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44°30'N T : s 44°30'N  44°30'N R 44°30'N EXPLANATION FOR FIGURE 1 were usually recorded at a 0.25-s sweep rate. The 3.5-kHz system penetrated the trine red silty clay and postglacial lacustrine gray silty clay, respectively (Colman and offshore of Chicago. Within 1 km of the shoreline, particularly near Waukegan, III., a Rates of modern erosion, transport, deposition, and reworking of sediments in the lake
P\ . ) ) ) lacustrine deposits with resolution superior to that of the boomer-type systems; therefore, Foster, 1990). The color and grain-size scheme of the Lake Michigan Formation is wedge of sand extends lakeward from the coast. These coarse-grained nearshore are not well known, especially in the deep basins. Evidence for sediment movement by
- — = Tra.acklme from BV Roger Simons and BV .Laur e.ntu..m Frulses—Heavy most of the interpretations in this report are derived from the 3.5-kHz profiles. Seismic simplified as red and gray clay (fig. 3D) to be consistent with previous work. A deposits are not mapped in figure 2. bottom currents exists in water depths of 240 m in Lake Superior (Flood and Johnson,
line-segment with letter label refers to seismic profile in figure 4 interpretations were verified with stratigraphy from cores (Colman and Foster, 1990) continuous, planar reflection (R2) in part represents an unconformity at the base of the Two large regions of the lake floor appear to be erosional or are lacking postglacial 1984; Johnson and others, 1984; Flood, 1989); deposition patterns are probably
_________ . A UL W RO ———— S collected at 29 sites (fig. 1) during the cruises in September 1988 and June 1989. unit Qlu; this unconformity truncates underlying seismic units in the nearshore and basin sediment cover. The first is a broad shelf off the Illinois and western Indiana shore that influenced by bottom currents in Lake Michigan as well. The curved belt of deposits 2—4
refors o seisrmic rofiﬁe in fiqure 4 o g o The isopach map (fig. 2) was generated from the data described above, supplemented slopes to depths between 80 and 100 m below present lake level. The planar, smooth locally has a veneer of postglacial sediments, some of which may be lag deposits. The m thick in the southern basin (fig. 2) may reflect counterclockwise circulation in the basin.
P g by additional previously published information. Cores described by Hough (1955, 1958) reflection and absence of erosional channeling of the reflector suggest that the uncon- second area is the mid-lake high and the northern ridge. The sill between the eastern The large nondepositional area in water depths of 50—~100 m on the mid-lake high and
Locality of core sample showing maximum postglacial sediment and the Illinois State Geological Survey (ISGS) (Lineback and others, 1970, 1971, 1974; formity was formed subaqueously by wave erosion. We infer that the time-transgressive mid-lake basin and the southern basin, as well as the sill between the western and as deep as 170 m at the northeastern end of the northern ridge may also result from
thickness: Lineback and Gross, 1972; Wickham and others, 1978; ISGS, unpub. data, 1975) Chippewa unconformity formed during the transition from the low Chippewa level at northern mid-lake basins, also may be erosional or may lack postglacial deposits. bottom-current circulation.
provided additional values of sediment thickness (fig. 1). Where our data were sparse, about 10.3 ka (Larsen, 1987) to the high Nipissing level at about 4.8 ka (Larsen,
a Hough (1955, 1958) isopachs were dashed and were positioned parallel to isopachs derived by Wickham and 1985a,b). The sand and shell layer in cores is the basal transgressive sand that was
A Lineback (1970, 1971, 1974); Lineback and Gross (1972); Wickham and others (1978). Bathymetric features, such as basins and local highs, were also used as an deposited as lake level rose. The maximum depth of the Chippewa low level is ANALYSIS
others (1978); ISGS, unpub. data, 1975 aid in contouring areas having sparse data. questionzfll.)le because the d'eepest extent of the unconformity formgd at wave base, .an.d The geometry of the postglacial deposits shown on our map is similar to that mapped
® Tils: study the transition from an erosional surface to a conformable surface in the deep basin is by Wickham and others (1978), but our thickness values in the deep basins are different ACKNOWLEDGMENTS
gradational. There is no evidence in seismic profiles of a regressive unconformity that may from theirs. Wickham and others (1978) divided the Lake Michigan Formation into two .
