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Olmsted County
Plate 4—Quaternary Stratigraphy
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B B INTRODUCTION to characterize the individual deposits or estimate an intervening time interval. In a few places, Rose Creek Formation
1,400 — , ‘ , , L : ~ - - ‘ o - . .
The Quaternary Stratigraphy plate depicts the unconsolidated sediments encountered between the surficial units were too small or thin to show on the cross sections. Underlying bedrock units are Qre Loam diamicton (Surficial Geology unit)—In places can range from silt loam to sandy
1,350 — U.S. Highway 14 State Highway 42 Rotary-sonic hole OLR-3 (340109) land and bedrock surfaces in Olmsted County. Cross sections A—A' through D-D' are representative indicated on the cross sections _by unit bf)ur}dames and labels corresponding to thqse descr.lbed on loam in texture, and include beds and lenses of silt and clay to sand and gravel (Fig. 3).
.S. ‘ ry of 40 cross sections (Fig. 1) for the Olmsted County Geologic Atlas. Because the thickness of Plgte 2, Bedrock Ge.ology. Detailed descriptions for each of the named Quaternary lithostratigraphic In Olmsted County, the Rose Creek Formation may also include St. Francis Formation
1,300 — unconsolidated sediments in Olmsted County is relatively shallow, a generalized depiction of the units can be found in Johnson and others (2016). diamicton. The St. Francis Formation was not mapped as a separate unit because of
M bedrock, to roughly 1,000 feet (305 meters) below the surface, is also show in cross sections A-A' its very patchy distribution. The St. Francis Formation is a reddish-brown (7.5YR 4/3
1,250 — Qbu \/\_9 through D-D'. For a more detailed description of the bedrock, see Plate 2, Bedrock Geology. TILL GEOCHEMICAL ANALYSES to SYR 4/4) till of the Superior provenance. During this project, it was only found in
South Fork _ Qbu apl Oop Crow-Spring Cross sections of the unconsolidated material allow the creation of a three-dimensional model of Geochemical analyses were conducted on 17 till samples from the rotary-sonic core ORL-1 (Fig. rotary-sonic core OLR-1 (Figs. 3, 7). This Superior-provenance till was also observed
1,200 — Cascade Creek Zumbro River  U.S. Highway 63  Rochester  Bear Creek NN Creok — Low Creek the Quat diments of Olmsted County. Plate 5, Sand-Distribution Model, shows the maj : - o Ny . . by Hobbs (1988) and most likely correlates to the St. Francis Formation mapped in
Qal Ogc e Quaternary sediments of Olmsted County. Plate 5, Sand-Distribution Model, shows the major 3; Table 2). Combined with the core description, documentation of intervening sand and lacustrine ) : )
1150 Ogp Qte Y Qte -~ — Qoo \ Qlo sand bodies from this model. All the cross sections used to develop the model can be accessed units, textural and lithological changes, till geochemistry aided in the separation of units within Dodge County by Meyer %nd others (2919; unit fo)’ but has been lnCIQde.d as part
Oac i&w 5 Qbu R\ (/ L 9 ] od Qal Qal Os through the digital files available on the Minnesota Geological Survey's website. this core. This analysis was conducted as part of a broader program of analyses (Thorleifson and Of. th? Rose Creek Format.mn b?ca‘_lse it has been interpreted to be a thin inclusion
1,100 —f| /%‘\ Qbu i IO | ‘ T Ong / iy A\ —— To define the geologic units shown on the cross sections, interpretations of new data collected others, 2019). In a manner consistent with methods used by Thorleifson and others (2007), the within Rose Creek Formation diamicton.
od .y 8 Qbl Qte Od Nt H ‘\/// Qte for this study are combined with data from previous studies completed in the area (Plate 3, Surficial <63-micron fraction of till samples was analyzed by ICP-mass spectrometry following a four-acid, Rose Creek and Elmdale Formations
1,050 — 5 B Qeu | oed| || | RS Qal Qal T /’ Geology). Most of the geologic units match the units mapped on Plate 3, but some new units near-total dissolution utilizing hydrochloric, perchloric, nitric, and hydrofluoric acids. Qes Sand to gravel (new unit)—Included in map unit Quo from Plate 3. Primarily glaciofluvial
/pg/_/// 1 Qes =TT wf N A Os appear only in the subsurface. Other units are the result of dividing units from the surficial map Elements appearing to correlate with the Winnipeg-provenance Browerville and Elmdale sediment of the Rose Creek and/or Elmdale Formations. May also include sediment
1,000 — H@\ﬁ o Qte =~ Qte Q into multiple subsurface units. Figure 2 illustrates the relationships between age, provenance, Formation tills sampled from core OLR-1 include magnesium, calcium, zinc, and nickel. This of the St. Francis Formation.
— S L . . oy . . . .
950 —| ///f/\ \f/\>ﬁ w1 — stratigraphic position, and location of the glacial sediments in Olmsted County. Exposures, auger geochemical signal is similar to the Browerville and Elmdale Formation till samples processed Elmdale Formation
PN ey S R Ops samples, drill core, and drill cuttings, combined with water-well and soil-boring drillers’ logs (Plate from rotary-sonic cores collected in Dodge County to the east (Meyer and others, 2019), where the @ Loam diamicton (modified unit)—Included in map unit Qel from Plate 3. In places
900 — 1a Database Map)7 were used to lnterprEt the Stratlgraphy' Samples and deSCrlpthnS from four Samp]es also correlated with Sulfur, CObalt, and arsenic. For this Study, cobalt was Only found in the can range from Clay loam to silt loam to sandy loam in texture, and include beds and
op rotary-sonic core sites (Figs. 3 through 6) were examined for this study. Figure 7 contains images Browerville Formation till samples and not the Elmdale Formation till samples, and the amount of lenses of silt and clay to sand and gravel.
— 3 — from the rotary-sonic cores that represent the major glacial till units in the subsurface. Table 1 i - i i i i . . . . . . .
850 \*///// . y p . J g K K . sulfur in core OLR-1 was relatl‘{ely consistent throughOUt the entl.re Sample (Table 2) A.ISO unlike Qeg Sand to gravel (new unlt)_Prlmarlly fluvial Sedlment, but hke]y includes some coarse-
