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INTRODUCTION

This Quaternary Stratigraphy plate shows the unconsolidated materials expected to
be encountered between the land surface and bedrock surface in Kandiyohi County (Fig.
1). Cross sections A—A' through E-E' are representative of 61 cross sections (Fig. 2) at
0.6-mile (1-kilometer) spacing that were constructed to create a three-dimensional model
of the Quaternary deposits of Kandiyohi County. The major sand and gravel bodies from
this model are depicted on Plate 5, Sand-Distribution Model; the full model and all the
cross sections used to develop it can be accessed through the digital files of the Minnesota
Geological Survey. The Quaternary geologic units shown on the cross sections were defined
from interpretation of new data collected for this study and from existing data from previous
investigations (see Index to Previous Mapping on Plate 3, Surficial Geology, for references to
adjacent mapping projects). These include rotary-sonic core from four drill holes completed
by the Minnesota Geological Survey for this project (KY-1 though KY-4; Figs. 3-6), water-
well drillers' logs, cuttings set descriptions, bridge boring logs (Minnesota Department of
Transportation, 2015), exposures, and auger samples (Plate 1, Database Map).

On the cross sections, drill holes are represented by vertical lines. Rotary-sonic drill
holes are labelled with their borehole name and associated unique number (in parentheses).
Interpreted logs of the four rotary-sonic cores are shown in Figures 3 through 6 and their
locations are shown in Figure 2. Water-well drillers' logs and previous rotary-sonic cores
collected by the Minnesota Geological Survey in adjacent counties were used for interpretation
and provided significant detailed stratigraphic control. Vertical lines representing drill holes
may start above or below the land surface because the data are projected onto the cross
section from a distance of up to 0.3 mile (0.5 kilometer), where surface elevations could
differ. Vertical exaggeration is 50x for all cross sections.

The variability of data is partially responsible for the spatial extent and complexity of
the subsurface units shown on the cross sections. Units are generally portrayed (modeled)
as continuous, with relatively uniform thicknesses and minimal elevation change where the
data are scarce. Where there are more data, units appear more discontinuous and variable
in thickness and elevation over relatively short distances, which reflects more accurately
the complexity of glacial deposits. Fewer data exist for the older, deeper units, but they are
more likely to be portrayed as discontinuous and variable because they are more eroded and
dissected. These factors should be kept in mind when viewing the cross sections. Diamicton
units, interpreted to be glacial till, are extended across areas where there are little to no data
but where it seems reasonable that the till units are continuous. Although sand bodies are
not drawn in all of these areas, sand and gravel commonly occur at till boundaries and may
be encountered in future drill holes at the approximate depth of till contacts shown (such
as the western half of cross-section A—A', where wells mostly end in a shallow aquifer and
there are scarce data for deeper stratigraphy).

The scarcity of deep water-well data makes it difficult to interpret and delineate the
extent of older till units and associated sand layers. Rotary-sonic drill cores provide data
for identifying these units; however, the extent of those units is highly uncertain only a
short distance beyond the immediate vicinity of the core location. Based on the established
stratigraphy for the region (Fig. 1), interpretations have been made using limited information
provided by the records of isolated, deeper water wells. Where there are no data available at
depth, the general regional stratigraphy has been extended in a schematic fashion in order to
illustrate the potential presence of glacial units identified elsewhere. Units not separated by
black contact lines indicate areas where the regional interpretation is especially speculative.
Identification of unit boundaries and sand bodies in these areas is highly speculative.

For convenience, the surficial units that appear in the cross sections are equivalent to
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where thin sand or silt and clay layers separate till layers. Average lithologic
composition of the very coarse-grained sand fraction (Table 1) differs
from averages calculated for Plate 3, Table 2 within this formation, in part
because averages from Plate 3 include only samples to a depth of 10 feet (3
meters) and averages for this plate only include samples collected in core
and in auger samples below 10 feet (3 meters). See Plate 3 for additional
information regarding surface-unit sample collection and more discussion on
surface units nht and nt. Also refer to Plate 3 for average unit composition
of the complex deposits (ncl, ncg, nct), associated with the Villard Member
of the New Ulm Formation, because they were only encountered in surface
samples and not in rotary-sonic core. The Moland Member of the New Ulm
Formation is considered to have been deposited by an earlier phase of the
Des Moines lobe and could correlate to the Sheldon Creek Formation of
Towa, attributed to two glacial advances at approximately 26,000 to 40,000
14C yr BP (about 31,000 to 43,700 cal yr BP; Johnson and others, 2016).
These dates are older than the dates associated with the Hewitt Formation
(see formation description below), which was deposited before the Des
Moines-lobe advance. Therefore, these dates are likely a maximum age for
the Moland Member in Kandiyohi County, or the Moland Member might
correlate to a younger unit than the Sheldon Creek Formation in Iowa. Wood
pieces collected from the Moland Member till at a depth of 47.25 feet (14.5
meters) in rotary-sonic core KY-1 (Fig. 3) were radiocarbon dated. Results
indicate that the age of the wood pieces are beyond the standard range of
calibration curves (greater than 51,300 radiocarbon years) used to calibrate
radiocarbon ages to calendar years before present (Table 2; Walker, 2005;
Reimer, 2012). The organics are interpreted to be from older units that were
incorporated from underlying strata and included in the Moland Member till.

Undifferentiated New Ulm Formation sediment
Silt and clay (Surficial Geology unit)—Unit only appears in the digital files.
Glaciolacustrine sediment of glacial Lake Benson.
Sand to loamy sand and gravel (Surficial Geology unit)—Glaciofluvial
sediment.
Sand to loamy sand and gravel (Surficial Geology unit)—Collapsed
glaciofluvial sediment.

Heiberg Member

Loam to clay-loam diamicton (Surficial Geology unit)—Average composition
of the very coarse-grained sand fraction (Table 1) indicates a higher
percentage of gray shale fragments (39 percent) in the subsurface material
than the average surface-sample composition (31 percent). Encountered in
rotary-sonic cores KY-1 (Fig. 3) and KY-3 (Fig. 5A). Glacial till.

Villard Member

Silt and clay (Surficial Geology unit)—Unit only appears in the digital files.
Glaciolacustrine complex deposit.

