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: 3 ) o w \ Geologic contact—Approximately located.
m .
m.... 0g . . Line of equal elevation of the bedrock surface—In feet above sea level, contour
1o el - Opg Late Ordovician 950—— interval is 50 feet (15 meters).
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= *o% . @-j —/V) Os ‘;Z’ < :;f -~ Fold—Axial trace of anticline, syncline; inferred from subsurface data.
1o S "o 7056 éi o/ — — unconformity — =— Drill holes—Not all intersect bedrock.
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Midvale é 4l y 0 S — — unconformity — - . . .
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T : @ - ?:_ = /f' N | Al € } Late Cambrian J o Soil boring—Completed by the Minnesota Department of Transportation.
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g A= als b LD This geologic map shows the distribution of the uppermost bedrock units that lie directly
i o W Ty k: _ZEHA - #7022 0 beneath unconsolidated Quaternary deposits in the Lake Elmo quadrangle. Quaternary deposits
a 'ﬁ f? . & § =, 0 ‘ ) are dominated by sandy till, sand bodies, and recent stream deposits (Meyer and others, 1990). )00
\/\/(’ . =)o h Ko == i 0 They are generally 70 to 120 feet (21 to 36 meters) thick, but reach thicknesses up to 250
. =° ' ‘9 ale o 2 ailgy feet (76 meters) within deeply buried bedrock valleys. Bedrock outcrops are limited to a few &
';/ = i i B - small exposures of upper St. Peter Sandstone, and Glenwood and Platteville Formations in the <
3 o) ol T.29N . .
- - S Q E \ng 571307 eastern part of the map area. Due to the thick Quaternary deposits and lack of outcrop exposure, U N
R i ) bedrock geologic mapping for the Lake Elmo quadrangle is based chiefly on subsurface geologic 3
) ' L , 7 SR 8/7 : : data, which include water well records, engineering test borings, drillers' well cuttings, and A
- borehole geophysical logs (on file at the Minnesota Geological Survey). Previous geologic qé
[
maps within the Lake Elmo quadrangle and surrounding areas (Mossler and Bloomgren, 1990, z
1992; Patterson and others, 1990; Meyer and Mossler, 1999; Mossler, 2005a, b, 2006a, b) were ’%* - 5
also consulted for their geologic interpretations and descriptions of map units in areas where ~ §
better exposure exists.
Bedrock units are sedimentary, marine rocks of Paleozoic age that are gently tilted less J
_ f than one-half degree to the west. Distribution of bedrock units is primarily influenced by the & \ Y,
2 . Jallenh IR DRP N7 SR N WhEATgpE location of deeply incised bedrock valleys that cut through the nearly flat-lying strata. Paleozoic \ \ o
- E—— - o

bedrock units lie on a thick package of deeply buried Mesoproterozoic rocks of the Midcontinent
Rift. Previous work in nearby areas (Sims and Zeitz, 1967; Chandler and others, 2004; Mossler,
2005a, b, 2006a, b) has shown that Proterozoic-age faults along the Midcontinent Rift were
likely reactivated during the early Paleozoic era, affecting the deposition and distribution of
bedrock units. The area covered by the Lake Elmo quadrangle is mainly located to the northwest
of these fault zones that span the eastern edge of the rift. Faults are inferred to be uncommon,
and none were mapped. Several minor fold structures were mapped based on the contoured
: , = stratigraphic top of the Jordan Sandstone (Fig. 1). Smaller faults and folds may exist where
\ i o S == sparse subsurface data do not allow them to be recognized. J

s
1
A )

