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From then

until now. . .
by Phase

Des Moines lobe
D-nu  New Ulm phase

Wsdena lobe by Geomorphic
W-i Itasca phase .
W-h  Hewitt phase Expression
W-gf Granite Falls phas | SNGHS Collapsed—Diamicton as above
Rainy lobe surface collapsed over an ice c¢
R-v  Vermilion phase to be subglacial drainageway
R-s¢ St Croix phase sediment, collapsed.
Superior lobe Qtm Aligned hills—Diamicton as abov
LD Lake Duluth be a demarcating margin of act:
S-n  Nickerson phase ice-marginal processes includi

Figure VII-4. Composite map showing main phases of
Wisconsin glaciation in Minnesota. Short
dashes show drumlin fields.
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S-sr Split Rock phase

S-a  Automba phase
- 7 _ Di : w55
S-sc St. Croix phase Qtw Was hed—Diamicton as above; !

S-hc Hawk Creek phase vaguely streamlined. Interpre

and debris flows. Moraine.

by Ice Lobe B st Louis-sublobe il
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} by Ice Lobe and Moraine Association
oY DEPOSITS ASSOCIATED WITH THE RAINY LOBE
& WISCONSINAN)—brown 1o g :lg
: igneous and metamorphic rocks o/!hc Canadian Sh
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e

VERMILION MORAINE ASSOCIATION —c¢
Mille Lacs-Highland moraine association; ti
stony, containing only trace amounts of clay

Ground moraine; in most of this area, the till
hilly terrain of scoured k.

End moraine; moraine ridges are narrow an
Seatures.

NASHWAUK MORAINE ASSOCIATION—n
till. No end moraine recognized; ice margin w
implies that the ice retreated far enough nort
develop a proglacial lake; the ice then read\
ment, incorporating it into the till.

Ground moraine; includes areas of thin drift

45°

]
Ml EE

Stagnation moraine; some of the hilly topo;
| unit may be inherited from the underiying
e ;‘:r_’;';m some topographic expression is ct

g j ST. CROIX MORAINE ASSOCIATION—ril
stony; near the St. Croix moraine it locally in
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Sandy loam diamicton (includes mapped units Qht, Qp)—Pebbly

generally yellowish-brown (10YR 5/4) where oxidized and olive-b
3/1) where unoxidized. Glacial till.
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‘ by N ame Pre-Late Wisconsinan (?)

g Unnamed formation—Sediment deposited by Riding Mountain-prov:
= 1 Contains gray shale fragments and abundant Cretaceous limestone
2 (fo r m a I a n d I nfo r m a I ) 8; Table 2). Approximately 25 feet (7.6 meters) of this unit were e
¢ in rotary-sonic core WAD-1 (Fig. 5). Because this stratigraphi

siated Group Associated Formation® not been recognized in other regional studies, unils utrm and usi
identified on cross sections within the immediate vicinity of tl

which they were sampled. This unit may correlate to the Shey
Huot and Falconar formation of Harris and Berg (2006).
t River group Formations Sand to gravelly sand— Outwash.

(RRVO1 and RRVO1)
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MEYER LAKE
FIRST RED

b e Clay loam diamicton—Pebbly, unsorted; calcareous; very dark gra
a, (5Y 3/2). Glacial till.
L ] Upper Red Lake Falls . .
= ke River group y Pre-Late Wisconsinan
Formation (RRV03
EAGLE BEND cs> ) Browerville Formation (Johnson and others, 2016)—Sediment de
= Winnipeg sourced ice. Dark gray Cretaceous limeslone is a ke
p— SECOND RED a ke River group Lower Red Lake Falls Formation of this unit (Fig. 8; Table 2). Stratigraphic data from water-w
] RRVO04 -soni indi iple ti
ELMOALE | E ( ) and rotary-sonic cores indicate that there are multiple till layers t
i a
St. Hilaire Formation
90084 ISR 90 (RRVDS and RRV07)
Dahlen Formation and Heiberg till
. . . Goose River group
RRV08 and RRVDS
Over 100 lithostratigraphic ‘ J
units that have been Lake Tewaukon group S Fammeton

(RRV13 and RRV14)

identified in Minnesota.