Sand to loamy sand and gravel (Surficial Geology unit)—Glaciofluvial
complex deposits.

Sandy loam to loam diamicton (Surficial Geology unit)—Villard Member
complex deposits.

Silty loam—Dark gray, unoxidized color where encountered in rotary-sonic
core KY-4 (Fig 6). Glaciolacustrine sediment.
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accounts for the differences in abundance of Cretaceous grains. The Sauk
Centre Member commonly has more carbonate clasts than the Meyer Lake
Member (Fig. 5A), but in other cores in Kandiyohi County, the carbonate
content was similar (Figs. 3, 4, 6), and the members were separated based
on color changes or intervening bedded sediment.

Sauk Centre Member

Sand to gravelly sand—Glaciofluvial sediment.

Loam to clay-loam diamicton—Pebbly; unsorted; commonly a reduced
greenish-gray (gley 1 5/10Y) at the upper contact and dark gray (2.5Y 4/1)
where unoxidized. Unit is partially leached at the upper contact in rotary-
sonic cores KY-1 (Fig. 3) and KY-2 (Fig. 4). Correlated to the informal
Good Thunder 1 member of the Good Thunder formation (Knaeble, 2013;
Meyer, 2015). Glacial till.

Meyer Lake Member

Sand to gravelly sand—Glaciofluvial sediment.

Loam to silt or clay-loam diamicton—Pebbly; unsorted; commonly a
reduced greenish-gray (gley 1 5/10Y) at the upper contact, olive-gray (5Y
5/2) where oxidized, and dark gray (5Y 4/1) where unoxidized. Correlated
to the informal Good Thunder 2 member of the Good Thunder formation
(Knaeble, 2013; Meyer, 2015). Glacial till.

Silty clay loam to silt loam—Very dark gray, unoxidized where encountered
in rotary-sonic core KY-4 (Fig. 6). Glaciolacustrine sediment.

St. Francis Formation, lower unit (Johnson and others, 2016)—Sediment

deposited by Superior-sourced ice. Commonly interfingers with the members
of the Lake Henry Formation, but only the lower member is encountered in
Kandiyohi County (Fig. 4) below the Meyer Lake Member. Unit is typically
thin and discontinuous, especially in south-central Minnesota.

Sand to gravelly sand—Unit only appears in the digital files. Glaciofluvial
sediment.

Sandy loam to loam diamicton—Pebbly; unsorted; gray, reduced with a pink
hue (7.5YR 6/1) in rotary-sonic core. Glacial till.

Good Thunder formation (Knaeble, 2013)—Sediment deposited by ice of

Winnipeg provenance (Plate 3, Fig. 2). Informal unit first defined in
Renville County (Knaeble, 2013) and exposed along the Minnesota River
valley. The formation has a high percentage of carbonate clasts and a
moderately high amount of Cretaceous grains (Table 1). Older Superior-
sourced units locally interfinger with the formation in places (such as unit
sutin Fig. 5A). There is limited understanding of the timing of deposition
for the formation, its spatial extent, and how it varies lithologically and
texturally over wide distances. It may correlate in part to the formal Eagle
Bend Formation of central Minnesota, or other older units. A thin layer (0.5
foot [0.1 meter]) of laminated clay collected from rotary-sonic core KY-3
(Fig. 5A), interpreted to be part of the Good Thunder 4 member of the Good
Thunder formation at a depth of 291 feet (89 meters) was analyzed for pollen
content. Macrofossil content from the sample "... indicates most probably
glacial conditions." (Stefanova, unpub. data), suggesting that a period of
warming did not occur between the advance of the Good Thunder 4 and

