195 m
195 m

189 m
189 m

Allendale
Delta

Allendale
Delta

Zeeland
Delta

Zeeland
Delta

10 km10 km

184
186
188
190
192
194
196
198
200

0 200 400 600 800 1000 1200 1400 1600 1800 2000

El
e

va
tio

n 
(m

)

Distance (m)

A

A′
B′

B

Topographic Profiles

A
A′

V.E. = 2

High

Low

Elevation Paleo water 

Modern water 

Elevation195 m195 m
Profile transectNN

ak
eekk

M
i

MM
ch

igi
aan

Grand RapidsGrand Rapids

AllendaleAllendale

B
B′

85°50'W86°0'W86°10'W 85°40'W85°50'W86°0'W86°10'W 85°40'W

86°10'W86°10'W

43°0'N

42°50'N

43°0'N

42°50'N

43°0'N

42°50'N

43°0'N

42°50'N

Figure 7. Digital elevation model (DEM) fl ooded to the Glenwood level of Glacial Lake Chicago (Hansel et al., 1985), illustrating the elongate 
shape and general profi le of the Allendale and Zeeland Deltas. Black outline in legend shows map location in the state of Michigan. V.E.— 
vertical exaggeration.



 Late Pleistocene deltas in the Lower Peninsula of Michigan, USA 175

190 m
190 m200 m

200 m

230 m
230 m

230 m
230 m

190 m190 m

230 m230 m

200 m200 m

Crooked Lake

Burt  Lake

Mullet  Lake

McPhee
Creek Delta

McPhee
Creek Delta

5 km5 km

Sturgeon-Pigeon River Delta

2,8002,6002,4002,2002,0001,8001,6001,4001,2001,0008006004002000

210
205
200
195
190
185

El
e

va
tio

n 
(m

)

Distance (m)

V.E. = 3

A

A′

High

Low

Elevation Paleo water 

Modern water 

Elevation190 m190 m NN
Profile transect

Sturgeon-Pigeon 
River Delta

Sturgeon-Pigeon 
River Delta

B

B′ C

C′

B
C

A

B’ C’A’

B
C

A

B′ C′A′

84°30'W84°40'W84°50'W 84°30'W84°40'W84°50'W

45°30'N

45°20'N

45°30'N

45°20'N

45°30'N45°30'N

84°40'W84°40'W

Figure 8. Digital elevation model (DEM) fl ooded to a likely Lake Algonquin level, illustrating multiple feeder channels and the broad, continuous 
delta plains of the Sturgeon–Pigeon River Delta. The steep delta front, which is also commonly associated with the coalesced deltas, is illustrated 
in the longitudinal profi les. Black outline in legend shows map location in the state of Michigan. V.E.—vertical exaggeration.



176 Luehmann and Schaetzl

landforms’ topography to be refl ective of a delta composed of 
several broad, continuous, and overlapping delta plains. These 
deltas likely formed by the coalescence of several smaller del-
tas (Fig. 8); we refer to these types of deltas as coalesced deltas. 
They formed as large amounts of sediment were being deposited 
in a lake from several, closely spaced feeder streams. These types 
of deltas may also occur where the receiving basin is confi ned, 
and hence there is a limited amount of space and/or wave energy 
along the shoreline to distribute the large quantities of sediment 
away from the river mouths. The Slagle and Cole Creek Fan Del-
tas in Wexford County refl ect additional examples of coalesced 
deltas in northern Lower Michigan (Fig. 3; Table 1).

CONCLUSIONS

When viewed collectively in a GIS, topographic, water well, 
and soils data have proven useful in identifying a number of previ-
ously unreported relict deltas in Michigan. The abundance of relict 
deltas in the Lower Peninsula of Michigan arises because of several 
contributing factors: (1) The region was home to several large, long-
lived, proglacial lakes, many of which exhibited abrupt and/or large 
changes in lake level, and (2) many of the rivers that were tributary 
to these lakes were fed by glacial meltwater that transported copi-
ous amounts of sediment under fl ashy hydrological conditions, par-
ticularly during the spring. The late Pleistocene landscape had the 
potential to contribute massive amounts of sediment to fl uvial sys-
tems because of (1) the lack of vegetation on the recently deglaci-
ated surfaces, (2) buried ice that kept many landscapes unstable for 
considerable periods of time, and (3) potentially widespread perma-
frost, which promoted runoff and sediment production (Schaetzl, 
2008; Lusch et al., 2009). The large number and, in some cases, vast 
size of these deltas suggest that the deglacial landscapes of southern 
Michigan were unstable for several hundreds to even thousands of 
years following deglaciation.

