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Plate 4—Quaternary Stratigraphy
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Depth Lithology Description Depth Lithology Description 250 o .$'-.°.- gravelly sand 220-220.5'; Superior provenance, pre-Cromwell Formation?
(feet) (feet) o g Brown to reddish-gray sand and gravel, rocky at base; Superior provenance
i 0 - - - - - - - - — - -230 — Brown, rocky, sandy till, slightly to moderately calcareous; Superior provenance
u.s. Highw'ggo1ké’jl Coon Rapids Ham Lake Commbuﬂsondeau Lake D' Tf.”%"rﬁ;?’&‘gv_g’zf’ggydfg‘;;ﬁ‘v’ S{;‘?ﬁ;ﬁ‘,'vngﬂgsﬁgﬂ'ngrﬁ;t}'{f,r?“”ed soils at 2'and 8% light brownish-gray at 0 Yellow-brown, very fine- to fine-grained sand; light browinsh-gray by 17'; fine-grained : Reddish-gray to brown sand and gravel; Superior provenance
950 — Mississippi Rum River Crooked Lake Coon Creek Minnesota Highway 65 Rice Creek Interstate 35 -10 ' Y -10 tsoal g?a?/t 32r;ygfli'gg—t?ol?:ég:\;?ﬁg&ag’axgztfgg —Sq_r lefyd Sgg,dfﬁ]te‘?gr;aliﬁgé g;ormn;?rgg{ay -240 Brown sandy till, slightly to moderately calcareous; Superior provenance
River very well sorted; sand and gravel at base; New Brighton Formation = Gravelly coarse-grained sand; Superior provenance
900 - /quil v 20 -20 -250 R Brown sandy till; Superior provenance
30 [— —1|\Sand and gravel with till balls; brown sandy till 250.5-251"; slightly calcareous, gray
Qa/ /A N7 Gray, very fine- to fine-grained gravel; New Ulm Formation -30 sandy till 253-254.5'; Superior provenance
850 — i V " T - T " Blue shale; Eau Claire Formation
' a -40 Dark gray sandy till; brown sand 40-41.5'; till-sand mix below 42'; New Ulm Formation 40
800 — / Qer Reddish-brown, very fine-grained sand to silty very fine-grained sand, with fine-grained sand beds; Figure 3. Descriptive log of rotary-sonic core AC-1, drilled by Mark J. Traut Wells for
T -50 grades to brown by 50'; gray silt bed at 55'; Cromwell Formation -50 this study. Location of drilling is shown on Figure 1 and Plate 1, Data-Base Map.
Qo Reddish-brown, silty very fine-grained sand, with gray silt and red clay laminae; sand and fine- P T A fi A N .
3 750 — e o ‘ 7 -60 grained gravel 59-60'; sandy diamicton 60-61'; reddish-gray, silty very fine-grained sand 61-62', -60 ng glr?ny'Fg?g:){ié% coarse-grained loamy fill; mixed with fine-grained sand 60-61.5"
» ‘ Cromwell Formation
2 700 —| €sl | -70 Reddish-gray, very fine-grained sandy silt; sandy diamicton 65.5-66.5"; gray-brown below; Cromwell -70 Reddish-gray to reddish-brown, very finely laminated, clay and silty clay with clayey
8 e €sl g1Lslgyc ©8 Formation silt; below 69.5' reddish-gray thick-bedded clayey silt and reddish-brown, thin to Borehole name: AC-4 Unique number: 271904
© -80 Dark reddish-gray sandy till, red-brown and silty at top; slightly to moderately calcareous; Cromwell 80 thick-bedded clay; interbedded with fine-grained loamy diamicton below 77'; .
