










Study Site Description 

The study area is located in northwest Benzie County, Michigan between 44°40' and 44°45' north 
latitude, and 86°07'30" and 86°12'30" west longitude (fig. 1). The study area is part of the Platte Bay Unit 
of the Sleeping Bear Dunes National Lakeshore and is an· embayment into the Manistee Moraine that 
contains late Pleistocene to recent coastal sedimentary deposits. The embayment was called the Platte 
Lake depression by Calver (1946). More than 60 beach ridges arc across the embayment that capture 
Big Platte, Long, Rush, and Loon Lakes from Lake Michigan. Associated with the beach ridges are 
numerous parabolic dunes. The dunes are most abundant in the western part of the embayment and 
along the modem shore. Currently, dune growth has replaced beach-ridge development in the 
embayment. In the next embayment to the north, however, a new beach ridge formed following the high 
lake levels of the 1985-1987. 

Previous Work 

Previous work relating to the geologic history of the area is limited. As part of his Ph.D. 
dissertation, Calver (1946) completed the first comprehensive survey of the Platte Lake embayment. 
Based upoh geomorphic observations Calver suggested that the terraces, deltas platforms, strandlines, 
and dunes against the morainal uplands formed during the Algonquin Phase of ancestral Lake Michigan. 
In his study, most of the beach ridges in the embayment formed during the Nipissing Phases, with a 
minor number of ridges near Lake Michigan that formed during the Algoma Phase (fig. 2) . . 

Taylor (1990) briefly described geomorphic features and sedimentary deposits in the Platte Lake 
embayment (fig. 3). He interpreted several of the features and deposits as older than the Algonquin 
Phase, and possibly as old as the Calumet and Glenwood II Phases. Like Calver (1946), he indicates 
that the beach ridges filling most of the Platte Lake embayment accumulated during the Nipissing 
Phases of ancestral Lake Michigan. 
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Figure 2. Geomorphic features and ages of features in the Platte Lake embayment as described by Calver (from Calver, 1946). 
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Figure 3. Map of geomorphic features for the study area as described by Taylor (from Taylor, 1990). 
Filled squares identify sites studies by Taylor. 



METHODS 

Embayments into glacial sediments and bedrock around Lake Michigan commonly contain 
assemblages of alternating beach ridges and wetlands that exhibit an arcuate ridge and swale 
topography. Olson (1958) showed that dune-capped beach ridges along the southern shore of Lake 
Michigan form during a fall of lake level from short-term high stands. Hunter and others (1990) 
confirmed this observation following the high stand of Lake Michigan in 1985-1987. Fraser and Hester 
(1976) also showed that beach ridges form on the downdrift side of the Zion beach-ridge plain in Illinois 
following lake level highs. Although no data exists for beach ridge sites in other parts of the basin, it is 
likely that the ridges formed following highs of the lake. As described by Thompson (1992), foreshore 
deposits in the ridges are, therefore, records of lake-level highs. Collecting information on the elevation 
of foreshore deposits within ridges and across a strandplain of ridges should provide information on the 
changes of the upper limit of lake level through time. Moreover, the thickness of the foreshore 
sediments within each ridge provides information on the upper limit of wave setup. 

Wetlands between ridges form after the ridge lakeward of it is created, therefore the age of the 
basal organic sediments in the swales ideally represent the minimum age for beach ridge development. 
By systematically radiocarbon dating basal wetland sediments between ridges, a chronology of beach 
ridge development can be constructed. Three basic assumptions have been made regarding the impact 
that errors in the ages of the organic sediments collected from the wetlands may have on our 
interpretations. These are: (1) the peat began to form immediately when the wetland formed, (2) the 
oldest peat has been collected from the wetlands, and (3) the error on the dates (contamination from 
modem rootlets or hard groundwater) are random. Extensive efforts are made in the collection and 
analysis of data to minimize assumptions 2 and 3, while assumption 1 is satisfied in our conceptual 
model. 

Thompson and others (1991) used a technique of vibracoring the lakeward margin of beach 
ridges to collect foreshore sediments, and vibracoring or hand auguring wetlands to collect basal organic 
sediments. In an effort to keep data collection consistent and to facilitate comparison of data with 
Thompson and others (1991) and Thompson (1992), this technique was incorporated into the present 
study. 
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Figure 4. Onshore-offshore profile and grain size trends from Peterson Beach. 
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350 

General.- . Fieldwork was conducted between July 1 and August 23, 1991 and July 5 to July 8, 1992 
and consisted of the collection of vibracores from all accessible beach ridges, hand augers (or 
vibracores) of laterally continuous wetlands in the Platte Lake embayment, and profiling and sampling of 
transects across the modem shore in the embayment to the north. Elevations were established at all 
vibracore sites from a National Park Service benchmark that was tied into the International Great Lakes 
Datum of 1955, using a NOAA reference point. All data were transported to the Indiana Geological 
Survey in Bloomington, Indiana for analysis. Beach ridges of the area were traced onto a 7.5 Minute 
Series, 1983 Frankfort Quadrangle, Michigan-Benzie Co. topographic map using 1987 black and white 
aerial photographs and a stereo zoom transfer scope (fig. 1). Vibracore locations were plotted on the 
map, field checked, and digitized. 