950 mil2 ald those mapped and described on the Surficial Geology map (Plate 3), and have the same ' ‘ ' Good Thunder 3 members. Alternatively, the sediment deposited during a
g8 label. An exception is unit nt; it is broken into two units on the cross sections: units nt1 nvs2 Sand to sandy loam—Glaciofluvial sediment. warming period was eroded and not preserved in this section.
900 — S and nt2, separated by a sand body within the mapped till unit. Peat (unit pe on Plate 3) is L o ) Good Thunder 3 member
too thin to show on the cross sections and is combined with the surrounding surficial units. i Sandy loam to loam diamicton (Surficial Geology unit)—Includes both . . . .
850 — Subsurface units appear only on the cross sections and are labeled in italics. till units nt1 and nt2. Average composition of the very coarse-grained sand Sllty. clay loam to Sl!t loam—Dark greenish-gray (gley 1 4/10GY) in rotary-
By convention, the name designations of depicted sand and gravel bodies are associated fraction (Table 1) is characterized by a moderate percentage of gray shale sonic core K1 (Fig. 3). Glaciolacustrine S ediment .
800 —| ith their underl i’n Gl excent for th ¢ the land surf: nd those that intersect th fragments (15 percent). Typically preserved as a thinner unit than older, gs3 Sand to gravelly sand—Only encountered in water-well logs as noted in
r(l)wermeostlilnkeno}\;/ninits, eH?\Eeve(:)r sa(r)liieaarlld tiTl L?nitss:realiliezliy an a(as;ixtire o: rileacteriai pre-Wisconsinan formations, especially in the southern half of the county, the County Well Index. Glaciofluvial sediment.
750 — derived from immediatel}; above or ’below the named unit. For example, sand unit scs is and is likely not as continuous as portrayed in cross sections. Encountered gt3 Loam to clay-loam diamicton—Pebbly; unsorted; a reduced greenish-gray
. . . . in rotary-soni KY-3 (Fig. 5A) and KY-4 (Fig. 6). Glacial till.
composed chiefly of outwash sediment laid down as the glacier depositing the Sauk Centre 1 rotary-sonic cores (Fig ) an (Fig. 6) actattt (gley 1 5/10Y) at the upper.ccl)ntact, and dark grz.iy (2.5Y 4/1? to very dark
700 Member of the Lake Henry Formation (unit sct) retreated. However, it may also include Moland Member gr?y (2.5Y 3/1) where.: unoxidized. Enc?untered in rofary-sonic cores KY-1
b KY-3 (340072) D' proglacial meltwater deposits from the advance of ice that deposited the overlying Hewitt nms Sand to gravelly sand—Glaciofluvial sediment. (Fig. 3) and KY-3 (Fig. 5A). Glacial till.
/ Formation in the northern part of Kandiyohi County (unit hwt), or the Moland Member of Unnamed formation of Winnipeg provenance—Sediment deposited by
1,300 — the New Ulm Formation in the southern half of the county (unit nmt). Where a particular nmt Sandy loam to loam diamicton—Pebbly, unsorted; light olive-brown (2.5Y Winnipeg-sourced ice (Plate 3, Fig. 2). Unit is only present in rotary-
stratigraphic unit is absent from the section, the units immediately above and below that 5/3) where oxidized and dark gray (2.5Y 4/1) where unoxidized. More sonic boring KY-1 (Fig. 3), and therefore the spatial extent of this unit is
1,250 — U.S. Highway 12 Foot Lake  Willmar Lake U.S. Highway 71 missing unit likely include eroded remnants that are not shown. Where data from rotary- sandy and gravelly in the northern half of the county, likely due to mixing unknown. It is only mapped in the southern part of Kandiyohi County.
1200 — sonic core samples indicate that an interval of sand is lithologically associated with the with the sandier underlying Hewitt Formation till (unit hwt), as well as - Loam diamicton—Pebbly, unsorted; very dark gray (2.5Y 3/1) to dark gray
' 1 v overlying unit, it is labelled to reflect that formation name (for example, on Fig. 5A, unit glaciofluvial sand and gravel associated with the Hewitt Formation (unit (2.5Y 4/1) where reduced. Averages 36 percent carbonate clasts (Table 1).
1150 — % nvs. _ < NMS~. gs4b is associated with the overlying Good Thunder formation and not the underlying hws). Typically preserved as a thinner unit than older, pre-Wisconsinan Glacial till.
hws it unnamed Superior-sourced till [unit sut]). formations, especially in the southern half of the county, and is likely less - Loamy sand to silt loam—Glaciolacustrine sediment.
1,100 — hws V. h s fws Table 1 and Appendix Figure 1 (located in the digital files that accompany this atlas) contmuous' thazin po;tr?yectl'm ci})szlse?t19ns.hAvertagf: czrrtl)pomlt ion of the :/ery Good Thunder formation (Knaeble, 2013)—See above description.
oS — N — SERNSCS sct acs < summarize the texture and composition of the subsurface units found in Kandiyohi County. coarse-grained sand fraction (Table 1) is charac e'rlze ya OW percentage Good Thunder 4 member
1,050 — mis Radiocarbon dates of organic material collected from rotary-sonic core appear in Table 2 of gray shale fragments (5 percent). Encountered in rotary-sonic cores KY-1 . . . . .
mit . . . . L. . (Fig. 3), KY-3 (Fig. 5A), and KY-4 (Fig. 6). Glacial till. Silty clay loam to silt loam—Predominantly silt clay loam to silt loam, but
and are discussed in unit-formation descriptions. Table 1 on Plate 5 shows the correlation includes sections of sand and sandy loam. Very dark gray (5Y 3/1) in rotar
1,000 — ‘.I’» of units mapped in Kandiyohi County with those mapped in adjacent Meeker (Meyer, 2015) Hewitt Formation (Johnson and others, 2016)—Sediment deposited by the . KY-1 (Fi KS?I4 b . 6 y 'gl y , " y
gs2a ~ v and Renville Counties (Knaeble, 2013), where correlations can be made. Rainy provenance Wadena lobe (Plate 3, Fig. 2). A radiocarbon date of sonic cores KY-1 (Fig. 3) and KY-4 (Fig. 6). Glaciolacustrine sediment.
950 22,960 + 90 “C yr BP (27,294 = 209 cal yr BP!) was extracted from silt gsda Sand to gravelly sand—Glaciofluvial sediment.
gs5 TILL GEOCHEMICAL ANALYSES below a sand and gravel layer in Blue Earth County to the southeast and is