g 650 — Formation (Automba phase) ) Cromwell Formation, T.31 N, R. 23 W, sec. 21; CCCABD
= 90 Brown to gray, massive silt; minor reddish-brown clay laminae; Cromwell Formation % Reddish-brown, clayey till; silty clay till by 85'; Cromwell Formation (Automba phase) Elevation in feet above mean sea level: 899
= -
2 600 100 Depth  Lithology Description
3 -100 Thinly bedded, gray clayey silt and reddish-brown clay; silt layers are brown by 105'; (feet)
w less than 200 couplets; loamy diamicton 117.5-118'; Cromwell Formation 0
550 — -110 -110 Fill—pile beside ditch
-120 Gray silt to clayey silt, with reddish-brown clay laminae; 134-135.5' reddish-brown, calcareous loamy -10 Gray, very fine-grained sand, very well sorted; 5-7.5' light brownish-gray to gray,
500 — till mixed with gray silt loam, and with noncalcareous sand below 134.5'; Cromwell Formation (St. Croix -120 Brown, silty, very fine- to fine-grained sand, very well sorted; reddish-gray by 125'; silty very fine-grained sand with organics; below 17" very fine- to fine-grained
130 phase) Cromwell Formation ’ ’ ’ 20 sand; granules present 40-42'; New Brighton Formation
) -130 -
450 — Reddish-brown to reddish-gray to brown, noncalcareous sand with pebbles; reddish-brown to 30
-140 yellowish-red, sandy till layer at base; Superior provenance (Emerald phase or older) -140 Reddish to pinkish-gray, fine- to coarse-grained sand; very fine-grained sandy silt B
400 Strong brown, noncalcareous, fine- to coarse-grained sand, gravelly with depth; brown by 138.5"; bed at 150.5'; Cromwell Formation
-150 reddish-brown by 141.5'; Superior provenance -150 -40 e
Reddish-brown sand and gravel; brown at 150'; dark gray to dark reddish-gray, gravelly, sandy _—=—_| [_Gray, very fine- to fine-grained sand with silt interbeds; New Brighton Formation
-160 diamicton 156.5-158'; noncalcareous; Superior provenance 160 -50 - - - -
Reddish-gray to dark reddish-gray, gravelly fine-grained sand to coarse-grained grsavel; slightly to No core Interbedded gray silt to dark gray clay; New Brighton Formation
-170 moderately calcareous with carbonate pebbles; loamy sand diamicton 159.5-160; Superior provenance Reddish to pinkish-gray, sand to gravelly sand; Cromwell Formation -60 - — - ™
Reddish-gray, sandy till, calcareous; interbedded with gravelly sand below 167.5'; Superior provenance| -170 Egmg{%{.; loamy ill; sandy to coarse-grained loamy till below 62'; New Ulm
180 (Emerald phase or older) 70
Brown to reddish-gray to dark gray, silty sand and gravel, with carbonate; Superior provenance -180 Reddish-brown to reddish-gray, sand to gravelly sand; Superior provenance
) . ) ) ) Dark gray, loamy to silty till with carbonate; olive-gray along joints; gravelly sand 182-183"; less (Emerald phase or older) Reddish-gray to reddish-brown, fine-grained sand, very well sorted; gray to
Coon Rapids Minnesota Highway 65 Blaine Lino Lakes -190 carbonate below, with silt lenses; 194-195.5' light brownish-gray, fine- to medium-grained sand; gra -1 i i i i i - i -80 ohorny mediumearained ¢ : : “woll o oY
E Mississippi Coon Creek U.S. Highway 10 271904 674498 Interstate 35W Rice Lake Reshanau Lake = 208569 Centerville Interstate 35 E' silty, very fine-gréined sand to 196"; dark draY,gdense, silty tigI)I bgiow; Winnipeg pro%enance Loray. %0 E{r?gdtlg%%rdai{]rf_é?gﬂlesg_Sbarg‘g%éﬁgv?,_ztg0%?9%{:33%;”&%5:22&égdd'Sh'brown’ very reddish-gray, medium-grained sand at base; Cromwell Formation
950 — River 168721 Qbs \ -200 Gray, massive, very fine-grained sandy silt; few till lenses; 204-205' dark gray silty till; below gray, very 200 ' -90
210 gr;er;(gg;er‘;r;e(fji::—T;?Zisgtdt?ozlrl\:;yvzllInvr:/Ii?:?:opr;Orxi:asrill(tzTenses' 210-210.5' gray-brown, loamy, very fine- Hard, thinly laminated, brown silt and dark reddish-gray and reddish-brown clay, 100
900 — CROSS SECTION SYMBOLS grained gr’avelly sand; Winnipeg provenance ' ' ' ' -210 Zlé%hgy)’, ;%:nggr??;ﬁggg?gﬁ%}:& gs;gglltﬁ?,dsﬂsg%ra,?%z,(zgg:éea?gn%%c?eIOW Dark reddish-gray, silty clay till; Cromwell Formation (Automba phase)
. . . . . 220 Brown to dark gray, clayey silt to silt with organics; moderately calcareous; pollen sampled at 211", phase or older) -110
850 — ____ Geologic contact—No-line boundaries occur where data were insufficient to 219, and 227 indicated deposition in the vicinity of a forest dominated by spruce -220
