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

This bedrock geologic map is based on data acquired from outcrop, drillcore, and on
interpretations of aeromagnetic and gravity data. The color scheme used reflects the
rock types. The major intrusive units of the Duluth and Beaver Bay complexes are

DESCRIPTION OF MAP UNITS

Dam Five gabbronorite—Gabbronorite; forms a southeast-dipping sheet;
intruded by the Houghtaling Creek troctolite; projected into map area on
basis of aeromagnetic data linked to outcrop in the Cabin Lake quadrangle
to the east (9)

identified by name (and symbol) on the index map. The symbols used on the bedrock

dfgc Gabbroic cumulates; contain cumulus orthopyroxene

geologic map indicate the intrusion name or series, and the rock type.

UNNAMED INTRUSION

PROTEROZOIC

ugd Gabbro to diorite; thin southeast-dipping sheet of altered gabbro

MESOPROTEROZOIC

M esoproterozoic rocks in this region include intrusive and volcanic rocks, and minor
amounts of sedimentary rock associated with the 1.1 Ga Midcontinent Rift. The order
in which intrusive bodies of the Duluth Complex and the Beaver Bay Complex formed
is generally well constrained. U-Pb ages indicate that the oldest rocks of the Duluth
Complex are about 3 million years older than the youngest rocks of the Beaver Bay
Complex (11). The extent of any overlap in intrusive activity between the two
complexes is not known. The prefix Pm is omitted from all Mesoproterozoic unit
abbreviations in this description, as well as from the map.

DULUTH COMPLEX—Intrusive igneous suite of mafic to felsic rock; subdivided
into four series, three of which (the layered series, the anorthositic series and the felsic
series) are present in the area mapped; emplaced into stratigraphically lower parts of
the North Shore Volcanic Group

Layered series—Mafic layered intrusions; form multiple discrete intrusive bodies, each
of which displays stratiform internal structure, cumulate rock textures, and cryptic

compositional layering, indicative of in situ differentiation; contacts between similar

BEAVER BAY COMPLEX—Mafic to felsic rocks that form multiple discrete
intrusions that are part of an intrusive igneous suite emplaced into stratigraphically
high parts of the North Shore Volcanic Group

rock types that are assigned to different intrusions, such as the contact between units
betc (troctolite of the Bald Eagle intrusion) and sktc (troctolite of the South Kawishiwi
intrusion), are located on the basis of directional changes in the geophysical strike

that are ascribed to differing trends of compositional layering

Silver Bay intrusions—Gabbroic rock; massive to well-foliated; forms small

ou Oxide-bearing ultramafic intrusive body—oxide-bearing dunite,

(<2 km) lens-shaped intrusions into the upper parts of the Beaver River
diabase; well-exposed (8); marginal gabbro (sbgd) provides a U-Pb age
of 1095.8+1.2 Ma (11)

sbgc Gabbroic cumulates; well-foliated interior phase

sbhgd Gabbro to diorite; massive, varitextured marginal phase; locally

slgc Gabbroic cumulates; upper part of differentiated sequence

fggp Granophyre; leucogranite; micrographic to intergranular; miarolitic

cuog Olivine gabbro; troctolite to olivine-bearing gabbro of upper series

clmd Monzodiorite; intermediate to felsic rocks of lower series
clgd Gabbro to diorite; mafic to intermediate rocks of lower series
clog Olivine gabbro; troctolite to olivine gabbro of lower series; locally diabasic

granophyric

Beaver River diabase—Diabase dike and sill swarm; well-exposed (8, 10)

clinopyroxenite and peridotite; irregularly shaped; cuts across the
troctolitic cumulates of the layered series; known largely from
exploration drilling targeted on aeromagnetic anomalies; includes
intrusions known as Section 17, Longear, Skibo, Longnose, Section
22 and Water Hen (14, 15)

Osier Lake intrusion—Mafic cumulate rock; well-differentiated; small, plug-
like intrusion; emplaced into anorthositic series rocks; age relative to other
layered series intrusions is unknown; inferred from aeromagnetic data and
two drill cores

olgc Gabbroic cumulates; upper part of differentiated sequence

brda Olivine diabase; typically massive and ophitic; locally coarse-grained;

contains abundant anorthosite inclusions

oltc Troctolitic cumulates; lower part of differentiated sequence

Victor Head diabase—Diabase sill; 50-65 m thick; segmented by the Beaver
River diabase (8)

vhod Olivine diabase; ophitic, commonly oxidized

Pequayan L ake intrusion—Mafic cumulate rock; unexposed northern extent
of what may be a well-differentiated intrusion south of the map area;
inferred from aeromagnetic data to cut the Western margin intrusion

pltc Troctolitic cumulates; inferred exclusively from subdued aeromagnetic

Sonju Lake intrusion—Mgéfic layered intrusion; well-differentiated; 1-1.5-
km thick, sheetlike intrusion emplaced beneath the Finland granite; poorly
exposed; projected into the map area on the basis of aeromagnetic pattern
linked to good exposure in the Finland quadrangle to the east (10); gabbroic
cumulates (slgc) provide a U-Pb age of 1096.1+0.8 Ma (11).