| — i | summarizes the texture and composition of the most prevalent glacial till units. Meyer and others (2019), the suite of samples from core OLR-1 displayed a higher arsenic content grained lacustrine sediment in places
800 o | / Several factors should be kept in mind when viewing the cross sections. First, the vertical in the Rose Creek Formation till samples than the Browerville and Elmdale Formation till samples N . . . .
R Opo . .. . . . . . . . . . . . . . Loam diamicton (modified unit)—Included in map unit Qel from Plate 3. In places
dimension in the cross sections was exaggerated 50 times the horizontal dimension in order to show (Fig. 3). These discrepancies express that a broader geochemical analysis of pre-Wisconsinan tills . .
750 — . . . . . . . . . . o . can include beds and lenses of silt and clay to sand and gravel. In western Olmsted
the commonly thin, complex units of the Quaternary section. As a result, the relief of surfaces is in Minnesota is needed to understand how these chemical signals vary within units over larger . . . . L
Opo d dio of uni h h S d th lexity of the subsurf L County, a carbonate-rich, silty lacustrine sediment below the Elmdale Formation till
00 BIREEY Ay I greater and dip of units appear much steeper than true. Second, the complexity of the subsurface spatial distances. in a core hole (OLR-1; Fig. 3), and a silty till exposed in an outcrop (Q0039293;
/ . . . . . . . . . . BEE) . ) ’
p— - - units shown on the cross section is partly a function of the amount of data available. Where data Elements appearing to correlate with the Rainy-provenance Rose Creek Formation till included Fig. 1) both resemble the "VW" till of central Minnesota (Meyer and Knacble, 1996:
650 — / €] are scarce, the geologic units are generally portrayed or modeled as thick continuous layers, with arsenic, molybdenum, and phosphorus (Fig. 3; Table 2). With the exception of the arsenic value, Lusardi, 2014; Meyer, 2015). This implies older units are likely included in unit Qel;
| | minimal elevation changes. Where there are more data, units tend to be portrayed as discontinuous these findings agree with the samples from Dodge County. Only one sample of the Superior- in Olmsted County. Silty, carbonate-rich samples towards the base of some sections
600 — €j J N and variable in both thickness and elevation over relatively short distances. This more accurately provenance St. Francis Formation till was processed, and elements appearing to correlate with it of Elmdale Formation till could indicate incorporation of the "VW" till or a "VW"
— reflects the complexity of Quaternary deposits, especially those deposits that are older and have include copper, potassium, and zirconium (Fie. 3), as well as titanium., yttrium and hafnium (Table . . . . . . .
550 — / undergone more episodes of erosion. Lastly, in Olmsted County, Quaternary units are commonl Soppen P < or i (Fie. 9. i A i i ( lacustrine unit, such as is observed in the silty clay lacustrine sediments found at the
g P . Y Y y y 2). While more analysis on the geochemical values of pre-Wisconsinan tills in Minnesota is needed, b £ : OLR-2 (Fie. 4
| thi d vaich di here the depth to bedrock is 10 feet (3 met | . R : ! . o ottom of rotary-sonic core -2 (Fig. 4).
very thin and patchy, and 1n areas where the depth to bedrock 18 eet (3 meters) or less, it is this initial research supports our interpretation of four separate till units in Olmsted County. In . . . .
500 difficult t ¢ th Quat it. and therefore th . Iv display th - . . . . Undifferentiated Pleistocene deposits
ricult to portray more than one Quaternary unit, and therefore the cross sections only display the addition, some elements appear to be responding to multiple controlling factors, such as aeration
underlying Quaternary unit. For this reason, the geology represented on the surficial geology map during deposition and the interaction of groundwater at unit boundaries. Qus | Sand to gravel (new unit)—Sediment of unknown provenance. Unit Qus is not shown in
(Plate 3) does not always match what is depicted in the cross-section view. For example, where any cross sections featured on the hard copy of the plate, but was mapped in Olmsted
c C' the Quaternary sediments are a thin veneer over steeply sloping bedrock valleys, the overlying ACKNOWLEDGEMENTS County and can be found in the digital files of the cross sections.
1400 = Interstate 90 Interstate 90 Quaterna.ry un1.ts were corpmonly drawn as continuous umFS extending down the. valley. w.alls, In addition to the current and former employees of the Minnesota Geological Survey acknowledged Qup | Undifferentiated sediment (new unit)—Includes diamicton and bedded clay, silt, sand,
although in reality these unt ts are ?ommonl.y topped b,y colluvium (s.ee Pla.te 3 for unit desc.rlp tion). on Plate 3, Daniel Conrad helped analyze the geochemical data and created some of the illustrations and gravel. Shown in areas where control data were absent.
1,350 — al For this reason, the colluvium unit (Qco) is not depicted as extensively in the cross sections and . . . . . S
0 . . for this plate. Numerous water-well companies contributed subsurface information used in this atlas,
sand-body models as it is shown on the surficial geology map. It should also be noted that, due . . . . . PALEOZOIC
1300 — al to th ; ¢ et f levati d denth to bedrock i tional vi th and special thanks are given to those who have donated drill cuttings over the years to the Minnesota
) //,\/v\,\ - s . . 19 . . . c .
South Fork Q /ﬁF 0 e nat.ure Od projtec mne stulr ace ¢ evatlons an h epth © ; ?Olc l,nt a C(;zss see ;.ln? ;/1;:w 'et Geological Survey. Thanks are extended to the landowners who allowed rotary-sonic drilling on Bedrock units—Shown in gray; see Plate 2, Bedrock Geology, for detailed description of the bedrock