BT

0
al

4977

\

o
S

\
\
\

T 28N . 3 Pl } 5 ' \ - AN The accompanying cross section illustrates the variable thickness of the Quaternary
) ; g T.28N. deposits as well as the stratigraphic relationships of the underlying bedrock units. The geologic
formations are thin in relation to their areal extent and would only be a tenth as thick as shown

on the cross section if no vertical exaggeration were used. The exaggeration needed to show

the thin rock formations also gives the appearance of steeper slopes on the land surface and ’_?
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buried bedrock topography. Deeply buried Paleozoic and Proterozoic strata below the Jordan
Sandstone are not shown on the cross section because information on their depth and thickness
is unavailable. Typically, wells drilled for water only penetrate the uppermost rock formations
beneath the Quaternary deposits because sufficient flow can be acquired there.
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DESCRIPTION OF MAP UNITS 7 €%

Od Decorah Shale (Late Ordovician)—Dominantly grayish-green shale with thin interbeds My
of fossiliferous limestone. Prominent fossiliferous, yellowish-brown limestone G’J/%QG S
beds at the base of the Decorah Shale are now recognized as the basal Carimona A /Q’
Member (Mossler, 2008). The Decorah Shale occurs as erosional remnants N 62°7) C 675 —
capping mesas in the western part of the quadrangle. Though no exposures
exist in the Lake Elmo quadrangle, water well logs indicate the Decorah Shale

has a maximum preserved thickness of 40 feet (12 meters).
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Figure 1. Map of the Lake Elmo quadrangle contoured at the stratigraphic top of the Jordan
Sandstone showing geologic structure; scale 1:75:000. Contour interval is 25 feet (8 meters).
Inferred fold traces are shown. The approximate area where some of the Jordan Sandstone is
missing because of erosion within a north—south bedrock valley is shaded.

Opg | Platteville Formation and Glenwood Formation (Late Ordovician)—The Platteville
Formation is generally tan to gray, fossiliferous limestone and dolostone. The
w74 underlying Glenwood Formation is dominantly green-gray, sandy shale. The
Platteville Formation is the dominant uppermost bedrock unit across a large
expanse of the western two-thirds of the quadrangle subcropping beneath
Quaternary deposits. Together the formations are 30 to 35 feet (9 to 11 meters)
thick, but locally thinner because the upper part of the Platteville Formation
55 was eroded before deposition of overlying Quaternary sediments.
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Platteville Formation—The carbonate-dominated Platteville Formation is 25 to 30
o ‘ - feet (8 to 9 meters) thick and is divided into four members in the Twin Cities
: area: the Pecatonica, Mifflin, Hidden Falls, and Magnolia Members (Mossler,
______ 2 . 2008). The Pecatonica Member is a thin bed of yellowish-gray, burrowed to
: S 73 structureless dolostone occurring at the base of the Platteville Formation. It
g ATE 5 4o P i) 2. o| T ()0 - -8 6 L o b .5 1P e % % ’ - ' commonly contains fine- to coarse-grained quartz sand and phosphate grains.
: S . The Mifflin Member is a gray, nodular, wavy-bedded, bioturbated limestone
_5 4 4 S — = & with shale partings. It is overlain by a light olive-gray, silty, phosphatic,
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e =¥y \ sparingly fossiliferous dolostone known as the Hidden Falls Member. The d
%R Magnolia Member overlies the Hidden Falls Member. It is a yellow to light
@" §i brown dolostone that is characterized by 1 to 2 inch (2.5 to 5 centimeters) thick

LYol i = = coquina layers and pyrite-lined burrows and vugs.
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Glenwood Formation—The principal lithology of the Glenwood Formation is a

grayish-green to brownish-gray, calcareous, sandy, and phosphatic shale that
commonly has distinctive blocky fractures. The Glenwood Formation is 3 to
5 feet (1 to 1.5 meters) thick.

Os St. Peter Sandstone (Late Ordovician)—Mostly a white to tan, fine- to medium-
{ LY . grained, friable quartzose sandstone. Bedding and structures are generally absent,
l &5 0 2) AN . & » but cross stratification can be seen near the top of the unit. The lowermost 10
BYVAZ LS 7o N0 W i o1 5 ‘E‘ to 20 feet (3 to 6 meters) includes white to light gray, fine- to coarse-grained
: quartzose sand that is interbedded with white to pale green feldspathic shale
and siltstone. The upper St. Peter Sandstone is exposed in an actively quarried
sandpit in the east-central part of the quadrangle, but the basal part of the
formation is concealed beneath Quaternary sediments. The thickness of the St.
Peter Sandstone varies from 140 to 160 feet (43 to 49 meters) where overlain
by the Platteville and Glenwood Formations, but may be much less where
partially eroded. The basal contact of the formation with the underlying Prairie
du Chien Group dolostone (unit Ops) is a major erosional unconformity (Smith

and others, 1993).

