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DESCRIPTION OF MAP UNITS

MESOPROTEROZOIC

Rock nomenclature and classification of Mesoproterozoic units follow Miller and 
others (2002).  Figure 1 shows the classification scheme used for assigning modal rock 
names.  Most cumulate rock types are labeled with an abbreviated code enclosed in 
parentheses as described in Miller and others (2002).  All minerals with abundances 
greater than 2 percent are listed in order of decreasing abundance using the mineral 
abbreviations: P/p—plagioclase, O/o—olivine, C/c—clinopyroxene, F/f—iron oxide.  
Upper case letters apply to cumulus minerals; lower case letters apply to intercumulus 
minerals.  PP indicates anorthositic cumulates; Pp indicates leucocratic cumulates.

 DULUTH COMPLEX—A multiply-intruded igneous suite of the 1.1 Ga 
Midcontinent rift system; generally subdivided into four major subsuites 
or series—the early gabbroic series, the felsic series, the anorthositic 
series, and the layered series—on the basis of lithology, internal 
structure, and intrusive relationships (Miller and others, 2002).  Rocks 
of the layered and anorthositic series, as well as rocks of unknown 
affiliation, are represented in the quadrangle.

  Layered series—A multiply-intruded subsuite of the Duluth Complex 
composed of mafic igneous rocks that display stratiform internal 
structure, cumulate rock textures, and compositional layering indicative 
of in situ differentiation, and that typically compose discrete, mafic 
layered intrusions.

   South Kawishiwi intrusion—A southeast-dipping, mafic layered intrusion 
forming part of the northwestern margin of the Duluth Complex.  
Predominantly composed of troctolitic (plagioclase-olivine) cumulates 
with local concentrations of anorthositic rock and volcanic hornfels 
inclusions.  However, only the lithologically diverse basal unit 
is represented in this quadrangle.  The Paleoproterozoic Virginia 
Formation forms most of the intrusion footwall in this quadrangle 
based on drill core related to exploration of the Babbitt/Mesaba and 
Dunka Road/Northmet copper-nickel-platinum group element deposits.  
Some core indicates that the South Kawishiwi intrusion locally lies 
atop and astride the eastern margin of the Partridge River intrusion 
and is commonly separated by a complex septum of metamorphosed 
and deformed Virginia Formation rocks (Severson, 1994; Severson and 
others, 1996).  This drilling also indicated that the basal contact zone 
is the only South Kawishiwi intrusion unit occurring in the area. 

 Mkz  Contact zone—Unexposed in the area, but known from drill core to be 
composed of varitextured olivine gabbro, augite troctolite, gabbronorite, 
norite, and footwall inclusions.  Although host to many zones of 
significant copper-nickel sulfide mineralization to the northeast 
(Severson, 1994) and east (Miller and others, 2005), in this area the 
unit is weakly mineralized.  Generally correlates with units BAN, BH, 

U1, U2, U3, and UW of Severson (1994). 