We hope that our study of relict Pleistocene deltas in the 
Lower Peninsula of Michigan will encourage further, more 
focused, research on these deltas, especially of their stratigraphy 
and sedimentology. We also encourage further work on the dating 
of these features, as has been done for the Cottage Grove Delta in 
central Lower Michigan (Schaetzl et al., 2017). Detailed analy-
ses, and improved chronologies and dating methods, combined 
with better knowledge of deltaic processes across the region, will 
aid in our understanding of ice-marginal positions, lake-level his-
tory, and paleoenvironmental conditions in the late Pleistocene 
landscapes of Lower Michigan.

Acknowledgments

We thank Luehmann’s dissertation committee members: Gra-
hame Larson, David Lusch, and Alan Arbogast, for their help 
with the original project, and for being a sounding board dur-
ing various phases of this research. We also thank the reviewers 
and editors of this GSA Special Paper who truly enhanced the 
quality of this chapter with their comments and suggestions. 

Funding for this project was provided by a scholarship from the 
Soil Classifi ers of Michigan, a Rasmussen Graduate Fellowship 
from the Michigan State University Graduate School, and three 
separate Graduate Offi ce Fellowships from the Department of 
Geography and Graduate School at Michigan State University.

REFERENCES CITED

Arbogast, A.F., Luehmann, M.D., Miller, B.A., Wernette, P.A., Adams, K.M., 
Waha, J.D., O’Neil, G.A., Tang, Y., Boothroyd, J.J., Babcock, C.R., 
Hanson, P.R., and Young, A.R., 2015, Late-Pleistocene paleowinds and 
aeolian sand mobilization in north-central Lower Michigan: Aeolian 
Research, v. 16, p. 109–116, doi:10.1016/j.aeolia.2014.08.006.

Barnhardt, W.A., Gehrels, W.R., Belknap, D.F., and Kelley, J.T., 1995, Late 
Quaternary relative sea-level change in the western Gulf of Maine: Evi-
dence for a migrating glacial forebulge: Geology, v. 23, p. 317–320, 
doi:10.1130/0091-7613(1995)023<0317:LQRSLC>2.3.CO;2.

Barnhardt, W.A., Belknap, D.F., and Kelley, J.T., 1997, Stratigraphic evolu-
tion of the inner continental shelf in response to late Quaternary rela-
tive sea-level change, northwestern Gulf of Maine: Geological Society 
of America Bulletin, v. 109, no. 5, p. 612–630, doi:10.1130/0016-7606
(1997)109<0612:SEOTIC>2.3.CO;2.

Bay, J.W., 1937, Glacial-lake levels indicated by terraces of the Huron, Rouge, 
and Clinton Rivers, Michigan: Papers of the Michigan Academy of Arts, 
Sciences, and Letters, v. 22, p. 411–419.

Bay, J.W., 1938, Glacial history of the streams of southeastern Michigan: Cran-
brook Institution of Science Bulletin, v. 12, p. 68 (map scale 1:200,000).

Bell, C.M., 2009, Quaternary lacustrine braid deltas on Lake General Carrera 
in southern Chile: Andean Geology, v. 36, p. 51–65, doi:10.4067/S0718
-71062009000100005.

Bhattacharya, J.P., and Giosan, L., 2003, Wave-infl uenced deltas: Geomor-
phological implications for facies reconstruction: Sedimentology, v. 50, 
p. 187–210, doi:10.1046/j.1365-3091.2003.00545.x.

Blewett, W.L., Drzyzga, S.A., Sherrod, L., and Wang, H., 2014, Geomorphic 
relations among Glacial Lake Algonquin and the Munising and Grand 
Marais moraines in eastern Upper Michigan, USA: Geomorphology, 
v. 219, p. 270–284, doi:10.1016/j.geomorph.2014.05.009.

Bretz, JH., 1953, Glacial Grand River, Michigan: Papers of the Michigan Acad-
emy of Sciences Arts and Letters, v. 38, p. 359–382.

Bretz, JH., 1964, Correlation of glacial lake stages in the Huron-Erie and Mich-
igan basins: Journal of Geology, v. 72, p. 618–627.

Burgis, W.A., 1977, Late-Wisconsin History of Northeastern Lower Michigan 
[Ph.D. dissertation]: Ann Arbor, Michigan, University of Michigan, 396 p. 

Burgis, W.A., 1981, Late-Wisconsinan History of Northeastern Lower Michi-
gan: 30th Midwest Friends of the Pleistocene Field Trip Guidebook: Ann 
Arbor, Michigan, University of Michigan, 110 p.