1,250 e b Zumbro River S U.S. Highway 63  Willow Creek U.S. Highway 52 Badger Run 4& :d Q cross.se.c tons do not accurate y .represen areas where the surficial unit is O€u (see . ate . orunt their property, and to Martin Larsen of the Olmsted County Soil and Water Conservation District. geology.
Ny Qbu f Ogs Qre Y description). Because the surficial geology map represents the geology below the soil horizon, the . . .
1200 —| Ogs Qal Qco //\ | ——— [ | O<€u unit depicts where bedrock is covered by less than 3 feet (1 meter) of Quaternary sediment or DESCRIPTION OF CROSS-SECTION UNITS Ops  Shakopee Formation of the Prairie du Chien Group
Qes Ogp | loess. This is difficult to depict in the cross-sectional view and the closest (in proximity) Quaternary ) Opo  Oneota Dolomite of the Prairie du Chein Group
1,150 —{ Ogp &\Quo 0ge - - ] unit represents the O€u unit. Each unit description on the cross sections is placed in one of three categories, as indicated in €j  Jordan Sandstone
| @lie | Oge ] Most diamicton (unsorted sediment) in Olmsted County is interpreted to be till, sediment more parentheses after the description: 1. Surficial Geology unit—Unit having an identical description, €st  St. Lawrence Formation
— T | — | 1 . . . . . . . .. . . .
1,100 Oge Qesy | S B or less directly deposited by glacial ice. Till is composed of clay to boulder-sized fragments (Table label, and color as on Plate 3, Surficial Geology; see Plate 3 for detailed descriptions; 2. New
| — Qeu — \8/\ N = e ] I 1). The Quaternary deposits present in the subsurface of the county are divided in the cross sections unit—Unit that is depicted only in the subsurface that has a unique label and color (the subsurface REFERENCES
1,050 Od Y T | e | Opg | | into finer- and coarser-grained sediment. The till and fine-grained lake sediment are depicted in sand and gravel units have the same color to emphasize their status as potential aquifers); and 3.
—Qeg T B : : : : : . S ; ; v ; ; : Hobbs, H.C., 1988, Surficial geolo 1. 3 of Balaban, N.H., project manager, Geologic atlas of Olmsted
1 000 _{pg///‘/ green shades, which can be considered potential aquitards, and the glacial outwash and fluvial Modified unit—One unit from Plate 3 divided into two (or more) units on the cross sections. C’ DA £e0l08Y pG logical S o C pro] Adl Cg3 ’ | 1g100 000. 9 ol
’ | | Os L v i sediments are depicted in yellow and orange hues, which are potential aquifers. By convention, the ounty, Minnesota: Minnesota Geological Survey County Atlas C-3, scale 1:100,000, 9 pls.
950 —| | /\ﬂ/_/’”/ I name designations of subsurface sand and gravel bodies depicted are associated with their underlying HOLOCENE ———1998, Use of 1-2 millimeter sand-grain composition in Minnesota Quaternary studies, in
f—/ M Ops till (except for the sand and gravel unit Quo, which is a surficial unit) even though meltwater from Qal | Sand and gravel, sandy loam to silt loam (Surficial Geology unit). Patterson, C.J., and Wright, H.E., Jr., eds., Contributions to Quaternary studies in Minnesota:
900 — 7] the ice that deposited the overlying till may in fact be responsible for depositing some or all of the Minnesota Geological Survey Report of Investigations RI-49, p. 193-208.
//_/ . . . . . .
o — sand and gravel. The sand and gravel units, therefore, commonly include sediment derived from PLEISTOCENE Johnson, M.D., Adams, R.S., Gowan, A.S., Harris, K.L., Hobbs, H.C., Jennings, C.E., Knaeble,
850 — ps more than one formation. Wisconsinan A.R., Lusardi, B.A., and Meyer, G.N., 2016, Quaternary lithostratigraphic units of Minnesota:
800 — e Sand bodies were assumed to divide the deposits of the various glacial episodes that affected L locally includes silt to bould Surficial Geol . Minnesota Geological Survey Report of Investigations RI-68, 262 p.
I T Opo the county (Fig. 2), acknowledging that sand lenses occur within, as well as above and below, o oam, locally includes silt to boulders (Surficial Geology unit). Lusardi, B.A., 2014, Quaternary stratigraphy, pl. 4 of Lusardi, B.A., project manager, Geologic atlas
750 _////J individual till and fine-grained lake deposits. The characteristics of the various tills of Olmsted G G I dt dv 1 Surficial Geol it of Morrison County, Minnesota: Minnesota Geological Survey County Atlas C-31, pt. A, scale
County are generally similar to one another (Table 1). They were distinguished in the subsurface € ravelly sand to sandy loam (Surficial Geology unit). 1:100,000, 5 pls.
700 —| Opo primarily on the basis of intervening sand beds, except for within the vicinity of core holes. In the Peoria Formation Meyer, G.N., 2000, Quaternary geology of Mower County, Minnesota, in Mossler, J.H., project
o absence of intervening sand beds, individual till units were distinguished by changes in described Qlo Silty loam (Surficial Geology unit)—Shown as a stippled pattern on Plate 3. manager, Contributions to the geology of Mower County, Minnesota: Minnesota Geological
650 — texture, oxidation, color (Fig. 7), hardness, or where core, auger, or cuttings samples were available, Pre-Wisconsinan (Illinoian and Pre-Tllinoian Episodes, undivided) Survey Report of Investigations RI-50, p. 31-61.
in clast content (Table 1). An organic layer, part of the Bennington Member of the Rose Creek o : : :
600 — : : : : : Quo | Sand to gravelly sand with minor beds of silt and clay (Surficial Geology unit). 2015, Quaternary stratigraphy, pl. 4 of Meyer, G.N., project manager, Geologic atlas of Meeker
€j Formation, commonly separates the Browerville and Rose Creek Formations. However, it has been County, Minnesota: Minnesota Geological Survey County Atlas C-35, pt. A, scale 1:100,000, 5 pls
documented in rotary-sonic cores drilled in neighboring Dodge County (Meyer and others, 2019 Browerville Formation ' i o o
550 . ey o EHDOHNg g y (Mey . . .) .o . . . . Meyer, G.N., and Knaeble, A.R., 1996, Quaternary geology of Stearns County, Minnesota, in Meyer,
that organic debris is also found within the Browerville Formation, as incorporated sediment within Qbu Loam diamicton (modified unit)—Included in map unit Qbv from Plate 3. In places G.N.. and Swanson. L.. eds.. Text supplement to eeologic atlas of Stearns County. Minnesota:
