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QUATERNARY STRATIGRAPHY
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INTRODUCTION Qse Sand and gravel (new unit)—Deposited during the St. Croix and Emerald —_ | Geologic contact—Thick, vertical lines denote bedrock contacts -
phases of the Superior lobe. where they touch surficial units, depicted on Plate 2, 110 — Darlé graylsilty till, as above; silt to fine-grained sand inclusions, organics; 109-110 feet
The Quaternary Stratigraphy plate shows the unconsolidated sediment expected to be . . . . . . . sand to silt
Q y graphy p . P . . Qce Sandy till (new unit)—Primarily deposited during the Emerald phase of the Bedrock Geology. 7
encountered between the land surface and bedrock in Benton County. The geologic units . . . . . . . m
h th ti defined usine data f . tudi leted i Superior lobe, but likely locally includes till of the St. Croix phase in the Drill hole—Water-well records from the County Well Index 120 —
shown on the cross sections were defined using data from previous studies completed in . . o . . L . 7 i i
. & aa Prs P upper portions, and older Superior provenance till in the lower portions. In (Plate 1). The top of the drill hole may not coincide with 7 Dark gray laminated silt and clay
the area (see Plate 3, Introduction), and through the interpretation of new data collected for o . . . . . . . . = Gray fine- to medium-grained sand, well sorted; 127-128.5 feet shell fragments; 141.5-
; . . . far western Benton County, unit likely includes till of the Hewitt formation the cross section surface elevation line because the point 130 — 142 feet medium- to coarse-grained sand; 142-143.5 feet sandy silt to silt with wood
this study. Some units match those on Plate 3, Surficial Geology, some new units appear . . . . . . 7 ’ :
. T . . (Knaeble and Meyer, 2007b; Table 1) of Rainy provenance in the lower is located near (within 0.3 mile [0.5 kilometer]) but not on E
only on the cross sections, and others are a combination of multiple units from Plate 3. . . . L . 140 —]
Out les. drill drill cutti d wat 1 drillers' 1 d portion in places. Locally finer-textured towards the base. Includes thick the cross section line and therefore may have a different .
utcrops, auger samples, drill core, drill cuttings, and water-well drillers' logs were use . . . . . . - - - " . - -
. p & . p . . & . . & . deposits of silty lacustrine sediment in places. Sand and gravel lenses are surface elevation. 4 Gray-olive coarse-grained sand to fine-grained gravelly sand; rounded and polished
to interpret the stratigraphy. Their locations are shown on Figure 1. Vertical exaggeration ithin th it locally. b I hi h 150 — pebbles; Rainy provenance sandy diamicton layer at 150 feet
s 50x for all cross sections. common within the unit locally, but are too small or thin to show. . Saprolith in schist (Little Falls Formation)
. . . . . . . Qsb Sand and gravel (new unit)—Deposited primarily during the Emerald phase . o . .
Figure 2 is a schematic illustration showing the relationships between age, provenance, Figure 3. Descriptive log of rotary-sonic core BR-1 drilled by Mark J. Traut Wells for

stratigraphic position, and location of the sediments deposited by major glacial episodes
(see Plate 3, Fig. 3, Table 1, and the Summary of Glacial History section for supplementary
information). Analysis of the texture and clast types of the Quaternary sediments was done
for selected geologic units, as listed in Table 1. Logs of five rotary-sonic cores drilled by
the Minnesota Geological Survey are shown in Figures 3 to 7.
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DESCRIPTION OF CROSS SECTION UNITS

Each unit description on the cross sections is placed in one of three categories, as
indicated in parentheses after the description: 1. Surficial Geology unit—unit having an
identical description, label, and color as on Plate 3, Surficial Geology; see Plate 3 for
detailed descriptions. 2. Modified unit—multiple units from Plate 3 combined into one unit
on the cross sections. 3. New unit—unit that appears only on the cross sections that has a
unique label and color. Sand and gravel bodies were assumed to divide the deposits of the
two phases of the Superior lobe that compose the Cromwell Formation. Other sand and
gravel lenses are present in places within till of the Cromwell Formation, but are generally
too small or thin to show. The surficial sand aquifer or water table aquifer, which includes
sediment mapped in units Qci, Qcf, Qco, Qnw, Qno, Qns, Qwr, Qwl, Qa, QI, Qf, and Qe on
Plate 3, is important in the western and southern portions of the county, and unit Qse, the
sand between the St. Croix and Emerald phase tills of the Cromwell Formation, is thick
in places, but the most widespread aquifer across Benton County is unit Qsb at the base
of the Cromwell Formation. Older and deeper sands, although locally important, are not
as widespread and well-defined as unit Qsb.

