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Plate 4—Quaternary Stratigraphy
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g g y g ys y valley. It also backfills the eroded valley up to the base of the modern . . . . and gravel directly overlying bedrock, but may include till and other > .| Gray, sandy loam to loam till; pebbles common; abundant shale; thin interbeds | @h [.o -| abundant; trace lignite—lower Heiberg Member, New Ulm Formation | att K
drill in adi t Blue Earth (M d oth 2012a), Nicollet (M d others ) . . ; i sand, silt, and clay. Superior provenance. Material from unit Qg2, wood fragments, and/or . . . . 2] _of sand and gravel—lower Heiberg Member (New Ulm Formation) RS S
[1Y core I acjacent Brue Bar eyer and oriers, e eo e everand oters, river alluvium. Includes significant amounts of aggrading post-glacial ; ; ; fine-grained lake sediments are also likely included in places. Sediments fine-grained lake sediments. Shown in areas where control data were B Gray, sandy loam till; pebbles common; shale common; some thin sand layers; — 5 Gray, dense loam to clay loam till; pebbles common; abundant carbonate; some 1 5]
2012b), Redwood (Gowan, 2016), and Renville (Knaeble, 2013) Counties; water-well alluvium. Moland Member (Johnson and others, 2016)—Discontinuous deposits o N . . . ) scarce. Although some water wells extend below the upper boundary "] 6"sand and gravel at base—Dovray Member, New Ulm Formation ' B .29 gray shale and Cretaceous limestone clasts; trace wood and organics—Good — J4 R
drillers' logs; 34 shallow (average depth of 18 feet [6 meters]) auger borings along river . - . attributed to the earliest advance of the Des Moines lobe (Figs. 2, 3; in the upper portion may be green to greenish-blue in places due to post of this unit, the data are too few and far between to make meaningful = (incorportated into Heiberg Member ice?) oo B Thunder formation 3 | SO
terraces; 63 shallow auger borings completed by the Minnesota Geological Survey for Qt Sand and gravelly sand—terrace deposits (Surficial Geology unit)—These Plate 3, Fig. 4). Exposed in places along the river bluffs along the deposition oxidation caused by a significant period of surface exposure correlati S’ o 40 — S99 - A 140 oA
; : ; ; ‘ ’ - ’ ) - . . ) . rrelations. e - - —— — | R — 4y
Plate 3, Surficial Geology; Minnesota Department of Transportation bridge boring logs deposits form terraces or thinly cover till strath terraces along the lower Minnesota, Cottonwood, and Little Cottonwood Rivers, but otherwise that was followed by reduction as the next ice advance created saturated "ol ey o imesion, Bféb?é’é" B Dasal contact-Hebers Member. New gim " . i ~"-| Gray, dense, sandy loam till; pebbles common; abundant carbonate; trace organics;
. . . reaches of the Cottonwood and Little Cottonwood Rivers. . . reducine conditions _ — Fy ~ 9 ’ Pl — - - - .»] afew silt and sand inclusions—Good Thunder formation 2
(Minnesota Department of Transportation, 2015); and data from Mn/Model drill hole found only in the subsurface in northern and eastern Brown County. g : REFERENCES Dt Gorma(;'on | oday] e bundant carbonaie and Qg4 | IR Ghraly, c:ense Ioarg to glay loam tllll),lsome peb_blels, ?buntdsazt Cgbog{ilfﬁ,trgce gray _| S
L. . . . . . REPIRS ray, dense loam 1o clay loam till; pel €S commaon; abundant caroonate an ] B shale; trace wood ana organics; blue-green Inclusion a '—Goo unaer
descriptions and samples (Hudak and others, 2002). PLEISTOCENE Possibly correlative to the Verdi Member of the New Ulm Formation Qs2 Sand, gravelly sand, and gravel—outwash (new unit)—Commonly . ‘ — e Somye gray shale and Cr}étaceaou'srl)imestone clasts; thin sand and gravel layers a 229 formation 4 9 9 |
Where the above data are scarce along the cross-section lines, units composed of till L W 1 1d (Johnson and others, 2016). composed of glacial stream sediment from unit Qg2, but may include Gowan, A.S., 2016, Quaternary stratigraphy, pl. 4 of Setterholm, D.R., project manager, _ o at 69' and 72'; organic fragments in basal 2'—Good Thunder formation 3 o <> < ,eray at’.‘d green-gray, dense loam til; noncalcareous; some pebbles— Eimdale ]
’ ate Wisconsinan glacial deposits . . : : : i i - Mi i g ] 5 . ormation _ | e
' - i ) ; . . some materials derived from overlying units Qg7, Qtm, Qtd, and Superior- Geologic atlas of Redwood County, Minnesota: Minnesota Geological Survey _ Ay r ; ; —1Qg2| 4.
