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PLEISTOCENE STRATIGRAPHY OF STEARNS COUNTY
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FIGURE 1. Diagram showing the relative timing UNIT| West PROVENANCE East |AGE| Interpretation of outcrops, drill cuttings, and, in particular, core led to the general understanding
and extent of ice advances that deposited each innipeg _ Rainy __ Superior s of the Pleistocene stratigraphy of Stearns County presented in Figure 1 and the cross sections. This
till in Stearns County. % stratigraphic classification, which has as its basis the recognition of individual glacial tills, was
T e g B S O— 5 Supenor.l.dbe - ES fmgmally developed for the adj.ommg‘ Todd County arca (M.c)'(cr, 1986); it has been cxpandf:-d h‘ere to
were tentatively recognized in a few cuttings sets from o g9 include Stearns County. Stratigraphic data were not sufficient to map subsurface deposits in the
southwest Stearns County. All other tills were recognized S county by provenance as in the surficial map (Plate 3), or to show the areal extent of individual tills.
in outcrop and (or) core samples. Late Wisconsinan However, the general subsurface distribution of Quaternary sediment is portrayed in the Quaternary QUATERNAR i STRATIGRAPHY
deposits are grouped by lobe, as the general shape of each Y subsurface map on this plate. Special attention is given to the sand and gravel deposits of southwestern
ice advance can be determined by the landforms left Stearns County, which have been extensively studied as aquifer systems.
- behind. Landforms left by carlier advances were - In accordance with recent work in north-central Minnesota (G.N. Meyer, report in prep.), the
T 128 N subsequently buried and obliterated, so pre-late _ 3 Pleistocene section is divided into five major units. Unit z (Figure 1) encompasses deposits laid By
Wisconsinan deposits are grouped by provenance, which % g down during the last glaciation, the late Wisconsinan. Des Moines lobe deposits were the very last to
:’35 dlf_chl'“fl“(;fi Ffﬂm[t:-la;l !llh(;mbg}“ \ﬁhdmdw]al;d by & 3! be laid down, and their extent is well delineated on the surficial map (Plate 3). Superior lobe till G N. Mever
T 125 b q:';l‘: énu:tr;:r?a?;u::z;p (‘;-Iog;)?anczl é:eb:ll i";g;j;‘ler;i = apparently was not deposited more than a few miles beyond the Greenwald ice margin (Figure 2). ary IN. yer,
; . w Rainy lobe deposits once covered most if not all of the county prior to extensive erosion by the . .
Stearns County from the northwest, z}nd advanced to the _ E advazcin Su Erior lobe y P y Alan R. Knaeble’ and Rober[ G. Tlpplng
Alexandria moraine, even though Rainy ice entered W W ALE OB ' . . i - ) o )
Minnesota northeast of the county (see Fig. 1, Plate 3). ] & Tills and related deposits of unit y (Figure 1) have been positively identified only in the
Other advances into the county from the west, prior to that no.rlhern quarter of the county (cross sections A-A' and C-C'). These deposits were probably 1995
of the Des Moines lobe, were of Winnipeg provenance. v stripped away from southern Stearns County by subsequent erosion, as they are believed to be present
See text supplement for further discussion. Unnamed till (? in the subsurface south (down-ice) of Stearns County (Meyer, 1986). The dominant subsurface
pp (7) y
SR R s Quaternary deposit across the western half of the county is the northwest-source (Winnipeg provenance)