900 interpreted to represent the timing of the advancing Wadena lobe (Meyer and - Loam to clay-loam diamicton—Pebbly, unsorted; commonly a reduced
Till geochemical analyses conducted during this project support the unit separations others, 2012). Wood pieces collected in the Hewitt Formation till at a depth dark gray (gley 1 4/10Y) at the upper contact, and dark gray (2.5Y 4/1) to
850 —| based on core descriptions, intervening lacustrine and sand bodies, and textural and lithologic of 26 feet (8 meters) in rotary-sonic core KY-2 (Fig. 4) were radiocarbon gray (2.5Y 5/1) where reduced. Encountered in rotary-sonic cores KY-1
800 | variations. Geochemical analysis was .condu.cted on one rotary-sonic co¥e (KY—:)T) as part of dated. Results indicate that the age of the wood pieces are beyond the (Fig. 3) and KY-3 (Fig. 5A). Glacial till.
a broader progre.lm of analyses (Thorleifson, in press). Ina m.anner con51.stent W{th methods standard range of calibration curves (greater than 49,500 radiocarbon years) - Silt loam to silty clay loam—Light olive-brown (2.5Y 5/3) in rotary-sonic
750 | Am used by Thorleifson and others (2007), the less t.han 63 micron fraction of U'll samples used to calibrate radiocarbon ages to calendar years before present (Table core KY-3 (Fig. 5A). Glaciolacustrine sediment.
] was an?lyzed by ICI?—Mass Spectrometry following a four-acid, near—to'tal dissolution. 2; Walker, 2005; Reimer, 2012). The organics are interpreted to be from gs4b Sand to gravelly sand—Glaciofluvial sediment.
700 —] Analysis of the d_ata indicated that several elemer?ts appear to Cerelate with prove:.nances older units that were incorporated from underlying strata and included in the Unnamed formation of Superior provenance 1—Sediment deposited by
A that are characte‘rlzed by shale, carbonate, crystalhnei a‘nd Superlof—provenance sedlments. Hewitt Formation till. Alternatively, the Wadena lobe may have advanced Superior-sourced ice (Plate 3, Fig. 2). Unit is only present in rotary-sonic
650 — - 9 - Elements appearing to cOljrelate Wl.th shale (such as Rldmg Mountaln-provenance unlts.nht, earlier than originally thought, beyond the datable age limit of radiocarbon. boring KY-3 (Fig. 5A), and tl;erefore the unit is mapped only immediately
m nt, and nmt) include arsenic, vanadium, thallium, antimony, nickel, mOlYPdenum, cadmium, The modern expression of the Alexandria moraine has conventionally been surrounding this core '
600 — blsml.lth,.zmc, and cesium (Fl.g- 5B). Element§ appearing tf’ correlate with c.arbona‘te (such interpreted to represent a palimpsest Wadena-lobe arcuate moraine feature, Sand ¢ I d—Glaci al sediment
as Wlnnlpeg-prgvenance units gt3 and gt4).1nclud.e CalCIUH} and magnesium (Fig. 50). consisting of a thick sequence of Hewitt Formation till (Johnson and others, sus and to gravelly sand—Glaciofluvial sediment.
550 El(?ments appearing t? correlate Wlt}’{ crysta.lhne-derlved debris (such as Ramy-provenan.ce 2016). Comparison of the thicknesses of the New Ulm Formation and the sut Sandy loam diamicton—Pebbly: unsorted: olive-brown (2.5Y 4/4) where
U.S. Highway 71 KY-1 (340070) unit hwt) include sodium and strontium (Fig. 5D). Elements appearing to correlate with Hewitt Formation (Appendix Fig. 2 [located in the digital files]) show that y 1 idized and b };,SYR 40 ’ h idized ’ Glacial till
E E' Superior—pr9venance s.edim.ent (sgch as Superior.—[.)rovenance unit sut) .include iron, titani}lm, thick New Ulm Formation covers much of the Alexandria moraine, and the partially oxidize -an rown (7. ) where oxidize o acial full.
1,150 — / . nco copper, yttrium, and zirconium (Fig. 5SE). In addition, some elements like sulfur and uranium Hewitt Formation thins in the south—southeastern portion of the moraine. The Good Thunder formation (Knaeble, 2013)—See above description.
o ?ppear t.0 respond to multiple cqntrolling f’actor.s, such as aeration after deposition and the thin to absent Hewitt Formation challenges the conventional interpretation Good Thunder 5 member
1,100 — T w interaction of groundwat?r at unit boundaries (Fl'g. ?F ): Other e'lements may correlate with of the Alexandria moraine that the core of the moraine is dominantly Hewitt - Silt to silt loam—Grayish-brown (2.5Y 5/2) where oxidized and dark gray
= 2 —— ~__ m — A = - /@ provenances or hydrologic controls, b_Ut the qualltatlye ana1y51s. is weaker and_ ther-efore not Formation, capped by thin New Ulm Formation material. The author (2.5Y 4/1) where unoxidized. Encountered in rotary-sonic core KY-4 (Fig.
1,050 nV s scs sch scs scs 1nF1uded in this atlas._ Future analysis on Fhesc? units, and units elsewhere in Minnesota, suggests a compromise in moraine genesis, whereby a once-massive moraine 6). Glaciolacustrine sediment.
1000 i | L will allow for comparisons over larger spatial distances. complex was created during the advancing and stagnation of the Wadena gs5 Sand to gravelly sand—Glaciofluvial sediment.
’ i mit lobe into south-central Minnesota (Plate 3, Fig. 3A); when the Des Moines
950 -. —| - —v 5 m ACKNOWLEDGEMENTS lobe later advanced into south-central Minnesota, it encountered hummocky - Sandy loam diamicton—Pebbly, unsorted; brown (7.5YR 4/2) in rotary-sonic
= To— | — —=< _ Rotary-sonic drilling was conducted by Traut Drilling. Minnesota Geological Survey topography with ice blocks and unoccupied tunnel valleys. Ice overtopped core KY-3 (Fig. 5A). Much sandier than other Good Thunder formation
900 ﬁ’ staff members Anik Regan, Sonia ElliSOn, Shawn SCOtt, and Em]ly Bauer prOVided essential the moraine (Plate 37 FlgS 3B, C), but was thin in some plaCeS, and able memberS, possibly due to mixing of Older7 underlying units. Glacial till.
w Ku <~ gs5__— support during rotary-sonic drilling. Vania Stefanova analyzed and interpreted pollen samples to scour along th? southern Sld.e.Of the. morainge, preserving thlhnner Hew.1tt Unnamed formation of Rainy provenance (Meyer, 2015)—Sediment deposited by