and fine-grained lake sediments are generally portrayed (modeled) as continuous, with Qsm Sand, gravelly sand, and gravel—outwash (new unit)—Glacial stream . ’ ’ ’ ] o — ate | - Green-gray, dense loam till; some pebbles; some carbonate; a little gray shale and 160 :
relatively uniform thicknesses and minimal elevation change, while the less common, New Ulm Formation (Des Moines-lobe deposits)—The New Ulm Formation sediment deposited by meltwater associated with the Moland Member. provenance deposits. County Atlas C-36, 5 pls., scale 1:100,000. 60 — 9.2 _ gﬁ{:gfﬂ‘g%@;g%’g’%‘;{%ﬁ thin, brown-gray streaks; cobble just above lower -
thinner sand and gravel units are portrayed as discontinuous. The basis for this portrayal (Johnson and others, 2016) is composed of numerous members, which May include proglacial meltwater deposits of the overlying Dovray and Qg2 Loam Il (new unit)—In places, slightly sandier than other Good Thunder Gowan, A.S., and Jennings, C.J., 2016, Surficial geology, pl. 3 of Setterholm, D.R., project _| oy | —
is the fact that abundant fine-grained sediment was present in the ice and was commonly appear to have been deposited by ice streams emanating from ice from Heiberg Members. formation units. Contains trace amounts of gray shale and other manager, Geologic atlas of Redwood County Minnesota: Minnesota Geological ~ Qg3 3 R _| Qse |;|59|hat g;l):'{%rf:?Kezl'ut::;ﬁg;i‘;g;%gig;znsﬁ?ﬁé'l%ea'ntlgscgirjg\"grsime‘j gravel; at —
deposited as laterall?/ extensive shee.ts, Whereas stream dissection and fedlmentatlonA of the Rldn.]g M.ountam provenar.lce. (see Figs. 2, 3', Plate'3, Figs. 2, 4? and Qtm Sandy loam till deposits (new unit)—Deposits are commonly denser and Creta.lceous rock fragm.ents, similar ‘to unit Qg4 (Table. 1). Ma.y include Survey County Atlas C ?’)6, 5 pls., scale .1.100,‘000. N ] D:A ey 80 —| Blue-green, sity, fine-grained sand; noncalcareous—lacustrine | [ight oray sifl grading 1o sity sand and fine- 10 coarse-grained sand—lacustine
sand and gravel typically occurred in discrete channels. In areas of high data density, the Glacial History and Description of Map Units sections; Lusardi and contain more matrix sand and fewer clasts of gray, siliceous shale than reddish sandy loam till of Superior provenance, fine-grained lake Gramstad, S.D., 1997, Investigation of pre-Wisconsinan gray till in the Mankato area of | S _ Brown, fine- to coarse-grained sand and fine-grained gravel with biue-green layers 180 — Tigiht brown, fine- To coarse-grained sand and gravel: carbonate Gommon—outwazh |
all units tend to be discontinuous and variable in thickness and elevation over relatively others, 2011). the overlying Dovray and Heiberg Member deposits. Typically, shale sediment, wood fragments, and organics, as well as material derived the Minnesota River valley: Northfield, Minn., Gustvus Adolphus College, B.A. 9 - of fine- to medium-grained sand; noncalcareous—outwash -
. . . . . ’ . . . 80 — e —
short distances—which reflects more accurately the actual complexity of glacial deposits, Qs Sand, gravelly sand, and cobbly gravel—outwash (Surficial Geology content ranges from 3 to 15 percent of the very coarse-grained sand from unit Qg3. May have a pebble and cobble stone line at the upper thesis, 30 p. a2 T —— e —— — |
. . . . . . .1 . . . . — A= - - - - ]
especially as older, deeper, and potentially more eroded and dissected units are examined. unit)—Glacial stream deposits undifferentiated as to New Ulm Formation fraction (Table 1). Without laboratory analyses this unit is difficult to contact. Green to greenish-blue (oxidized then reduced) sediment is Gramstad, S.D., Mann, J.E., Moe, A.P., and Palmsten, M.L., 1997, Pleistocene till o A ] grrg\‘,'g?;tt?a‘iaerlégrrgﬂitg?&S&ﬁ%ﬁfﬁ gl?;ch/dsisltalr;?/:rgdfrftl)?r? gtg_gg“s;u's'sgmgéamed
These factors should be kept in mind while viewing the cross sections. member. distinguish from till of the older Traverse des Sioux Formation (unit also present in places beneath the upper contact of this unit. stratigraphy of the Mankato bend area of the Minnesota River valley: Geological . 4y 100 — ggﬁggﬁgﬁ: iafgg g?:&f(g“ggsb?é; iiljaggb:f;iigaasﬂ Strﬁ Z?igyag;ysiifl?n sutwash n