500 — till or in a peat layer separating two tills of the formation. This peat layer within the Browerville can range from clay loam to silt loam to sandy loam in texture, and include beds M.in;l’esota Geolo ic’al .éurve: Count pitlas C-10 gt Cg 16-39 ¥ '
Formation indicates the formation was laid down during more than one ice advance, with sufficient and lenses of silt and clay to sand and gravel. M G.N. Marsh f 3 d)ll\/l D yld M 20i§ o b o hve oL 3 of Steenb
. . . L . . . . eyer, G.N., Marshall, K.J., and McDonald, J.M., , Quaternary stratigraphy, pl. 3 of Steenberg,
450 time between advances for an organic layer to accumulate. Qbs Sand to gravel (new unit)—Primarily glaciofluvial sediment laid down by meltwater Y . . Q. 4 g' PaYy, P f 8
. . . . C . . . . . . . J.R., Geologic atlas of Dodge County, Minnesota: Minnesota Geological Survey County Atlas
Although lithologic differences are present where more than one Browerville Formation from glacial ice that deposited till of the Browerville Formation. Primarily topped C-47 pt. A. scale 1:100.000. 6 pls
till is depicted, the differences are not consistent from site to site. Therefore the division of the by unit Qbu (see cross section C—C"). Thorleif 'P LH c .d D’R ’ dpS' lev. ALE.. 2019. Geochemical analvsis of till from Mi
D D Browerville Formation into two units on the cross sections (Qbu, Qbl) is only approximate, and was Qb Loam diamicton (modified unit)}—Included in map unit Qbv from Plate 3. In places orde%llson, ' M onrac, G .’l ant ltas Y A O F"l ;OC emg:;Rarll; 3;15 of tifl from Minnesota
1,400 — Rotary-sonic hole OLR-2 (340108) Interstate 90  U.S. Highway 63 done primarily as a means to depict sand beds within the formation for the sand models (Plate 5). can range from clay loam to silt loam to sandy loam in texture, and include beds H_ cores: 1nne§Ota eological sutvey perhl— tle Report o _ ‘
The younger Browerville Formation was mapped as part of the Qbu unit because it was more recently and lenses of silt and clay to sand and gravel. Thorleifson, L.H., Harris, K.L., Hobbs, H.C., Jennings, C.E., Knaeble, A.R., Lively, R.S., Lusardi,
1,350 — North Branch deposited, where the Browerville Formation is relatively thin, such as in eastern Olmsted County. Browerville and Rose Creek Formations B.A., and Meyer G.N., 2007, Till geochemical and indicator mineral reconnaissance of Minnesota:
North Branch Root River Qlo Root River Mill Creek  U.S. Highway 52 The Elmdale Formation was also divided into two units on the cross sections (Qeu, Qeb) as a means . . . . . . . Minnesota Geological Survey Open-File Report OFR 07-1, 512 p., 15 digital files, 5 digital images.
Qco . o . . Qrs Sand to gravel (new unit)—Primarily glaciofluvial sediment of the Browerville and/
1,300 — to depict sand beds within the formation for the sand models (Plate 5). The Elmdale Formation .
/\_\ Qbu . . . . .. or Rose Creek Formations.
J\< M Qre \/ - Qlo was also likely laid down by more than one ice advance (Meyer, 2000), but data were insufficient
1,250 ———_| Qre o3 L/ M,u Ogs N Qlo o
I u N L =)
nges Nges / Qb @bs — Oge 2 o
] g il . . . L . TS
1.200 Qal Ogp arc Table 1. Average values for the matrix texture and composition of the most prevalent tills recognized in Olmsted County. Matrix o £ T
T | 17 . . . . . . . . D x
1150 . Oge = texture (the less than 2-millimeter grain-size fraction of the sample) is expressed as relative proportions of sand, silt, and clay in percent. Oronoco 340770 S g8 g
) ] | / . . .. . . R . . . . [
1 \_/// T Oge od Opg The lithologic composition of the very coarse-grained sand fraction (1-2 millimeters) is expressed in percent as relative proportions of L ° & 225 west East
1100 —| ////\ Ogp | T Os Qr I crystalline, carbonate, shale, Precambrian rocks, Paleozoic rocks (mostly carbonate), and Cretaceous rocks (mostly limestone for the 5200.000 —
’ — / . . - . . P . . . . ’ \
L \_/// /~f4/~~— T Od N } Os Qbu and Qeb units) using the classification system of Hobbs (1998). The Precambrian 1-2 millimeter fraction is further differentiated
1,050 — | — Ogce L /’/—J/Opg/ i by rock type—Ilight (granite, gneiss, monomineralic quartz), dark (mafic-rich igneous and metamorphic rocks), and red (rhyolite, ElEn il FemE T Qbu
B g T | 7] : ; QU039293 |
1000 - N | o 10 e Si'v | Os Qal Z/ | sandstone, and iron formation). MATRIX TEXTURE CLAST TYPE ° —
s ] — | | H
/////\ e L — Os = L Qte Percentage of total grains Percentage of total grains A o A TR
950 — //J///\\_/// Org S S P Qte 4 s counted of the 1-2 Percentage of total counted of the 1-2 BVl — Browerville Formation Qbl
e 1Y <] millimeter fraction . . millimeter fraction ocnester
. = - P Percentage of the crystalline grains hd .
= = IS .
900 —| Os IS S S . I3 © o © lessthan 2 millimeter counted g * 340709 .
— | | s £8 g2 fraction Q@ Q 8 o é B - B
L — l—] o S8 _E = © 2 5 3 . e —— |
Ops 2 _ €t gal 5 5§ o E 8 g Eyota - .
T ] . - 8 8 s5E & = & 2 g s £ £ 3 g < 15 Dover ® Rose Creek Formation Qre
[ Deposit description z2 025 528 & bl o S S 193] = S & g &8 S C C'
L k1 -
800 — // //\ Browerville Formation till 5
Ops // (unit Qbv) 14 336 3.6 39 38 23 80.2 194 04 86.0 120 2 783 18.1 3.6 =
750 —| p Rose Creek Formation till § . .
//_/// (unit Qrc) 13 91 34 4 37 22 83.17 167 0.13 83.6 141 23 81.1 185 0.4 2 St. Francis Formation Qre
700 — Opo Elmdale Formation till D 0340108 o =
/ (unit Qeb) 62.4 52 3.8 35 43 22 82 172 0.8 84.0 152 0.8 81 17 2 SteWaATilE Chafied o
| 0 S Figure 2. Diagram showing
650 — /_/_// ! | | relative age, location (across
600 — Opo KEY FOR FIGURES 3 THROUGH 6 Figure 1. Location of the 42 west—east cross sections, constructed at Eimdale Formation Qeu Olmsted County from west
€ /_// Oraanic 0.6-mile (1-kilometer) intervals, used to create a three-dimensional model . ——— | to east), provenance (Plate 3,
- Organic layer . . ; ;
550 — /—/—/// = y of the Quaternary deposits of Olmsted County. The locations of cross ————«——— | Fig. 1), and related unit labels