BASIN MORPHOLOGY have formed with the fall of lake level to the low Chippewa level. The transgression that units, primarily on the basis of acoustic stratigraphy derived from 14.25-kHz echosounder We thank the captains and crews of the RV Roger Simons, the RV Laurentian, and the
Locality of le showi ini tglacial sediment ; g : ; M ] : - E S i ibuti i i
otc;li cxksi] ZS:ore sample showing minimum postglacial sedimen The hathigraeis map (i, 1) was croated by andiing aad sonoming digital deh followed the low Chippewa level most likely eroded any regressive deposits and profiles (fig. 3C). Their upper unit contains closely spaced reflections interpreted to be RV Neptljme for their contnbut;on to 'the }fleld F)rogram.f (C:omlp[l:lteBr caxtogéip'hlc 1nd
: soumdinigs (National Geophysical Data Center, 1987) nsing Intersictive Stirfase Modalifig paleochannels thaF formed as lake level fell. gray clay of the Waukegan, Lake Forest, and Winnetka Members. Their lower unit is geograph'lc data-base work was done with the a§51stance of Carol L. roufml,] ristopher
=) Hough (1955, 1958) (ISM) software developed by Dynamic Graphics, Inc. The bathymetry reveals several A second reflection (R1) locally occurs beftween 42 and 94 m bel.ow p¥esent lake level, acoustically transparent in the southern basin, but internal reflections become more F. Pc.>llom, and Barbara A. Seekins. Helpfubl/[regeg‘;s of earlier versions of the map were
Lineback (1970, 1971, 1974): Lineback and Gross (1972): Wickham and tajor basins that affect postglacial lacustring sedimentation. Glacial sconring of eastward ulsually less ‘E?iannl m a:)hove thf basa;l reﬂecfut;:n (R21hof thi pqstgtlﬁcxal unit (Qfllu);dln so[;r}le common to the north. The. lower unit was interpreted as red clay of the Sheboygan and provided by Robert N. Oldale and James M. Robb.
A others (1978): ISGS, unpub. data, 1975 dipping Paleozoic bedrock formed the overall basin morphology (Thwaites, 1949: Places, speciiically o Wernwesiem slope ol “toe sou .e?’n R e (R1) South Haven Members. Wickham and others (1978) showed more than 5 m of gray clay
8 B ’ ’ . ’ Emery, 1951; Hough, 1958; Wickham and others, 1978). Soft shale undetlies the deep converges basinward with the lo.wer reflection (R2)‘, in other areas, partlgularly on the in the deep basins, whereas our data indicate only 2—4 m in most of those basins.