Cross-section locations are shown on Figure 1 and on Plate 3, Surficial Geology. Ql Silt and clay—glacial lake sediment (Surficial Geology unit)—May include Qtt), so the thickness and extent of the two units relative to each other Qs3 Sand, gravelly sand, and gravel—outwash (new unit)—Commonly Society of America Abstracts with Programs, v. 29, p. 17. — ?:-D'- . . - _ _ . Qsu 00 ] E=
Some units match those on Plate 3, some new units appear only on the cross sections well-sorted sand in places. Undifferentiated as to New Ulm Formation as shown in the cross sections is only approximate. May include pods, composed of glacial stream sediment derived from unit Qg3; may include Hobbs, H.C., 1998, Use of 1-2 millimeter sand-grain composition in Minnesota Quaternary ] g;j R ;g;nr:jt_g;ggt;giggengn?gssitia%E);t\r/iirg fine-grained sand, and coarse-grained — i
because they are present only in the subsurface or because the area of exposure on the member. lenses, and thin layers of outwash sand and gravel, and sand, as well as some materials derived from overlying units Qh, Qd, Qti, Qtm, Qg1, Qg2, studies, in Patterson, C.J., and Wright, H.E., Jr., eds., Contributions to Quaternary 100 —{ Qs4 | Gray, dense loam till; carbonate abundant; trace gray shale and organics; n |
surficial map is too small to be mapped (such as river bluff exposures), and others are Heiberg Member (Johnson and others, 2016)—The youngest glacial material in lacustrine sand, silt, and clay. and Superior-provenance deposits. studies in Minnesota: Minnesota Geological Survey Report of Investigations 49, — ' gii?:g;;li:;Z;;g\?:lT;;J‘::;;?{;ﬁg:n‘;e carbonale clasts—outwash 120 B _|
a Cf)mbinatign of multiple units fro.m Plate.3. Peat and organic deposit's (unit Qpo), Brown County (Figs. 2, 3; and Plate 3, Figs. 1, 5, and Description of Traverse des Sioux Formation (Wadena-lobe deposits)—Evidence from Qg3 Loam till (new unit)—Contains approximately 10 percent gray shale and p- 193-208. "] Qg4 f?i D Gray, dense loam to clay loam till; pebbles common but decrease with depth; - 220 —
eolian deposits (pattern), and colluvium (unit Qc) from Plate 3 are too thin to show on Map Units section). The Heiberg Member is divided into an upper (unit studies (Lusardi and others, 2012; Meyer and others, 2012a, b; Knaeble, other Cretaceous rock fragments (Table 1), but may range from 5 to 25 Hudak, G.J., Hobbs, E., Brooks, A., Sersland, C., and Phillips, C., eds., 2002, Mn/ - <A>~Df 22:3\,%2: Cg{sgg%tﬁé;faﬁo%r;%_ﬁnﬁ?e;rsffjar::]e;ggnozgamcs and wood fragments; |
the cross sections. Unit modifications were made in order to produce subsurface models Quh) and lower (unit Qh) unit (similar to adjacent Blue Earth [Meyer 2013) completed along the Minnesota River valley suggested that the percent, which makes this unit similar to Des Moines-lobe till deposits in Model: A predictive model of precontact archaeological site location for the state _ 1049 gray | A _ Light brown, fine- to coarse-grained sand and gravel; some carbonate—outwash
of sand and till layer interfaces that could be processed to create the sand-distribution i i Traverse des Sioux Formation (Johnson and others, 2016) is correlative outcrops along the Minnesota River valley bluffs. May include reddish of Minnesota: Minnesota Department of Transportation, Final Report, Mn/DOT - Gray, clayey silt, silt, silty fine-grained sand, and sand; thin interbeds—lacustrine \ y " ™ " Py - |
and others, 2012a] and Nicollet [Meyer and others, 2012b] Counties) P g y y p p p 120 — 7[> ] Blue-green, gritty, clayey silt; some thin, dark gray clay laminations below 143';
models on Plate 5. A few key stratigraphic control points (rotary-sonic drill holes and separated in places by a bed of sand and gravel (unit Qsh). The lower with the Hewitt Formation (Johnson and others, 2016), which was sandy loam till of Superior provenance and material from unit Qg4, as Agreement No. 73217, SHPO Reference Number 95-4098, <http://www.dot.state. os4 |7, ggaxdgﬁ?igrlggrr]r; ttg ?Irgsééoarrg tl'ﬁ :%mgcg?ttétrwé%s nghjfnhcdgggeaggg“}t,g d;g;*;s 140 — \gpelttigsggg ?ﬁa\[gigﬁr&%rr‘géigtt:escﬁgéwn’ recrbrowin streaks at 162 and 164 -
. . . . . . . . . . . . . — o u ; ; i wi ;