Prairie du Chien Group (Early Ordovician)—Dominated by dolostone interlayered
with lesser amounts of quartz sandstone. It is divided into two formations: the
Shakopee Formation and underlying Oneota Dolomite. Neither formation is

, exposed in the Lake Elmo quadrangle. Together they range in thickness from

4979 130 to 170 feet (40 to 52 meters) where overlain by the St. Peter Sandstone.

These formations were subdivided in the map area based mainly on well cuttings

and geophysical logs and to a lesser degree on water well driller's logs. REFERENCES

Ops Shakopee Formation (Early Ordovician)—Composed mainly of light brown, thin- Chandler, V.W., Lively, R.S., and Wahl, T.E., 2004, Gravity and aecromagnetic data grids of Minnesota:

to medium-bedded dolostone, sandy dolostone, and sandstone. The formation On file at the Minnesota Geological Survey.

contains oolite beds, intraclasts, microbial mounds, chert nodules, minor quartz Meyer, J.H., Baker, R.W., and Patterson, C.J., 1990, Surficial geology, pl. 3 of Swanson, L., and

sandstone beds, and green-gray shale partings. It ranges from 80 to 100 feet Meyer, G.N., eds., Geologic atlas of Washington County, Minnesota: Minnesota Geological

(24 to 30 meters) in thickness. Survey County Atlas C-5, 7 pls., scale 1:100,000.

. 3 | g Q ) 3 . oo o - Oneota Dolomite (Early Ordovician)—Predominantly a yellowish-gray to light Meyer, G.N., and Mossler, J.H., 1999, Primary sources of construction aggregate in the seven-county
AN —— > . = LI '_"v : ‘Q - i 2 3 2 o Jr— brown, medium- to thick-bedded dolostone that except in its lowermost part metropolitan area, Minnesota: Minnesota Geological Survey Miscellaneous Map M-102, 2 pls.,
! ‘ A N @SDN Wi /‘\\ \\\ ) b“ f 44060 ) " generally lacks sedimentary features such as oolites and quartz sand characteristic scale 1:100,000.

2 260 000 FEET R.22W. R 21W. 502 03 57'30" ) : 506 | 55’ 507 5Qgooom g, 92°52/30" of the Shakopee Formation. The basal 15 feet (4.6 meters) of the formation is a Mossler, J.H., 2005a, Bedrock geology of the Hudson quadrangle, Washington County, Minnesota:

thinly bedded dolostone with abundant fine- to coarse-grained quartz sand. The Minnesota Geological Survey Miscellaneous Map M-154, scale 1:24,000.
sjzsr;':;e? '189' Gséo'og'cal Survey Lake EImo 1:24,000 SCALE 1:24 000 GIS Comp':;'i(t’: dbgydtlcl;: ';';g?r::g: Oneota Dolomite is about 50 to 70 feet (15 to 21 meters) thick. The contacts 2005b, Bedrock geology of the Stillwater quadrangle, Washington County, Minnesota: Minnesota

a7 between the Shakopee Formation and Oneota Dolomite and between the Oneota Geological Survey Miscellaneous Map M-153, scale 1:24,000.
Universal Transverse Mercator grid, zone 15 X 0.5 0 1 MILE . o . y ’ ’
1983 North American Datum ' Dolomite and the Jordan Sandstone (unit €j) are unconformable (Smith and

1 0.5 0 1 KILOMETER others, 1993; Runkel and others, 1999).
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Coon Rapids (M-175)
Hastings (M-169)
Hudson (M-154)
Lake EImo (M-185)
Prescott (M-167)