850 — Amd N in rotary-sonic cores KY-2 and KY-3. Kristina Brady from LacCore assisted in the logistics Formation material and dep0§1t1ng thicker New Ulm Formation material Rainy-provenance ice (Plate 3, Fig. 2). Encountered in rotary-sonic cores
us3 of obtaining wood dates for rotary-sonic cores KY-1 and KY-2. Thanks are extended to all m .the tunnel-v.alley lows. Thm to absent Hewitt Formation till in eastern MS-1, MS-2, MS-5, and MS-6 in Meeker County.
800 — landowners who allowed drilling on their property. f‘ldjacem C(.)ul’ltleS, such as Wright Coun.ty (Knaeb}e, 2003), also support the wrs Sand and gravel—Glaciofluvial sediment.
interpretation that the thicker Des Moines-lobe ice was able to scour and
750 — Pls DESCRIPTION OF CROSS-SECTION UNITS incorporate the Hewitt Formation material along the flanks of the lobe. wrt Loam diamicton—Glacial till.
ups . . .. . it Sand to gravelly sand—Glaciofluvial sediment. Elmdale Formation (Johnson and others, 2016)—Sediment deposited by ice of
700 — Surface units from Plate 3 are labeled as such in the descriptions. Subsurface units are . . . . L.
L o . . . . . . - . . . Winnipeg provenance (Plate 3, Fig. 2). Unit contains red clasts in till and
Amt indicated by italicized unit labels in the description. Unit labels and descriptions in gray hwt Loam to sandy loam diamicton (Surficial Geology unit)—Unit only encountered sand and lacustrine sediment. locally indicating possible incorporation of
650 — text represent units that have been identified in adjacent Meeker County (units wrs, wrt, vs, in auger holes and rotary-sonic core (KY-2 [Fig. 4] and KY-3 [Fig. 5A]) older. Superior-sourced sedin,lent C})]nl encouitzred in rotar ?sonic core
500 vt; Meyer, 2015) but have not been identified in any of the rotary-sonic cores in Kandiyohi on and north of the Alexandria moraine in Kandiyohi County. The Hewitt KY—2’ (Fip 4). but extended to ma.tch ur?its wie and wse of Me};ker Count
County. These units are included here because they extend into Kandiyohi County cross Formation is interpreted to have been scoured and incorporated into the New (Moyer 2%15), i o e Formationy
550 sections in an effort to edge-match units. They appear only on the cross sections in the Ulm Formation units during the advance of the Des Moines lobe, causing but ;/ml’)i uous. detrital remfnent maenetism analvzed on a diamicton simila;
digital files accompanying this atlas. These units are shown with dashed outlines in Figure the patchy distribution of the unit. The unit is mapped in cross sections in strati fa hic position to the Elmdagle Formatiori,su ested it was deposited
500 1. Note that peat is not included in the cross sections because the unit is too thin. Refer south of the moraine in order to line-match with adjacent Meeker County, at o prigorlt)o thIe) Brunhes-Matavama magnetic-reveifal boundar (71;0 000
Vertical exaggeration = 50x GIS llation by J.0. Hamilt to Plate 3 for more information on the peat unit. but is thought to be less preserved south of the moraine. Glacial till. BP- Toh d oth 2012 The subsurf £ thi YIS
Borehole name: KY-1; unique number: 340070 compiiation by J.U. Hamiiton yr BP; Johnson and others, ). The subsurface extent of this unit is not
Location: T. 118 N., R. 35 W., sec. 26; ABACBB Edited by Lori Robinson HOLOCENE Pre-Wisconsinan well defined. It is roughly correlated to the Wirt Formation of northern
Elevation in feet above mean sea level: 1,125 . . . . . . . . . . . Minnesota and the Pierce Formation of western Wisconsin (Johnson and
[ Depth Matrix texture Lithology Coarse-grained sand litholos al Fine-grained sand and gravel (Surficial Geology uni)—Unit only appears in Lake Henry Formation (Johnson and others, 2016)—Sediment deposited by ice others, 2016). Unlabeled sand and silt lenses were grouped into the till
CROSS-SECTION SYMBOLS (feet) 0 50 40 6 8 100 g)(; 2 g 0 60 eogy 100 the digital files. Alluvium. of Winnipeg provenance (Plate 3, Fig. 2). The Lake Henry Formation is units i;l cross'sections because they are too small to designate separately
0 | I I I \ | I I \ . hl Silt and clay (Surficial Geology unit)—Lacustrine sediment. regionally extensive and continuous into surrounding counties. Two members Clay and silt (lacustrine) situated between two layers of Elmdale Formation
\Geologic contact—Approximate. No-line boundaries occur where 3 PLEISTOCENE are encountered in all cores in Kandiyohi County, the Sauk Centre and till collected from rotary-sonic core KY-2 (Fig. 4) at a depth of 211 feet
data are insufficient to reliably extend units. 10 E LITHOLOGIC PATTERNS FOR Meyer Lake. The Cretaceous clasts of the 1-2 millimeter sand fraction are . . .
= . . . . . : (64 meters) was analyzed for pollen content. Microfossil analysis from the
Drill hole—The top of the drill hole may not coincide with the cross- 20 31 sand Silt Clay |. FIGURES 3 THROUGH 6 Late Wisconsinan notably higher (approximately 3 to 9 percent; Fig. 3), especially for the Sauk sample "... indicates most probably glacial conditions." (Stefanova, unpub.
section surface-elevation line because the drill hole may be B 20 oo B R e e e Péttems may be mixed W'th' units . . . . Centre Member, which resembles the Good Thunder 1 and 2 members of the . L
T 5 E N New Ulm Formation (Johnson and others, 2016)—Sediment deposited by ice ) ; . data), and suggests that there was no warming between the deposition of
located near (commonly within 0.3 mile [0.5 kilometer]) but B ;| Sand/gravel \ Bedrock > informal Good Thunder formation (Knaeble, 2013). This suggests that the . . . . .
( y [ D -40 - ; ¢ N of the Riding Mountain provenance Des Moines lobe (Plate 3, Fig. 2) . . &8 ) the two Elmdale Formation till layers. Alternatively, sediment deposited
not on the cross-section line, and therefore may have a slightly E Crystalline : . . . e Good Thunder 1 and 2 members are stratigraphically and chronologically duri . iod have b ded. but it i likely that
