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EXPLANATION scale. Multiple advances of an individual formation are not shown. Elevation in feet above mean sea level: 1,385 the stratigraphic unit boxes and labels.
. .. . . . . Depth i -arai i ioti
1,150 — Riding Mountain provenance Rainy provenance Dashed lines indicate units found in the regional stratigraphy but (fezt) Matrix texture Coarse-grained sand lithology Description
deposits deposits i ; : -
Wiﬁni o brovenance Super'  ovenance not encountered in drill holes in Wadena County. Marine Isotope 0 o Gray sandy loam diamicton; few pebbles; some sandy zones; )
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1,300 — cumulative percent cumulative percent Figure 6. Wadena rotary-sonic core WAD-2 (location shown on Fig. 3). White areas indicate zones of no recovery. s H2. ;D kgwc?g?’égﬁq";{%’ﬁfd sand, silt, and clay; calcareous (lacustrine; St. v Unnamed Superlor.provenance till (core WAD-3; .Unlt uts)
1 250 . ) ) ) ) o ) Thin sand or silt layers may not be shown on cross section. Browerville Formation till has been subdivided into zf>2 Dark grayish-brown, Toam diamicton with grave calcareous (il o Lake Henry Format!on, Sauk Centre Member (ur.1|t sct)
’ Figure 5. Wadena rotary-sonic core WAD-1 (location shown on Fig. 3). White areas indicate zones of no recovery. Thin multiple units on the cross sections based on sand lenses within the core. This sequence can be interpreted in two 400 — _-'_-tv' — % %| ll?c\ﬁlgn?t' Francis Formation) mixed with black Cretaceous lignite at A Lake l.-l_enry_ Formation, Meyer Lake Member (unit mlf)
1.200— sand or.sﬂt layers may not be Sho‘f"n on cross section. A Prev1'ously unnamed till (heren} labeled .umt utrm). of Riding ways: these sands represent former water flow in small tunnels within the ice (such as a single event leaving behind [0 End of boring 2t 414 foet * 'Sl'l;arllsmor? tl:l (coret.WA:-Z) it 12
Mountain provenance was sampled in this core. Although this unit has not been recognized in the regional stratigraphy for till and isolated sand bodies); or the sands represent a shift in the ice margin position, which allowed meltwater 9 © St Francis Formation (ur.1| )
1150 this area (Johnson and others, 2016), the matrix texture and the amount of gray shale fragments within the 1-2 millimeter to flow in front of the ice, depositing sand and gravel outwash. This was followed by a readvance of ice from A Eagle Bend Formation (unit ebt)
grain-size fraction, as well as the stratigraphic position could make this equivalent to the Sheyenne River formation (Harris the same provenance that deposited another layer of similar till on top of the sand and the process repeated as the < Unnamed Wu.mlpeg-provenan.ce till (unit utw) .
1,100 —| and Berg, 2006) in the Traverse-Grant study area to the southwest. Gowan and Marshall (2016) have identified a similar ice margin shifted (multiple events leaving behind layers of similar tills separated by sand bodies). The sands 40— e 80 100 0 20 40 60 80 100 ¢ Unnamed Rainy-provenance till (core WAD-1; unit utr)
unit, informally named the Smoky Hills formation, in Becker County. While the matrix texture and lithology of both S : ; ; ; ; ot ; . . . .
! matly noky o ) ‘ y s i gy ) within the Browerville Formation till were most likely deposited by a combination of both processes described cumulative percent cumulative percent Figure 8. A. Ternary diagram showing matrix texture (less
1,050 — units are similar, the Smoky Hills formation is stratigraphically lower than the unnamed Riding Mountain-provenance till above—small isolated sand bodies (many too small to show on the cross sections) exist within the main till bod s . - .
Amv . . o . y y Fi 7. Wad : WAD-3 (1 : h Fie. 3). Whi indi £ than 2-millimeter size fraction) of till samples from the rotary-
encountered in Wadena County, occurring within the Lake Henry Formation, between the Sauk Centre and Meyer Lake ingel d1 id d dl1 laid d in f f the i i he i hifted lgure /. Wadena rotary-sonic core -3 (location shown on Fig. 3). 1te areas 1ndicate zones of no recovery. . . .
(single event) and larger, more widespread sand layers laid down in front of the ice margin as the ice shifte > . ) : e e . sonic cores in Wadena County using the U.S. Department of
1,000 Vortioal oxaaaeration = 50x Members. More data are needed in order to establish the extent and correlate this unit within the regional stratigraphy. position (multiple events). Thin sand or silt layers may not be shown on cross section. The Hewitt Formation is thick in this core (over 185 Aecriculture textural classificati .