pattern

Bald Eagle intrusion—Troctolitic rock; forms the southern margin of a well-
differentiated intrusion (18); inferred to cut the South Kawishiwi and
Greenwood Lake intrusions on the basis of aeromagnetic pattern

betc Troctolitic cumulates; inferred from subdued aeromagnetic pattern and two
drill cores

sltc Troctolitic cumulates; lower part of differentiated sequence

slog Olivine gabbro; includes augite troctolite; forms the noncumulate
extension of the intrusion; inferred from aeromagnetic data and
outcrop near its southern extent

Greenwood L ake intrusion—Mafic layered intrusion; well-differentiated;
southeast-dipping; poorly exposed; enclosed mostly in anorthositic and
felsic series rocks

glfc Ferrogabbroic cumul ates; upper oxide-rich differentiates inferred from high

Finland granite—Monzodiorite to granophyric granite; massive; incompletely
exposed; cuts the Lax Lake gabbro; extent inferred from sparse outcrop

intensity aeromagnetic anomaly and two drill cores

and aeromagnetic signature

glgc Gabbroic cumulates; medial part of differentiated sequence; inferred from

cavities; deep salmon-color

outcrop at northern extent, variable aeromagnetic pattern, and two drill
cores

fgmd Monzodiorite; quartz ferromonzonite to monzodiorite; contains prismatic

gltc Troctolitic cumulates; lower part of differentiated sequence; inferred from

pyroxene and amphibole

subdued aeromagnetic pattern and two drill cores

glog Olivine gabbro; noncumulate rocks; inferred exclusively from aeromagnetic
data to form the narrow southern extension of the Greenwood Lake

Upper Manitou River gabbro—Felsic to mafic noncumulate rock; inferred
on the basis of sparse outcrop and projection of aeromagnetic data from
the Cabin Lake quadrangle to the east (9)

umgp Granophyre; granite to quartz ferromonzonite; micrographic to
intergranular
umgd Gabbro to diorite; locally includes monzodiorite

intrusion

South Kawishiwi intrusion—Troctolitic cumulates; east-dipping intrusive
body; overlies the Partridge River intrusion; poorly exposed; known from
limited outcrop in the map area and better exposure to north (3, 18); inferred
from aeromagnetic pattern to cut the northeastern margin of the Partridge
River intrusion

sktc Troctolitic cumulates; locally includes melanocratic and leucocratic

Cloquet Lake layered series—Mafic to felsic intrusive rock; forms multiple,
nested, half-saucer-shaped intrusions; poorly exposed; inferred from
aeromagnetic data, scattered drill-hole data and sparse outcrop; subdivided
into an upper and lower series that define crude differentiation cycles;
cumulate textures are documented for both the upper and lower series in
drill core from the northern part of the unit, but are rare in drill core and
outcrop in the southern part of the unit

intervals; contains many anorthositic and mafic hornfels inclusions

Western margin intrusion—Troctolitic cumulates; east-dipping intrusive body;
overlies the Partridge River intrusion; poorly exposed; inferred from
aeromagnetic data and drill core obtained near its base and higher in the
intrusion

cugp Granophyre; leucogranite; micrographic to intergranular; forms felsic

wmtc

Troctolitic cumulates; locally melanocratic, may contain many anorthositic

phase capping upper series

cumd Monzodiorite; intermediate to felsic rocks of upper series

cugd Gabbro to diorite; mafic to intermediate rocks of upper series

inclusions

Partridge River intrusion—Troctolitic cumulates; form a 2-km-thick,
southeast-dipping, sheetlike intrusion; locally intruded by oxide-bearing
ultramafic bodies; known from good outcrop (this study, and 1, 2, 15, 16),
drill core near base (15), and aeromagnetic data

prtc Troctolitic cumulates; locally melatroctolite, contains many anorthositic

and mafic hornfels inclusions

Anorthositic ser ies—Predominantly plagioclase cumulates; form multiple intrusive
units that display complex internal structure and lack obvious signs of internal
differentiation; individual intrusions are hard to identify; anorthositic series rocks
commonly present as inclusions in layered series intrusions