drill holes with cutting sets) are shown on the cross sections with an associated unique Heiberg Member unit includes the Garden City Member of the New Ulm deposited by the north—northeastern (Rainy) provenance Wadena lobe well as wood fragments, organics, and fine-grained lake sediment. Green mn.us/mnmodel/P3FinalReport/final_report.html>. oy > -] siltinclusions in lower 3'_300% Thunder formationg4 9 ] 240 —
number (see Cross-Section Symbols). The rotary-sonic drill core and water-well drillers' Formation (Johnson and others, 2016) and in places contains slightly and its meltwater in central Minnesota (Figs. 2, 3). to greenish-blue (oxidized then reduced) sediment is also present in a few Jennings, C.E., Aber, I.S., Balco, G., Barendregt, R., Bierman, P.R., Rovey, C.W., I, Roy, N ?'D" n _
cuttings samples from adjacent counties that were mentioned above are not shown on more shale than the upper Heiberg Member unit. Qst Sand, gravelly sand, and gravel—outwash (new unit)—Sediment deposited places beneath the upper contact of this unit. In places an organic soil M., Thorleifson, L.H., and Mason, J.A., 2006, Mid-Quaternary in North America, 7 (; .i. | - Light gray, silty, very fine-grained sand with organics; noncalcareous—lacustrine |
the cross sections, but their unique well numbers are included in the digital data file. Quh Upper Heiberg Member till (modified unit)—Map units Qth and Qwh by glacial meltwater. May include proglacial meltwater deposits of the horizon has developed, commonly in lake sediment, forming the upper in Elias, S.A., ed., Encyclopedia of quaternary science: Oxford, England, Elsevier, _ = = gr?;b?izy%gli’g.igt%gﬁg?re;gmmg|t%/é;ipgé%r:inleacijgtr:%;emncalcareous; some _| Ka _ Light brown, fine- to medium-grained sand; trace gravel; noncalcareous—outwash
Drill holes, represented by the vertical lines, may start above or below the land surface . . . . . : : t f thi it. Radi i lieni les _ 140 — ly-blue layers; organic fragments near base —lacustrine | |
levation b p the d ty ected ont tlf tion f dist ¢ from Plate 3. Primarily loam till, which contains abundant clasts of overlying New Ulm Formation members. Eon act 3. this unlth adlocfarbon.d;tmg on gOOd ZH? 1gn1t€f ls;tmp ° p- 1044-1050. Black, noncalcareous, deformed organic clayey silt layer—soil horizon in 160 260 —| Light brown, fine- to coarse-grained sand and fine- to coarse-grained gravel; some
clevation because the data are projected onto the cross section Irom a distance ot up gray, siliceous shale, typically composing 30 to 50 percent of the very Qtt Sandy loam till deposits (new unit)—Gray, dense, sandy loam till was rom sediment at the top of or within unit Qg3 and from within unit - jepnings, C E., Lusardi, B.A., and Gowan, A.S., 2012, Surficial geology, pl. 3 of Setterholm, 7 %cuét@(is@@emll e e n carbonate —outwash
t20 g'3dmﬂ: éo'sl kllometelr)bfrlogl thehluz)e of s;:cltllon. Bedrock(;lmts .tak]:n from ;latli coarse-grained sand fraction (Table 1). May include Dovray Member recognized in rotary-sonic drill core from BRR-7, where 35 feet (11 Qg2 from four sites produced ages of ?41’060 * 200, greater than 56’790’ D.R., project manager, Geologic atlas of Blue Earth County, Minnesota: Minnesota T ose : Ia;?; }?o%]'ﬁy‘;gffigjg?;iy,?grj'gggg{‘ Sgnﬁig‘?i‘ﬁhd’;ﬁ}rfg coarse-grained san - 7
d’ . ¢ mi eto Otgf_’ are aT:l'ek itlt E liase 0 : ed.Quatgrlllarythepl;)silts Etwee}n ac till (unit Qd) within the unit and at the surface, in the west-central and meters) of till were encountered (Fig. 9). This site is one of the few 45;15(11(.) i31,00"1(“)l,1 and 52,200 i% 21;30? .C gr BP‘(see Ta.ble 2blforbdetalls Geological Survey County Atlas C-26, 6 pls., scale 1:100,000. — L BromnTine. 1o coarsegrained sand wilh imerbedded Tayers of gravel some ] . & l
ots (u'm contact lines). 1¢ ack lines extending below the bedrock surtace are southwest areas of the county, where Dovray Member materials and confirmed occurrences of this unit in Brown County and provides, along an 1gj ).' ¢ accuracy |(4) the 1n.1te ates 1s questionable Ccal:lSC Johnson, M.D., Adams, R.S., Gowan, A.S., Harris, K.L., Hobbs, H.C., Jennings, C.E., — cobbles; inclusions of blue-green, dense clayey silt saprolith at 156.5", 159", and Figure 8. Descriptive log of rotary-sonic core BRR-8 drilled by Traut Companies for |