. . . Grayish-brown and light brownish-gray, fine- to medium-grained sand, with red and dark pebbles; o ; : :
reliably extend units. Dots at the base of the cross section denote bedrock -230 noncalcareous; 213-213.5' brown, noncalcareous, very fine-grained sand interbedded with reddish- 230 Reddfsh gray, loamy cobble gravel, S'}ghﬂy calcareous; Supef_lor provenance -120
800 — contacts (as depicted on Plate 2, Bedrock Geology). brown, moderately calcareous, clayey silt Reddish-brown, gravelly sand, very slightly calcareous; Superior provenance
° X o ) -240 Variegated, laminated fine-grained sand to organic clayey silt, noncalcareous; more reddish, less _ - - - - -130 Varved gray silt and reddish-brown clay; clay becomes dark reddish-gray by
3 Drill hole—Well records from the County Well Index within 0.16 mile (0.25 orgﬁanic clayey silt laminae are slightly to moderately calcareous; 219-219.5' very dark gray, clayey silt 240 Reddish-brown, silty sand and gravel, to gravelly sand; Superior provenance 138.5'; about 256 couplets; Cromwell Formation
o 750 —¢ . . . . . 250 with organics -140
o kilometer) of the cross selctlon line. Core hole.s and holes with cuttings Brown to gray, very fine- fo medium-grained sand, noncalcareous; 224.5-225.5' nterbedded, -250
% 700 — from t‘he Quaternary sectTon. are lgbeled by umque‘ number. The top. of -260 gﬂ;g;egiﬂ,s,wri?ﬁcélgn(-%rr?;%L';’gr;?crgﬂdgseré-?‘g):mocgay, 227-228' brown to dark reddish-gray, calcareous, -260 Reddish-brown, medium- to coarse-grained sand; non- to very slightly calcareous -150
) the drill hole may not coincide with the cross section surface elevation Variegated, fine- to coarse-grained sand, noncalcareous; Superior provenance sandy diamicton layer at 260'; Superior provenance Gray to reddish-brown, slightly calcareous, loamy to gravelly sandy till mixed and
B g50 — line because the point is located near but not on the cross section line and =270 Light brownish-gray, gravelly sand, noncalcareous; Superior provenance -270 Reddish-brown, sand and gravel to sand; Superior provenance : -160 interbedded with yellowish-brown, noncalcareous sand; Cromwell Formation
£ ish- it mi i - i Reddish gray, silty cobble gravel; below 270.5' reddish-brown, sand and very fine- (St. Croix phase)
= . . Reddish-gray silt mixed with gravel, calcareous; Superior provenance - . _ B -
p= therefore may have a different surface elevation. In areas of less data, 280 - - - - grained gravel to silty cobble gravel; Superior provenance -170 Yellow-brown to brown, gravelly sand to sand and gravel, noncalcareous; till
(<] . . Brown, silty sand and gravel, o sand; noncalcareous; Superior provenance -280 ith si i balls; dusky red, loamy till 172-172.5'; Superior provenance (Emerald phase or
£ 600 — well records (not shown) from 0.3 mile (0.5 kilometer) or more were Pale brown, fine- to very coarse-grained sand; noncalcareous; 248.5-250' pinkish-gray, silty, fine- to Weak red to dusky red sand and gravel, with silty cobbly layers; reddish-brown by older) yred, Y =25 Sup P P
& sed to depict the units. Data from auger holes and outcrops were also -290 medium-grained sand, few pebbles below; Superior provenance -290 276,57 Superior provenance -180 Yellowish-brown, loamy till with carbonate; gray by 189.5', dark gray by 194';
w u . p - u ' . ug v ps w Gray to grayish-brown to pale brown to light brown, gravelly sand, noncalcareous; slightly calcareous Weak red sand and gravel to silty coarse-grained sand; Superior provenance Winnipeg prover';ance y gray by o gray by ’
550 — used in constructing the cross sections—see Plate 1, Data Base Map. -300 by 264.5'; brown, moderately calcareous, gravelly to sandy diamicton 268.5-270'; Superior provenance -300 Reddish-brown sand and gravel; very slightly calcareous, sandy diamicton layers at -190
. Light yellowish-brown to pale brown, fine- to coarse-grained sand, moderately calcareous; Superior 295.5', 297', 301", 303", and 304.5-305'; color ranges from weak red to reddish-gray;
500 — Fault in bedrock provenance till balls, cobbly in places; 328-329' rubbly gravel with local bedrock chunks; Superior -200
Light yellowish-brown to light brownish-gray, fine- to coarse-grained sand, moderately calcareous; -310 provenance
276.5-277.5' olive-gray to olive, silty clayey diamicton with carbonate pebbles; Winnipeg provenance 210