tills of unit x (Figure 1). Unit x tills also underlic most of those areas where till thickness generally
exceeds 50 feet in the eastern half of the county. Unit w deposits (Figure 1), though not as thick or
pervasive as unit x deposits, also underlie a significant portion of the county. Unit v tills (Figure 1)
I are poorly understood, as their distribution is apparently very spotty.
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MAPPING METHODS ‘ . Complex surficial geology includes till and bedded J:ycagmsin¥s_y I d d 0 5 10 mi
- < 1 1 1 1 [ I L L I | J
The entire section of Quaternary sediment between the 1 seciment of either or hoth the .Des MOI.H?,S and Supeljlor == T T
. d bedrock i : d in the O bsurf. lobes. Includes areas of thick surficial sand, thick s 0 5 10 15 km
SMEWESRNC BECING 15 PRERRYECIR (He INAISTIATY SubBUITens sand below thin to thick till, and thick till(s) with i et gt s 54
geologic map. Color on the map (Table 1) is determined by thin to no sand beds. In a few places depth to 2
surface sediment (Plate 3) and depth to bedrock (Plate 5). The bedrook is less than SO feet. E
ipti f Map Units further differentiates the map units, - . :
(Ii)c.sctlbp{ 101’1;) a;:J T“ S :r I B E i " Complex surficial geology includes till and bedded %
escribing the presence an. Pobl ! i ori n ) t beds an sediment of either or both the Des Moines lobe and &
the subsurface. These descriptions are Pasc primarily on water- Superior or Rainy lobes. Includes areas of thick FIGURE 3. Oblique shaded- 5
well records and are supplemented with other subsurface data surficial sand, thick sand below thin to thick till(s), relich tinuer ol the bards g
when available (Plate 1). The accuracy of the map in any and, especially in areas where depth to bedrock is SitpfaEs tpagraghy in w Undifferentiated Precambrian rocks
particular area depends on the amount and quality of available less than 150 feet, thick till(s) with thin to no sand Stearns County. The area
subsurface data. Organic deposits and open water were ignored beds. of Figure 4 is );uﬂl'ned
in constructing the map. Clayey lake sediment is not thought ‘ 1 | Primarily sand and gravel of Des Moines lobe outwash ’
to constitute a Slg"l“Cﬁm_ part of the Quaternary sequence across over bedrock; sand and gravel of Superior lobe outwash al ) EXPLANATION TO CROSS SECTIONS
most of Stearns County; for this reason, various “clays” described may be present in places at depth. Little or no Vertical exaggeration x 5 T amc w — e
by well drillers were generally interpreted as different glacial glacial till or lake sediment is present at depth; bedrock | LTI\ mes .@ﬁ_“;:*i*°"_ UNITS FROM THE SURFICIAL MAP—Sece Plate 3 - Bedded sediment—Chiefly sand to gravel, but
B« i BRI % = - r . . i r)
tills. Therefore, some of the beds interpreted as tills may is near the surface in a few places. | Sauk Centrel : A Late o for a detailed description of units. includes clay and silt beds in places, especially
. oo A ! T Ga i i ~
actually have a lacustrine origin. Primarily sand and gravel of Des Moines lobe outwash | T8N Peat where the unit is thick. Where above pre-
J ; SRS . S| N\ R merose : late Wisconsinan deposits (Figure 1), it
over till over bedrock. The underlying till is commonly S Freeport i : :
: i A Al ol - Freep . commonly includes sediment laid down by