Onshore/Offshore Transects.- To determine dune/foreshore/upper shoreface characteristics in the 
study area, two onshore/offshore transects were run at Peterson Beach, just north of the study area. 
Profiles of the nearshore were constructed from the peak of the first dune ridge landward of the lake to 
roughly 200-250 ft offshore (fig . 4). Surface grab samples were collected along both transects, and 
grain-size analysis were determined to establish statistical grain-size parameters of the dune, foreshore, 
and upper shoreface environments. 

The profiles show that the foreshore is the coarsest part of the nearshore sequence with the 
coarsest and most poorly sorted sediments at the crest and base of the foreshore (fig. 4). The granular 
upper foreshore sediments occur at the limit of storm uprush, and the gravely basal sediments occur at 
the plunge point. Note that the plunge point occurs at lake level, and that the coarse sediments at the 
base of the dune mark the upper limit of the foreshore sequence. Using these limits, the measured 
foreshore thickness during fair weather conditions at Peterson Beach range from 4 to 4.5 feet. 

7 



610 

..-.... 
0 > 600 
C) 
z ..._.. 

j-9- Foreshore Top -6- Foreshore Base I 

C 590 
0 

···········•··························~~~~· ~ ·································-;;.8 ······· ··········· 

~"'"' p !If 'E, ="' ~ L' J' " "' +J 
co a; 580 -w 

570 
0 2000 4000 6000 8000 10000 12000 

Distance from Shoreline (ft) 
Figure 5. Elevations of foreshore deposits versus distance landward from northern Lake Michigan. 

Vibracores.- Forty-seven vibracores of 42 dune-capped beach ridges were split, described, 

140( 

photographed, and sampled. Latex peels were made of each core to preserve the core and to enhance 
the sedimentary structures within the cores. Grain size analyses were completed on 465 samples taken 
from the cores, and statistical parameters were calculated for each sample using the method of 
moments. The results were incorporated into a database and used to construct graphs showing trends of 
grain size within each core. 

Dune/foreshore/upper shoreface contacts were established for all cores on the basis of core 
descriptions, latex peel inspection, and grain size analyses. The foreshore and upper shoreface contact, 
however, was obtained in. only three cores. The foreshore thickness was approximately 5 ft. For the 
other ridges, the base of the foreshore was established from the depth of penetration of the core tube or 
by subtracting the observed foreshore thickness (5 ft) from the dune/foreshore contact. By combining 
the elevations of the vibracore sites and the depths to the top and base of the foreshore within the cores, 
a plot of foreshore elevation versus distance landward of the shoreline was constructed (fig. 5) (Appendix 
A). 

The first beach ridges cored in the Platte Lake embayment occur landward of the large parabolic 
dunes that rim the embayment's shore. These ridges have basal foreshore elevations of about 582 ft 
AMSL. The basal foreshore rises to an elevation of about 585 ft AMSL at 5,000 ft before falling again to 
582 ft AMSL at 8,000 ft landward of the shoreline. Landward of 8,000 ft, the basal foreshore rises to a 
height of 590 ft AMSL at the landward end of the transect. Large dunes and beach ridges landward of 
12,500 ft do occur in the embayment, but they were not cored because they contain no interridge 
wetlands. The curve also contains a gap in data from about 10,000 to 12,000 ft. This area was 
inaccessible to coring. 

At several sites, more than one core was collected from a ridge. These sites occur at 4,000, 
5,000, and 6,100 ft. The cores show that similar foreshore picks can be made from different cores of the 
same ridge. This is especially true for the dune/foreshore contact. The basal foreshore determinations 
in the 4,000 ft and 6,100 ft sites are similar, but the site at 5,000 ft shows as much as 2 ft variability. 
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Figure 6. Calibrated radiocarbon dates of organics from the base of wetlands between beach ridges versus distance landward from 
northern Lake Michigan. Weighted and unweighted lines of best frt (calculated by a least-squares method) are drawn through 
the data. · 

Most notable in the transect are the groupings of four to six ridges that create upward and 
downward deflections in the foreshore elevations of 2 to 4 ft. Ten of these deflections occur along the 
transect, suggesting that a periodic change in lake-level is preserved in the embayment. 

Peat Cores.- Twenty-three basal peat samples from wetlands between beach ridges were radiocarbon 
dated by GeoChron Laboratories. These dates were calibrated to correct for variations in atmospheric 
1 ◄c through time using the program and methods of Stuiver and Reimer (1993). The calibration 
produces ages in calendar years before 1950 (cal yrs B.P.). Like the foreshore elevations, the calibrated 
ages were plotted against the distance landward (fig. 6). A trend of increasing age with distance 
landward from the shoreline is evident. This distribution reflects the progradational nature of the system. 
Unfortunately, variability within the data and missing dates within the sequence prohibit the plotting of 
each foreshore elevation against its respective age. This variability is especially evident in the sample at 
12,000 ft landward, that plots about 2,000 years older than surrounding dates. In the discussion that 
follows this date is removed from the calculations. 