recognized bedrock faults. stagnant ice may have been incorporated into Heiberg Member ice as it with evidence of its presence along the Minnesota River valley channel contagllnatlon by younger "C materials may have taken place during Knaeble, A.R., Lusardi, B.A., and Meyer, G.N., 2016, Quaternary lithostratigraphic units 160 — 161'—outwash this study. Drill-site location is shown on Figure 1 and Plate 1. Unit symbols and colors 280 —| =
. Figure 2 is a map showing t}“‘j gePeral up-ice location Of. major provenances .(source advanced over the area. May also include thin lake sediment (similar near the city of New Ulm in Sibley County (Lusardi and others, 2012), lﬁancéhng /il?d stolrag.e olf lt{h y sam}})llecs (Amy Myrl;o, dlaborat](jlrly mfa nageﬁ of Minnesota: Minnesota Geological Survey Report of Investigations RI-68, 262 p. — match those shown on the cross sections. See Table 1 for matrix texture and composition -
reg19ns) fmd extent of the surficial ice lf)be& .A SCl.lt.iIIlatIC 1llustrat10n show1pg the to unit Ql), debris flows, locally sorted and redeposited material, and the basis for showing its patchy subsurface distribution on the cross -acCore/Limnological Research Center, unpub. a.ta).. erefore a Knaeble, A.R., 2013, Quaternary stratigraphy, pl. 4 of Setterholm, D.R., project manager, _| Ajf Z\ﬁggﬁ’Sgtcye(spgr'gae%;i&‘%Z%ﬂﬁf;ﬁggi’hﬁ?ﬁéﬁ‘fﬁﬁg Sﬁg{ggﬁéﬁggg%ﬁ%:&h_ averages of till units. ]
relationships between age, provenance, stratigraphic position, and location of the sediments inclusions of sand and gravel, particularly near the land surface. This till sections in eastern Brown County. Traverse des Sioux Formation till is finite dates are suspected to be the result of contamination. Geologic atlas of Renville County, Minnesota: Minnesota Geological Survey County weathered bedrock i
deposited in Brown County primarily during major glacial episodes is shown in Figure is at the surface, thickest, and most continuous in northern and eastern similar in texture, color, and density to the overlying Moland Member Qs4 Sand, gravelly sand, and gravel—outwash (new unit)—Commonly Atlas C-28, 5 pls., scale 1:100,000. Figure 7. Descriptive log of rotary-sonic core BRR-5 drilled by Traut Companies for |
3. A figure correlating Brown County cross-section units with the units in adjacent Blue . it i : PR, : i i i ; i . . e .o . .
1eu g brown Lounty ) units wi units in adjacent Biu Brown County; however, it pinches out to the southwest, where the till, but can be distinguished from the Moland Member in the core by comp9sed Of. glacial stream sedlmt.ent from unit Qg4; may include some Knaeble, A.R., and Meyer, G.N., 2007, Quaternary stratigraphy, pl. 4 of Setterholm, D.R., this study. Drill-site location is shown on Figure 1 and Plate 1. Unit symbols and 300 —|
Earth, Nicollet, Redwood, and Renville Counties appears on Plate 5, Sand-Distribution lower Heiberg and Dovray Members compose the surface sediments. its scarcity (trace amounts) of gray shale (Table 1). Yet in the cross materials derived from overlying units Qg2, Qg3, and Superior-provenance project manager, Geologic atlas of Todd County, Minnesota: Minnesota Geological colors match those shown on the cross sections. See Table 1 for matrix texture and —
Model (Plate 5, Fig. 1). Logs of six of the eight rotary-sonic cores, which were recovered Qsh Sand, gravelly sand, and gravel—outwash (new unit)—Glacial stream sections where differentiation is more difficult the thickness and extent deposits. Survey County Atlas C-18, 6 pls., scale 1:100,000. composition averages of till units. Light brown, fine- o coarse-grained sand and fine- to coarse-grained gravel, some
during drilling for the Minnesota Geological Survey by Traut Companies, are shown in . . . . : : : : i1l i)—C : £ hal d oth ’ ’ ’ carbonate; pieces of green weathered granite; last 6" mostly grussified weathered
Fi 4 th h o Anal £ th dol o f the Q sediment associated with Heiberg Member meltwater. Found between of the two units relative to each other is only approximate. Includes Qg4 Loam till (new unit) ontains trace amounts of gray shale and other Lisiecki, L.E., and Raymo, M.E., 2005, A Pliocene-Pleistocene stack of 57 oo clasks outwah
1gures 4 through 9. Analyses of the texture and clast composition of the Quaternary i i i ods, lenses, and thin layers of outwash sand and gravel, and sand. Cretaceous rock fragments, similar to unit Qg2 (Table 1). May include T L ien ’ .