) ) ) Des Moines lobe within the bounds of the advance G ! o . Sl meltwater issuing from the Superior and (or)
TABLE 1. Classification of map units by color. (Figure 2), and is of the Superior lobe elsewhere. I | ! j Albany Terrace deposit Rainy lobes
. . . ' ¢ Cc ISLLS. :
f DEPTH TO BEDROCK ‘ lnbplaccs bclo“f the sanq. Des Momt?s lobe till is N FIGURE 4. Three-dimensional \\/ Greenwald X %, P Winnipeg-provenance Browerville till (common
— = h’:%fgfman i thin over ‘Supertor lobe till. In the R‘lchmo.nd arc.:a reodel ihowing arini Hila O\ @L\ .I Graenwald 16 Margsy Lake clay (Des Moines lobe), carbonal.e. rare Lo uncommon s.hale clasts)
- eet and, possibly, elsewhere, pre-late Wisconsinan till # high babilit havi \«.__% -~' [ _ over Rainy-provenance Saum till (rare red
Clayey to sandy L " |\ (units w or x in the cross sections) is above the r— = ; - igh probability of al:mg‘ |3m°,m i I‘“W\-., Lake sand (Des Moines lobe). felsite and sandstone clasts)—Only the Saum
W tl; lake:ciay e e bedrock. In some areas the sand is separated from £ T T | p= A g :‘ sand and gravel depost.ts L  Dus o '5'%9 MGS 2523 s Nk Téesconiact Bepedits (Hiee Moines lobe) till has been identified in the western portion
SL| Til sand-and- | e bedrock by clayey lake sediment. A thin sand bed S T A = 5 the subsurfafe. See Figure 3 |m5 s o 4‘*% . W L, P - of Stearns County.
T3 gravel complex (8 inay be present between till and bedrock, and, especially ™ - - for tk'e location of the study | Beigrace | _ S Aichmond® I.ake sand (Superior Iobe). Wmn&peg-provenance’Sauk Centre, Meyer Lake,
20 e gravel |: ‘ in areas where depth to bedrock approaches 50 feet, r— = ./ area in southwestern Stearns SR S N oo ) ag E{alglc Beng l"”?l (at?ur_ldanL cda(;'bé)na}eﬁ
I I the sand bed may exceed ten feet in thickness. g = = County. EXPLANATION { Outwash (Superior lobe). absent to rare shale clasts) interbedde “':lt_
G han SO ¢ d | I ©- 1250 . 3 & o Features A and B are +sA.6 Rotasonic drilihole ; ) ) Superlor-provenan?c St. Francis, and FlFbl
g gcaler‘(; lee o c(t;:]ldo (s_zliln t(; Eravcdi;\':;l mgsetdi 82 ' _g iy — - largely discontinuous sand and *MGS 1025 Cutlings set held by MGS [t ) le-contact deposits (Supsrioriabe). ang SCCO;GI — 111115 t(c}om']rfahon r;d fel‘sne
uperior lo r older till, or lake se s S 2 e —— _ P gravel layers confined to south- T Y A ! ) and sandstone clasts)—The Superior-
DESCRIPTION OF MAP UNITS of sand generally less than ten feet thick are present -a-_,'g A- o1« VEEEEAC S e - trending valléys. Feature C.is an A——— A% 6 6 GBG6A , . Thrust complex (Superior lobe). provenance tills in general compose a minor
| One to several tills over bedrock; generally at least between the till and bedrock in places; till is very & " 1050 — = : : B extensive sand and gravel layer at I S part of the unit, except in the northeast and
A one sand bed between the till and bedrock. or within thin to absent in some areas; includes small areas (l) 5 1|0 MILES A approximately the 1100-1120 foot UNITS MODIFIED FROM THE SURFICIAL MAP. eas!Ern parts of the county. Where the unit
. ] . - I ; ) ) . . . ) . l - ‘I : g
the till. Sand beds exceed ten feet in thickness in of map unit J in places. B interval. See text for discussion. FIGURE 2. Map showing the lines of cross section, and the locations dou | Outwash (Des Moines lobe)—Map units do and ;w::a;ccmay Lot
of test holes that yielded cuttings and core used in the construction dot from Plate 3.