Lax Lake gabbro—Mafic to intermediate, noncumulate intrusive rock;

aag Gabbro, noncumulate; locally leucocratic and oxide-bearing; well-exposed

complex contacts between rock types, commonly altered; moderately well-
exposed (8, 10)

IImd Monzodiorite; quartz monzodiorite to quartz ferromonzonite with

in the Allen and Babbitt quadrangles (1, 2, 15, 16); forms inclusions
in rocks of the Partridge River intrusion; previously referred to as the
Powerline gabbro (1, 2); gabbro in the Babbitt SW quadrangle
provides a U-Pb age of 1098.6+0.5 Ma (11)

prismatic mafic minerals

aaa Anorthositic rock; includes a wide range of plagioclase-rich rock types

lligd Gabbro to diorite; intergranular, locally granophyric

such as leucotroctolite, leucocratic olivine gabbro and gabbroic
anorthosite; well-exposed in the Allen and Babbitt quadrangles (1, 2,
15, 16); forms inclusions in rocks of the Partridge River intrusion

llog Olivine gabbro; ophitic; typical of intrusion margin

aau Undifferentiated anorthositic series; predominantly gabbroic anorthosite

Houghtaling Creek troctolite—Troctolitic macrodike; projected into map area
on basis of aeromagnetic data linked to outcrop in the Cabin Lake
quadrangle to the east (9); intrudes the Dam Five gabbronorite

and related plagioclase-rich rocks; inferred from aeromagnetic data
and rare outcrop; extremely variable aeromagnetic signature west of
Greenwood Lake intrusion suggests that the unit there contains
significant gabbro and mafic hornfels inclusions

hctc Troctolitic cumulates

aslg Scott Creek leucogabbro; projected into map area on the basis of
aeromagnetic data (9) linked to outcrop in the Cabin Lake quadrangle
to the east

akga Katydid Lake gabbroic anorthosite; projected into map area on the basis

of aeromagnetic data (9) linked to outcrop in the Cabin Lake
quadrangle to the east

Felsic series—Intermediate to felsic intrusive rock; forms isolated bodies in the roof

Z0

ne of the Duluth Complex; age relations with anorthositic series and layered series

rocks are unclear

fwgp Mt. Weber granophyre; leucogranite; micrographic to intergranular; known
from sparse outcrop; regional extent inferred from aeromagnetic and
gravity data

figp Granophyre of the Fairbanks & Brimson quadrangles; inferred exclusively

from aeromagnetic and gravity data

figp Granophyre of the Isabella area; documented from one drill core; regional

extent inferred from aeromagnetic data

NORTH SHORE VOLCANIC GROUP—Tholeiitic plateau lava flows and minor
interflow sedimentary rocks; sequence is 3—7 km thick

nsmv

Mafic volcanic rock; may include minor felsic volcanic and interflow

sedimentary units; well-exposed in vicinity of Lake Superior (8, 10);
inferred from variable and locally high intensity aeromagnetic
signatures in areas of no outcrop; where present as isolated inclusions
in rocks of the Beaver Bay and Duluth Complexes the mafic volcanic
rocks are metamorphosed to fine-grained mafic hornfels

nsfv Felsic volcanic rocks; known from two drill cores; regional extent inferred

from moderate intensity aeromagnetic signatures and projection of
units from the Cabin Lake quadrangle to the east (9)

nsis Interflow volcaniclastic rocks; commonly stratified; extensively

recrystallized; associated with mafic hornfels

PALEOPROTEROZOIC

ANIMIKIE GROUP

Ppvf Virginia Formation—Argillaceous siltstone, carbonaceous shale,

mudstone, and graywacke; well-bedded; recrystallized adjacent to the
Duluth Complex

Ppbi Biwabik Iron Formation—Iron-bearing interbedded chert and slate; well-
bedded
Pppq Pokegama Quartzite—Quartz arenite; locally cross-bedded

ARCHEAN

Aggr Giants Range Batholith—Granitic rock; quartz monzonite to granite;

massive

Awms

Supracrustal rocks of the Wawa Subprovince—M etasedimentary rock;

10.

11.

12.

13.

14.

15.

16.

17.

18.

includes meta-argillite, graywacke, and volcaniclastic rock;
metamorphosed to greenschist facies (locally higher grade near granite
contact); steeply inclined bedding and foliation
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