450 — Dark gray and gray, silty clay to clay loam diamicton with clayey silt beds; Winnipeg provenance -320 ) Gray-brown to brown, silty sand and gravel, slightly to moderately calcareous;
Gray, fine- to medium-grained sand, noncalcareous, but with carbonate grains; Superior provenance 220 cobbly layers; Superior provenance
Gray to brown to reddish-gray, silty sand and gravel, noncalcareous, but with carbonate grains; cobbly -330 B - —— - -
400 below 295.5'; Supetior provenance Wonewoc Sandstone ;reélggvmtél;?::]nggbﬁgg|2I;|1(§>Loevt/)rg,lelgcal Cambrian bedrock rubble with some
Variegated rubble; Superior provenance gravel with local Cambrian bedrock chunks -340 -230 Tunnel City Group
Figure 4. Descriptive log of rotary-sonic core AC-2, drilled by Mark J. Traut Wells for this study. Figure 5. Descriptive log of rotary-sonic core AC-3, drilled by Mark J. Traut Wells for Figure 6. Descriptive log of rotary-sonic core AC-4, drilled by Mark J. Traut
Location of drilling is shown on Figure 1 and Plate 1, Data-Base Map. this study. Location of drilling is shown on Figure 1 and Plate 1, Data-Base Map. Wells for this study. Location of drilling is shown on Figure 1 and Plate 1, Data-
Base Map.
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The Quaternary Stratigraphy plate shows the upconsolldated sediment expec.:ted to be Qe Eolian sand (Surficial Geology unit) Qce Sandy till (new unit)—Reddish, sandy loam-textured till (Table 1) primarily Man.y water well companies contributed valuable sul.)surfa(.:e mformatlop used in this at.las,
encountered between the land surface and bedrock in Anoka County. Cross sections A—A' deposited during the Emerald phase of the Superior lobe (Fig. 2), but likely and special thanks are given to those who have donated drill cuttings to the Minnesota Geological
through F-F' are representative of 87 cross sections (Fig. 1) that were constructed to create a Wisconsin Episode includes in places till of the St. Croix phase in the upper portions, and older Survey. Andrew Witter of the Anoka County Highway Department facilitated access to county
three—dl.menswnal model. of the Quaternary depos.lts 9f A.noka County. The major sand bodies at Terrace sand and gravelly sand (Surficial Geology unit) Superior provenance till in the lower portions. May be finer-grained towards the soil boring records.. Th.an.ks are ext.ended to Joseph Green and Michael Neu, landowner.s who

_ from this plodel are depicted on Plate 5, Sand Distribution Modeil,. the full model anfi all the West Campus formation base in places, particularly where filling deep valleys. Includes thick deposits ?llowed rotary-sonic (%rlll.lng on their property; Dan Rhode, v.th arranged access to a drill s1.te
T cross sections used to develop it can be accessed through the digital files of the Minnesota o ) ) of silty lacustrine sediment in places in the Carlos Avery Wildlife Management Area; and Mike Ulrich, who arranged access to a drill
2 Geological Survey. The geologic units shown on the cross sections were defined using data from awl Langdon terrace sand and gravelly sand (modified unity—Map units Qwl, Qwn, . . . site on city of Blaine property. Angela Gowan of the Minnesota Geological Survey carried out
© . . . . . . Qwi, and Qwt from Plate 3 Qsx Sand and gravel (new unit)—Includes older sediment of both Winnipeg and . . . . . .
3 previous studies completed in the area (see Plate 3, Introduction) and through the interpretation ’ : Superior provenances (see Plate 3, Fig. 3) detrital remanent magnetization analyses at the Institute For Rock Magnetism of the University
% of new data collected for this study. Some units match those on Plate 3, Surficial Geology, Qwr Richfield terrace sand and gravelly sand (modified unit)—Map units Qwr and P P - g 2) of Minnesota, and Vania Stefanova and Herb Wright of the Limnological Research Center of
® some new units appear only on the cross sections, others are a combination of multiple units Qwd from Plate 3. Pre-Wisconsin Episode the University of Minnesota ran pollen analyses on core samples collected for this project.
5 . s . . . - .
9] ; i ; ; ; ; from Plate 3, and still others are the result of dividing a unit from Plate 3. Outcrops, auger Qwf Silt and clay facies (Surficial Geology unit . . . .