: sections A—A' through D-D' are shown here, and are also shown on Plate 3, Elmdale Formation Qeb from the cross sections for pre-
500 — Sand/gravel Surficial Geology. Labeled circles depict the locations of the four Minnesota e | Wisconsinan glacial sediments
€ - Geological Survey rotary-sonic core sites in the county. (Table 1). The age column
450 = -1 Silt/clay and deposit drawing are not to
Unit VW2 - scale. See the text on Plate 3
400 JANR ni ? e . . .
Vertical exaggeration = 50X - ) .| Till for discussion of the geologic
GIS compilation by J.D. Hamilton ] histor
) . X y.
Edited by Lori Robinson Weathered
Borehole name: OLR-1; unique number: 340107 Borehole name: OLR-2; unique number: 340108 EXPLANATION
bedrock :
Location: T. 107 N., R. 14 W., sec. 19; BCCCCA Location: T. 105 N., R. 15 W., sec. 21; DCDDCB Riding Mountain-provenance o
Elevation in feet above mean sea level: 1,161 Elevation in feet above mean sea level: 1,332 deposits \é\g:g!).tesg-provenance
. . . |
Depth Matrix texture Lithology Very coarse-grained Description Magnesium (%) Calcium (%) Arsenic (ppm) Molybdenum (ppm) Zinc (ppm) Copper (ppm) Potassium (%) Nickel (ppm) Phosphorus (ppm) Zirconium (ppm) Depth Matrix texture Lithology Very coarse-grained Description Rainy-provenance
(feet) sand lithology (feet) sand lithology deposits Period of sediment erosion
0O 20 40 60 8 100 O 20 40 60 80 100 0 0.8 16 0 15 30 7.5 15 0 6 12 0 30 45 0 25 50 0 2 40 25 50 400 600 1000 100 150 250 0O 20 40 60 80 100 O 20 40 60 80 100 and/or deposition of
0 — ‘ ‘ ‘ : = : : : : Loamy soil with organics: 0-2" ! ! ! ! ! ! ! : ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ = ‘ ‘ ‘ ‘ — — Superior-provenance nonglacial sediment
= Sl A y ganics; . e 1y 0 Oxidized loam diamicton, yellow to brown; 0-5' d it
-10 : . / 1 Oxidized loam diamicton with gravel, yellow-brown; 2-11.5' ; : % % Fine- to medium-grained sand, tan; 5-6' eposits
= s ( ( Unoxidized loam diamicton, black; 11.5-18.5' ) -10 7: Unoxidized loam diamicton with gravel, brown-black; 6-36.25'
'2Oi : = Sandy loam, fluvial inclusion within till, gray-brown; 18.5-19' Browerville ] Precambrian
-30% Qb —| Reds Unoxidized loam diamicton with silt and fine-grained sand, black; 20 e
3 19-46' 3
-40— sand Silt Clay | S T . | R B L] -30 E Sand Silt Clay
.50 — i ( \ Sandy loam mixed with till, fluvial inclusion, olive-gray; 46-46.5' Rose Creek 40 L Unoxidized clay-silt loam diamicton, black; 36.25-40'
_605 \ Sandy loam till, gray/brown; 46.5-545'  F= === T% - — = od i~ - = Poorly sorted sand and gravel; 40-65.5'
= «— Fine- to very coarse-grained sand, orange-red; 54.5-64.5' =< === = o -50 —] Cretaceous Mix of sand and gravel and diamicton, black; 65.5-67"
=704 «*  §\ Partially oxidized loam diamicton, red-gray-brown; 64.5-66.5' T T T ! 7 7 Borehole name: OLR-3; unique number: 340109
802 | Silty-sand and gravel, orange; 66.5-94.5' Rose Creek ' -60 —| Location: T.106 N., R. 12 W., sec. 12; DACACD
%0 E | Outwash \“ :: 70 E = Oxidized sandy loam, olive-brown; 67-68' Elevation in feet above mean sea level: 1,211
= N N N L] = llluviated partially oxidized loam diamicton; 68-70' Depth Matrix texture Lithology ~ Very coarse-grained Description
-100— ! Greenish silt loam, olive/brown; 94.5-107" 80 = Oxidized loam diamicton, olive-brown; 70-80" (feet) sand lithology
= v — : — : Elmdale i Unoxidized silt loam with gravel, dark gray; 80-86' 0 20 40 60 80 100 0O 20 40 60 80 100
-110 = Precambrian Unoxidized silt loam diamicton, olive-brown; 107-129.5' -90 ; Oxidized loam diamicton with gravel, gray—brown; 86-90' 0 - | | | | - | | | | — - - :
1203 3 Unoxidized silt loam with silt bed laminations, black; 90-95' . Cretaceous Oxidized silty clay loam loess, yellow-brown; 4-6.5
3 Paleozoi,| Fe s mm s m e m S m o mm mmm = e — ---=--------- === e Attt i ittt ol ittt e il ol ittty = 100 — / Unoxidized silt loam, olive-gray and green; 95-102' 10 Oxidized bedded silt and fine-grained sand, brown-yellow; 6.5-8.5'
'130? N "~Bedded silt and clay with organics, green-gray; 129.5-132.5' = i Organic layer, silt loam, dark gray; 102-102.25 . ~ Very poorly sorted fine- to coarse-grained sand and gravel; 8.5-12'
140 — ——= —e—2\ Soft sand and silt, green-gray; 132.5-135' 110 — — Greenish loam, pebble poor lacustrine; 102.25-103' 20 hY Oxidized silt and clay with gravel, gray-brown;12-13.5'
= — # Fine- to coarse-grained sand with some gravel, tan; 135-138.5' - Paleozoic Unoxidized silt loam, black-gray lacustrine; 103-109.5" ] ‘ Unoxidized clay, lacustrine, gray-brown; 13.5-14.75'
‘150*: Unoxidized clay loam diamicton, dark gray; 138.5-145' 120 - Silty clay with organics; 109.5-110.25' 7 Sand Silt Clay Poorly sorted sand and gravel, orange-brown; 14.75-18.5'
-160—= Cretaceous Fine-lto. medilum-graim.ed s§nq, orange; 145-145.5' Figure 4. Descriptive lOg for rotary—sonic core OLR-2. Silty clay lacustrine, dark gray; 110.25-111.75' -30 B ) Unoxidized clay loam diamicton with silt laminations; 18.5-23"
= Unoxidized silt loam with silt fine-grained sand, dark gray; 145.5- L . is sh Fi 1 d Pl 1. Bedrock Silty clay with sand and gravel, olive; 111.75-115' h Precambrian 1 Poorly sorted sand and gravel, orange-brown; 23-23.75'
4707; 148.5' Ocatllon IS OWH on rigure 1 an ate 1. cdrock was Bedrock—Galena/Stewartville Formation -40 I Unoxidized loam, dark gray; 23.75-43.33'
1803 N\ Silty clay lacustrine with sandy inclusion, green-gray; 148.5-159.5 described by Julia Steenburg. 7] ys {R-_Bedded silt and clay with gravel lag, dark gray; 43.33-44.25'
Bedrock—Windrow Formation -50 —: ‘/ .,,/ Loam diamicton mixed with silt and clay; 44.25-45'
Bedrock—Shakopee Formation - Poorly sorted sand, gravel and cobbles, olive-gray, interbedded with
L. . . . . . . . . . . . = till; 45-47.75'
Figure 3. Descriptive log for rotary-sonic core OLR-1. Location is shown on Figure 1 and Plate 1, Database Map. Plots represent the geochemical analysis of the <63-micron fraction of till. Bedrock was described by Julia Steenburg. -60 = \ Paleozoic Unoxidized loam diamicton with secondary carbonals, gray; 47.75-50"
h N Unoxidized loam diamicton with gravel, olive-gray; 50-53.5'
-70