   Partridge River intrusion—A southeast-dipping, mafic layered intrusion 
forming part of the northwestern margin of the Duluth Complex.  
Troctolitic (plagioclase-olivine) cumulates predominate, but locally 
contain numerous inclusions of Paleoproterozoic footwall rock, 
anorthositic-series rocks, and volcanic hornfels.  Southwest of the 
contact with the South Kawishiwi intrusion, described above, drill hole 
intersections of the poorly exposed lower contact in the Babbitt/Mesaba 
and Dunka Road/Northmet copper-nickel-platinum group element 
deposit area indicate that a thin interval of Virginia Formation forms 
the footwall within 3 miles (5 kilometers) of the inferred surface trace 
of the basal contact (see cross section; Geerts, 1991; Severson and 
others, 1996).  As observed in the Babbitt Southwest quadrangle (Miller 
and Severson, 2005) to the south, the hanging wall of the Partridge 
River intrusion is composed of a complex assemblage of gabbroic to 
troctolitic anorthosite rocks, basaltic hornfels, and olivine gabbroic 
rocks, all of which are cross-cut by heterogeneous troctolitic rocks 
ascribed to the upper Partridge River intrusion.  In this quadrangle, 
extensive exploratory drilling has defined the Babbitt/Mesaba copper-
nickel-platinum group element deposit within an anticlinal–synclinal 
duplex, termed the Local Boy anticline and Bathtub syncline (Severson 
and others, 1996).  The eastern end of the Dunka Road/Northmet deposit 
lies partially within the southern edge of the quadrangle.  Relogging of 
drill core here and along the basal contact to the southwest (Severson 
and Hauck, 1990, 1997; Geerts, 1991; Severson and Zanko, 1996) 
demonstrated that the intrusion can be subdivided into at least eight 
stratiform units that are generally traceable along the entire basal 
contact.  However, significant changes in the lithologic character, 
thickness, and stratigraphic sequencing of many of these units in the 
vicinity of the Babbitt/Mesaba deposit noted by Severson and others 
(1996), along with poor outcrop, required simplification of the map 
units portrayed here.

 Mpt  Troctolite cumulate (PO, POcf)—Homogeneous, medium- to medium 
coarse-grained, poorly to moderately foliated, variably leucocratic, 
ophitic troctolite to augite-bearing troctolite.  Rarely displays layering 
in outcrop, but drill core shows the unit to contain narrow intervals of 
well layered melatroctolite.  Locally contains inclusions of gabbroic to 
troctolitic anorthosite and basaltic hornfels.  Makes up the greatest volume 
of rock in the Partridge River intrusion and includes units V, VI, VII, and 
VIII of Severson and Hauck (1990) and Severson and others (1996).

 Mpb  Bathtub layered troctolite—Medium- to coarse-grained augite troctolite 
interlayered with ultramafic layers at a variety of scales and repetition.  
Ultramafic layers include melatroctolite, feldspathic dunite, dunite, 
peridotite, and feldspathic peridotite.  Layering is most common and 
thickest in the axis of the Bathtub syncline.  Unit is poorly exposed 
and is known mainly from extensive drilling in the Babbitt/Mesaba 
deposit area (Severson and others, 1996).  Equivalent to Unit IV of 
Severson and others (1996).

 Mpa  Augite troctolite cumulate (POcf)—Homogeneous, medium coarse- to 
coarse-grained, poorly to moderately foliated, ophitic augite troctolite 
to augite-bearing troctolite that locally grades into olivine gabbro.  
Occurs in narrowly gradational contact with poikilitic troctolite of 
unit Mpp below and in broadly gradational contact with medium-
grained, augite-poor troctolite of unit Mpt above.  In drill core, the 
base of the unit is commonly marked by a thin (less than 26 feet [8 
meters]) melatroctolite layer.  In the Babbitt/Mesaba deposit area, the 
unit contains a well layered interval.  Although lithologically similar 
to the Bathtub layered troctolite (unit Mpb) and occurring at the same 
stratigraphic level (see cross section), the units cannot be directly 
correlated in drill core and are therefore distinguished here.  Unit 
is generally equivalent to Unit IV of Severson and Hauck (1990) and 
Severson and others (1996). 

 Mpp   Poikilitic troctolite—Fine- to medium-grained, nonfoliated, poikilitic 
leucotroctolite to augite troctolite.  Contains 15 to 25 percent poikilitic 
olivine as 1 to 3 centimeter moderate density oikocrysts.  Olivine 
oikocrysts are irregularly distributed throughout the rock and give it a 
distinctive, mottled appearance.  Ophitic augite is generally minor in 
abundance, but may compose up to 15 percent of the rock in its eastern 
extent.  Can be traced in drill core and outcrop along most of the lower 
section of the Partridge River intrusion, but pinches out along the Local 
Boy anticline in the Babbitt/Mesaba deposit area (see cross section).  
Isolated lenses of this rock type are found in units Mpb, Mpa, and Mpt 
in drill core, suggesting that unit Mpp is a relatively early intrusive 
interval.  Its poikilitic olivine texture is similar to many anorthositic-
series rock types, suggesting a possible correlation.  Equivalent to Unit 