= Table 1. Av;ra}ge values.for. the mat.rlx texture and corpposﬁmn of tills re?ognlzed in Anoka Count.y. Matrix te;xture (the e e e e e o ioil e (P]atfl Dim . y ! (Surfi 8y ) Qxt | Loam till (new unit)—Yellow-brown to gray, generally silt-rich, loam-textured till of REFERENCES
_% 600 less t}.lan 2 m.1]11meter grain-size fraction of the sample) is expressefi as relatlve.: proportlogs of sand, sﬂF, and clay in perce.nt. ; PM, ) . g t N ; B : gf " g t > : New Brighton Formation Winnipeg provenance, with common clasts of Paleozoic carbonate (Table 1; see
s The lithologic composition of the very coarse-grained sand fraction (1-2 millimeters) is expressed in percent as relative faS‘lf) ali)s‘o"’efeﬁlse O 1nterpre dtfe St;ﬁ lgralzl Y-F. “1 cuglngs romd € l(?ua €rnary sec }1102 Qbs Sand facies (modified unit)—Map units Qbs and Qbt from Plate 3. In the lower Plate 3, Fig. 3). Equivalent to the K2 till of Ramsey County (Meyer, 1992), and Attig, J.W., Clayton, L., and Mickelson, D.M., eds., 1988, Pleistocene stratigraphic units of
| i i i i ot about wells were examined for this stu 1g. 1). Cuttings and split spoon cores ha : : : : : . . . . . . . . . . .
Y 550 — prgportlons of .P.reca.lmbrlan rocks, Paleozoic (mostly carbonate). rocks, an.d .Cretaceous .roc1.<s (mostly §hale aer limestone) b d ‘bed and led f four holes d ')lll(d 1% ) li g d 1\5)[ P d Falteisek portion includes sand and gravel of unit Qbg and fluvial sediment of the New correlated with the Lake Henry Formation (Fig. 2) of central Minnesota (Johnson Wisconsin 1984-1987: Wisconsin Geological and Natural History Survey Information
using the classification system of Hobbs (1998). The Precambrian 1-2 millimeter fraction is further differentiated by rock een described and sampled from four holes drilled for an earlier study (Meyer and Falteisek, Ulm Formation in places. Also includes silt to silty clay lenses of unit Qbc in and others, in press), and the upper two tills of the Good Thunder formation Circular 62, 61 p
_1i ; ; ; ; ie-rich i ; ; 1993), and four continuous rotary-sonic core holes were drilled and the cores described and ’ 7 . . ’ '
500 — type—Ilight (granite and gneiss), monomineralic quartz, dark (mafic-rich igneous and metamorphic rocks), red (rhyolite, o )led for s o Verticalyexa o o for all crose seetions places. of south-central Minnesota (Lusardi and others, 2012). Includes deposits of  Baker, R.W., Dichl, J.F., Simpson, T.W., Zelazny, L.W., and Beske-Dichl, S., 1983, Pre-
agate), sandstone, and other; T = trace amount. P . . project. L gg . X . ' Qbc Silt and clay facies (Surficial Geology unit) silty to clayey lacustrine sediment, particularly in the thicker sections. In the ‘Wisconsinan glacial stratigraphy’ Chronology’ and pa]eomagnetics of west-central Wisconsin:
450 — MATRIX TEXTURE CLASTTYPE Flgur}el _2 18 a‘s.chemat(licllllusFratlorfl S:llow”(lig the reijat10n§hlgsbbetwe§n agle, .prloveflandce, western portion of the town of Ramsey and likely elsewhere, includes or consists Geological Society of America Bulletin, v. 94, p. 1442-1449.
percentage of total grains stratigraphic position, and location of the sediments deposited by major glacial episodes i e ; e oral : : : : : . ] o .
400 - e e o (on Plate 3 see Fig. 3, Table 1, and the Summary of Glacial History section for additional Qbg Sand and gravel facies (Surficial Geology unit) of fine-grained basal sedlmept of the.Cromyvell Formation. This sediment is Hobbs, H.C., 1998, Use of 1-2 millimeter sand-grain composition in Minnesota Quaternary
° millimeter fraction percentage of total ) . g 2 ’ Y Y . New Ulm Formation apparently mostly reworked interglacial sediment. studies, in Patterson, C.J., and Wright, H.E., Jr., eds., Contributions to Quaternary studies
5&  percentage of the o crystalline grains information). Analyses of the texture and rock types of the Quaternary sediments were done . I tact stratified d it (Surficial Geol " sr | Sand and gravel (new unit)—Sediment of both Winnipeg and Superior | es, on, C.J., ight, HE., Jr., eds., tion
= . o T . . . . . . ni -con ratifi i uni — : -
é " :%g less th?:acz:ﬁr:ru]lhmeter é o -§ .9 g counted o for selected geologic units, as listed in Table 1. Logs of the four rotary-sonic cores drilled for ce-contact stratified deposit (Surficial Geology ) rovenfnces peg p in Minnesota: Minnesota Geological Survey Report of Investigations 49, p. 193-208.