Otter Tall River group R::J%ﬂﬂ\n\é'l 1
Marcoux Formation

Crow Wing River group (RRV15, RRV16 and RRV17)
and RRVIR
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North American Stratigraphic Code
(North American Commission on
Stratigraphic Nomenclature, 2005)

80 units are accepted and 47 are
formally defined, revised, or redefined in

this report.

Some units are abandoned in this
report.

33 units are recommended to be
formally named in the future.
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Minnesota Quaternary Lithostratigraphy
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And WHY do we care?
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Part of the University of Minnesota, the MGS provides
systematic geoscience information to support stewardship
of water, land, and mineral resources.
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Status of County
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Minnesota AG's lawsuit asks: What
did 3M know about PF(Cs?

Court filing cracks open 3M's internal research on PFCs,
raises new questions about risks for residents.

By Josephine Marcotty and Jennifer Bjorhus Star Tribune staff writers

NOVEMBER 27, 2017 — 11:42AM

Deep-water wells in neighboring
suburbs helped dry up White Bear
Lake

Tapping by a few cities around White Bear Lake accounted
for much of the drop in the lake's level, the DNR says;
lawn watering is less of a culprit.

"Dayton updates plan for lowering

L] -
nitrate levels in water ,
By STEVE KARNOWSKI Associated Press MARCH 6, 2018 — 4:51PM
.
= " Percent of private wells
- testing above 10 mg
] per liter for nitrates
. ] by township
m b
- ; g Less than 5%
al A, ' B sooto10%
u B “
- B vore than 10%

Tentative

townships

to test

= n
i
L. . E
Source: Minnesota Department of Agriculture RAY GRUMNEY « Star Tribune

By David Peterson Star Tribune NOVEMEBER 7, 2017 — 10:00AM
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McLeod County Arsenic in Groundwater

2007 Well Tests
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Borehole name: €555 Umique number: 2/6618
T 144N, R 28W, sec. 35 dccd,

Pre-Wisconsinan
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ft2 ebs ebs
EXPLANATION ebt Bmi
Riding Mountain provenance Rainy provenance
deposits deposits v " 5
Winnipeg provenance Superior provenance g e =
deposits deposits
Period of sediment erosion . N vt R O OTA
and/or deposition of N
nonglacial sediment ups o




Department of Natural Resources
Groundwater Atlas
(Part B)

Part A Part B

Silt and clay SC -

Surficial sand and gravel SS

1090 — Sandy glacial lake deposits | nbs SS
Sand and gravel ns
1080 — i
Till New Ulm) nt nt
1070- § ined Surg...
Sz(eji-rg“f‘(:rlllt!e1 is ICIQISGnda Sand and gravel csa :
1060 — VH Quite, Till (Automba) | cta cta
= buried sand 1 iger
.g 1050 — Sand and gravel csr
:_E Till (St. Croix) ctr ctr
% . buried sand 2 Sand and gravel cse :
> . A 2 q
] . = ;
(MERETiy\® undifferentiated sediment ‘ Vv Tl {Fmenld) Lo cte

buried sand 1 Sand and gravel scs

ok " : - e Till (Sauk Centre) | sct
= Sand and gravel fs1 fs1
Till (St. Francis) ft1 ft1
Sand and gravel | mis mis
Figure 21. Cross section showing examples of pollution sensitivity ratings Till (Meyers Lake) | mit -
Based on the cumulative thickness of overlying fine-grained sediment. Each vertical black line is labeled with the thickness of Sand and gravel fs2 fs2
fine-grained sediment. The lefter at the base of the line indicates the sensitivity rating determined from the cumulative thickness. : .
Till (St. Francis) ft2 ft2
Geologic Atlas of Sherbume County, Minnesota, County Atlas Series C-32, Part B Sand and gravel | suu suu
Undifferentiated Pleistocene sediment | UpS ups
bedrock

Hydraulically connected combinations
of surficial sand and buried sand layers
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== 1S i I e T Mapping Buried
T Glacial Aquifers

3-Dimensional surfaces

3-Dimensional models
of buried sand layers
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Sand Distribution Model
using data from the cross
sections to map extent, depth
to, and thickness of glacial
sand bodies which may be
aquifers
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E Southwest

Statewide Cross Sections
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YELLOW MEDICINE RENVILLE

feet above sea level

KANDIYOHI

feet above sea level

{85 | Blackduck F Loamy di
Louis sublobe. Predommant source area is the Winng 1ding . May comelate to the

Falconer Member of the Forest River Formation and to the Red Lake Falls Formation. Glacial sediment.