III of Severson and Hauck (1990) and Severson and others (1996).
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 Mpm   Troctolite to melatroctolite cumulate (PO, OP)—Homogeneous, fine- to 
medium-grained, moderately to well foliated troctolite grading into a 
basal melatroctolite.  The melatroctolite interval is not exposed and is 
known only from drill core.  Unit pinches out to the east in the vicinity 
of the Babbitt/Mesaba deposit.  Weakly mineralized with copper-nickel 
sulfide in the lower melanocratic section of the unit and has significant 
platinum group element concentrations at the lower contact (Geerts, 
1991).  Equivalent to Unit II of Severson and Hauck (1990). 

 Mpz  Basal contact zone—Taxitic, medium- to coarse-grained, nonfoliated, 
ophitic to subophitic, variably sulfidic, olivine gabbro to augite 
troctolite with gabbroic pegmatite patches.  Near the basal contact 
and in the vicinity of Virginia Formation hornfels inclusions, the 
rock grades to a gabbronorite to norite.  Rarely exposed in outcrop, 
but is well-established in drill core as the main sulfide-bearing unit 
correlating with Severson and Hauck's (1990) Unit I.  Locally contains 
abundant hornfels inclusions of Virginia Formation rock, which forms 
the footwall at the present exposure level; hanging wall inclusions of 
mafic volcanic hornfels are also present, but rare. 

 Mph   Heterogeneous mixture of varitextured troctolite and augite troctolite—
Known almost exclusively from drill core in the eastern part of the 
Babbitt/Mesaba deposit (Severson and others, 1996).  Forms a broad 
zone along the northeastern margin of the Partridge River intrusion, 
where it becomes difficult to make correlations of various rock types 
between adjacent drill core.  Equivalent to the Heterogeneous Zone of 
Severson (1994).

  Anorthositic series—A subsuite of the Duluth Complex composed 
predominantly of an early suite of plagioclase cumulates displaying 
complex internal structure and lacking obvious signs of in situ 
differentiation and a younger suite of oxide olivine gabbro.  In 
the Partridge River intrusion, anorthositic rocks occur as discrete 
inclusions that range from meters to hundreds of meters across, and 
as large (kilometer-scale) blocks of varied anorthositic-series rock 
types commonly occurring with hornfels volcanic and sedimentary 
inclusions (see Miller and Severson, 2005).  In this quadrangle, only 
one occurrence of the latter type is found.

 Mal  Poikilitic oxide olivine leucogabbro to augite leucotroctolite cumulate 
(Ppcof, Ppocf)—Medium-grained, nonfoliated to moderately foliated, 
ophitic/poikilitic oxide olivine leucogabbro to less commonly augite 
leucotroctolite.  Contains 1 to 3 centimeter olivine oikocrysts, 0.5 to 
1 centimeter high-density oxide oikocrysts, and 3 to 5 centimeter (1 to 
2 inch) augite oikocrysts.  Occurs as a large inclusion block intruded 
into volcanic hornfels.

  Miscellaneous units—Includes rock units that cannot be readily assigned to 
other series of the Duluth Complex.

 Mou   Oxide ultramafic intrusion—Coarse-grained to pegmatitic, oxide-rich 
(5 to 15 percent) ultramafic rock types including dunite, lherzolite,  
wehrlite, olivine clinopyroxenite, and olivine melagabbro.  Occurs as 
spheroidal plugs or lensoid bodies sharply cutting troctolitic cumulates 
and locally cutting volcanic inclusions of basaltic hornfels (unit Mnb).  
Known only from drill core intersections where they appear to be 
associated with late faults.