Quaternary sediment older than the Cromwell Formation was not found exposed at
the surface in Benton County. Till of the Eagle Bend formation is exposed in the cut bank
of the Mississippi River on the western shore opposite the northwest corner of Benton
County, and till of the Elmdale formation is exposed nearby up-river, near the mouth of
Two Rivers in Morrison County. Rotary-sonic core drilling for this atlas and rotary-drilled
samples from a previous project of the Minnesota Geological Survey (Jirsa and Chandler,
1997) have established the presence of a number of pre-Wisconsin Episode deposits in
the subsurface of Benton County (Table 1), but they have been highly eroded and are
discontinuous across most of the county. Distinguishing individual units from water well
records, the primary subsurface data base, is difficult, so the pre-Wisconsin Episode units
have been combined as described below.

QUATERNARY
Hudson Episode deposits
Qe Eolian sand (Surficial Geology unit).
Ql Lacustrine sediment (Surficial Geology unit).
Qa Floodplain alluvium (Surficial Geology unit).
Qp Peat and other organic sediments (Surficial Geology unit).
Wisconsin Episode deposits
West Campus formation
Qwl Langdon terrace (Surficial Geology unit).
Qwr Richfield terrace (modified unit)—Includes map units Qwh and PA from
Plate 3.
New Ulm formation
Qnl Lake clay and silt (Surficial Geology unit).
Qns Lake sand (Surficial Geology unit).
Qno Outwash (Surficial Geology unit).
Qnd Twin Cities member (Surficial Geology unit).
Cromwell Formation
Qco Outwash (Surficial Geology unit).
Qcf Outwash, sandy (Surficial Geology unit).
Qci Ice-contact stratified deposits (Surficial Geology unit).
Qcr Sandy till (modified unit)—Map units Qct, Qcd, and Qcs from Plate 3. Primarily

deposited during the St. Croix phase of the Superior lobe. Finer-textured
towards the base in places. Includes thick deposits of silty lacustrine
sediment in places. Sand and gravel lenses are common within the unit in
places, but are too small or thin to show.
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of the Superior lobe, but includes older sediment of both Winnipeg and
Superior provenance. In western Benton County unit likely includes some
Rainy provenance sediment deposited by Wadena lobe meltwater (see Figure
3 on Plate 3).

Pre-Wisconsin Episode deposits

Qbs | Till (new unit)—Yellow-brown to red-brown to gray, generally loam-textured till
of both Winnipeg and Superior provenance, including tills of the Browerville
(Meyer and Knaeble, 1998), Lake Henry, and St. Francis formations
(Knaeble and Meyer, 2007a), undifferentiated (Table 1). Includes deposits
of generally silty lacustrine sediment. Sediment of Rainy provenance may

also be included in this unit in places.

Qsx | Sand and gravel (new unit)—Sediment of both Winnipeg and Superior provenance.

May also include Rainy provenance sediment in places.

Clayey till (new unit)—Yellow-brown to dark gray, clay loam to silty clay loam-
textured till largely of the Eagle Bend formation (Knaeble and Meyer, 2007a;
Table 1), but includes younger and older sediment of mostly Winnipeg
provenance. Includes thick deposits of silty to clayey lacustrine sediment
in places.

Sand and gravel (new unit)—Includes in various places sediment of Winnipeg,
Superior, and Rainy provenance.

Till (new unit)—Yellow-brown to gray, clay loam to loam-textured till of both
Winnipeg and Rainy provenance, including tills of the Elmdale (Meyer and
Knaeble, 1998), Shooks, and/or Mulligan Lake (Meyer, 1997) formations,
undifferentiated (Table 1). Includes deposits of generally silty lacustrine
sediment. Sand and gravel lenses are common within the unit in places,
but are too small or thin to show.

Undifferentiated Quaternary deposits

Qu Undifferentiated sediment (new unit)—Includes till and bedded clay, silt, sand,

and gravel. Shown in areas where control data were scarce or absent.