‘with at least three advances of the Koochiching lobe and St.

New Ulm Formation—Deposited by ice of the Des Moines lobe from the northwest, Riding M: P

KANDIYOHI MEEKER STEARNS !

| BENTON
SHERBURNE

MILLE LACS

STEARNS,

SHERBURNE ISANTI

Glacial Lake

oo Undifferentiated—May include sediment from the following members:

e.
"l Heiberg Member—Clayey diamicton; pebbly. Lake sediment associated with glacial Lake Mimesota. Glacial
sediment.

Otter Tail River formation (modified from Harris and Berg, 2006}—Deposited by ice of the Red River lobe from
the north Riding M Vinmipeg p ]
- Hawley member—Loamy diamicton; pebbly. Glacial sedmment.
] New York Mills member—Sandy loam diamicton; pebbly. Glacial sediment.

in and

178 | New Brighton Formation—Fine-grained sand. Deposited in glacial Lake Ancka. Glacial lacustrine sediment.

New Ulm Formation—Deposited by ice of the Des Moinas lobe from the northwest, Riding Mountain provenance.
fal Falun Member—Silty clay. Deposited in glacial Lake Grantsburg. Glacial lacustrine sediment.
vic Villard/Twin Cities Members—Sandy loam diamicton; pebbly; may alternate brown and red layers in the eastern
portion, where it is defined as the Twin Cities Member. This eastern portion was deposited by ice of the
Grantsburg sublobe of the Des Moines lobe and is associated with the Pine City moraine. Glacial sediment.
o Garden City Member—Loay diamicton; pebbly. Contains a high p ge of Pierre Shale frag) This
‘unit has been defined in southern Mmnesota (Blue Earth County; Johnson and others, in press). For convenience,

mil Mille Lacs Member—Silty diamicton; red  Glacial sediment associated with the Mille Lacs moraine.

s Sumrise Member—Silty clay; red. Deposits of glacial Lake Lind. Glacial lake sediment.

aut  Unnamed member (Automba phase)—Sandy diamicton; pebbly; red. Glacial sediment.

o [ d member (St Croiv phase)—Sandy diamicton; rocky; red.  Glacial sediment associated with the St. Croix
moraine.

& Unnamed member (Emerald phase)—Sandy diamicton; rocky; red.  Glacial sediment associated with the Emerald
moraine.

0 tdependence Formati dy di : cobbly. Deposited by ice of the Rainy lobe from the north/northeast,

Bamny provenance. Lake sedmment associated with glacial Lake Brainerd. Glacial sediment.
BB south Long Lake Member—Sandy diamicton; cobbly. Glacial sediment associated with the St. Croix moraine

[JEl Buffalo River formation (Harris and Berg, 2006)—Clayey diamicton; pebbly. Deposited by ice from the north, o
Winnipeg provenance. Glacial sediment.

new Hewitt Formation [Traverse des Sioux Formation] —Sandy diamicton; pebbly. Deposited by ice from the north,
northeast, or Ramy provenance. Defined as separate formations in Johnson and others (in press) but interpreted in
cross sections as laterally equivalent wnits, perhaps earlier (Traverse des Sioux Formation) and later
(Hewitt Formation) phases of the same ice. Herein considered to be equivalent to the Crow Wing River group of
Harris and Berg (2006) in the Red River Valley. Glacial sediment in southern Minnesota (Traverse des Sioux
Formation); Glacial sediment associated with the Alexandria moraine and the Wadena drumlin field (Hewitt

CHISAGO

Northeast E

KANABEC PINE CARLTON

Bt F
|

- Good Thunder member 1 —Sandy diamicton; pebbly. Contains dark, fossiliferons limestone.

from the: Ridmg P . Glacial sediment.
- Good Thunder member 3—Sandy diamicton; pebbly. Contains dark, fossiliferous limestone
Deposited by ice from the nortt , Riding M: in p Glacial sediment.

Lake Henry Formation—Deposited by ice from the north/northwest, or Winnipeg provenanc
commonly found above and/or between members of the St. Francis Formation.
sz Sauk Centre Member—Loamy diamicton; pebbly. Carbonate rich. Herein considered to be
Gervais Formation (Harris and others, 1974) and the Funkley Formation (Johnson and other:
be equivalent to Good Thumder members 2 and 4. Glacial sediment
il Meyer Lake Member—Loamy diamicton; pebbly. May be equivalent to Good Thmder me
sediment.