99 B feet [56 meters]), and is mostly outwash composed of sand and gravel. Sand and gravel between 188 to 219 feet griculture textural classiiication system.
(57 to 66 meters) contains minor amounts of gray shale and Cretaceous limestone and is, therefore, attributed to the B. Ternary diagram showing lithologic composition of the
Browerville Formation. A single sample from a thin (less than 1 foot [0.3 meter] thick) till unit is also interpreted very coarse-grained (1-2 millimeters) sand fraction in samples
INTRODUCTION By convention, the name designations of depicted sand and gravel bodies are associated associated sands are numbered 0, 1, 2 as encountered from top to bottom. Unit contains more carbonate and fewer crystalline rock fragments than does the Meyer utw Loam to clay loam diamicton—Dark olive-brown (2.5Y 3/3). This unit was to be part of the Browerville Formation (unit brt3). It is possible that this unit could be part of the unnamed Riding from the rotary-sonic cores in Wadena County.
Thi Stratieranhy blate sh N idated . diob with their underlying till, except for those at the land surface and those that intersect the hta0 is a discontinuous layer that is shown in order to accommodate additional Lake Member (Fig. 8; Table 2). In Morrison County to the southeast, the two only encountered in rotary-sonic core WAD-1 (Fig. 5). Glacial till. Mountain provenance unit (utrm) that was identified in core WAD-1. However, this single sample contains only 9 C. Ternary diagram showing the amount of light, or felsic
18 Q(;ull)ternary ltlratllgr:llp Yfp ate Sdoljvfjt ekuncofnso ! a\t:] dmateéla s expic;te IO ) ¢ lowermost unknown units (Fig. 4). However, sand and till units are likely an admixture of sand and gravel layers within the drumlins on the western side of Wadena members of the Lake Henry Formation are typically separated by the uppermost Unnamed till—Sediment deposited by Rainy sourced ice. Units utr and usr are only percent shale fragments, whereas the samples from core WAD-1 have an average of 17 percent shale fragments in grains (granite, gneiss, quartzite, and quartz), dark, or mafic
encountere. etween the land surface and be rock surlace i wadena our%ty (Figs. 1, 2). material from immediately above or below the named unit. For example, sand unit brs is County. Unit htat is the surface till unit across the rest of the county. Moving red till of the St. Francis Formation (Lusardi, 2014); however, this upper red till depicted within the immediate vicinity of rotary-sonic core WAD-1, where the 1-2 millimeter very coarse-grained sand fraction (Table 2). grains (basalt, graywacke, and other metamorphic rocks),
Cross sections A—A' through E-E' are representative of 49 cross sections (Fig. 3) that were . . . . . . . Lo . . . . . . - . . o . . L .
. : . composed chiefly of outwash sediment laid down as the glacier depositing unit brt (Browerville southward, the uppermost layers may be eroded or missing, thus exposing older was not identified in cores or in water-well records in Wadena County. unit utr was encountered with poor recovery (Fig. 5). These units likely and red grains (volcanic and sandstone) within the crystalline
constructed to create a three-dimensional model of the Quaternary deposits of Wadena County. : . : : . : . . . . o . e P
- 3 . ) R Formation) retreated. However, it may also include proglacial meltwater deposits from the till layers (with a correspondingly higher number) at the surface. Sauk Centre Member occur elsewhere but without additional samples to support identification as category shown in Figure 8B.
The major sand and gravel bodies from this model are depicted on Plate 5, Sand-Distribution : . . . . . . .
) ) advance of ice that deposited the overlying unit hta (Hewitt Formation). Where a particular hsa Sand to gravelly sand—Outwash. scs Sand to gravelly sand—Outwash such, they have been labelled as the unknown units below. There are several
Model; the full model and all the cross sections used to develop it can be accessed through stratigraphic unit is absent from the section, the units immediately above and below that . potential units identified in cores from north-central Minnesota (Meyer
the digital files of the Minnesota Geol.oglcal Sur.vey. The Quaternary geologic units (Fig. 4) missing unit likely include eroded remnants that are not shown. hta Sandy loam diamicton (includes mapped units Qht, Qp)—Pebbly, unsorted; sct Loam diamicton—Pebbly, unsorted; light olive-brown (2.5Y 5/3) where oxidized 1997) to which this might correlate. With its fine-grained texture and low
shown on the cross sections were defined from interpretation of new data collected for this . . . . . . . . ’ K o . . . .