b (@] This study basins, and cuestas of resistant dolomite, limestone, and sandstone form ridges between izf;fjgrrlgisif;pi] %Lth; ?lce)éli;:ile?laszgéchX;w?; rzfiltilcetz'oza(szz)rtf?:csﬁg‘: kl;agllr;\;/s::s:s::rae\ A;/ailable cl())re descriptions (Hough, 1955, 1958; Linegack and others, 1970, 1971,
: i the basins. Till deposited by the retreating late Wisconsinan glacier partly fills bedrock . e ) g 1974; Lineback and Gross, 1972; Colman and Foster, 1990; ISGS, unpub. data, 1975)
— 20 — — . Wh t vy : ; ; a
T e e e Gorsiors,smaching h o of e bsrs. Mor s of g S e ey e, oy 24 m o gy cly i e dsp bass and coni i e P
Sk deposited moraines and till wedges that in places have formed basin slopes and sills . o (PR Rl RASTR g Ay ) . R R et interpretation of Wickham and others (1978). However, our deep basin thicknesses are Colman, S.M., and Foster, D.S., 1990, Stratigraphy, descriptions, and physical properties
: transition from red to gray clay observed in cores. Landward, the upper of the two fible. with lier i himi f the southern basin (Lineback and other i = i 2 o ; 3 : -
Bathymetric 50-m intervals—Shoreline represents International Great between basins. i ' : 4 compatiie. WIH. @an. eatliet, Jsopach: map o1 "the . Sy sl s of sediments cored in Lake Michigan: U.S. Geological Survey Open-File Report
2 . y . reflections (R1) converges with and onlaps the lower reflection (R2) (fig. 4D). The lens of 1971) based primaril data. In the d basi P files:sh i
Lakes Datum of 1955 (576.8 ft [175.8 m] above sea level) The major southern and northern basins of the lake are separated by the mid-lake high, i ol Sesunrd bowmds Sheniak B and FEE whimis o ; HseC puinan o eoreccnla; MM CeEp bastis, ollrselsmicprotiesshow ashong 90478, 91 p.
440N 44°N 44°N 44°N three smaller mid-lake basins, and a ridge that trends northeast (fig. 1). The three small lse 1mt§n d ? tp Th il ARFT) ousss G tls Fnr.nanﬁ 4 ans.g:'esstll\]/e reflection (R3), which commonly occurs bengath the weaker reflechon (R2) that coincides Dell, C.I., 1975, Relationships of ill to bed rock in the Lake Superior region: Geology, v.
mid-lake basins flank the mid-lake high to the east, west, and north. A bedrock ridge, actisl s | epiﬁ. N gl ppethaf ecdc: r yr lcﬁurla l'?' }e}aaes . ar:gel e with the base of the postglacial gray clay in all of the available core data (fig. 4B). 3, p. 563-564.
50 hereafter referred to as the northern ridge, extends northeastward from the west side of gos g ‘:itfla L e i sctlxggels kngl 1 tf ?25'; d ot realvely highrenergy 10 Jow-energy Wickham and others (1978, fig. 4) appear to ha.ve used the stronger, deeper reflection Drexler, C.W., Farrand, W.R., and Hughes, J.D., 1983, Correlation of glacial lakes in the
S - - - the lake, separating the western and northern mid-lake basins from the major northern Tl e e ‘ (R3), within what we interpret as the glaciolacustrine red clay (Qll), as the base of the gray Superior basin with eastward discharge events from Lake Agassiz, in Teller, J.T., and
A G 280 basin. clay (Qlu). Clayton, Lee, eds., Glacial Lake Agassiz: Geological Association of Canada Special
95 The asymmetric distribution of postglacial sediment on the eastern slope and deep Paper 26, p. 309-329.
POSTGLACIAL SEDIMENT THICKNESS AND DISTRIBUTION basins is edionie deposits are almos.t 29 m thick on the eastern slope, southv&{est F’f the Eadie, B.J., and Robbins, J.A., 1987, The role of particulate matter in the movement of
200 BOUNDARY BETWEEN GLACIAL AND POSTGLACIAL DEPOSITS For mapping purposes, we define the postglacial lacustrine deposit of the upper Lake Grar?d River, Compargd to 24 m thick 1n'the deeper part of the southe_m basin (fl.g. .2)- contaminants in the Great Lakes, in Hites, R.A., and Eisenreich, S.J., eds., Sources
250 Mapping the thickness and distribution of the postglacial sediments requires clear Michigan Formation (Qlu) as a seismic sequence (fig. 3D) that is equivalent to the gray Our isopachs of the thlc_k postglacial deposit on the eastern slope show thicknesses 51mll§r and fates of aquatic pollutants: Washington, D.C., American Chemical Society,
definition of the contact between glacial and postglacial lacustrine deposits. In his early clay revealed in cores. The upper boundary of the seismic sequence forms the lake floor to those. mfappfad by Wickham an.d others (1978). However, our map shows' more detail Advances in Chemistry Series, no. 216, p. 319-364.