St. Francis Formation—Deposited by ice of the Supenior lobe from the northeast, Supe
Members are commonly found between and/or below members of the Lake Henry Formation

'8 Upper member—Sandy diamicton; pebbly; red. Glacial sediment.
- Lower member—Sandy diamicton; pebbly; red. Contams carbonate. Glacial sediment.

- Eagle Bend Formation—Clayey diamicton; pebbly. Carbonate rich. Deposited by ice from the
or Winnipeg provenance. Glacial sediment.

- Shooks

pebbly. Deposited by ice from the north, nor
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So what Is the

‘Old Gray till' now?
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SHEET 3 OF A
MAP OF THE SURFACE FORMATIONS OF MIN
BY FRANK LEVERETT aND FREDERICK W. SARDESOM

With much aid from reports of Prof. N. H. Winchell, Wirren Upham and staff of eariler &
and from U. S. Bureau of Soils in Blue Earh, Goodhue and Rice Counties.
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0ld gray drift l 060 ] Lake bed, sandy

OGD—A drift older than the Wisconsin,
brought in by the Western or Keewatin
icefield. Calcareous except the leached
surface. Soil usually clay loam.
Drainage more nearly perfect than in
younger drift. Includes occasional
gravel knolls (K).
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So what Is the
‘Old Gray till' now?

P

Browerville Formation—Loamy diamicton; pebbly. Deposited by ice from the north/northwest, or
Winnipeg provenance. Contains Cretaceous limestone and gray shale.

KI'CO

Rose Creek [Saum Formation]—Sandy loam diamicton; pebbly. Defined as separate formations in
Johnson and others (2016) but interpreted here to be equivalent units. Deposited by ice from the
northeast, or Rainy provenance.

Bennington Member—Peat to organic-rich silt; silty clay to loam. Interpreted as paleosol and
underlying fine-grained sediment at the top of the Rose Creek Formation.

Minnesota.

Elmdale Formation—Clayey diamicton; pebbly. Deposited by ice from the north/northwest, or
Winnipeg provenance. May be equivalent to the Big Fork and Wirt Formations in north-central

0ld tills—Undifferentiated. Generally described as pre-Wisconsinan and may include any formation or
combination of formations. Often referred to as “Old Red” or “Old Grey” tills.

Pierce Formation (Baker, R.W., 1984a)—Sandy, clay loam diamicton; red-brown; pebbly. Deposited
by ice from the northeast, or Superior provenance. Defined in Wisconsin.

River Falls (Baker, R.W., 1984b)—Clay loam diamicton; gray; calcareous; pebbly. Deposited by
pre-lllinoian ice from the north, or Winnipeg provenance. Defined in Wisconsin.

T m UNIVERSITY OF MINNESOTA
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m Browerville Formation—Loamy diamicton; pebbly. Deposited by ice from the north/northwest, or
Winnipeg provenance. Contains Cretaceous limestone and gray shale.

. Rose Creek [Saum Formation]—Sandy loam diamicton; pebbly. Defined as separate formations in
 cp Johnson and others (2016) but interpreted here to be equivalent units. Deposited by ice from the
northeast, or Rainy provenance.

Bennington Member—Peat to organic-rich silt; silty clay to loam. Interpreted as paleosol and
underlying fine-grained sediment at the top of the Rose Creek Formation.

Elmdale Formation—Clayey diamicton; pebbly. Deposited by ice from the north/northwest, or
Winnipeg provenance. May be equivalent to the Big Fork and Wirt Formations in north-central
Minnesota.

0ld tills—Undifferentiated. Generally described as pre-Wisconsinan and may include any formation or
p 00 combination of formations. Often referred to as “Old Red” or “Old Grey” tills.

pi Pierce Formation (Baker, R.W., 1984a)—Sandy, clay loam diamicton; red-brown; pebbly. Deposited
A@ by ice from the northeast, or Superior provenance. Defined in Wisconsin.

River Falls (Baker, R.W., 1984b)—Clay loam diamicton; gray; calcareous; pebbly. Deposited by

,7@, pre-lllinoian ice from the north, or Winnipeg provenance. Defined in Wisconsin.
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