Borehole name: OLR-4; unique number: 340110
Location: T.108 N., R. 13 W., sec. 15; ADDADD
Elevation in feet above mean sea level: 1,058

Depth Matrix texture Lithology Very coarse-grained Description
(feet) sand lithology
0 29 49 GP BP 100 0 2‘0 4‘0 6‘0 8‘0 100
0
- F=QioY’ Oxidized silt and clay, yellow-brown loess; 0-6'
10 Unoxidized silt, olive-brown; 6-7.25'
. —2-—A\ Poorly sorted fine- to very coarse-grained sand and gravel;
20 7.25-10'
] . . Poorly sorted ranging from silt to cobbles, orange-brown;
: 0 g S s Precambrian 10-14.25'
-30 — Sand i Clay | :% - .
30 ] Silt : Oxidized loam diamicton with some gravel, gray-brown;
40 = 14.25-14.5'

B = Cretaceous ¢ Unoxidized loam diamicton with gravel, black; 14.5-47.75'
-50 —| < Multicolored oxidized loam diamicton, olive-gray; 47.75-49'
= Paleozoic Poorly sorted medium- to very coarse-grained sand,

-60 — residuum, 49-53'
. Bedrock—Prairie du Chien Group, Shakopee Formation;
70 3 53-90'
-80
-90 —