Winnipeg-provenance Elmdale till (uncommon
carbonate, rare to uncommon shale clasts)
overlain in a few places by Rainy-provenance
Shooks till (rare red felsite and sandstone

Less than 50 feet of sand to gravel over one or more
beds of till or, in places, clayey lake sediment, over
a sand bed that mostly exceeds ten feet in thickness.

places. generally where depth to bedrock is near 50
feet.

p Mostly subglacial till of the Superior lobe over bedrock;
generally no intervening sand beds; unit includes

Till (Des Moines lobe)—Map units de, dtp,
dt, dst. dsc, and drt from Plate 3.

Till (Superior lobe)—Map units se, stp, and
st from Plate 3.

of the sections. The locations of other subsurface data used in
making the cross sections are shown on Plate 1.

SURFICIAL AND BURIED SAND AND GRAVEL DEPOSITS OF SOUTHWESTERN STEARNS COUNTY

- Less than 50 feet of sand to gravel over two or more

bedrock outcrops and quarries. Older till may be | beds of till or, in places, clayey lake sediment; generally The southwestern corner of Stearns County is covered by a broad outwash but the study did not offer a depositional history of the study arca. Figure 4 clasts)—This unit may include in a few places
present where depth to bedrock exceeds 20 feet tHin/to ne:intervening sand Beds plain that was deposited by meltwater streams from the Des Moines lobe near  presents the estimated three-dimensional distribution of buried sand and gravel UNITS ON THE CROSS SECTIONS ONLY at depth older "unit v" tills of both Winnipeg
' ‘ the end of the late Wisconsinan glaciation (Figure 3). The plain extends into and shows how the sand and | have been d i REFERENCES CITED ' (abundant carbonate clasts) and Superior
; o5 ; . . gravel may have been deposited and eroded over S : ; . . . 3
Upper part is mostly thick till of the Des Moines or - Greater than 50 feet of sand to gravel over one or ailincent coustiss toithe west-and soutl sud is bordered onth th and east o T Sudicates miore: coRfeEtions Bet d-aid A denosite. ths " Rainy lobe till (Figure 1; Wadena till)—Chiefly provenance (Figure 1).
Superior lobes: generally at least one or two tills more beds of till or clayey lake sediment, over one J ¢ : U 16 1y bordered on the north and cas fme. RMIC I e T SRR RS G WeEh sand anc grave f:posils‘l.an Delin, G.N., 1990, Geohydrology and water quality of confined glacial-drift aquifers in the Brooten-Belgrade v sandy loam textured, unsorted sediment, with '
are presenibelows these 4ils aze: interbedded with ormote:sand beds thar genecally-excesd ton foer in is3y lfl'?c‘l\llorlh cll;‘orkdof the }C;OW R.wc’r. Surface drama}ge : t]r;:wardrthe southeast. acu':ally exist. Walcr—wcl! records and cutt.mkgs sa;mpies from varllou;s drilling arca, west-central Minnesota: U.S. Geological Survey Water-Resources Investigations 88-4124, 138 p. pebbles, cobbles, and boulders. Sand and Cretaceous rocks—Described on Plate 2.
sand bodies that are commonly less than ten feet thickness. urlicla’sanc and grave’, Cecposis in t.he area vary in thickness from 10 to 20 R e B L - oth:ers. 1990) tidisate .lhal Hobbs, H.C., and Goebel, J.E., 1982, Geologic map of Minnesota, Quaternary geology: Minnesota Geological gravel lensesare gonerally uncommon, This Precambrian rocks, undifferentiated—Early
thick. feet in the northeast, to 40 to 60 feet in the southwest. Two hundred to over the subsurface sand and gravel layers are largely discontinuous and are confined : unit may be more widespread in eastern Prot. ic and .Arch ki dassribed
Less than 50 feet of sand to gravel over one or more . . : . : : : ) Survey State Map Series S-1. scale 1:500,000. Stearns Couaty thin bortraved in the cross S - SUSEEIUaR LI K RS VOO
Mostly till; one or two older tills below the uppermost heds; of il oF clayey lake: sediment, HVEE 616 OF 400 feet of Pleistocene sediment that was deposited during repeated glacial in places to south-trending valleys (features A and B, Figure 4). However, a T — b of the Todd Count eral Mi . M ) e 4 p e on Plate 2.