work on core stratigraphy (fig. 3A), Hough (1955) suggested that deglaciation was except where no postglacial sediment occurs in areas of erosion or nondeposition (fig. 2). of the dl.stnbgton of slope deposits, partly because we used.a 2-m contour interval. We Emery, K.O., 1951, Bathymetric chart of Lake Michigan: University of Minnesota Institute
EXPLANATION FOR FIGURE 2 immediately followed by a low-level lake, Lake Chippewa, which had a level of 107 m The lower boundary is the reflection (R2) that marks the Chippewa unconformity, and, agree with Lineback and Gross (.1.972) that .the thick sedlmer?t - the eastern slope of Technology, Engineering Experiment Station Technical Paper No. 77, 11 p.
below present lake-level. The formation of Lake Chippewa was attributed to deglaciation in the deep basin, the conformable contact between glacial and postglacial sediment. The probably has resglted from deposmo.n from rivers along the le:hx.gan smast g5 w.ell as Flood, R.D., 1989, Submersible studies of current-modified bottom topography in Lake
—— 8—— Postglacial sediment isopach—Interval 2 m. Hachures indicate thinning; of the isostatically depressed northern outlets near North Bay, Ontario (Hough, 1955; isopach map (fig. 2) reveals an asymmetric distribution of postglacial sediment beneath from coastal erosion, and -that lake circulation probably' has redistributed this sediment Superior: Journal of Great Lakes Research, v. 15, no. 1, p. 3-14.
isopachs dashed where inferred or uncertain. Thickness was measured also see location map) about 10.3 ka (Larsen, 1987). Hough (1955) showed that cores the deep basins, marginal slopes, and nearshore zone of Lake Michigan. al<?ng the eastern slope. Lineback and others (1971), Lineback and .Gross (1972), and Flood, R.D., and Johnson, T.C., 1984, Side-scan targets in Lake Superior—evidence for
Yot from seismic-reflection profiles, assuming a sound velocity of 1500 m/s in from water depths greater than 107 m in Lake Michigan contain a complete “deepwater The most prominent feature of the isopach map is the thick wedge of postglacial Wickham and (?thers (1978) suggested that the gray clay was deposited on the eastern bedforms and sediment transport: Sedimentology, v. 31, no. 3, p. 311-333.
e, water and sediment, and from cores whose localities are shown in figure 1 sequence” consisting of gray clay that grades downward into red clay (fig. 3A). Cores sediment that forms three distinct lobes along the eastern slope of the southern basin and slope 85 @ Eatmois belt on the steepest part of the fO@er lake-floor slope, t'he steep Hough, J.L., 1955, Lake Chippewa, a low stage of Lake Michigan indicated by bottom
Sedi thick fnferveds: i . from water depths less than 107 m contain a sand and shell zone that replaces part of the along the eastern mid-lake basin (fig. 2). The maximum thickness (almost 20 m) occurs 51_01?9 being analogous to the fo.reset slope of a progradmg (.ielta. We recognize thre.e sediments: Geological Society of America Bulletin, v. 66, no. 8, p. 957-968.
. egiment-ticlgess intervals; i, meters “deepwater sequence”. This sand and shell zone marks the unconformity associated with along the basin slope, so that the postglacial deposits thin both shoreward and basinward. distinct lobes, rather than a continuous belt, that in cross section form wedges that thin 1958, Geology of the Great Lakes: Urbana, Ill., University of lllinois Press, 313 p.