PALEOPROTEROZOIC AND ARCHEAN

Paleoproterozoic and Archean bedrock—Unit codes are from Plate 2, Bedrock
Geology.
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Borehole name: BR-2 Unigue number: 270096
T.38 N., R. 31 W,, sec. 13; DDCDDC
Elevation in feet above mean sea level: 1,117

Depth
(feet)

Lithology Description

a0 o Yellow-brown silty fine-grained sand, well-sorted
| Brown sandy till; Superior provenance (Cromwell Formation)

Brown very silty cobble gravel

Brown sandy till; 26-27.5 feet silty sand and gravel

Gray-brown very sandy till; 28.5-30 feet silty gravelly sand

Brown-gray sandy till

Yellow-brown sand; 45-46 feet brown-gray silty sand and gravel; 50.5-51.5 feet gray-
yellow sandy silt; 51.5-52 feet yellow-brown cobbly sand and gravel

Brown-gray sandy till

Brown-gray gravel; Superior provenance with carbonate

Yellow-brown sand; leached

Yellow-brown sand and gravel with carbonate

Yellow-brown gravel

Brown sand; increasing gravel below 113 feet

Yellow-brown cobbly gravel; increasing carbonate with depth

Olive sandy till (Hewitt formation)

Gray-yellow till (Browerville formation)

Dark gray till; Paleozoic carbonate, Cretaceous pebbles

Dark gray till mixed with sand and silt

Gray mostly fine-grained sand; gravelly sand below 154 feet

Dark gray till, as above

7 A \ Saprolith formed in dioritic gneiss (Sartell Gneiss)

Figure 4. Descriptive log of rotary-sonic core BR-2 drilled by Mark J. Traut Wells for
this study. Location of drilling is shown on Figure 1 and Plate 1. Samples from all Pre-
Wisconsin Episode units exhibited normal polarity remanent magnetism.

Borehole name: BR-5 Unique number: 270106
T.37 N., R. 28 W., sec. 36; AABBAA
Elevation in feet above mean sea level: 1,073

Depth Lithology Description
(feet)
07: Red-brown sandy till; top 1.5 feet road fill (Cromwell Formation)
10 E Red-brown gravelly sand
1 Red-brown sandy till
20 B Gray-brown sandy till
30 7: Brown-gray till
40 { Black metadiorite

Figure 7. Descriptive log of rotary-sonic core BR-5 drilled by Mark J. Traut Wells for this
study. Location of drilling is shown on Figure 1 and Plate 1. As all samples were from

Wisconsin Episode deposits, no remanent magnetism measurements were made.

this study. Location of drilling is shown on Figure 1 and Plate 1. Samples from all Pre-
Wisconsin Episode units exhibited normal polarity remanent magnetism.

Borehole name: BR-3 Unigue number: 270097
T.38N., R. 29 W,, sec. 29; DADDDD
Elevation in feet above mean sea level: 1,204

Gary N. Meyer and Angela S. Gowan

Geologic age
Speculated
Marine Isotope
Stage (MIS) age
Approximate age
(years before
present)

West East

New Ulm formation— Grantsburg sublobe of the Des Moines lobe

12,000 —
I Qnd
2

Qcr
(Qct, Qcd, Qcs on Plate 3)

Cromwell Formation—
St. Croix phase of the Superior lobe

k‘

Hewitt formation—Wadena lobe

Wisconsin Episode

Cromwell Formation—

Emerald phase of the Superior lobe Qce

29,000 —

>200,000—

Browerville formation Qbs

8 or
greater
through

16

St. Francis formation—upper member (Knaeble and Meyer, 2007a)

Lake Henry formation—Meyer Lake member Qbs

St. Francis formation—lower member Qbs

_— ]
—_— ]

Eagle Bend formation
4
Second Red of Meyer and Knaeble (1996)

—

Pre-Wisconsin Episode

—_—

Elmdale formation Qwt

I

Qwt

Shooks/Mulligan Lake formation

18
and
greater

I

Unit VS of Meyer and Knaeble (1996)