Clark, J.A., Hendriks, M., Timmermans, T.J., Struck, C., and Hilverda, K.J., 
1994, Glacial isostatic deformation of the Great Lakes region: Geo-
logical Society of America Bulletin, v. 106, p. 19–31, doi:10.1130/0016
-7606(1994)106<0019:GIDOTG>2.3.CO;2.

Coleman, J.M., and Wright, L.D., 1975, Modern river deltas: Variability of 
processes and sand bodies, in Broussard, M.L., ed., Deltas: Models for 
Exploration: Houston, Texas, Houston Geological Society, p. 99–149.

Colman, S.M., Clark, J.A., Clayton, L., Hansel, A.K., and Larsen, C.E., 1994, 
Deglaciation, lake levels, and meltwater discharge in the Lake Michigan 
Basin: Quaternary Science Reviews, v. 13, p. 879–890, doi:10.1016/0277
-3791(94)90007-8.

Drzyzga, S.A., Shortridge, A.M., and Schaetzl, R.J., 2012, Mapping the stages 
of Glacial Lake Algonquin in northern Michigan, USA, and nearby 
Ontario, Canada, using an isostatic rebound model: Journal of Paleolim-
nology, v. 47, p. 357–371, doi:10.1007/s10933-011-9550-9.

Evenson, E.B., 1973, Late Pleistocene shorelines and stratigraphic relations 
in the Lake Michigan Basin: Geological Society of America Bulletin, 
v. 84, p. 2281–2298, doi:10.1130/0016-7606(1973)84<2281:LPSASR
>2.0.CO;2.

Farrand, W.R., and Bell, D.L., 1982, Quaternary Geology of Southern Michigan 
with Surface Water Drainage Divides: Lansing, Michigan, Department of 
Natural Resources Geological Survey Division, scale 1:500,000.

Farrand, W.R., and Eschman, D.F., 1974, Glaciation of the southern peninsula 
of Michigan: A review: Michigan Academician, v. 7, p. 31–56.



 Late Pleistocene deltas in the Lower Peninsula of Michigan, USA 177

Fullerton, D.S., 1980, Preliminary Correlation of Post-Erie Interstadial Events 
(16,000–10,000 Radiocarbon Years Before Present), Central and Eastern 
Great Lakes Region and Hudson, Champlain, and St. Lawrence Low-
lands, United States and Canada: U.S. Geological Survey Professional 
Paper 1089, 52 p.

Galloway, W.E., 1975, Process framework for describing the morphologic and 
stratigraphic evolution of deltaic depositional systems, in Broussard, 
M.L., ed., Deltas: Models for Exploration: Houston, Texas, Houston Geo-
logical Society, p. 87–98.

Gesch, D., Oimoen, M., Greenlee, S., Nelson, C., Steuck, M., and Tyler, D., 
2002, The National Elevation Dataset: Photogrammetric Engineering and 
Remote Sensing, v. 68, p. 5–11.

Gilbert, G.K., 1885, The topographic features of lake shores: U.S. Geological 
Survey Annual Report, v. 5, p. 69–123.

Gilbert, G.K., 1890, Lake Bonneville: U.S. Geological Survey Monograph 1, 483 p.
Gobo, K., Ghinassi, M., and Nemec, W., 2014, Reciprocal changes in foreset to 

bottomset facies in a Gilbert-type delta: Response to short-term changes 
in base level: Journal of Sedimentary Research, v. 84, p. 1079–1095, 
doi:10.2110/jsr.2014.83.

Hansel, A.K., Mickelson, D.M., Schneider, A.F., and Larsen, C.E., 1985, Late 
Wisconsinan and Holocene history of the Lake Michigan Basin, in Kar-
row, P.F., and Calkin, P., eds., Quaternary Evolution of the Great Lakes: 
Geological Association of Canada Special Paper 30, p. 39–53.

Hough, J.L., 1958, Geology of the Great Lakes: Urbana, Illinois, University 
Illinois Press, 313 p.

Hough, J.L., 1963, The prehistoric Great Lakes of North America: American 
Scientist, v. 51, p. 84–109.

Howard, J.L., 2010, Late Pleistocene glaciolacustrine sedimentation and paleo-
geography of southeastern Michigan, USA: Sedimentary Geology, v. 223, 
p. 126–142, doi:10.1016/j.sedgeo.2009.10.006.

Karrow, P.F., and Calkin, P., eds., 1985, Quaternary Evolution of the Great 
Lakes: Geological Association of Canada Special Paper 30, 258 p.