sediment were completed for select geologic units, and are listed in Table 1. Radiocarbon the upper. and lower Heiberg Membe.r units. May be compos§d of cither pocs: ' Y £ ’ ddish dv 1 gﬂl £S . 92 ( teri )l £ Y it at globally distributed benthic 8'*0 records: Paleoceanography, v. 20, 17 p. Doi: Figure 9. Descriptive log of rotary-sonic core BRR-7 drilled by Traut Companies for
. L post-glacial outwash of the lower Heiberg Member or proglacial outwash — p . wicconcinan deposits reddish, sandy loam till ol Superior provenance, material from unit &ie 10.1029/2004PA001071 Table 1. Average values for the matrix texture and sand composition of tills recognized in Brown County. Matrix texture (the less than 2 this study. Drill-site location is shown on Fieure 1 and Plate 1. Unit symbols and colors
dates of wood and organics collected during field work are shown on Table 2. of the upper Heiberg Member, or a mix of both P and older undifferentiated units, as well as wood fragments, organics, ) . ' . : millimeter grain-size fraction of the sample) is expressed as relative proportions of sand, silt, and clay in percent. The lithologic composition of > ; ¢ y Y o
’ : . . . . dfi ined lake sedi ) Lusardi, B.A., Jennings, C.E., and Harris, K.L., 2011, Provenance of Des Moines lobe g : : ple) 1s exp > _prop nd, siit, and clay 1n p g og p : match those shown on the cross sections. See Table 1 for matrix texture and composition
ACKNOWLEDGEMENTS Qh Lower Heiberg Member till (modified/new unit)—Where at the surface in Good Thunder formation—Light ollve.—brown to Qark gray, bedded sefhment and and tine-gramed fake sedument. till records ice stream catchment evolution during Laurentide deglaciation: Boreas, the very coarse-grained sand fraction (1-2 millimeters) is expressed in percent as relative proportions of Precambrian crystalline rocks, Paleozoic averages of till units. Two lake sediment samples from within the pre-Wisconsinan Good
western Brown County, it includes map units Qth and Qwh from Plate dense, sandy loam to clay loam tllll of Winnipeg provenance (Fig. 3; Plate Elmdale FOI‘mathl‘l—YeH.OW-brOWIl to d.ark gray, bedqed sediment and den.se v. 40, p. 585-597. Doi: 10.1111/j.1502-3885.2011.00208.x. carbonate rocks, and Cretaceous shale (includes dark, tabular Cretaceous limestone) using the classification system of Hobbs (1998). The Thunder formation 2 member deposits were interpreted either to have normal remanent
John Knisley, Brown County Water Plan Coordinator, provided background 3. In all other places in the subsurface it is a new unit. Primarily loam 3, Table 1) was recognized and informally named the Good Thunder loam to clay loam till of predominantly Winnipeg provenance (Fig. Lusardi. B.A.. Mever. G.N.. Knaeble. A.K.. Gowan. A.S.. and Jennings. C.E.. 2012 Precambrian crystalline 1-2 millimeter fraction is further differentiated by crystalline rock type—Tlight (granite and gneiss), dark (mafic-igneous magnetism (Chandler, unpub. data) or inconclusive results.
information and logistical assistance for rotary-sonic drilling. Minnesota Geological till, which contains abundant clasts of gray, siliceous shale, typically formation by Johnson and Gramstad (Gramstad, 1997; Gramstad and 3; Plate 3, Table 1) associated with the "W" sequence units of central Qu;ter.na.; Str};ti,ra.h., Ny I,\/Ie. e; GN ,ro'é}c;’mana " Geg;)io ic .a’ltlas 0% and other metamorphic rocks), and red (iron-formation, rhyolite, agate, and sandstone). Clear quartz is a further differentiation of the Precambrian >
Survey staff members Stewart Orlowski, Alex Gjorvad, and Bruce Bloomgren provided composing 30 to 60 percent of the very coarse-grained sand fraction others, 1997) and described in more detail in Johnson and others (2016). and north-central Minnesota (Meyer, 1997; Johnson and others, 2016). Sible CO}lllnt hiiniez(,)tz'. MinnesZta,Ge‘:ol.(; Iicajl Surve gm’mt At;gas C-24. 6 crystalline light 1-2 millimeter fraction. MATRIX TEXTURE CLAST TYPE
essential support during rotary-sonic drilling. Valerie Stanley processed samples from (Table 1). May include Dovray Member till within the unit and at the Studies in Blue Earth .(Meyer and others, 2012a), Nicollet (Meye.r and The till contains small to moderate amounts of carbonate and some pls sycale 1.1}80 000 . £ Y Y ’ Percentage of total grains
rotary-sonic core for paleomagnetic orientation, and she and V.W. Chandler interpreted the surface in the west-central and southwest areas of the county, where others, 2012b), Ren‘v111e (Knaeble, 2913)’ agd Sibley (Lusardi and gray shale and other Cretaceous clasts (Table 1). The upper contact Mats h.,C L 1.971 ,Pl ) ¢ ctratieraphy of the New Ul : thwest ® counted of the 1-2 . o . . , . .
paleomagnetic measurements. Vania Stefanova analyzed and interpreted pollen samples Dovray Member materials and stagnant ice probably were incorporated others, 2012) Counties suggested multiple units (members) compose of this unit, in places, is leached, has an organic horizon, and/or is asel, &b ; Teisiocene sirangrapy of e few Lim region, southwestern S Percentage of the less millimeter fraction Percentage of totaltcg/stallme Table 2. Wood and llgn1t§ found in one outerop and in three Minnesota Geological Survey rotary-sonic
from rotary-sonic cores BRR-3, BRR-5, and BRR-6. LacCore staff Jessica Heck, Amy into Heiberg Member ice as it advanced over the area. May also include the formation. The tills typically contain abundant carbonate and some green to greenish-blue (oxidized then reduced). It varies in thickness, Minnesota: Madison, University of Wisconsin, Ph.D. dissertation, 78 p. . E E a2 milmeter sand . c ] grains counte: N cores was sampled for radiocarbon dating. The samples were prepared by LacCore of the University of
. . o o . Qs 5 _ 5 N . . . . . .