Figure 6. Descriptive log for rotary-sonic core OLR-4. Location is shown on Figure 1 and Plate 1. Bedrock

was described by Julia Steenburg.
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in depth. The entire core is depicted in Figure 3.

in depth. The entire core is depicted in Figure 3.

GEOLOGIC ATLAS OF OLMSTED COUNTY, MINNESOTA

Figure 7. Examples of rotary-sonic core of Quaternary sediment drilled for this project. Up is to the

A. Calcareous unoxidized till of the Browerville Formation. The segment is from core OLR-2 and is
31.7 to 33.3 feet (9.7 to 10.1 meters) in depth. The entire core is depicted in Figure 4.
B. Contact between oxidized reddish-brown till of Superior provenance over gray-brown till of the
Rose Creek Formation. The segment is from core OLR-1 and is 63.5 to 65 feet (19.4 to 19.8 meters)

C. Contact between till of oxidized gray-brown till of the Elmdale Formation and unoxidized black till
of the Elmdale Formation. The segment is from core OLR-1 and is 94 to 96 feet (28.7 to 29.3 meters)

Table 2. Geochemistry of the <63-micron fraction of Olmsted County till, analyzed by ICP-mass spectrometry.

Poorly sorted mix of till balls, sand, gravel, and cobbles; 53.5-55'
Bedrock—Platteville Formation; 55-70'

Figure 5. Descriptive log for rotary-sonic core OLR-3. Location is shown on Figure 1 and Plate 1. Bedrock
was described by Julia Steenburg.

Elements mentioned in the text are highlighted. Till of the Browerville Formation includes

samples from cross-section units Qbu and Qbl and till of the Elmdale Formation includes

samples from cross-section

units Qeu and Qeb.