St. Paul Park (M-166)
Stillwater (M-153)
Vermillion (M-168)
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2006a, Bedrock geology of the Prescott quadrangle, Washington and Dakota Counties, Minnesota:
Minnesota Geological Survey Miscellaneous Map M-167, scale 1:24,000.
€j | Jordan Sandstone (Late Cambrian)—Dominantly white to yellow, medium- to ———2006b, Bedrock geology of the St. Paul Park quadrangle, Washington and Dakota Counties,
CONTOUR INTERVAL 10 FEET coarse-grained, friable quartz sandstone. Cross-stratification and bioturbation Minnesota: Minnesota Geological Survey Miscellaneous Map M-166, scale 1:24,000.
NATIONAL GEODETIC VERTICAL DATUM OF 1929 structures are common. Feldspathic lenses of very fine-grained, structureless
shale and siltstone are intercalated within the quartz sandstone and form a
regionally continuous interval overlying the St. Lawrence Formation seen mainly

APPROXIMATE MEAN from geophysical logs. The Jordan sandstone is not exposed in the Lake Elmo
DECLINATION, 2009
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———2008, Paleozoic stratigraphic nomenclature for Minnesota: Minnesota Geological Survey
Report of Investigations 65, 76 p.

Mossler, J.H., and Bloomgren, B.A., 1990, Bedrock geology, pl. 2 of Swanson, L., and Meyer, G.N.,

) ’ eds., Geologic atlas of Washington County, Minnesota: Minnesota Geological Survey County
QUADRANGLE quadrangle. It ranges in thickness from 80 to 95 feet (24 to 29 meters). Atlas C-5, 7 pls., scale 1:100,000.
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1992, Bedrock geology, pl. 2 of Meyer, G.N., and Swanson, L., eds., Geologic atlas of Ramsey
A Al County, Minnesota: Minnesota Geological Survey County Atlas C-7, 10 pls., scale 1:100,000.
1,100 — Military Road Woodlane Drive Valley Creek Road Radio Drive Interstate 94 Minnehaha Lane —1,100 Patterson, C.J., Mossler, J.H., and Bloomgren, B.A., 1990, Bedrock topography and depth to bedrock,
| pl. 4 of Swanson, L., and Meyer, G.N., eds., Geologic atlas of Washington County, Minnesota:
Minnesota Geological Survey County Atlas C-5, 7 pls., scale 1:100,000.
Unconsolidated Quaternary sediment Runkel, A.C., Miller, J.F., McKay, R.M., Shaw, T.H., and Bassett, D.J., 1999, Cambrian-Ordovician
od boundary strata in the central mid-continent of North America: Acta Universitatis Carolinae
Opg Geologica, v. 43, p. 17-20.
L 900 Sims, P.K., and Zeitz, 1., 1967, Aeromagnetic and inferred Precambrian paleogeographic map of east-
Os Unconeokdated Quaterhary sediment central Minnesota and part of Wisconsin: U.S. Geological Survey Geophysical Investigations
Os Map GP-563, 6 p., scale 1:250,000.
Ops Smith, G.L., Byers, C.W., and Dott, R.H., Jr., 1993, Sequence stratigraphy of the lower Ordovician
Prairie du Chien Group on the Wisconsin arch and in the Michigan basin: American Association
of Petroleum Geologists Bulletin, v. 77, p. 49-67.
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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,

500 however, and it should not be used to guide engineering-scale decisions without site-specific verification.
- L— 500

The views and conclusions contained in this document are those of the author and should not be interpreted as
necessarily representing the official policies, either expressed or implied, of the U.S. Government. This map is submitted
for publication with the understanding that the U.S. Government is authorized to reproduce and distribute reprints for
The University of Minnesota is an equal opportunity governmental use. Supported by the U.S. Geological Survey, National Cooperative Geologic Mapping Program, under
educator and employer assistance Award No. 08HQAG0095.
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