. . . . . -50 3 Silt/clay @ Area of no recovery Stratigraphic data from rotary-sonic cores collected in Kandiyohi County . uring a warming period may have been eroded, but 1t 18 more likely tha
different surface elevation. Minnesota Geological Survey unique E Lo : . equivalent to the Sauk Centre and Meyer Lake Members of the Lake Henry . .. . .
. S . . . 60 | - T and water-well records indicate that there are at least three till members with . : . there was no warming between deposition of the tills of the same formation.
numbers are given for rotary-sonic drill holes with stratigraphic B e OS] Y A C AT “‘5&3&‘%‘;}, Fil ated bedded sedi h buted to the New Ulm F . Formation, respectively, and therefore they are assigned here to the Lake Silt loam to loam—G ish (eley 1 5/5GY) wh duced and
logs provided in Figures 3 through 6. 70 R o B RN as.s0(:1ate e. cd se 11.ner?tst .at are a}ttrl uted to the ) ew .m .orma.tlon Henry Formation. The Lake Henry Formation was similarly correlated to ld 13 0 20551Y;/1 ree}rlns _gray.dg e}; Glaciol w ere.a re u;? and very
° Bedrock contact—Contact shown at the base of the Quaternary deposits 80 = - SOergie:]r:lecn-trlch A Organic pieces .(Flg. 5A). Ur.uts are easily identified using textural and .hthologlc distinctions the upper units of the Good Thunder formation in Meeker County (Meyer, ark gray (2. ) where unoxidized. Glacio zllcustrme sediment.
with the associated bedrock map-unit label from Plate 2, Bedrock o B Carbonate > Cobble in rotary-sonic cores (Table 1) and further separated in water-well records 2015). Spatial variation in ice dynamics during sediment deposition likely es Sa(r;ld toﬂgravlell);l sand—Includes two sand units, numbered 1 and 2.
’ -90 aciofluvial sediment.
Geology. E
DE Y ) -100i
Bedrock fault—See Plate 2. 110 3 Borehole name: KY-3; unique number: 340072
3 Figure 3. Kandiyohi County rotary-sonic core KY-1 (unique number 340070; cross Locat'(,)n: ,T' 119N., R. 34 W, sec. 2; CDAACA
1204 —* v LROAd [ . ) K L. . . ) Elevation in feet above mean sea level: 1,281
° e R e e S . section E-E'). Formations have been divided into members based on lithologic and A ] ) ) ) B ) . C ) D ) E F
0 2 -130 . . . . - Depth Matrix texture Lithology ~ Coarse-grained sand lithology * Arsenic (parts per million) . Calcium (percent) : Sodium (percent) . Iron (percent) ' Sulfur (percent)
° 88 oo 3 textural changes (see Table 1, caption), as well as intervening lacustrine or sand (feet)o 20 20 60 80 100 0 0 60 80 1000 5 10 50 s 10 150 05 | 150 5 3 40 02 04 06 08
§ B3 g g o I -1403 bodies (see Table 1, caption). Organics in the thin lacustrine layer between the Sauk 0 | | | | 0 | | | | ‘ ‘ ‘ ‘ | | i | . [ i i ]
2 % oS B - f B0 At et M Centre and Meyer Lake Members of the Lake Henry Formation record interglacial <> b
2 258 888 E g ° 2 o — E' = or interstadial conditions that represent a break in glacial till units. The lacustrine -104 L~ 5 |/Reds ‘
GO wn=h <=9 West East ' KY-1 -160 ‘b K p d liti its b depth of 148.5 B S
1 12500 New Uim Formation | 702 unit between units mit an .gt3 was split into two units because at a depth o . 20 e .
M |' B feet (45 meters), the material becomes non-calcareous and the color changes from = vy A
E — R
N | -1805 dark gray (2.5Y 4/1) to a reduced, dark greenish-gray (gley 1 4/10GY). These -303 sand Sit Clay | nht
§ Villard Member nt1, nt2, nct -190 changes signify a hiatus, and therefore justify a unit separation within the lacustrine -40 <4 Cretaceous
& : 3 layer. The lacustrine unit below unit uwt has a non-calcareous section at a depth of = -
< 2 New Ulm Formation -200 - . . . . . -50 o
s = 229 feet (70 meters), marking a break in the lacustrine unit. The upper lacustrine = Carbonate
K] Moland Member nmt 2103 unit is interpreted to be associated with the till above (unit uwt) based on lithologic -60 —|
5 . . . . 3 .
3 Figure 2. Locat‘lon Of@ Cross Sf.:CtIOIlS (gray lines), constructed Sl B /AR W -1 | S N similarities. The lower part of the lacustrine unit (g/4a) is lithologically similar to o= e N N =t -
= Howitt Formati ot at. regul?lr 0.6-mile (1-kilometer) intervals, used. to create a t.hreej 230 F e N " the unit below (unit gt4). Unit uwt is not recognized in any other cores collected in = Crystalline
ewitt Formation Wi dimensional model 9f the Quaternary deposits of Kand{yohl 240—: Kandiyohi County, or adjacent counties. Isolated occurrences of elevated red grains -80 E
N 27,300 County. Crf)ss—sectlons A-A'" through E-E (mag(_%nta lines) o within unit gt3 till and unit g/4a support mixing of older, unidentified Superior- -90 -
L 12200 000- appear on t_hls plate. Black squares denote th? locations where 250 provenance material. Unlabeled sand and silt lenses were grouped into the till units p oo—z
rotar.y-sonlc cores were ?ol.lected. .Open ClrFleS denote the 260 — in cross sections because they are too small to designate separately. Bedrock consists e I S ol -
e | locat.lon of water we.lls within 0.3-mile (0.5-kilometer) of the 270 3 of weathered saprolite from an unknown protolith (see Plate 2, Bedrock Geology). -10 5
Sauk Centre Member ot published cross section. _2805 1203
Lake Henry Formation 290 =
Meyer Lake Member mit Table 1. Average values for the texture and composition of till units recognized in rotary-sonic core and auger holes
below 10 feet (3 meters) in Kandiyohi County. Matrix texture (less than 2-millimeter grain-size fraction) is expressed
w as relative proportions of sand, silt, and clay in percent. The lithologic composition of the very coarse-grained sand
fraction (1-2 millimeters) is expressed in percent as relative proportions of crystalline rock, carbonate rock, and shale
Good Thunder formation 3 gi3 Borehole name: KY-2; unique number: 340071 fragments. The crystalline fraction is further subdivided by rock type—Ilight (granite and gneiss), clear quartz, dark -
Location: T. 122 N., R. 33 W,, sec. 16; DCDBCA R . . ’ S
.| 8o Elevation in feet above mean sea level: 1,221 (mafic-rich igneous [such as basalt] and metamorphic rocks), and red (rhyolite, agate, and sandstone). The lithologic