|

EXPLANATION

Riding Mountain provenance

|
L

Figure 2. Diagram showing relative age, locations (across Benton County from west to east),
provenance (Plate 3, Fig. 3 and Table 1), and related unit labels from the cross sections for
Wisconsin Episode and pre-Wisconsin Episode glacial deposits (Table 1). The age column
and deposit drawings are not to scale. Marine Isotope Stage correlations were estimated
using figures in Jennings and others (2006). Approximate age shown for deglaciation of
the Grantsburg sublobe was based on two radiocarbon dates, which averaged 11,600 years
before present, from wood at the base of Hudson Episode deposits burying the New Ulm
formation, collected about 30 miles (48 kilometers) west of Benton County near Melrose,
Minnesota (Knaeble and Meyer, 2007a). Similar radiocarbon dates have been found from
wood in similar depositional settings in the Twin Cities area (Meyer, 1998). The approximate
age (29,000 years before present) for the onset of the Emerald phase of the Superior lobe
is based on a radiocarbon date from wood in a core drilled in Chisago County (Meyer,
2010). Two calcite samples from marl deposits above Browerville formation till in Todd
County had an uranium/thorium disequilibrium minimum date of 200,000 years before
present (Knaeble and Meyer, 2007a). Placing the Elmdale formation at MIS 18 or greater
is based on equivocal evidence from detrital remanent magnetization analysis that may
indicate it was deposited prior to or near the Bruhnes reversed—Matuyama normal polarity
boundary, dated at 780,000 years B.P. (Meyer, 1986, 2000). The presence of the upper
member of the St. Francis formation (Knaeble and Meyer, 2007a), the Second Red unit,
and unit VS (Meyer and Knaeble, 1996) is speculated from their occurrence to the west.
Ice that deposited these units presumably crossed Benton County.

. Rainy provenance
deposits |:| depoéits
Wlnnlpeg provenance Period of sediment erosion
deposits

and/or deposition of nonglacial

Superior provenance sediment

deposits

Borehole name: BR-4 Unique number: 270098
T.36 N, R. 28 W, sec. 31; CCDDCA
Elevation in feet above mean sea level: 1,029

Depth Lithology Description
(feet)
0— e
- |-.2.-,a | | Red-brown sandy till; leached to 10.5 feet; brown loamy sand and gravel 11.5-12.5 feet
Jd e e (Cromwell Formation)
40— ey
q g
O o[enere.
20— P4 oy
— RN

Black diorite boulder

-30 —

Brown-gray sandy till; mixed with sand below 39 feet

-40 —

Gray-brown coarse-grained sand

7 Brown-gray sandy till; dense
-50 —|

As above mixed with yellow and brown till, sand, and gravel

-60 —|

Yellow-brown till (Meyer Lake member, Lake Henry formation)

Brown loam to sandy clay loam till (St. Francis formation)

70 —

_ Yellow-brown clayey till (Eagle Bend formation)
_80 —

Dark gray clayey till

I . . g Olive-gray loam to silty clay loam-textured till; highly mottled; less carbonate than above;
. gray below 106.5 feet

1 | Green-gray clayey silt to silt with organics; top few inches calcareous over black organic zone
I noncalcareous; varies to slightly calcareous in places; pollen indicated warming upwards from a
120 spruce-dominated forest to a prairie or pine savanna (Wright and Stefanova, unpub. data, 2009)

-130 —|

Dark gray till; mottled, leached clayey silt beds at 127.5, 130 feet (Elmdale formation)

Silt to silty clay diamict to 133.5 feet, clayey silt to clay below; moderately calcareous

-140 —|

Dark gray till, calcareous, with silt and sand lenses; 140-141 feet clayey silt with silty diamict beds
Gray silty sand and gravel; 145-145.5 feet till; 145.5-146 feet fine-grained sand

-150 —|

Gray sand to gravelly sand
Very dark gray till; dense

-160 —]
B e
1 lha e
-170 — (7

Dark gray coarse-grained loamy till mixed with very dark gray silty to clayey till; dense

Dark gray coarse-grained loamy till; saprolith(?) at base (Shooks/Mulligan Lake formation)

Figure 5. Descriptive log of rotary-sonic core BR-3 drilled by Mark J. Traut Wells for this study.
Location of drilling is shown on Figure 1 and Plate 1. Samples from all Pre-Wisconsin Episode
units exhibited normal polarity remanent magnetism.