. . . . . Table 1 shows the correlation of units mapped in Wadena County with those mapped in generally yellowish-brown (10YR 5/4) where oxidized and olive-brown (2.5Y and very dark gray (2.5Y 3/1) to dark gray (5Y 4/1) where unoxidized. This carbonate content (Fig. 8; Table 2), however, it is not a clear match for any
study and from existing data from previous investigations (see Index to Previous Mapping on . . . N . . L0 . > . . .
.. . . . . adjacent Todd (Knaeble and Meyer, 2007) and Becker (Gowan and Marshall, 2016) Counties, 3/1) where unoxidized. Glacial till. unit was identified in rotary-sonic drill cores WAD-3 (Fig. 7) and OTT-1 of the defined formations.
Plate 3, Surficial Geology for references to adjacent mapping projects). These include rotary- . . . . . . . . . . . . . . o . . e o .
. . . . . . where correlations can be made. Not all units were found in all three counties. This variation . . o in eastern Becker County (originally the Gervais Formation of Harris and usr Sand to gravelly sand—Outwash. Table 1. Correlation of stratigraphic units in Wadena County with units identified in adjacent Becker (Gowan
sonic drill core from three drill holes completed by the Minnesota Geological Survey for this . . . o . . Pre-Late Wisconsinan (?) . . - . . . . . .
. L . . . in stratigraphy between counties likely reflects the position of former ice margins. For Knaeble, 1999). Glacial till. and Marshall, 2016) and Todd (Knaeble and Meyer, 2007) Counties. Provenance colors match those in  Table 2. Average values for the texture and composition of till units (listed in stratigraphic order)
project, one rotary-sonic drill hole completed as part of the Otter Tail Regional Hydrologic . . . . . . . . .. . . Lo, Lo . . .o . . . . .
Assessment by the Minnesota Geological Survey (Harris and Knaeble, 1999), a rotary-sonic example, the Red River lobe, which deposited the Goose River formation in Becker County, Unnamed formation—Sediment deposited by Riding Mountain-provenance ice. Meyer Lake Member utr Clay loam diamicton—Pebbly; dark gray (2.5Y 2.5/1). Glacial till. Figure 1, with the addition of blue lake sediment. recognized in Wadena County based on samples from rotary-sonic cores. Matrix texture (less than 2
. vt 8 ey . ’ ’ y did not enter Wadena County. However, meltwater streaming from that ice margin flowed Contains gray shale fragments and abundant Cretaceous limestone grains (Fig. I Sand Il d—0O h BECKER WADENA TODD millimeter grain-size fraction) is expressed as relative proportions of sand, silt, and clay in percent. The
drill hole described and sampled by the Minnesota Geological Survey but completed for . . . . . . . mis and to gravelly sand—Qutwash. . . e o . . .. . . e . .

. . \ eastward across Wadena County and deposited outwash of the Goose River formation (unit 8; Table 2). Approximately 25 feet (7.6 meters) of this unit were encountered uns | Undifferentiated Quaternary sand to gravelly sand—Identified in water-well lithologic composition of the very coarse-grained sand fraction (1-2 millimeters) is expressed in percent
another agency in eastern Becker County (Gowan and Marshall, 2016), water-well drillers oo Plate 3). Al ivel . be ab f h ional . h . ¢ . WAD-1 (Fie. 5). B this strati hic 1 h loos: overlies unit sand and _ sand and _ sand and _ lati . ¢ " K b k. and shale f Th lline fracti
logs, bridge boring logs (Minnesota Department of Transportation, 2015), exposures, and gs; unit Qgo on .ate ). ternatlv.e y, units may be a s?m rom the regiona stratl.grap y in rotary-sonic core \ -1 ( ig. ). ecause this stratigraphic layer has mit Sandy loam to clay loam diamicton—Pebbly, unsorted; dark grayish-brown . gs; v ies u : ups. ' ‘ N _ ' FORMATION gravel  lake till gravel  lake till gravel  lake till as re ative propqrtlons of crystalline rock, car’onate rock, and shale ra.gmc’entsv. e crystalline ractl(?n
auger samples (Plate 1, Data-Base Map) as a result of erosion. The Browerville Formation occurs in Wadena and Todd Counties, but not been recognized in other regional studies, units utrm and usrm are only (2.5Y 4/2) to gray (5Y 5/1). This unit is generally loamy in rotary-sonic ups | Undifferentiated Pleistocene sediment—This unit includes all sediment (till, Goose River ‘ o ‘ ‘ n ‘ ‘ " ‘ ‘ s ‘ is further subdivided by rock type—Ilight (granite and gneiss), dark (mafic-rich igneous and metamorphic

& P J ; P . . L is absent in Becker County, where it may have been eroded. identified on cross sections within the immediate vicinity of the cores in drill WAD-1 (Fig. 5) and WAD-2 (Fig. 6) and is finer-grained i sand and gravel, and lake silt and clay) below the lowermost identified till g g g g rocks), red (rhyolite, agate, and sandstone), and clear quartz. The lithologic composition can also be
On the cross sections, drill holes are represented by vertical lines. Rotary-sonic drill : : : : Till cores 1g. 0) an 1g. 0) and 1s lier-grained i core . . .. . . . . . .