§ greater unnamed unit__uwt Depth Matrix texture Lithology Coarse-grained sand lithology . o e . composition can also be divided into relative proportions of grains based on age—Precambrian, Paleozoic, and Cretaceous
3 Figure 4. Kandiyohi County rotary-sonic core KY-2 . . : . e
2 |through (feet) . . ) (see Hobbs, 1998 for rock types included in these categories). These lithologic distinctions are one of the tools used
& 0 20 40 60 80 100 0O 20 40 60 80 100 (upnique number 340071; cross section A—A'"). This . . . . . . . . .
-| 18 Croer) Tl e 4 gt4 0 \ \ \ \ — \ \ \ \ o O ) to distinguish between glacial sediments and identify provenance (Hobbs, 1998). Not all units mapped in the cross -
o = -Nuo | core was collected in a gravel pit in northeastern . . . . . . .
£ o . IR S ] S - Lo . sections appear in this table because not all units were encountered in rotary-sonic core. Refer to Plate 3, Surficial ~ F-----ooo-- B A il B -4
2 -10 3 AR Kandiyohi County in the Bonanza Valley outwash .. .. . . .
8 Unnamed unit suf E S . . o . Geology, for compositional averages of surficial units that appear at the surface in cross sections.
@ .20 3 plain. Formations have been divided into members )
% } 30 E Reds based on lithologic and textural changes (see Table MATRIX TEXTURE CLA_ST TYPE
a Good Thunder formation 5 gt5 3 1, caption), as well as intervening lacustrine or sand = Periizﬁzz sz ttzt;;llf_;;ams
o 40 5 bodies. Approximately 17 feet (5 meters) of sand I millimeter fraction Percentage of total
----- SN VT T =T g 1=T VT T G/ S 50 3 . . e Percentage of the crystalline grains
S I and gravel (unit nuo) have been anthropogenically 5 g 5 less than 2-millimeter < counted
_\ -60 removed from the original surface, preserving €8 g2 fraction To oo 3
Elmdale Formation et = E2 g SE£88 3
3 only 6 feet (2 meters) of sand and gravel at the SE 332 5% N5 ¢ o N
O Y G N o (G . . . 88 Z&g B > oG o8 SO = X 5 ®E
- T surface. During deglaciation of the Des Moines  peoo i qocioion g2 ggE 5z 3B g2 s 5 % 3 8%
unnamed unit__ust1 80 = lobe, the meltwater scoured through the New Ulm : — o =® @ @ cfo O% - T
SRnamed TRt 90 f Crystalline Carbonate Formation till into the Hewitt Formation till. The Heiberg Member till (unit nht) 173 4 38 38 24 33 28 39 91 9 0 18
Unnamed URT—T7 1002 Sauk Centre and Meyer Lake Members of the Lake Villard Member till (unit nt) 102 6 50 34 16 56 29 15 90 9 0o 19 )
e 1o = Henry Formation are very similar to one another Moland Member till (unit nmt) 21 8 55 32 13 65 30 5 93 7 0 21
_____ = lithologically and texturally, but are divided based Hewitt Formation till (unit hwt) 19 1 52 33 15 78 22 0 87 9 4 25
______________________________________ 120 Lake Henry Formation,
Elmdale and older (mixed provenance) vt 130 = on 2?11 abru[;t cll.lange frOISnngg graél (Z'SY. 1/1) o Sauk Célntre Member,
"""""""""""""""""""""""""""" R T GREEEEEEF EEEEE o4 @mixture of olive-gray ( ) and greenish-gray partially leached till (unit sct) 1 10 39 38 23 81 16 3 86 13 1 22
s 1403 (gley 15/5GY) at a depth of 132.5 feet (40 meters). till (unit scf) 41 6 36 41 23 51 48 1 0 9 1 21
greater _150; The Superior-sourced till below the Meyer Lake Lake Henry Formation, Meyer :
EXPLANATION = Member is interpreted to be the lower member of Lake Member till (unit mif) 22 6 34 43 23 53 47 0 89 10 1 21 !
|:| Eiding_tMO“”tai”'pro"e”ance Winnipeg-provenance '1602 the St. Francis Formation. The upper member of St. Francis Formation (lower)
RZ?:YS_I:rovenance deposits 1705 the St. Francis Formation is typically found between till (unit sft2) 2 9 58 27 15 9% 7 0 54 30 16 26 c
|:| deposits |:| Deposits of unknown P e B O the Sauk Centre and Meyer Lake Members of the Gogd Thunder formation, i
: provenance R e B — SR < . . . ood Thunder 3 member D.
Superior-provenance Period of sediment erosion 190 Lake Henry Formation. Lacustrine unit /3, below partially leached till (unit gt3) 2 14 37 40 23 80 20 0 98 7 0 24
deposits and/or deposition of E till of the Elmdale Formation, is unconventionally till (unit gt3) o8 6 35 40 25 47 51 2 92 8 0 21 380 3 1 E
nonglacial sediment 2004 associated with the overlying till unit based on Winnipeg-provenance il = F.
Figure 1. Time-distance diagram showing relative age, location -210 3 l%th'ologic similarities.. ‘Lack of core below unit. el3 (unit uwt) 1 6 28 49 23 63 36 1 92 8 0 26 -390 E *
(from west to east), provenance (see Plate 3, Fig 2), and related unit 2203 hmlts. th.e author's .ablhty tq sugge.:st other possﬂ)le Goéd 'I('jh#degforranon,b -400
labels from the cross sections for Wisconsinan and pre-Wisconsinan 230 associations for this lacustrine unit. The repeating ﬁlcl) (unitunmer member 23 6 37 20 23 51 48 1 92 8 0 23 . 3
; ; ™ = sequence of lacustrine, sand, and till units within 9t4) 410 ’
glacial deposits modified from Meyer (2015). The age column and = o e X Superior-provenance il = :
deposit drawings are schematic and not to scale. Dashed lines indicate -2402 the Elmdale Formz?tlo.n might repre.sent multiple (unit sut) 4 12 62 26 12 91 9 0 78 12 10 40 -420 o b
units in the regional stratigraphy but not encountered in drill holes -250 7 advance.s _Of th? Wmnlpeg—sou_rced ice and coul.d Good Thunder formation, -430 = E
in Kandiyohi County. Marine Isotope Stage (MIS) correlations were -260 7 be subdivided 1nt0_ members with further analysis Good Thunder 5 member 440 8
estimated using figures in Jennings and others (2006). See Meyer 270 3 4 (suchas geochemistry). till (unit gt5) 2 10 54 35 i o2 0 92 7 1 35 - --1-
(2015) for age constraints on units. Elmdale Formation till -450 —
(unit ef) 7 2 36 42 22 91 9 0 89 8 3 47
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Loam to clay or silt-loam diamicton—Unsorted; dominantly loam, but
includes sections of silt loam or clay loam. Dark gray (gley 1 4/N) where
reduced and dark gray (5Y 4/1) where unoxidized. Includes two till units,
numbered 1 and 2. Encountered only in rotary-sonic core KY-2 (Fig. 4).
Glacial till.