Myrbo, and Anders Noren assisted in processing pollen samples and wood dating, and Amy thin lake sediment (similar to unit QI), debris flows, locally sorted and gray shale (Table 1). Rotary-somc d“l‘l cor.e.and outcrop exposures is widespread but patchy, and where present appears to be the basal 1972, Quaternary geol(.)gy of southwestern anesota, n Sn.ns, PK., and Mo?ey, g é g2 fraction £ é 5 28 § [} Minnesota and processed by Lawrence Livermore National La‘?oratory, Livermore, California. Sal.nple
Myrbo provided interpretation of the '“C dates. Thanks are extended to all landowners redeposited material, and inclusions of sand and gravel, particularly along the Minnesota River valley have identified at least four similar glacial unit above bedrock. May contain wood fragments, organics, and G.B., eds., Geology of Minnesota—A centennial volume: Minnesota Geological EE 3 é 2 - 2 £ E= NE &, . g 32844-31.5 was taken from an outcrop along the Cottonwood River south of Sleepy Eye from wood in an
, > > . ) ; X ‘ k : - P — S = S g S o - . . . . .
who allowed rotary-sonic drilling on their property, and to all gravel pit operators and near the land surface yet distinct till members as part of the informally named Good Thunder incorporated saprolite (weathered bedrock) and bedrock. This unit, as Survey, p. 548-560. Eﬁé’xz'L:e;‘;rs'zt'S(’:cﬁggsgggéog'lztl;ngs g o g g 5 § £ § go 2 2 § < g © S 3 E g organic horizon developed in a thin sand layer at the top of unit Qg3. The other three samples were from
’ . . . . . . . . . . . . . . . . . o = = 7] ] : : s : : . .
landowners who gave permission to examine exposures on their property. Dovray Member (Johnson and others, 2016)—At the surface in western Brown formation in Brown County (Fig. 3). These units vary in thickness and depicted, may be comprised of two separate ice advances with slight Meyer, G.N., 1997, Pre-late Wisconsinan till stratigraphy of north-central Minnesota: _ _ @ ° © © rotary—som(? core. .Sample BRR-3-34 came from a piece of hgl'ute from a disturbed dlssem@ated organic
County, but otherwise found ;)nly in the subsurface (Fig. 3), except are typically discontinuous yet widespread throughout the county. These lithologic differences in the carbonate, shale, and red clast composition. Minnesota Geological Survey Report of Investigations RI1-48, 67 p. D?\liosnjlr%f It:r;?n?aet‘so'r\fomes lobe layer associated with a cobble layer at the upper contact of unit Qg3. Sample BRR-4-113 is wood from
> S < 9)s . . L . . ; . K X . W i L . . . oy . .
DESCRIPTION OF CROSS-SECTION UNITS where it is exposed in places along the river bluffs along the Minnesota tills are separated, in places, by organic-rich clayey silt with wood, as It also includes remnant deposits of older glacial events that are leached Meyer, G.N., Knaeble, A.R., Lusardi, B.A., Jennings, C.E., and Gowan, A.S., 2012a, Heiberg Member till (units Qth and Qwh on Plate 3; a thin till 13}’“ in sandy, Sllt)f lake sediment Wlthlﬂ unit Qg3. Sa}mple BRR-6-141 is WOOfl fTom clayey
) ) ) _ o ) Cottonwood, and Little Cottonwood Rivers. The Dovray Member is well as by at least two, and.po.ssibly three, separ.ate, scat_tered, thin, r_ed, in places. Some of these events may have a northeast source area. Quaternary stratigraphy, pl. 4 of Setterholm, D.R., project manager, Geologic atlas units Quh and Qh on cross sections) 385 5 38 4 20 378 35 24 41 87 12 1 o2 silt lake Si_:dlmeflt beneath a t-111 near the-be_lse of unit Qg2. See Figure 3 text and the description for unit
Each unit on the cross sections is designated by a letter code, which is described widespread but discontinuous in the subsurface Superior-provenance deposits in the above mentioned adjacent counties. Therefore, consider this unit a composite that includes similar older of Blue Earth County, Minnesota: Minnesota Geological Survey County Atlas C-26, Dovray Member till (units Qtd and Qwd on Plate 3; Qg3 for discussion of the reliability of finite dates.