. ) . . ) which they were sampled. This unit may correlate to the Sheyenne River . ; ; : ; units. Although some water wells extend below this boundary, the data are ~ New Uim nhs nhl nht ns nou ntu divided into relative proportions of grains based on age—Precambrian, Paleozoic, and Cretaceous (see
holes are labelled with their borehole name and associated unique number. Interpreted logs : : WAD-3, where the lower 20 feet (6 meters) of till are mixed with red silt and . . . . - .
. . . C i DESCRIPTION OF CROSS SECTION UNITS formation of Harris and Berg (2006). : : : 7 too sparse to make meaningful correlations. . Hobbs, 1998 for rock types included in these categories). The percentage of gray shale and limestone
clay, interpreted to be lake sediment (Fig. 7). Glacial till p g yP g p g gray
of the three Minnesota Geological Survey rotary-sonic cores completed for this project are ¥, p g 1) ) Otter Tail River . s e g .
L . . . . . - usrm Sand to gravelly sand—Outwash. . . : : is the amount of these grains identified in the Cretaceous fraction.
shown in Figures 5 through 7; their locations are shown on Figure 3. Water well drillers' (Mapped unit labels are from Plate 3, Surficial Geology) St. Francis Formation (Johnson and others, 2016)—Sediment deposited by ACKNOWLEDGEMENTS Ind d E
. . . . . : : : . : . naependence
logs and cuttings samples collected from sites in adjacent counties near the Wadena County HOLOCENE trm Clay loam diamicton—Pebbly. unsorted: calcareous: very dark eravish-brown Superior sourced ice. Regionally, the St. Francis Formation consists of two MATRIX TEXTURE CLAST TYPE
border were used for interpretation and provided significant detailed stratigraphic control. (ng 312). Glacial till ¥ ’ > very gray distinct till layers and associated fluvial and lacustrine deposits that separate Rotary-sonic drilling was conducted by Traut Companies. Minnesota Geological Survey  Cromwell ‘cou, ci ‘ ‘ cl ‘ ‘ctt, ctu ‘ % c percentage of total grains S,
Drill holes may start above or below the land surface because the data are projected onto sc Fine-grained surface sediment (includes mapped units QI, Qp)—Silt and clay of ’ : members of the Lake Henry Formation. Only the lower till unit (ft2) was staff members Emily Bauer, Meagan Harold, Amy Radakovich, and Brittany Wagner provided Howitt | N hei 53 , percentage of the less 8 ?ﬁﬁ;ﬁ;ﬂg&gﬁ %‘% ercentage of total crystalline
the cross section from a distance of up to 0.3 mile (0.5 kilometer), where surface elevations modern (Holocene) lake sediment and slackwater fluvial sediment. Pre-Late Wisconsinan identified and sampled in Wadena County. essential support during rotary-sonic drilling. Thanks are extended to all landowners who ewitt, ltasca phase ! 2% 5 than 2 Tllllf:_”leter sand :gg 5 T £ P grgains countad
. . . . .o . R . . . . . . . . . . , ) s 2% - raction ® o)

- i - . . . . fl2 Silt, sand, and clay loam—ILaminated, calcareous, dark gray (2.5Y 4/1) clay-rich allowed rotary-sonic drilling on their property. Amie Staley assisted with preparation of Hewitt, Alexandria phase ‘ hs ‘ ‘ hi ‘ ‘ ht ‘ ‘ hsa ‘ hta htu ? T O @ = onE § » =23 N
coul.d differ from those at the cross-section line. Vertical exaggeration is 50x for all cross pgs | Sandy surfa.ce sedlmen't (post-glacial sands no.t part of a named formation listed Browerville Formation (Johnson and others, 2016)—Sediment deposited by , s clay , ca gray ( ) clay ‘ y g property y prep p (0-2) 2) g 58 g ST o o ° gg § £ o 398 <