 Mmd   Diabase dike—Fine-grained, weakly-magnetic; occurs as several northwest- 
to east–west-trending mafic dikes cutting all other rock types.

 Mms   Mafic footwall sill—Two mafic sill types occur in the Paleoproterozoic 
footwall rocks.  One bifurcated sill occurs near the base of the Virginia 
Formation and contains variable amounts of plagioclase, orthopyroxene, 
clinopyroxene, olivine, amphibole, and lesser amounts of biotite.  
Another sill occurs near the top of the Biwabik Iron Formation.  It 
is composed mainly of plagioclase and orthopyroxene with lesser 
amounts of biotite and is locally plagioclase porphyritic.  Both sills 
display granoblastic texture and thus may be late Paleoproterozoic or 
early Keweenawan in age. 

 NORTH SHORE VOLCANIC GROUP—A thick (2 to 4.3 miles [3 to 7 
kilometers]) sequence of tholeiitic plateau lava flows and minor interflow 
sedimentary rocks deposited during formation of the Midcontinent rift.  
In this quadrangle, these rocks occur exclusively as isolated mafic 
hornfels inclusions of varied size in the Partridge River and South 
Kawishiwi intrusions.  Locally, the volcanic inclusions also contain 
anorthositic-series rocks that are in intrusive contact with the mafic 
volcanic hornfels.

 Mnh  Magnetic basaltic hornfels—Fine-grained, granoblastic to poikiloblastic, 
oxide-rich basaltic hornfels; consists of variable amounts of plagioclase, 
augite, oxides (magnetite and ilmenite), and orthopyroxene.  Known 
only from drill core.

 Mnb  Basaltic hornfels—Fine-grained, granoblastic to poikiloblastic basaltic 
hornfels; consists of variable amounts of plagioclase, augite, olivine, 
hypersthene, and inverted pigeonite.  Both massive and amygdaloidal 
varieties are present; the latter is characterized by knots of plagioclase 
standing out in relief. 

PALEOPROTEROZOIC

  Animikie Group—A supracrustal sequence of clastic and chemical 
sedimentary rocks deposited on the continental margin of the Superior 
craton in a foredeep basin during the later stages of the Penokean 
orogeny.

 vf  Virginia Formation—A well bedded sequence of argillaceous siltstone, 
carbonaceous shale, mudstone, fine-grained feldspathic graywacke, 
and minor limey-cherty interbeds variably contact metamorphosed 
by the Duluth Complex.  Exhibits strong recrystallization and partial 
melting (metatexite and diatexite) near the Duluth Complex and where 
it occurs as inclusions in the complex.

 bi  Biwabik Iron Formation—Well bedded, iron-bearing strata of alternating 
cherty intervals (thick bedded, granular, rich in quartz and iron oxides) 
and slaty intervals (finely laminated, fine-grained, generally rich in 
iron silicates and iron carbonates); variably contact metamorphosed to 
pyroxene hornfels facies by the Duluth Complex (Bonnichsen, 1968; 
French, 1968).  Geology and structure data are based on prior mapping 
by Severson (1993) in the Peter Mitchell Mine area. 

 pq  Pokegama Quartzite—Well bedded to cross bedded quartz arenite with 
local quartz- and granite-pebble conglomerate lenses.  Present as a 
thin, patchy veneer between the Biwabik Iron Formation and Archean 
granitic rocks of the Giants Range batholith. 

NEOARCHEAN

  Giants Range batholith—A multiply-intruded complex of granitic rocks 
emplaced in supracrustal rocks of the Wawa subprovince of the Superior 
Province.  Geology is from Jirsa and Miller (2004).

 Agm  Quartz monzonite, granite, and monzodiorite—Pink to dark greenish-
gray, hornblende-bearing, coarse-grained and variably porphyritic, 
variably magnetic.

 Agn  Quartz monzonite, monzodiorite, and monzogranite—Pinkish-gray, 
hornblende-bearing, medium- to coarse-grained, variably porphyritic; 
differs from unit Agm by typically being non-magnetic.