below and placed in one of three categories that designates the origin of the code, as .y Sand i 4 and . twash ( ' i)—Glacial st Along the Minnesota River valley in and near Brown County there units that are too scarce to be shown individually. 6 pls., scale 1:100,000. unit Qd on cross sectioan) 100 6 45 39 16 98 49 30 21 87 12 1 19 CAMS Sample  Minnesota Geological Depth  §'°C Fraction D'“C 4C age
indi i iption: 1. ici it—uni i and, gravelly sand, ana gravel—ouitwash (new unit)—~Glacial stream : : . R . lvanhoe Member till (unit Qti on cross sections 2 5 38 44 18 2 51 36 13 83 15 2 16
1nd}catec.l mn paren'the?ses after the description: 1. Surficial G.eo.logy unit—units having i’ . . . . were only three sites where red till was present between Good Thunder Qse Sand, gravelly sand, and gravel—outwash (new unit)—Commonly Meyer, G.N., Lusardi, B.A., Knaeble, A.R., Jennings, C.E., and Gowan, A.S., 2012b, il {un ons) number name Survey number modern
an identical description, label, and color as on Plate 3, Surficial Geology; see Plate 3 sediment deposited by meltwater chiefly associated with the Dovray . . . . Moland Member till (unit Qtm on cross sections) 18 8 53 34 13 18 59 30 M 90 9 1 23
: i oniieal desc 1p on, 2, N : o , Sur) lcz(lz eohog)% : Member, but may inclade proglacial meltwater deposits of the overlying formation units. The fact that red deposits separate these units, and composed of glacial stream sediment from unit Qte; may include materials Quaternary stratigraphy, pl. 4 of Meyer, G.N., project manager, Geologic atlas of Denosits of the Wadena lobe 168831 32844-31.5 32844 31,5 -25  0.0209 +0.0005 -979.1 £0.5 31,060 + 200
; — > SILS i i its i i . . . . . . . . eposi -3- - -
or the detarled descriptions; 2. New unit—unit that appears only on the cross sections Heibere Memb that the upper portion of Good Thunder formation units is sometimes from overlying units Qg2, Qg3, Qg4, Superior-provenance deposits, older Nicollet County, Minnesota: Minnesota Geological Survey County Atlas C-25, 6 Tp des Sioux F . 168832 BRR-3-34 273743 34 25 0.0000+£0.0004  -1,0004+04 >56,700
that has a unique label and color; and 3. Modified unit—multiple units from Plate 3 that eiberg Member. oxidized to yellow-brown or oxidized/reduced to green or green-blue, glacial deposits, and reworked bedrock pls., scale 1:100,000 raverse des Sioux Formation 168833 BRR-4-113 273744 113 -25  0.0035 = 0.0004 -996.5+04 45,500 + 1,000
are combined into one unit on the cross sections (for example units Qtd and Qwd are Qd Sandy loam to loam till (modified unit)—Map units Qtd and Qwd from suggests that a significant period (interglacial or interstadial) of exposure ” ) o ) ) N e . ] ) Till (unit Qtt on cross sections) 14 751 3 16 o726 1 86 11 3 24 168834 BRR-6-141 273746 141 -25  0.0015 +0.0004 -998.5+0.4 52,200 % 2,300
: : : : : . . . . . o Qte Loam till (new unit)—Present in four rotary-sonic drill holes and in outcrops Minnesota Department of Transportation, 2015, Office of materials and road research Pre-Wi inan d it
combined into unit Qd). Contact lines that intersect the land surface on cross sections Plate 3. Till of this unit commonly contains clasts of gray, siliceous and weathering took place between these ice advances. Some of these . i L re-Wisconsinan deposits
. . . . . . : along the Minnesota and the Cottonwood Rivers. May include materials web site: St. Paul, Minn., <http://www.dot.state.mn.us/materials/index.html>. Good Thunder formation
do not match all contact lines shown on the surficial map because some units shown on shale, typically composing 15 to 30 percent of the very coarse-grained units probably correlate to the Lake Henry and Eagle Bend Formations ; S . d . \der elacial d . f bl ) ) ) ) o Member 1 til (unit Qg on cross sections) 36 5 a7 39 o4 6 54 42 4 68 11 1 o4
Plate 3 are too small or thin to be shown on the cross sections. sand fraction (Table 1). May include lenses and thin layers of outwash of central Minnesota (Johnson and others, 2016), whereas some of si)(;zle S?:::ﬁ:::;gii?;)ikeposm’ older glacial deposits, and possibly Stulver,lM., Rzlme}:, PJ., and Reimer, R.,2014, CALIB radiocarbon calibration program: Member 2 till (unit ng on cross sections) 04 5 40 s 19 94 65 33 2 87 11 2 24 Every reasonable effort has been made to ensure the accuracy of the factual data on which this map interpretation is
. L 1 . . . .
[Z!‘ M sand and gravel, and sand, as well as lacustrine sand, silt, and clay. the intervening red tills may correlate with the St. Francis Formation p Calib7.0.2, <http://www.calib.org>. Member 3 till (unit Qg3 on cross sections) 133 5 35 42 23 133 52 39 9 88 11 1 23 based; however, the Minnesota Geological Survey does not warrant or guarantee that there are no errors. Users may
ﬁ ’ii Member 4 till (unit Qg4 on cross sections) 32 3 27 49 24 32 59 39 2 87 12 1 26 wish to verify critical information; sources include both the references listed here and information on file at the offices of the
= 1 i Minnesota Geological S in St. Paul. In addition, effort has b ade to ensure that the int tation conforms to
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