sections. below; includes eolian sand and mapped unit Qa)—Sand and gravel of modern .. . . . .. layers and light gray (2.5Y 7/2) silt-rich layers. This unit was encountered plate figures. o ) =2 8 So _Ea = 2€38 ¢ S @ 5839 =3

. ) ) . ) d windbl 1t and 4 Winnipeg sourced ice. Dark gray Cretaceous limestone is a key indicator only in rotary-sonic core WAD-3 (Fig. 7). Glacial lake sediment Unnamed Riding Mountain ég g EE o . %85 £ g o 2882 g § S oL I =
The complexﬁy of subsurface units shown on the.cross sections is partly a fUI.ICthIl .of the streams and windblown silt and sand. of this unit (Fig. 8; Table 2). Stratigraphic data from water-well records y y g /) . REFERENCES ' = — s g,’ c 52 § = & g gE 8 g % g gg 3 E s 8 Eg 3 é’ g E 2
amount of data available. Where the data are scarce (Fig. 3; Plate 1), the cross-section units are and rotary-sonic cores indicate that there are multiple till layers that may be i Sand to gravelly sand—Outwash. Browerville ‘ (1-3) ‘ ‘ brt ‘ ‘ (1-3) ‘ 2 =2 = 22
. . . . . .. ; : Hewitt Formation
genera.lly portrayed (modeled) as continuous, with r.elatlvely unlform thlclfnesses and mmllmal PLEISTOCENE attributed to Winnipeg-provenance ice that deposited the Browerville Formation. ” Sundo o et e . Y A o dark Gowz:nlz.i, ér;glg/l?zsiﬂl,ol;é ;cigrl g’osriat?\r/[nii;}; ss;tr;tli/rl?fr}llgs,o[t);. G4e3{; Biilzlli:rs,ulﬁ;‘\./Je., I(J:r(;)ljlrfitct Unnamed Superior s ot ot 14 s 24 13 6 % 4 o o 4 0 14 60 10 1 a2
elevation change. Where there are more data, units tend to be discontinuous and variable Late Wisconsinan Where sampled, the texture and composition of each layer is nearly identical; t andy loam diamicton— .e }./, unsorted; dar] gra?lls -brown ( . ) to dar 1 ger, g o 1 Y, : g y y Till unit hta) P 85 15 0 85 15 33 88 12 0 26
in thickness and elevation over relatively short distances, which reflects more accurately the therefore, units are separated on the basis of thin sand layers that indicate a brown (10YR 3/3). This unit was encountered in rotary-sonic cores WAD-1 Atlas C-42, pt. A, scale 1:100,000, 6 pls. Lake Henry, Sauk Centre Member ‘ scs ‘ ‘ scl ‘ ‘ sct ‘ ‘ scs ‘ ‘ sct ‘ ‘ usg ‘ ‘ ul ‘ ‘ xls ‘
Complexity of glacia] deposits especiauy those that are older, more deeply buried, and more Goose River formation (Harris, lll'lpllb. data)—Sediment deposited by ice of the . s . . . . (Flg 5) and WAD-3 (Flg 7). This unit is similar in texture to the till of a Harris, K.L., and Berg, J.A., 2006, Quaternary stratigraphy, pl. 2 of Harris, K.L., project manager, ) Unnamed formation (Riding Mountain provenance)
’ > > o . . change in depositional environment. Separate till layers and their associated ‘ . . @ 1 T Grant ¢ tral Mi ta: Mi ta Geological St. Francis (upper) ‘ usg ‘ ‘ ul ‘ ‘ Xsu ‘ Til (unitutrm) 5 30 41 29 4 48 35 17 56 48 22 30 34 91 9 0 40
eroded and dissected. These factors should be kep[ in mind when Viewing the cross sections. Rldll’lg Mountain sourced Red River lobe. sands are numbered 1. 2. 3 as encountered from top to bottom younger, unnamed red till (unit uts), but contains fewer red rock fragments Quaternary .gCO 0gy— ravers§- rant aréa, west-centra 1mnnesota: mnnesota Geologica
Diamicton units, interpreted to be glacial till, are extended across areas where there are little gs Sand to gravelly sand (includes mapped units Qgo, Qp)—Outwash. bri Silt loam—Lake sedime;zt ' (Fig. 8; Table 2). It contains a higher percentage of carbonate grains than Survey Regional Hydrogeologic Assess1.ne.>nt RHA-7. pt. A, scale 1:200’000’ 2 I,)ls' Lake Henry, Meyer Lake Member ‘ mis ‘ ‘ mil ‘ ‘ mit ‘ ‘ mls ‘ ‘ mit ‘ ‘ usg ‘ ‘ ul ‘ ‘ xim ‘ Browerville Formation