- - = o = . . . . . . H 4
Vertical exaggeration = 50x 28 S5e 2g T 9 g g . 2 the Minnesota Geological Survey for this study are shown in Figures 3 through 6. . . . ) . P ) ) _ Jennings, C.E., Aber, 1.S., Balco, G., Barendregt, R., Bierman, P.R., Rovey, C.W., II, Roy, M.,
i ot i uni 58 =262 o > =8 & g & 2 2% x 2 9 Till to sandy till (modified unit)—Map units Qnt, Qna, and Qnd from Plate 3. Qrt | Sandy till (new unit)—Red-brown to gray, generally sandy loam-textured till of Thorleifson, L.H., and Mason, J.A., 2006, Mid-Quaternary in North America, in Elias, S.A.
Deposit description and geologic unit g6 SgE £ - 3 S o 3 e ° § 6§88 5 3 5 £ . . . . A ) ; : ) > s > > s y s 5 s
shown on cross sections £ G628 o 2 O PS5 o o O 3 2o o o » O DESCRIPTION OF CROSS SECTION UNITS Includes lacustrine 51.1t and .clay of unit Qbc in the upper part in a rllumber. of Superior provenance (Table 1); may be finer-grained towards the base in places, ed., Encyclopedia of Quaternary science: Oxford, England, Elsevier, p. 1044-1050.
New Ulm Formation till (unit Qnu) 85 5 53 30 17 63 (all) 62 15 16 5 2 T ) L . ) ) . plz.ices .where underlymg 1.1n1t Qbs. The patterned portion of th.e unit consists particularly where filling deep valleys. Includes thick deposits of silty lacustrine  joph50n M.D., 2000, Pleistocene geology of Polk County, Wisconsin: Wisconsin Geological
(unleached) 58 68 18 14 Each unit description on the cross sections is placed in one of three categories, as primarily of sandy till, with a texture commonly as coarse-grained as that of sediment in places. Correlated, at least in part, with the River Falls Formation and Natural History Survey Bulletin 92, 70 p, 1 pl., scale 1:100,000.
(Loam-textured portion of unit Qnu) 32 5 46 34 20 24 59 21 20 65 16 15 3 1 T indicated in parentheses after the description: 1. Surficial Geology unit—unit having an sandy till of the Cromwell Formation (Fig. 1; Table 1). The remainder of the unit (Baker and others, 1983; Mickelson and others, 1984; Attig and others, 1988; Toh MD.. Ad RS. G AS. Harrs KL. Hobbs. H.C.. Jenni CE. Knaebl
(Sandy-textured portion of unit Qnu) 53 6 59 27 14 39 (all) 60 15 17 5 3 T identical description, label, and color as on Plate 3, Surficial Geology. See Plate 3 for detailed is generally finer-grained, ranging from loam to fine-grained sandy loam. Meyer, 1992; Johnson, 2000), which has an uncertain relationship to unit Qxt (Fig. © nsAo;, L N d,aI]I;S’A : .,d K/‘I’Van, G N arms, . Q Ot S 1..,then1tuntgs, .h'.’ ng:: ef,
leached) 34 75 16 9 intions: i i i ; . . . . . . .R., Lusardi, B.A., an eyer, G.N., in press, Quaternary lithostratigraphic units o
. . — . (unleached) descriptions; 2. New unit—unit that appears only on the cross sections that has a unique label New Ulm and Cromwell Formations 2). Where not overlain by unit Qxt, may include Superior provenance sediment Minnesota: Minnesota Geoloyical Surve Ili)e ort of Investi yations RI 68g P
FZ:‘nL\JArI\Tt Ql?:;matlon Hl (cevey il porton 22 2 20 41 39 1 97 3 T 26 13 35 19 6 1 and color (the new sand and gravel units have the same color to emphasize their status as Qsl Sand and gravel (new unit)—Consists at lower elevations of mostly reddish, equivalent to the Henderson Formation (Johnson and others, in press), and/or h . 1 g yep s . 1
o ) ) potential aquifers); or 3. Modified unit—multiple units from Plate 3 combined into one unit on fine- to medium-grained sand of the Cromwell Formation, overlain in places sediment deposited during the Athens Subepisode of the Wisconsin Episode Johnson, WH Hansel, S.K., Bettis, E.A., III, Karrow, P.F., Larson, .G:J» .Lowe » T.V., and
Cromwell Formation till (sandy till portion the cross sections. The till units of the New Ulm Formation are combined into one unit, which is - e S Joh d others, 1997; M d Stef: 2009). Wh lain b Schneider, A.F., 1997, Late Quaternary temporal and event classifications, Great Lakes
of unit Qlc, and units Qorand Qee) 63 9 64 25 11 46 (all) 33 13 31 16 6 1 . g . ) ion a : : by sand and gravel of the New Ulm Formation, but at higher elevations in the (Johnson and others, 1997; Meyer and Stefanova, 2009). Where overlain by Region, North America: Quaternary Research, v. 47, p. 1-12
(unleached) 42 98 2 T divided by pattern into a coarser- and finer-grained fac1es.(F1g. 1). Deposits of the three phas;s northwest and southeast portions of the county includes gravel of both the unit Qxt, correlates with the St. Francis Formation of central Minnesota (Johnson gion, . y ch p- .