Depth Lithology Description
(feet)
0 N
n Yellow-brown silty fine-grained sand (New Ulm formation)
-10 —|
- Yellow-brown sand, few pebbles; 23-24 feet brown sandy till with shale clasts
20 —
E Brown sand and gravel (Cromwell Formation)
-30 —
_ Brown sandy till; 37.5-39 feet silty gravelly sand; 39-40 feet sandy till mixed with sand
-40 7: Gray-brown sandy till; 66-67 feet interbedded with sand; 72.5-73 feet sand and gravel;
- coarse loamy textured at 71 feet
-50 —|
-60 —|
-70 —
4 Gray-brown gravelly sand to 76.5 feet; fine-grained sand with sandy silt to 78 feet; sandy
-80 — till layers to 80 feet
7 Gray-brown silty fine-grained gravelly sand
-90 { Brown-gray sandy till; sand and gravel below 99.5 feet
-100 7: Gray-brown sand and silt beds; noncalcareous
-110 { Brown sand and silt beds; slightly calcareous; Superior provenance
-120 —]
-130 —]
- Gray silt with sand beds; slightly calcareous; 159.5-161 feet yellow-brown silt with fine-
T grained sand beds
-140 —
-150 —]
-160 —]
] Gray to brown sandy diamict
170 Brown to gray silty sand and gravel
7 Gray sandy till
4 Brown-gray silty sand and gravel; 175.5-177 feet gray laminated silt; sandy diamict layer
-180 — at 176.5 feet
N Gray-yellow sand and gravel
-190 — White saprolith formed in coarse-grained tonalite to granodiorite (Glendorado pluton)
200 —|
210 —

Figure 6. Descriptive log of rotary-sonic core BR-4 drilled by Mark J. Traut Wells for this

S

tudy. Location of drilling is shown on Figure 1 and Plate 1. Samples from all Pre-Wisconsin

Episode units exhibited normal polarity remanent magnetism.

Table 1. Average values for the texture and composition of tills recognized in Benton County. Matrix texture (the less than 2 millimeter
grain size fraction of the sample) is expressed as relative proportions of sand, silt, and clay in percent. The lithologic composition
of the very coarse-grained sand fraction (1 to 2 millimeters) is expressed in percent as relative proportions of Precambrian rocks,
Paleozoic (mostly carbonate) rocks, and Cretaceous rocks (mostly shale and limestone) using the classification system of Hobbs
(1998). The Precambrian 1 to 2 millimeter fraction is further differentiated by rock type—Ilight (granite and gneiss), monomineralic
quartz, dark (mafic-rich igneous and metamorphic rocks), red (rhyolite, agate), sandstone, and other; T = trace amount.

TEXTURE LITHOLOGIC COMPOSITION
_ - Percentage of total grains Percentage of total
g S E counted of the 1-2 Precambrian grains
= Matrix texture o E millimeter fraction o counted
) g S S ‘; 9] < » E
S ° S o
£8 g% gL €8 5 ¢ 3 ¢ 2 g
32 _cog € |32 E < @ ] £ o
fE 9938 5 38 |SEE g o § 2. ¢g¢f € 3
Deposit description and geologicunit  ©§ § & 5 € < - = °g|= 8 9 2 T £ | £ §¢ T 3 c 2
shown on cross sections and Plate3 125 G&£8 & %) O 25| R o o O ) 3 =% A o » O
New Ulm formation till (unit Qnd) 1 17 60 28 12 9.8 1 87 6 7 3 46 10 23 15 4 2
Cromwell Formation till (units Qct, 76 13 62 28 10 10.5 35 99 1 T 1 46 9 30 13 2 1
Qcd, Qcs on Plate 3, and units
Qcr and Qce on cross sections)
Hewitt formation till (included in far 1 18 65 27 8 11.6 1 94 6 0o 10 71 13 15 1 0 0
western Benton County in upper unit
Qbs and lower unit Qce on cross
sections)
Browerville formation till (included in 13 5 45 37 18 7.9 13 61 33 6 1 54 28 17 T T 1
unit Qbs on cross sections)
Lake Henry formation
Meyer Lake member till (included 2 5 44 38 18 7.2 2 72 28 T 2 54 19 23 2 1 T
in unit Qbs on cross sections)
St. Francis formation till (included 4 5 51 29 20 7.6 4 87 13 T 2 44 25 16 10 5 1
in unit Qbs on cross sections)
Eagle Bend formation till (shown as 38 2 21 48 31 7.8 29 56 41 3 4 54 33 12 T T 1
unit Qxe on cross sections)
Elmdale formation till (included in unit 10 3 34 44 22 9.6 10 83 13 4 4 62 25 11 T T 1
Qwt on cross sections)
Old Rainy till (Shooks and/or Mulligan 8 7 49 37 14 9.4 8 91 8 1 4 65 20 13 T T 1
Lake formation equivalents; included
in unit Qwt on cross sections)
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