o no data but where it scems reasonable that the tills are continuous. Although sand bodies UndifferentiatedSediment deposited by meltwater issuing from multiple ice lobes . does till of the Cromwell Formation, a younger advance of the Superior lobe Harris, K.L., and Knaeble, A.R., 1?99, Surficial geology,. pl. 1 of Har.rls, K.L., PrOJec.t manager, . Till (unitbrf) 40 43 37 20 6 65 34 1 12 64 30 6 64 88 12 0 36
td i all of th d and | | ¢ till boundari d o . . (Lusardi, 2014). Glacial till Quaternary geology—Oftter Tail area, west-central Minnesota: Minnesota Geological Survey Smoky Hills shs sht
are not drawn 1n.a [0) ese.areas, sand and grave .Common y Occqr at (11l bounaaries and may of R1d1ng Mountain and Rainy provenances. brs Sand to gravelly sand—Outwash. ’ '- . ) ) Regional Hydrogeologic Assessment RHA-5, pt. A, scale 1:200,000, 2 pls. ] Unnamed formation (Superior provenance)
be encountered in future drill holes at the approximate depth of till contacts shown. G Sand to gravelly sand (includes mapped units Qo, Qp)—Outwash. Eagle Bend Formation (Johnson and others, 2016)—Sediment deposited by Hobbs, H.C.. 1998, Use of 1-2-millimeter sand-grain composition in Minnesota Quaternary Unnamed Rainy ‘ urs ‘ ‘ url ‘ ‘ urt ‘ Till (unit uts) 5 33 47 20 4 84 16 0 0 83 17 0 0 56 30 14 12
The scarcity of deep water-well data, especially in northern Wadena County where the New Ulm Formation (Johnson and others, 2016)—Sediment deposited by ice of the brt Loam diamicton—Pebbly, unsorted; very dark gray (5Y 3/1) to dark gray (2.5Y Wmm‘pf.:g sourced ice. This }mlt has more‘carbonate rogk fragments in Fhe studies, in Patterson, C.J., and Wright, H.E., Jr., eds., Contributions to Quaternary studies in Unnamed Winnipeg/Rainy ‘ uwrs ‘ ‘ uwrl ‘ ‘ uwrt ‘ Lake Henry Formation, Sauk Centre Member
Quaternary sediment is more than 300 feet (91 meters) thicker than in the south (see cross Riding Mountain sourced Des Moines lobe. 3/1) where unoxidized. Glacial till. 1-2 millimeter very coarse-grained sand fraction than does till of the underlying Minnesota: Minnesota Geological Survey Report of Investigations 49, p. 193-208. St. Francis ( ) . p " P e > | | Till (unitsct) 12 41 43 16 5 54 46 0 O 53 47 0 25 79 20 1 10
i it diffi i i . . . . . . . Elmdale Formation (Fig. 8; Table 2). . . . Francis (lower ‘ sfis ‘ ‘ S H S ‘ ‘ S ‘ ‘ ‘ ‘ ‘ ‘ usg ‘ ‘ u ‘ ‘ XS ‘
sections and Pl:ate Sj Depth to B.edmck), makes it difficult to interpret and de.llneate the ns Sand to gravelly sand (includes mapped units Qno, Qp)—Outwash. Unnamed formation—Sediment deposited by Superior sourced ice. Only 5 feet (1.5 (Fig ) Jennings, C.E., Aber, J.S., Balco, G., Barendregt, R., Bierman, P.R., Rovey, W., II, Roy, M., Lake Henry Formation, Meyer Lake Member
extent Of. olde.r tllu units and e.lssocmted sand layers. Rotary—som.c d.I‘lll cores pI’OVldC. the only Hewitt Formation (Johnson and others, 2016)—Itasca phase of the Wadena meters) of this unit were encountered in a single rotary-sonic core (WAD-3; ebs Sand to gravelly sand—Outwash. Thorleifson, L-H-, and Mason, J~A-,. 2006, Mid-Quaternary in North America, in Elias, S.A., Eagle Bend ‘ ebs ‘ ‘ ebl ‘ ‘ ebt ‘ ‘ ebs ‘ ‘ ebt ‘ ‘ usg ‘ ‘ ul ‘ ‘ xet ‘ Tillunitmity 36 38 41 21 4 62 38 0 10 62 38 0 20 77 20 3 16
data fo.r identifying these l,lmts’ h.owevlert the extent of those uf”ts is highly uncertain oply a lobe—Sediment deposited by the Rainy sourced Wadena ice lobe during Fig. 7), which included finer-grained lacustrine sediment at the top. Because L ) ed., Encyclopedia of Quaternary science: Oxford, England, Elsevier, p. 1044-1050. U d Superi " . .