Pre-Wisconsin Episode, Winnipeg of the Superior lobe that compose the Cromwell Formation (see Plate 3, Summary of Glacial Cromwell (included in map unit Qci on Plate 3) and New Ulm Formations. and others, in press) or with older, unnamed units of Superior provenance. Knaeble, A.R., and Meyer, G.N., 2007, Quaternary stratigraphy, in Setterholm, D.R., project
provenance till (units Qxt and Qpt) 20 3 33 45 22 18 69 30 1 61 20 15 3 1 T History) are divided into finer- and coarser-grained sediment, with the till and fine-grained Cromwell Formation 0sp | Sand and gravel (new unit)—Sediment of Superior provenance, and also of Winnipeg manager, Geologic atlas of Todd County, Minnesota: Minnesota Geological Survey County
Pre-Emerald phase, Supetior provenance lake sediment combined as aquitards, and the fluvial and coarser lake sediment combined as ) ) ) ) ' provenance in places Atlas C-18.
till (unit Qr) 31 16 66 23 1 26 (all) 28 26 27 14 4 1 potential aquifers. Sand bodies were assumed to divide the deposits of the different phases Qlo Lacustrine clay and silt andfor clayey 6ill, to sandy #ill (new unit)—At lower . . Lisiecki, L.E., and Raymo, M.E., 2005, A Pliocene-Pleistocene stack of 57 globally distributed
(unleached) 21 98 2 T i ot ord] : elevations, unit is mostly reddish, laminated clay and silt (glacial Lake Lind Qpt | Loam till (new unit)—Yellow-brown to gray, generally loam to clay loam-textured e ) Ny
of the Superior lobe. Except for the finer-grained texture of some Automba phase deposits ' ) i ) ) . .. . . benthic 'O records: Paleoceanography, v. 20, p. PA1003, doi: 10.1029/2004PA001071.
in Anoka County (Fig. 1), the characteristics of the various tills of Superior provenance are sediment, Sunrise Member; Johnson and others, in press) overlain or interbedded till of Winnipeg provenance, with common clasts of Paleozoic carbonate (Table . .
y (rg. 1), p p e . I . S - . 1). Correlated with till of the lower (Meyer Lake) member of the Lake Henr Lusardi, B.A., Meyer, G.N., Knaeble, A.R., Gowan, A.S., and Jennings, C.E., 2012, Quaternary
similar (Table 1). Without the intervening yellow to gray, fine-grained till of unit Qxt, it was with fine-grained till; at higher elevations, unit is mostly reddish, fine-grained ) y Y : : . :
. gy eray, g ’ i i ion i i i Formation or in places till of the Eagle Bend Formation of central Minnesota stratigraphy, pl. 4 of Setterholm, D.R., project manager, Geologic atlas of Sibley County,
difficult using primarily water-well records to distinguish the Cromwell Formation from older till (sandy-textured in the upper portion in places) deposited during the Automba P g . . :
egp y g . . . . (Fig. 2; Johnson and others, in press), and tills 2 and 3 of the Good Thunder Minnesota: Minnesota Geological Survey County Atlas C-24, 6 pls.