Kehew, A.E., 1993, Glacial-lake outburst erosion of the Grand Valley, Michi-
gan, and its impacts on glacial lakes in the Lake Michigan Basin: Quater-
nary Research, v. 39, p. 36–44.

Kincare, K., 2007, Response of the St. Joseph River to lake level changes dur-
ing the last 12,000 years in the Lake Michigan Basin: Journal of Paleolim-
nology, v. 37, p. 383–394, doi:10.1007/s10933-006-9045-2.

Kincare, K., and Larson, G.J., 2009, Evolution of the Great Lakes, in Schaetzl, 
R.J., Darden, J.T., and Brandt, D., eds., Michigan Geography and Geol-
ogy: New York, Pearson Custom Publishing, p. 174–190.

Krist, F., and Schaetzl, R.J., 2001, Paleowind (11,000 BP) directions derived 
from lake spits in northern Michigan: Geomorphology, v. 38, p. 1–18, 
doi:10.1016/S0169-555X(00)00040-4.

Larson, G.J., and Kincare, K., 2009, Late Quaternary history of the eastern 
midcontinent region, USA, in Schaetzl, R., Darden, J., and Brandt, D., 
eds., Michigan Geography and Geology: New York, Pearson Custom Pub-
lishing, p. 69–90.

Larson, G.J., and Schaetzl, R.J., 2001, Origin and evolution of the Great 
Lakes: Journal of Great Lakes Research, v. 27, p. 518–546, doi:10.1016/
S0380-1330(01)70665-X.

Leverett, F., and Taylor, F.B., 1915, The Pleistocene of Indiana and Michigan and 
the History of the Great Lakes: U.S. Geological Survey Monograph 53, 529 p.

Luehmann, M.D., 2015, Relict Pleistocene Deltas in the Lower Peninsula of 
Michigan [Ph.D. dissertation]: East Lansing, Michigan, Michigan State 
University, 274 p.

Luehmann, M.D., Schaetzl, R.J., Lusch, D.P., Larson, G.J., Kincare, K.A., and 
Arbogast, A.F., 2013, Distribution and characteristics of late Wiscon-
sin deltas in southern Michigan, USA: Geological Society of America 
Abstracts with Programs, v. 45, no. 7, p. 117.

Lusch, D.P., Stanley, K.E., Schaetzl, R.J., Kendall, A.D., van Dam, R.L., 
Nielsen, A., Blumer, B.E., Hobbs, T.C., Archer, J.K., Holmstadt, J.L.F., 
and May, C.L., 2009, Characterization and mapping of patterned ground 
in the Saginaw Lowlands, Michigan: Possible evidence for late- Wisconsin 
permafrost: Annals of the Association of American Geographers, v. 99, 
p. 445–466, doi:10.1080/00045600902931629.

Lyell, C., 1832, Principles of Geology, Being an Attempt to Explain the Former 
Changes of the Earth’s Surface, by Reference to Causes Now in Opera-
tion: London, John Murray, 364 p.

Mangold, N., and Ansan, V., 2006, Detailed study of an hydrological system 
of valleys, a delta and lakes in the southwest Thaumasia region, Mars: 
Icarus, v. 180, p. 75–87, doi:10.1016/j.icarus.2005.08.017.

Martin, H.M., 1955, Map of the Surface Formations of the Southern Peninsula 
of Michigan: Michigan Department of Conservation, Geological Survey 
Division Publication 49, Part 1, scale 1:500,000.

Milligan, M.R., and Chan, M.A., 1998, Coarse-grained Gilbert deltas; facies, 
sequence stratigraphy and relationships to Pleistocene climate at the east-
ern margin of Lake Bonneville, northern Utah, in Shanley, K.W., and 
McCabe, P.J., eds., Relative Role of Eustasy, Climate, and Tectonism in 
Continental Rocks: Society for Sedimentary Geology (SEPM) Special 
Publication 59, p. 177–189.

Muhs, D.R., and Bettis, E.A., III, 2000, Geochemical variations in Peoria loess 
of western Iowa indicate paleowinds of midcontinental North America 
during last glaciation: Quaternary Research, v. 53, p. 49–61, doi:10.1006/
qres.1999.2090.

Oldale, R.N., Wommack, L.E., and Whitney, A.B., 1983, Evidence of a post-
glacial low relative sea-level stand on the drowned delta of the Merri-
mack River, western Gulf of Maine: Quaternary Research, v. 19, no. 3, 
p. 325–336, doi:10.1016/0033-5894(83)90039-X.