short distance beyond the immediate vicinity of the core location. Based on the established . . . . . . . . . . ebt Clay to clay loam diamicton—Pebbly, unsorted; olive-brown (2.5Y 4/4) where Johnson, M.D., Adams, R.S., Gowan, A.S., Harris, K.L., Hobbs, H.C., Jennings, C.E., Knaeble nnamed superior IS St. Francis Formation
. hv for th ion (Fie. 1), i . have b de usine limited inf . the Itasca phase. In Wadena County, only outwash was deposited during this stratigraphic layer has not been recognized in other regional studies, units idized or black (2.5Y 2.5/1) wh idized. and dark <h AR, L ’ g B A, d,M (’} N ,2016 Q’ ; ’ lith ’ trai ’ hi "t fl\’/I' ; ’ T2 Wnitf2) 15 43 38 19 3 81 18 1 38 75 19 6 15 74 16 10 15
stratigraphy for the region (Fig. 1), interpretations have been made using imited information this stage. uss and uts are only identified on cross sections within the immediate vicinity ospgé\l(zée”lor hac d. 5 .Gl leer'lel unoxidized, and dark greenish-gray AR u:arG1, A a?s eyerl,{ N. 2016, 1t1a e;nary 618 (;56;a igraphic units of Minnesota:  gimdale usw ‘ — ‘ ‘ usg ‘ ‘ o ‘ ‘ - ‘
. . ; . e innesota Geological Survey Report of Investigations . i
provided by 1so.1ated, dee.per water-well records. Where there are no c.lata. available E.It depth, hei Sand to gravelly sand (includes mapped units Qho, Qp)—Outwash of the core in which they were sampled. This unit is similar in texture to ( ) where reduced. Glacial till. g urvey Rep vestig . ) p . Unnamed Rain o " " ¥ Eagle Bend Formation
the general, regional stratigraphy has been extended in a schematic fashion in order to illustrate Ind ) P u South Lone Lake M ’ ber (Joh ' ot the till of the older St. Francis Formation, but contains a higher percentage Unnamed till—Sediment deposited by Winnipeg sourced ice. Units utw and usw  Knaeble, A.R., and Meyer, G.N., 2007, Quaternary stratigraphy, pl. 4 of Setterholm, D.R., project y 9 Till (uniteb) 29 24 37 39 8 4 5 0 0 40 56 4 52 99 9 0 31
: : : : : ndependence Formation—Sou ong Lake Member (Johnson and others, o ? ) . : : : ; manager, Geologic atlas of Todd County, Minnesota: Minnesota Geological Survey Count .