To remove this variability and to interpolate ages for ridges that were not dated, a least-squares 
line of best fit was calculated through the calibrated ages versus their distance landward. This regression 
was calculated using the calibrated age and the inverse of the largest individual sample variance times 
the calibrated age. The unweighted regression yields a slope of 0.148 yr/ft, and the weighted regression 
slope is 0.125 yr/ft. The inverse of these lines indicates a long-term rate of progradation of 6.8 ft/yr to 
8.0 ft/yr, respectively. To determine the long-term average timing of beach-ridge development, a 
weighted and unweighted least-squares regression was also calculated between the calibrated ages and 
a number sequentially assigned to the ridges. The regression yields an unweighted slope of 29.4 +/- 4.6 
yr/ridge and a weighted slope of 23.8 +/- 4. 7 yr/ridge. The remainder of this report only will focus on the 
unweighted data. 

Lake-Level Curve.- To construct a lake-level curve, the elevations in Figure 5 were plotted against 
the ages determined from the calibrated age versus distance regression (fig. 6) (Appendix A). The 
resulting curve requires a correction from National Geodetic Vertical Datum (NGVD) of 1929 to the 
International Great Lakes Datum (IGLD) of 1955. The correction for the Platte Lake embayment was 
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Figure 7. Preliminary lake-level curve for the Platte Bay Unit, Sleeping Bear Dunes National L.akeshore. 

measured at 3. 15 ft. 

Discussion 

2500 

The lake-level curve for the Platte Lake embayment covers the later part of the Late Holocene 
from about 1,200 to 2,700 cal yrs B.P. (fig. 7). The curve shows a lake-level fall from an elevation of 
588 ft at 2,700 cal yrs ago to 579.5 ft at 1,250 cal yrs B.P. Superimposed on this fall is a rise from 1,500 
to 1,700 cal yrs ago. There is also a suggestion of a high at about 2,300 cal yrs B.P. Except for the high 
lake levels from 1,500 to 1,700, lake level in Lake Michigan from about 2,250 cal yrs B.P. to the present 
are near the long-term historical average for Lake Michigan of 579.59 (1819 to 1992). The occurrence 
of these basal foreshore elevations near the long-term average suggests that the Platte Lake 
embayment is very near the zero isoline for isostatic adjustment in the Lake Michigan basin, and that 
lake-level variations observed at Platte Lake should be representative of lake-level variations 
experienced at the Port Huron outlet. 

Beach ridges in the Platte Lake embayment formed about every 30 years, suggesting that a 
quasi-periodic lake-level variation of about 30 years is present in Lake Michigan. Groupings of four to 
six ridges suggest that a long-term quasi-periodic variation of about 150 years also occurs in the basin. 
Both of these variations were observed by Thompson and others (1991) and Thompson (1992) for 
southern Lake Michigan. 

We have recalibrated the dates of Thompson and others (1991) and Thompson (1992) and 
reconstructed their lake-level curve for the Gary Airport area. Individual lake-level events in the Platte 
Lake embayment curve closely corresponds to the curve for southern Lake Michigan (fig. 8). The Platte 
Lake data are shifted about 20 years younger in the lakeward part of the curve, but in the latter part of 
the two curves, however, they are synchronous. Differences between the two curves, therefore, are 
most likely a product of differential isostatic adjustment. We will address these differences in Part 3. 
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Figure 8. Compar-ison of lake-level curves from the Platte Bay Unit, Sleeping Bear Dunes National l.akeshore, and Gary Airport area, 
northern Indiana (Thompson, 1992). 

SUMMARY 

A lake-level curve for the Platte Bay unit of the Sleeping Bear Dunes National Lakeshore was 
created using a systematic technique of vibracoring beach ridges to obtain lake-level information and 
radiocarbon dating basal wetland sediments between ridges has allowed construction of. The lake-level 
curve indicates that Platte Lake embayment has recorded changes in lake level for the period from about 
2,700 to 1,200 cal yrs B.P .. After this time the embayment was essentially filled and could not 
accommodate the further addition of beach ridges. 

During the period from 2,700 to 1,200 cal yrs. B.P., the timing of beach ridge development can 
be approximated by a linear function which corresponds to the formation of a new beach about every 30 
years. This observation also suggests that factors which control the progradation of the shoreline (i.e. 
pre-depositional slope, sediment supply, wave setup, etc .. ) were essentially constant during the filling of 
the embayment. Additionally, the record shows that lake level has fallen about 9 ft during this period and 
that there appears to be a quasi-periodic lake level fluctuation about every 150 years. Although 
fluctuating by as much as 2 ft between events, lake level has been very near the long-term average for 
Lake Michigan, indicating that the site is near the zero isoline for isostatic adjustment for the basin. 

Both the 30- and 150-year periods of variation have been identified through beach ridge studies 
along the southern coast of Lake Michigan. There is also a close correspondence of the timing and 
magnitude of lake level-fluctuations between the lake-level curve from Sleeping Bear Dunes and the 
curve for southern Lake Michigan, suggesting that events responsible for the formation of these beach 
ridges are basin-wide, large-scale processes. 
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