; ; o T : _ phase of the Superior lobe (Fig. 2; Table 1; Coon Creek till of Meyer, 1998). g 4 >, 1N P >
deposits of Superior provenance. It is likely that deposits from three (or more) pre-Emerald " ) i . . . M G.N.. 1992 . hy. in M G.N as L. eds.. Geologi
Every reasonable effort has been made to ensure the accuracy of the factual data on which this phase advances of the Superior lobe are included in units Qce and Qrt Includes reddish clayey sediment reworked by the Grantsburg sublobe in places. formation of south-central Minnesota (Lusardi and others, 2012). Although eyer, U.N., » Quaternary stratigraphy, in Meyer, G.N., and Swanson, L., eds., Geologic
map interpretation is based; however, the Minnesota Geological Survey does not warrant or Underlving bedrock uni ind; db i+ boundar . di The unit generally coarsens to the northwest (Fig. 1), with the patterned portion not identified in the county, sediment of the older, Winnipeg provenance Pierce atlas of Ramsey County, Minnesota: Minnesota Geological Survey County Atlas C-7.
guarantee that there are no errors. Users may wish to verify critical information; sources include . (111 er }l;lnf e Prloc 2un};tsdare klnG 1cz;te )/; ufmtl F)unh ases ank la elz S go(rlljespocil ing to consisting primarily of sandy till similar to that of units Qcr and Q. Formation (Baker and others, 1983; Mickelson and others, 1984; Attig and others, ———1998, Glacial lakes of the Stacy basin, east-central Minnesota and northwest Wisconsin,
both the references listed here and information on file at the offices of the Minnesota Geological those described on Plate 2, Bedroc eology. ault 1n the bedrock 1s also indicated. 1988: J o 1 ; ; ; it : . . - .
. . . . ; Johnson, 2000) is likely included in this unit in places. Includes deposits :
Survey in St. Paul. In addition, effort has been made to ensure that the interpretation conforms Qsc Sand and gravel (new unit)—Included in map units Qci and Qco on Plate 3. £ silty to cl 1 ) tri y di ¢ ticularly i It)h thick i p m .Patterson, CJ., a.nd Wright, ILE., Jr., eds., Co.ntrll.)utlons to the Quaternary of Minnesofa:
to sound geologic and cartographic principles. No claim is made that the interpretation shown QUATERNARY ob siity to clayey lacustrine sediment, particularly in the thicker sections. Minnesota Geological Survey Report of Investigations 49, p. 35-48.
is rigorously correct, however, and it should not be used to guide engineering-scale decisions Hudson Episode Qcer Sandy till (new unit)—Reddish, sandy loam-textured till (Table 1) primarily Qsv | Sand and gravel (new unit)—Sediment of Superior provenance, and probably also ———2010, Quaternary stratigraphy, pl. 4 of Setterholm, D.R., project manager, Geologic
without site-specific verification. deposited during the St. Croix phase of the Superior lobe (Fig. 2). The upper of Winnipeg provenance in places. atlas of Chisago County, Minnesota: Minnesota Geological Survey County Atlas C-22,
Qa | Alluvium (Surficial Geology unit) part may include lacustrine clay and silt where unit Qsc occurs between Automba Quvt | Sandy till (new unit)—Red-brown to gray, generally sandy loam-textured till of scale 1:100,000.
phase till and glacial Lake Lind sediment. May be finer-grained towards the Superior provenance. Correlates with the lower member of the St. Francis Meyer, G.N., and Falteisek, J., 1993, eds., Regional hydrogeologic assessment, Anoka Sand
Qll Lake silt and clay (Surficial Geology unit) base in places, particularly where filling deep valleys. Includes thick deposits Formation of central Minnesota (Johnson and others, in press) or with older, Plain—Anoka, Chisago, Isanti and Sherburne Counties, Minnesota: Minnesota Department
al Lak d (Surficial Geol 0 of silty lacustrine sediment in places. unnamed units of Superior provenance. of Natural Resources, Division of Waters Regional Assessment RHA-1, scale 1:200,000.
ake san urficial Geology unit . T .
GIS compilation by R.S. Lively 8 Undifferentiated Meyer, G.N., and Stefanova, L., 2009, Dating the onset of the last glaciation in eastern Minnesota:
Edited by Lori Robinson Undift d sed ud 1 and bedded cl | 4 and Geological Society of America Abstracts with Programs, v. 41, no. 4, p. 5.
Qu ndifferentiated sediment (new unit)—Includes till and bedded clay, silt, sand, an . . .
( ) y Mickelson, D.M., Clayton, L., Baker, R.W., Mode, W.N., and Schneider, A.F., 1984, Pleistocene
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gravel. Shown in areas where control data were absent.

stratigraphic units of Wisconsin: Wisconsin Geological and Natural History Survey
Miscellaneous Paper 84-1, 97 p.