the potential presence of previously recognized glacial units. 2016)—Sediment deposited by ice of the Rainy sousced Brainerd lobe of red rock fragments (Fig. 8; Table 2). It contains a higher percentage of were sampled only in rotary-sonic core W.AD-l, buF are v&fldely portrayed in AtlasgC—IS ) /_g\ 00000, & l}s/ g y Y Older deposits qsu — ‘ ups ‘ ‘ usg ‘ ‘ ul ‘ ‘ ups ‘ Unnamed formation (Winnipeg provenance)
No-line contacts and the stippled pattern indicate areas where the regional interpretation p y y : : ; : cross section below the Eagle Bend Formation. Stratigraphically, the next unit » Pt A, - 1UU,UUY, 6 pls. Till (unit utw) 9 34 41 25 5 66 33 1 0 65 25 10 63 94 5 1 44
; d Il d . ) carbonate grains than does till of the Cromwell Formation, a younger advance o i : Lusardi, B.A., 2014, Quat trati hv. pl. 4 of Lusardi. B.A ect Geologi
is especially speculative. This area of greatest uncertainty is shown on the sand-distribution == Sand to gravelly sand (includes mapped units Qio, Qp)—Ourwash. of the Superior lobe (Lusardi, 2014) below the Eagle Bend Formation is typically the Elmdale Formation; however, usar 11’ .f I\;I L Cua ernarl\};rs raigrap I\}/ll"p 4of Guszir " l.S., prOch manigclar, Ce;)loglc U d formation (Rai )
. . . 4 . . J. . : - nnamed rormation ain rovenance
models (Plate 5) as well. Identification of unit boundaries and sand bodies in these areas Hewitt Formation (Johnson and others, 2016)—Alexandria phase of the Wadena Uss Sand to gravelly sand—Outwash the amount of carbonate present in the 1-2 millimeter very coarse-grained Zt as o1 1~01r(r)105(())r(1)0 o6un;y, innesota: Minnesota Geological Survey County Atlas , pt. T tanit ot h 22040 R o 1 6 1 6 ~ 10 39 w o 1 30
is highly speculative. lobe—Sediment deposited by the Rainy sourced Wadena ice lobe as it formed the ' sand fraction (Table 2) is higher than is found in the Elmdale Formation M ’éc;e 1'997 ’P ’1 tpvsv'_ . il strati by of north eral Mi ta: Mi .
- ; . : s : : Alexandria moraine and Wadena drumlin field. Stratigraphic data from water- Lo . . i i i i eyer, L. » pre-tate Wisconsinan il stratigraphy of north-central Mimnesota: Minnesota
The surficial units that appear in the cross sections are similar, but not identical to those I e and rot ) - dicate that th grap liole Gl 1 uts Loam diamicton—Pebbly, unsorted; calcareous; light olive-brown (2.5Y 5/3) as defln;:d 11111 JO}{HSOH fln(li\/IOth?rS (2C016)~ Thlhs. Utlllllt‘ mag’ ;De reilategl tOdtflle Geological Survey Report of Investigations 48, 67 p.
: - 7 : : : Wwell records and rotary-sonic Cores indicate tha €re aré¢ multiple ayers . . . unnamed t1 unit vi) 1n orrison County, whic 1es below the madale . . .
mapped and described on Plate 3,'SWﬁCl¢?l Geol.ogy. Peat (unlt.Op on mflte 3). is too thin that may be attributed 370 the Wadena lobe that deposited the Hewilzt Format}ilon to dark grayish-brown (2.5Y 4/2). Glacial till. E tion i ( A ) . Mo-02 (L Y di. 2014). 1 " d ———2015, Quaternary stratigraphy, pl. 4 of Meyer, G.N., project manager, Geologic atlas of
to show on the cross sections and is combined with the surrounding surficial units as noted - ) 5 o Lake Henry Formation (Johnson and others, 2016)—Sediment deposited by ormation 1n rotary-sonic core ¥1o- usardi, - 1M CTOSS seclions an Meeker County, Minnesota: Minnesota Geological Survey County Atlas, C-35, pt. A, scale
in the unit descriptions. Sandy units, including alluvium (unit Qa on Plate 3) and eolian Where sampled, the texture and composition of each layer is nearly identical Winnipeg sourced ice. The Sauk Centre and Meyer Lake members of the Lake sand models, unit utw likely includes sediment of multiple formations that 1:100,000, 6 pls
sand (indicated by a pattern on Plate 3), are combined into one unit (pgs) for the purpose of (Fig. 8; Table 2; see also Table 2.011 Plate 3, Surficial Geology); therefore, llanS Henry Formation are similar in texture; however, the Sauk Centre Member are as yet undifferentiated. Minnesota Department of Transportation, 2015, Bridge boring logs: St. Paul, Minn., <http:/ Every reasonable effor? has been made. to ensure the accuracy of the factual data on which this map interpretation is
modeling. Subsurface units appear only on the cross sections (labeled in italics). are separated on the basis of thin sand layers. Separate till layers and their o Sand to gravelly sand—Outwash. www.dot.state. mn.us>. based; however, the Minnesota Geological Survey does not warrant or guarantee that there are no errors. Users may
wish to verify critical information; sources include both the references listed here and information on file at the offices of the
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Minnesota Geological Survey in St. Paul. In addition, effort has been made to ensure that the interpretation conforms to
sound geologic and cartographic principles. No claim is made that the interpretation shown is rigorously correct, however,
and it should not be used to guide engineering-scale decisions without site-specific verification.
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