& 0-2 the transgression that followed the low Chippewa level. In cross section (figs. 4C, D), the lobes contain parallel, weak-to-moderate-strength-, both shoreward. and basmwa}'d. We did not observe prograding reflections within t‘he Johnson, T.C., Halfman, J.D., Busch, W.H., and Flood, R.D., 1984, Effects of bottom
- In the seismic and core stratigraphy of the Lake Michigan Formation (figs. 3B, C) continuous reflections that converge toward the nearshore zone and deep basins. wedges, ratber internal reflections that generally are parallel'to the lak.e floor but which currents and fish on sedimentation in a deep-water, lacustrine environment:
$ 2-6 determined by the ISGS (Lineback and others, 1970, 1971, 1974; Wickham and others, Penetration in the 3.5-kHz profiles was locally hindered by biogenic gas trapped in the converge slightly toward the nearshore zone and deep basin. The thickest part of the Geological Society of America Bulletin, v. 95, no. 12, p. 1425-1436.
§ 1978), the sand and shell layer separates the overlying Waukegan (dark-gray silty clay), thickest part of the wedges (fig. 4C). However, the broader frequency band of the lobes, the- zone of i e deposition, fills Fhe negative reh.ef Of'the pre-N1p1551ng Larsen, C.E., 1985a, Lake level, uplift, and outlet incision, the Nipissing and Algoma
6-10 Lake Forest (gray silty clay), and Winnetka (brown silty clay) Members from the boomer-type systems was able to penetrate the postglacial unit (Qlu) where gas occurs transgressive surface (R2, Chippewa unc.onformlty) where there is an inflection in slope, Great Lakes, in Karrow, P.F., and Calkin, P.E., eds., Quaternary evolution of the
10-14 underlying Sheboygan (reddish-brown clay) and South Haven (reddish-gray clay) (fig. 4D). L the steohest par qf the slope as Lineback and (?ross (1972) suggested. Therefore, Great Lakes: Geological Association of Canada Special Paper 30, p. 63-77.
14 Members. Previous publications by the ISGS have simplified the color scheme by The thickest postglacial deposits on the western slope of the lake occur in a belt of we interpret the.thlck sediment wedges E SIOP?'fro_m fill deposits; that is, the thickest patt 1985b, A stratigraphic study of beach features on the southwestern shore of Lake
. referring to the Waukegan, Lake Forest, and Winnetka Members as gray clay and the sediment, 2—4 m thick, in the southern basin. Elsewhere on the western side of the lake, of the-wedges ﬁll's the concave-upw.ard mﬂechorl in slope at the base of the postglacial Michigan—new evidence of Holocene lake level fluctuations: Illinois State Geolog-
"~ Bathymetric contour—Interval 10 m. Where not marked with depth value Sheboygan and South Haven Members as red clay. Wickham and others (1978) and the postglacial sediment forms a thin sheet that is less than 2 m thick. A large area in the deposit, the Chippewa unconformﬂy. The thickest parls of the lobes are located ical Survey Environmental Geology Notes, No. 112, 31 p.
closed contour indicating depression is hachured ' Lineback and others (1979) suggested that the upper Sheboygan Member contains southwestern corner of the lake is virtually free of postglacial sediment. southwest of the S_t' Jc?seph River, south of the Grand River, and northwest of the 1987, Geological history of glacial Lake Algonquin and the upper Great Lakes:
43°30'N 43°30'N  43°30'N 43°30'N reworked red clay that was deposited over the Wilmette Bed (part of the Sheboygan In the deep part of the southern basin, the postglacial seismic unit Qlu forms a sheet Muskegon am.:l White Rivers. = . . U.S. Geological Survey Bulletin 1801, 36 p.
Member) during the regression of the lake to the low Chippewa level. Another possibility that drapes deeper seismic units (fig. 4B). Internally, the unit is acoustically transparent or Our zero-thickness cont.our (fig. 2) is consistently closer to sl?ore than the.zercf-thmkness Lineback, J.A., Ayer, N.J., and Gross, D.L., 1970, Stratigraphy of unconsolidated
is that the red clay of the upper Sheboygan Member may have come from meltwater that contains weak, parallel, continuous reflections. Postglacial deposits are generally 2-3 m contour generated by Wickham and.others (1978). A possible ex.planatlon is that the sediments in the southern part of Lake Michigan: lllinois State Geological Survey,
DISCUSSION flowed across the Upper Peninsula of Michigan into the Lake Michigan basin during the thick in a band that curves around the eastern and northern side of the southern basin 14.25-kHz' echosounder used bS{ Wickham and others (1978) did not penetrate the Environmental Geology Notes, No. 35, 35 p.