till in most places. Sand beds are generally thin or G g Beds thit generally cxccc;d téri: Teek. i advances and retreats lies beneath the surface outwash. The underlying bedrock distinct sand and gravel layer around the 1100-1120 foot interval appears to Meyer: G"N" 12KG; Subear au? Ll 8 _“‘“E"’I’ y of the 10 bl R it rmnesota ;?;':;I:’m'. h(,]w".’lg. 1\2 ”t:u: ‘:”ﬂc;“y ‘of
absent. R veaing surface is incised by several south-sloping valleys. Each glaciation eroded be extensive in the northern half of the area (feature C, Figure 4; unit bs in Gealogical Snrvey Reportof Investigations. 34; 40:p;, 1 platc‘. . et : lt:bc tﬁllll(su::?;gsltul}n o e Tom mapener
Uoper part in most places is thick till of the Des SN N S — some of the previously deposited glacial material and added new deposits. cross section B-B'). Cuttings samples and stratigraphic position associate Southwick, D.L., Setterholm, D.R., and Boerboom, T.J., 1990, Scientific test dr?lh‘ng m wesl-cc.:nlral Minnesota:
I\pi)inez 555 Superiorp Yobes: il Teast ons: sand Ged - ::zr:rbcds SEATE of- Smnlices clf o Tike sedimen: Glacial deposits consisting of till interlayered with sand and gravel beds eventually this layer with the Sauk Centre and Meyer Lake tills of cross section unit x Summary of lithologic and strallgraphu,? ""'5“!15' 1987-1988, and some preliminary geological conclusions:
thicker than ten feet at dc:pzh Cemanily ax linm senerally thin to o intf:rveni,ng s).;n):i beds ' filled the bedrock valleys and the surrounding uplands. A few sand and  (Figure 1), which underlie most of western Stearns County. The 1100-foot Minnesota Geological Survey Information Circular 31, 98 p. ACKNOWLEDGMENTS
two 1o six, or more, tills are present below the surficial o A ——— - , - gravel beds are as thick as 60 feet, but most are much thinner. sand and gravel layer indicates that the southwestern corner of the county was Wolf, RJ., 1976, Buried aquifers in the Brooten-Belgrade and Lake Emily areas, west-central Minnesota: Thomas §, Hooyer sssisted inahe Held, Iaboratory, and with dataientry,. W thank:the many landowners
. b ] ) ess than eet of sand to gravel over multiple s ) 2 . ; ; ; ; P : T i Water-R Investizati . : ; .
till. Multiple sand beds are common at depth, especially - beds of (Il and, in places, clayey lake sediment; Geostatistical methods were used to analyze and display the two- and the site of a broad outwash plain, not only during the late Wisconsinan, but Factors related to developing water for irrigation: U.S. Geological Survey Water-Resources Investigations who allowed access to sites across the county, and especially to those landowners who allowed core drilling

where depth to bedrock exceeds 200 feet. However,
in some arcas thick sand beds are found only at
depths exceeding 100 feet.

Three or more overlying tills; intervening sand beds
are generally less than ten feet thick, and are absent
in many places.

The University of Minnesota is an equal opportunity educator and employer

generally thin to no intervening sand beds.

three-dimensional distribution of buried sand and gravel in southwestern Stearns
County. The results were compared to those of an carlier hydrogeologic
investigation of the same area by the U.S. Geological Survey (Delin, 1990).
In the U.S. Geological Survey study a series of vertical cross sections that
divided the sand and gravel deposits into identifiable layers was developed,

also during at least one earlier glaciation.

This study area of southwestern Stearns County shows the significant
influence that pre-glacial bedrock topography and drainage patterns had on
subsequent glacial deposition and drainage, and the contribution of many glacial
episodes to the complex depositional and erosional history of the area.

76-100.

Every reasonable effort has been made to ensure the accuracy of the factual data on which this map interpretation is based; however, the Minnesota
Geologlical Survey does not warrant or guarantee that there are no errors. Users may wish to verify critical information; sources include both the
reterences listed here and information on file at the offices of the 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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