Orton, G.J., and Reading, H.G., 1993, Variability of deltaic processes in terms 
of sediment supply, with particular emphasis on grain size: Sedimentol-
ogy, v. 40, p. 475–512, doi:10.1111/j.1365-3091.1993.tb01347.x.

Rawling, J.E., III, Hanson, P.R., Young, A.R., and Attig, J.W., 2008, Late Pleisto-
cene dune construction in the central sand plain of Wisconsin, USA: Geo-
morphology, v. 100, p. 494–505, doi:10.1016/j.geomorph.2008.01.017.

Schaetzl, R.J., 2008, The distribution of silty soils in the Grayling Fingers region 
of Michigan: Evidence for loess deposition onto frozen ground: Geomor-
phology, v. 102, p. 287–296, doi:10.1016/j.geomorph.2008.03.012.

Schaetzl, R.J., and Attig, J.W., 2013, The loess cover of northeastern Wisconsin: 
Quaternary Research, v. 79, p. 199–214, doi:10.1016/j.yqres.2012.12.004.

Schaetzl, R.J., Krist, F.J., Jr., Stanley, K.E., and Hupy, C.M., 2009, The natural 
soil drainage index: An ordinal estimate of long-term, soil wetness: Physi-
cal Geography, v. 30, p. 383–409, doi:10.2747/0272-3646.30.5.383.

Schaetzl, R.J., Enander, H., Luehmann, M.D., Lusch, D.P., Fish, C., Bigsby, 
M., Steigmeyer, M., Guasco, J., Forgacs, C., and Pollyea, A., 2013, Map-
ping the physiography of Michigan with GIS: Physical Geography, v. 34, 
p. 1–38.

Schaetzl, R.J., Forman, S.L., and Attig, J.W., 2014, Optical ages on loess 
derived from outwash surfaces constrain the advance of the Laurentide 
ice from the Lake Superior Basin, Wisconsin, USA: Quaternary Research, 
v. 81, p. 318–329, doi:10.1016/j.yqres.2013.12.003.

Schaetzl, R.J., Krist, F.J., Jr., Luehmann, M.D., Lewis, C.F.M., and Michalek, 
M.J., 2016, Spits formed in Glacial Lake Algonquin indicate strong east-
erly winds over the Laurentide Great Lakes during late Pleistocene: Jour-
nal of Paleolimnology, v. 55, p. 49–65, doi:10.1007/s10933-015-9862-2.

Schaetzl, R.J., Lepper, K., Grove, L., Treiber, E., Thomas, S., Farmer, A., Fill-
more, A., Lee, J., Dickerson, B., and Alme, K., 2017, Kame deltas provide 
evidence for a previously unknown, high-level glacial lake, and constrain 
the glacial retreat from Lower Michigan, USA: Geomorphology, v. 280, 
p. 167–178, doi:10.1016/j.geomorph.2016.11.013.

Scherzer, W.H., 1916, Detroit folio: U.S. Geological Survey Geologic Atlas of 
the United States 205, 162 p.

Shipp, R.C., Belknap, D.F., and Kelley, J.T., 1991, Seismic, stratigraphic and 
geomorphic evidence for a post-glacial sea-level lowstand in the northern 
Gulf of Maine: Journal of Coastal Research, v. 7, p. 341–364.

Suter, J.R., 1994, Deltaic coasts, in Carter, R.W.G., and Woodroffe, C.D., eds., 
Coastal Evolution: Late Quaternary Shoreline Morphodynamics: Cam-
bridge, UK, Cambridge University Press, p. 87–120.

Vader, M.J., Zeman, B.K., Schaetzl, R.J., Anderson, K.L., Walquist, R.W., Frei-
berger, K.M., Emmendorfer, J.A., and Wang, H., 2012, Proxy evidence 
for easterly winds in Glacial Lake Algonquin, from the Black River Delta 
in northern Lower Michigan: Physical Geography, v. 33, p. 252–268, 
doi:10.2747/0272-3646.33.3.252.

Walker, H.J., 1998, Arctic deltas: Journal of Coastal Research, v. 14, p. 718–
738.

Woodroffe, C.D., and Saito, Y., 2011, River-dominated coasts, in Wolanski, 
E., and McLusky, D.S., eds., Treatise on Estuarine and Coastal Science: 
Waltham, Massachusetts, Academic Press, v. 3, p. 117–135, doi:10.1016/
B978-0-12-374711-2.00306-5.

MANUSCRIPT ACCEPTED BY THE SOCIETY 1 SEPTEMBER 2017
MANUSCRIPT PUBLISHED ONLINE 23 JANUARY 2018 Printed in the USA