- = Marquette advance (9.9 ka) in the Superior basin (Drexler and others, 1983). The red (fig. 2). Elsewhere in the southern basin, postglacial deposits are generally less than 2 m sandy equivalent of the gray clay in the nearshore areas of the lake_. Th.e 3.5-kHz system Lineback, J.A., Dell, C.I., and Gross, D.L., 1979, Glacial and postglacial sediments in
g g color of the clay originates from the iron-rich bedrock in the Lake Superior basin (Dell, thick. The western mid-lake basin has an evenly distributed thickness of slightly more that we used usually s éble e penetrate.the sandy nearshore facies (f‘g'_ﬂ?); therefore, Lakes Superior and Michigan: Geological Society of America Bulletin, Part 1, v. 90,
S & INTRODUCTION 1975; Lineback and others, 1979). This potential source of red glacial clay was cut off than 2 m. A thick (as much as 14 m) lobe thins from the eastern side of the eastern we havg extended the th?lt of the postglamal deposﬁ .closer'to shorg. The limit of the area p. 781-791.
& 8 Postglacial lacustrine sediments record much of the history of Lake Michigan, including from the Lake Michigan basin with the retreat of the Marquette ice shortly after about 9.8 mid-lake basin to the western side, where there is 2 m or less of sediment. The northern of erosion or nf)ndeposmon on the mid-lake high (fig. _2) is practically the same as that Lineback, J.A., and Gross, D.L., 1972, Depositional patterns, facies, and trace-element
the history of lake-level changes and the response of the lake to those changes. ka (Drexler and others, 1983; Teller, 1985; Larsen, 1987). Wickham and others (1978) mid-lake basin has a relatively even thickness distribution of postglacial deposits, which mapped b.y Wickham and‘others (1978). We have interpreted a larger area of the accumulation in the Waukegan Member of the late Pleistocene Lake Michigan
Lake-level fluctuations directly influence erosion rates along the Lake Michigan coast, and and Lineback and others (1979) suggested that a shift from glaciolacustrine sedimenta- are 4—6 m thick in the center of the basin. The deeper parts of the northern basin norther ridge and of the sill between the western and northern mid-lake basins to be Formation in southern Lake Michigan: Illinois State Geological Survey, Environ-
the history of lake-level changes during the past several thousand years is a key to tion to deposition of local reworked sediment and sediment from river input resulted in generally have 2—4 m of postglacial sediment deposited in depressions that lie between egsenhally free of p’ostglaaal sediment. This dlfffarence in, interpretation istems 'from mental Geology Notes, No. 58, 25 p.
understanding likely future trends. This report describes the thickness and distribution of a gradual change in deposition, from the red Sheboygan Member to the brown Winnetka bedrock (Pz) pinnacles and ridges, whereas less than 2 m of postglacial sediment has chkhar‘n and ot.hers (_1978) apparent use of reflection R3 (within what we consider is the Lineback, J.A., Gross, D.L., and Meyer, R.P., 1974, Glacial tills under Lake Michigan:
the postglacial lacustrine deposits of Holocene age beneath the southern two-thirds of Member in the deep basins. Following the Chippewa low stage, the lake transgressed to been deposited over the pinnacles and ridges. red glac1olacu.stnne. unit, Q) o the base of the gray cl.ay. Therefore, we have. shown 'fhe [llinois State Geological Survey, Environmental Geology Notes, No. 69, 48 p.