Sample Weight Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe Ga Ge Hf In K La Li Mg Mn Mo Na Nb Ni P Pb Rb Re S Sh Sc Se Sn Sr Ta Te Th Ti T U \ W Y Zn Zr
name Formation kg ppm % ppm  ppm  ppm ppm % ppm  ppm ppm  ppm ppm ppm % ppm ppm  ppm ppm % ppm ppm % ppm ppm % ppm ppm  ppm ppm ppm ppm % ppm ppm ppm ppm  ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm
OLR-1-5.5 Browerville 0.28 0.11 6.42 14 410 1.83 0.31 4.8 032 875 10.6 61 3.98 304 383 17.8 0.18 4.9 0.055 157 446 469 1.31 438 3.74 045 157 352 680 21.6 78.1 <0.002 0.03 0.91 1.7 1 1.9 131 0.98 0.1 12.85 0.395 065 42 104 1.3 238 79 177.5
OLR-1-12.5 Browervile 032 012 639 155 390 1.62 0.31 509 06 87 134 67 414 287 322 17.05 0.18 46 0.048 153 446 521 135 437 521 043 157 454 650 234 785 003 122 112 111 2 19 1345 096 01 1275 0394 108 7.6 104 13 234 81 1715
OLR-1-17 Browerville 0.28 0.12 6.18 14.2 390 1.71 0.29 5.46 052 807 1.8 66 377 268 352 16.05 0.16 4.6 0.049 147 414 474 1.4 485 488 042 148 39.2 650 223 74.5 0.016 1.29 0.97 10.2 2 19 1345 0.91 0.08 11.85 0.397 0.9 4.8 100 12 224 75 168
OLR-1-21 Browervile 028 013 606 16 390 135 029 509 05 805 115 64 382 263 309 1535 018 42 0053 15 408 443 129 397 56 045 147 376 660 221 731 0014 13 096 98 2 18 136 0.9 011 1165 0392 088 51 99 12 229 77 161
OLR-1-29.5 Browerville 0.32 0.1 6.96 10 370 1.5 0.29 3.61 043 844 126 75 416 30.7 413 17.65 0.16 4.2 0.058 1.6 434 41.2 0.94 407 3.51 049 157 417 700 224 82 0.013 1.39 0.75 1.6 2 1.8 138.5 1 0.07 1195 0.404 0.77 3.8 103 12 222 76 164
OLR-1-38 Browerville 0.36 0.1 6.31 11.8 390 146 028 3.52 049 899 112 67 427 255 358 16 0.18 4.6 0.053 1.6 441 44.3 0.87 327 362 044 181 359 710 214 82.2 0.009 1.37 096 10.8 3 1.9 1325 1.1 0.1 12.35 0.404 086 4.1 108 1.3 228 82 169
OLR-1-45 Browervile 028 0.1 6.49 127 370 192 031 331 048 935 119 67 469 259 365 175 0.18 5 0.058 1.66 457 52 0.84 347 354 039 202 371 710 233 897 0011 121 093 117 3 21 1305 128 0.07 1285 0426 084 39 116 1.3 242 86 181
OLR-1-49 Rose Creek  0.36 0.1 6.08 10.1 380 178 0.26 3.13 038 905 115 65 4 279 3.6 15.85 0.16 5.2 0.052 1.71 444 424 0.93 396 2.8 0.47 187 34 730 21.2 81.3 0.011 0.82 0.85 1.5 2 19 126 1.24 0.06 1225 0.429 0.81 3.4 106 1.2 236 66 187.5
OLR-1-51 Rose Creek 0.32 0.1 564 10.8 530 141 022 288 036 888 107 59 33 257 282 146 016 51 0046 173 432 353 1 372 165 057 162 309 720 216 75 0.01 057 074 104 1 16 1355 099 008 12 0427 07 38 94 11 243 66 1885
OLR-1-53 Rose Creek 0.28  0.11 579 281 540 146 0.24 1.54 0.15 89.3 9.6 64 3.45 29.8 595 156 0.15 54 0.049 1.78 422 31.2 0.58 763 10.85 059 16.7 30.8 930 205 78.6 <0.002 0.02 0.83 11 1 1.6 123 1.1 0.1 12.25 0.432 0.62 2.7 97 1.2 243 72 192.5
OLR-1-63.5 St. Francis 0.36 0.07 6.81 10.1 560 2.02 0.18 1.51 0.1 782 148 56 3.78 415 447 18.38 0.17 6.8 0.052 3.13 37.2 297 0.95 709 0.95 057 137 358 710 19.3 104.5 <0.002 0.01 1.15 123 1 2.3 92.5 092 <0.05 10.25 0.538 0.65 2.7 86 1.1 32 72 241
OLR-1-64.5 RoseCreek 028 009 656 9 450 1.7 027 269 012 921 134 64 443 225 314 173 014 47 0053 1.81 449 414 08 272 146 048 171 244 650 219 875 <0002 001 06 122 1 19 122 1.04 007 1275 0437 061 27 101 13 225 59 1765
OLR-1-96 Elmdale 0.32 0.07 6.81 5.9 480 172 0.23 2.98 019 829 118 64 3.85 22.6 253 175 0.18 4.8 0.047 1.68 42 39.5 1.01 245 165 069 147 329 510 21 81.1 0.009 0.45 0.53 1.5 1 1.7 1425 0.93 0.05 11.95 0.407 0.62 4.1 90 1.2 204 65 171
OLR-1-108  Elmdale 028 007 67 92 480 191 022 383 015 805 124 66 423 222 313 1715 016 43 0042 192 414 374 115 514 132 068 137 334 580 225 836 <0.002 0.3 056 113 1 17 1505 092 006 117 039 058 29 94 12 202 64 156
OLR-1-116 Elmdale 0.28 0.09 6.47 4.7 570 165 022 355 016 79.8 116 61 4.01 22.6 3.07 16.65 017 4.2 0.043 1.87 405 35.9 1.1 485 1.03 0.71 134 31.9 620 18.8 81.7 0.002 0.21 0.56 ik <1 16 153.5 0.88 0.06 11.25 0.375 0.58 2.7 90 1.1 20 61 153
OLR-1-122.5 Elmdale 0.28 0.1 6.29 52 470 1.76 0.21 3.54 0.15 832 11.7 60 4.13 209 3.07 16.8 0.18 4.6 0.043 1.87 425 35.5 1.08 458 0.9 0.66 141 31.4 620 19.8 86.3 <0.002 0.18 0.55 10.9 1 1.7 1495 0.92 <0.05 11.65 0.369 0.57 2.7 87 12 206 58 157
OLR-1-124  Elmdale 028 008 631 43 510 175 022 329 0.13 809 109 59 431 201 293 1645 0.7 43 004 209 409 348 1.1 435 093 062 134 296 560 224 873 <0.002 016 065 104 1 1.7 146 0.88 <005 118 0373 054 26 87 12 195 57 1525

Every reasonable effort has been made to ensure the accuracy of the factual data on which this map interpretation is 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 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.