Clay loam to silt loam—Very dark gray (2.5Y 3/1) where unoxidized in
rotary-sonic core KY-2 (Fig. 4). Glaciolacustrine sediment.

Clay loam to silty clay loam—Very dark gray (2.5Y 3/1) to black (5Y 2.5/1)
where unoxidized in rotary-sonic core KY-2 (Fig. 4). Glaciolacustrine
sediment.

Unnamed formation of Superior provenance 2—Sediment deposited by
Superior-sourced ice (Plate 3, Fig. 2). Unit known only from water-well
drilling descriptions, described as "red clay" or similar phrasing. Information
is insufficient to assign it to any units defined elsewhere. May include
glaciofluvial or lacustrine deposits. The spatial extent is unknown and it
is mapped only immediately surrounding the well locations in which the
material was noted. Superior-provenance material is commonly thin and
patchy in south-central Minnesota and therefore this unit is unlikely to be
extensive.

ust1 Diamicton—Unit only appears in the digital files. May include glaciofluvial

or lacustrine deposits. Glacial till.

The units below have been identified in water-well logs and have been named as
described therein, but information about them is insufficient to be certain of material content.
The author has mapped these units stratigraphically below the Good Thunder and Elmdale
formations for convenience, but they could potentially correlate to any of the lower members
of the Good Thunder formation, or the Elmdale Formation.

Unnamed formation 1

ust Sand and/or gravel—Described in water-well records. May include till or
lacustrine deposits. Glaciofluvial sediment.
- Clay—Described in water-well records. May include outwash or lacustrine
deposits. Glacial till.
Unnamed formation 2
us2 Sand and/or gravel—Described in water-well records. May include till or
lacustrine deposits. Glaciofluvial sediment.
- Clay—Described in water-well records. May include outwash or lacustrine
deposits. Glacial till.
Unnamed formation 3
us3 Sand and/or gravel—Described in water-well records. May include till or

lacustrine in places. Glaciofluvial sediment.

Clay—Described in water-well records. May include outwash or lacustrine
deposits in places. Glacial till.

Elmdale Formation and Unit V (Meyer, 2015)—Mostly sediment deposited by
Winnipeg-provenance ice, but also includes sediment of Superior and
Rainy-provenance ice (Plate 3, Fig. 2). Encountered in rotary-sonic core
MS-6 in Meeker County.

vs Sand and gravel—Glaciofluvial sediment.
- Loam to silty diamicton—Glacial till.
uns Undifferentiated Quaternary sand to gravelly sand—Identified in water-
well records; overlies unit ups.
ups Undifferentiated Pleistocene sediment—This unit includes all sediment (till,

sand and gravel, and lacustrine silt and clay) below the lowermost identified
till units, and may include units identified elsewhere in the county. Although
some water-well logs extend below this boundary, the data are too sparse
to make meaningful correlations.
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Borehole name: KY-4; unique number: 340073
Location: T.121 N., R. 35 W,, sec. 35; DBCACC
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Figure 6. Kandiyohi County rotary-sonic core KY-4 (unique number 340073; cross section
C-C"). This core is located in west-central Kandiyohi County, on the Alexandria moraine,
and in a tunnel valley whose meltwater scoured entirely through the Hewitt Formation into
pre-Wisconsinan material, and then was subsequently filled by New Ulm Formation sediment.
Formations have been divided into members based on lithologic and textural changes (see
Table 1, caption), as well as intervening lacustrine or sand bodies. This core was drilled in
an unpaved parking lot, covered by 8 feet (2.5 meters) of fill. The fill looks like repacked
till and is too thin to map separately, and therefore is incorporated into unit nt1 on cross
section C—C'. Below the fill is sand and lacustrine deposits of the Villard Member of the New
Ulm Formation. The transition between units m/l2 and g/4a is marked by a sharp lithologic
change at a depth of 246 feet (75 meters). There are insufficient data to confidently assign
the lacustrine deposits below this depth to a particular unit, and therefore the author chose to
assign them to the lower members of the Good Thunder formation in the interest of continuity
with the other rotary-sonic cores. Unlabeled sand and silt lenses were grouped into the till
units in cross sections because they are too small to designate separately.

Figure 5. A. Kandiyohi County rotary-sonic core KY-3 (unique number 340072; cross section D-D"). This core
is located in east-central Kandiyohi County, on the Alexandria moraine and above a deep (more than 500 feet
[152 meters]) bedrock valley, preserving a thick sequence of late Wisconsinan and pre-Wisconsinan sediment.
Formations have been divided into members based on lithologic and textural changes (see Table 1, caption), as well
as intervening lacustrine or sand bodies. This core contains a thick (approximately 170 feet [52 meters]) sequence
of New Ulm Formation material overlying a thin (approximately 30 feet [9 meters]) package of Hewitt Formation
material, overlying approximately 250 feet (76 meters) of pre-Wisconsinan units. The lacustrine unit g/4b, and
sand unit gs4b, below till of the Good Thunder 4 member of the Good Thunder formation, are unconventionally
associated with the overlying till unit based on lithologic similarities. The sand body below the lacustrine unit was
split into units gs4b and sus because the carbonate percentage decreases and there is an increase in red grains in
the bottom 3 feet (1 meter), interpreted to be a transition between deglacial sand of an unnamed Superior-sourced
ice and proglacial sand of a Winnipeg-sourced ice. Unlabeled sand and silt lenses were grouped into the till units
in cross sections because they were too small to designate separately.

B. Downhole concentration of arsenic (parts per million).
. Downhole concentration of calcium (percent).
Downhole concentration of sodium (percent).

. Downhole concentration of iron (percent).

Downhole concentration of sulfur (percent).

Table 2. Wood pieces were sampled at the Minnesota Geological Survey for radiocarbon dating from two
rotary-sonic cores, KY-1 and KY-2, and processed at the Center for Accelerator Mass Spectrometry of the
Lawrence Livermore National Laboratory. All samples were in stratigraphic position, indicating that they had
potential to yield finite age dates within the late Wisconsinan glaciation. Results indicate, however, that the
ages of the organic materials sampled are older than the reliable limit of radiocarbon dating because they are
beyond the standard range of calibration curves used to calibrate radiocarbon ages to calendar years before

present (Walker, 2005; Reimer, 2012). The wood pieces are interpreted to be derived from older deposits.

CAMS number Sample name MGS ID Depth (feet) 513C Fraction + D™C + '“C age
modern
180277 RC 14 KY2 26 340071 26 -25 0.0004 0.0008 -999.6 0.8 >49,500
180278 KY1 RC14 47.25 340070 47.25 -25 0.0000 0.0008 -1000.9 -0.8 >51,300