Lake Michigan. the Nipissing high lake-level and has remained relatively high since. During this time, the Postglacial unit Qll generally thins toward basin slopes except where thickening occurs gray p'ostglaaal unit (Qlu) o pinch ou at-a lower altitude than the red glaciolacustrine Lineback, J.A., Gross, D.L., Meyer, RP., and Unger, W.L., 1971, High-resolution
Thickness estimates for postglacial sediment were derived primarily from a combina- gray Lake Forest and Waukegan Members of Lineback and others (1970) were along the eastern slopes of the southern basin and eastern mid-lake basin. Unit Qlu dep051ts.(Q.I|) T}Oﬂh of th? mid-lake high. . e ' seismic profiles and gravity cores of sediments in southern Lake Michigan: Illinois
tion of high-resolution seismic-reflection profiles and cores that were collected in Lake deposited. overlaps the pinchout of the older glacial unit Qll on most of the basin slopes (fig. 4A). The distribution and .thlckne.ss of pqstglaaal deposits (fig. 2) can be used to interpret State Geological Survey, Environmental Geology Notes, No. 47, 41 p.
Michigan south of lat 44°30’ N. Three research vessels were contracted by the U.S. In accord with previous core stratigraphy (figs. 3A—C), we define the contact between In some areas, however, unit Qlu thins and pinches out at a greater depth than the the overall rate of sedimentation during the past 10,000 years. Lineback and Gross National Geophysical Data Center, 1987, NOS hydrographic data base—expanded
Geological Survey for the field program. Data were collected aboard the RV Roger glacial and postglacial lacustrine sediments as the unconformity between the sand and pinchout of the underlying unit Qll, especially on the erosional or nondepositional slopes (1972) pointed out that present sedimentation rates are higher on the eastern side of the digital bathymetric data for coastal waters: National Oceanic and Atmospheric
Simons (U.S. Environmental Protection Agency) in September 1988, along 950 km of shell layer (at the base of the gray clay) and the red clay (fig. 3D). This sharp stratigraphic on the northern part of the mid-lake high and northern ridge. Generally pinching out in southern basin, where thick postglacial deposits occur, than on the western side. Present Administration, National Geophysical Data Center, Data Announcement 87-MGG-
tracklines, and aboard the RV Laurentian (University of Michigan) in June 1989, along break marks the transgression of lake level from the low Chippewa level to the high the nearshore zone, the postglacial deposits extend close to shore between Benton sedimentation rates are inferred to be higher on the eastern side of the southern basin 12, 8 p.
1250 km of tracklines (fig. 1). An additional 160 km of 3.5-kHz seismic profiles were Nipissing level, the Chippewa unconformity. The equivalent stratigraphic break in the Harbor and South Haven, Mich., and near Waukegan, Ill. Internal reflections within unit also on the basis of concentrations of anthropogenic trace elements (Lineback and Gross, Teller, J.T., 1985, Glacial Lake Agassiz and its influence on the Great Lakes, in Karrow,
collected along the Illinois coast in May 1989, aboard the RV Neptune (Hydrographic deep basin cores is less clear, because the transition from red to gray clay is gradational. Qlu in the nearshore zone are generally parallel to the lake floor, but they are stronger 1972) and organic compounds in the surface sediment (Eadie and Robbins, 1987). The P.F., and Calkin, P.E., eds., Quaternary evolution of the Great Lakes: Geological
Survey Co.) (fig. 1). Positioning was determined with a Megapulse Accufix 500 Loran-C Furthermore, deposition of reworked red clay or red glacial clay derived from the and more discontinuous than internal reflections beneath the slopes and deep basins. pattern of concentration of these materials in the surface sediment is similar to the pattern Association of Canada Special Paper 30, p. 1-16.
receiver. Two types of seismic profiling systems were employed: (1) an ORE 3.5-kHz Marquette advance in Lake Superior may slightly postdate the opening of the North Bay Where seismic coverage permitted, and where unit Qlu feathers out, we drew a of postglacial sediment thickness (fig. 2). In general, higher concentrations coincide with Thwaites, F.T., 1949, Geomorphology of the basin of Lake Michigan: Michigan Academy
MILWAUKEE system used along seismic lines and during coring operations, and (2) a boomer-type outlet. In the deep basins we recognize the glacial-postglacial boundary within the zero-thickness contour. However, beyond the zero-thickness contour there may be a thicker postglacial sediments. Rates of postglacial deposition probably have not been of Science Papers, v. 33, p. 243-251.
system that used a Huntec source (500 joules) in 1988 and an ORE Geopulse source transition zone of red to gray clay. veneer of as much as 10 cm of postglacial sediment; 10 cm is the approximate vertical linear, but the spatial association of high modern sedimentation rates with thick Wickham, J.T., Gross, D.L., Lineback, J.A., and Thomas, R.L., 1978, Late Quaternary
F (280 joules) in June 1989. The boomers were triggered every 0.5 s, and the seismic Using seismic stratigraphy, we separate the Lake Michigan Formation into a lower unit resolution of the 3.5-kHz seismic system. Coarse-grained deposits consisting of sand and postglacial deposits suggests a relatively uniform pattern of deposition over the past sediments of Lake Michigan: Illinois State Geological Survey, Environmental
signals were filtered between 300 and 5000 Hz. The 3.5-kHz and boomer seismic profiles (Qll) and an upper unit (Qlu) (fig. 3D), which cores show are composed of glaciolacus- gravel up to several meters thick underlie nearshore shoals between Indiana Shoals and 10,000 years. Geology Notes, No. 84, 26 p.
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Figure 3. —Lithostratigraphic and seismic stratigraphic columns. A, Lithostratigraphy after Hough (1958); B, Stratigraphic units after Lineback in water and sediment. Heawy lines are unit contacts. Light lines represent internal reflections. Contacts are dashed where inferred. Profiles C and D are of the same area but were obtained
vy
and others (1970); C, Lithostratigraphy after Lineback and others (1970, 1971, 1974) and Wickham and others (1978); D, Seismic and by different methods, hence the difference in their appearance. In C, a 3.5-kHz seismic profile, penetration beneath the lake floor was locally hindered by biogenic gas trapped in the thickest
Y Y
lithostratigraphic units (this study). Qlu, upper Lake Michigan Formation; Qll, lower Lake Michigan Formation; Qllw, Wilmette Bed. Stipple part of the sediment wedges. In D, a boomer seismic profile, the broader frequency band of that system was able to penetrate postglacial unit Qlu where gas occurs. Seismic stratigraphic units:
pattern indicates deposits are absent. Seismic reflections: R1, facies change within the upper Lake Michigan Formation; R2, Chippewa Qlu, upper Lake Michigan Formation; Qll, lower Lake Michigan Formation; Qe, Equality Formation; Qeo, ice-proximal sublacustrine outwash facies of the Equality Formation; Qws, VERTICAL EXAGGERATION APPROX. X44 VERTICAL EXAGGERATION APPROX. X33
T T T I I

unconformity (long-dashed line) and equivalent glacial-postglacial conformity (short-dashed line) in the deep basins; Cu, inferred regressive
Chippewa unconformity which is not observed in seismic profiles; R3, reflection within the lower Lake Michigan Formation, interpreted by

Wickham and others (1978) as the red-to-gray clay contact.

Shorewood Till Member of the Wedron Formation; Qww, Wadsworth Till Member of the Wedron Formation; Pz, Paleozoic bedrock. Seismic reflections: R1, facies change within the upper

0

Lake Michigan Formation; R2, Chippewa unconformity and equivalent glacial-postglacial conformity in the deep basins; R3, reflection within the lower Lake Michigan Formation, interpreted E
as the red-to-gray clay contact by Wickham and others (1978). M, multiple reflection; G, gas-charged sediment. Cores located in figures 4A and B are described by Colman and Foster (1990).
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