 Atg   Tonalite to granodiorite—Foliated and variably modally layered; typically 
biotite- and/or hornblende-bearing; components are inferred to be syn- 
and pre-D

2 
(see Jirsa and Miller, 2004); locally contains inclusions of 

schist and dioritic enclaves.

REFERENCES

Bonnichsen, B., 1968, General geology and petrology of the metamorphosed Biwabik 
Iron-formation, Dunka River area, Minnesota:  Minneapolis, University of 
Minnesota, Ph.D. dissertation, 240 p.

———1970, Reconnaissance geologic map of Babbitt quadrangle:  Minnesota Geological 
Survey Open-File Report, scale 1:24,000.

French, B.M., 1968, Progressive contact metamorphism of the Biwabik Iron-formation, 
Mesabi range, Minnesota:  Minnesota Geological Survey Bulletin 45, 103 p.

Geerts, S.D., 1991, Geology, stratigraphy, and mineralization of the Dunka Road 
Cu-Ni prospect, northeastern Minnesota:  Natural Resources Research Institute, 
Technical Report NRRI/TR-91/14, 63 p., 29 pls.

Jirsa, M.A., and Miller, J.D., Jr., 2004, Bedrock geology of the Ely and Basswood 
Lake 30' x 60' quadrangles, northeast Minnesota:  Minnesota Geological Survey 
Miscellaneous Map M-148, scale 1:100,000.

Miller, J.D., Jr., Green, J.C., Severson, M.J., Chandler, V.W., Hauck, S.A., Peterson, 
D.E., and Wahl, T.E., 2002, Geology and mineral potential of the Duluth Complex 
and related rocks of northeastern Minnesota:  Minnesota Geological Survey Report 
of Investigations 58, 207 p.

Miller, J.D., Jr., and Severson, M.J., 2005, Bedrock geology of the Babbitt Southwest 
quadrangle, St. Louis County, Minnesota:  Minnesota Geological Survey 
Miscellaneous Map M-161, scale 1:24,000.

Miller, J.D., Jr., Severson, M.J., and Foose, M.P., 2005, Bedrock geology of the Babbitt 
Northeast quadrangle, St. Louis and Lake Counties, Minnesota:  Minnesota 
Geological Survey Miscellaneous Map M-160, scale 1:24,000.

Severson, M.J., 1993, Geologic mapping and structural analysis of the Peter Mitchell 
Mine:  Natural Resources Research Institute, Technical Report NRRI/TR-93/24, 
43 p., 6 pls.

———1994, Igneous stratigraphy of the South Kawishiwi intrusion, Duluth Complex, 
northeastern Minnesota:  Natural Resources Research Institute, Technical Report 
NRRI/TR-93/34, 209 p.

Severson, M.J., and Hauck, S.A., 1990, Geology, geochemistry, and stratigraphy of a 
portion of the Partridge River intrusion:  Natural Resources Research Institute, 
Technical Report NRRI/GMIN-TR-89-11, 235 p., 4 pls.

———1997, Igneous stratigraphy and mineralization in the basal portion of the Partridge 
River intrusion, Duluth Complex, Allen quadrangle, Minnesota:  Natural Resources 
Research Institute, Technical Report NRRI/TR-97-19, 102 p., 4 pls.

Severson, M.J., Patelke, R.L., Hauck, S.A., and Zanko, L.M., 1996, The Babbitt 
copper-nickel deposit, Part B: Structural datums:  Natural Resources Research 
Institute, Technical Report NRRI/TR-94/21b, 48 p., 6 pls.

Severson, M.J., and Zanko, L.M., 1996, Geologic map of the Dunka Road deposit, 
Duluth Complex, northeastern Minnesota:  Natural Resources Research Institute, 
Technical Report NRRI/TR-96/05, 38 p. (confidential report released with 
permission of Polymet Mining).

MAPPING RESPONSIBILITY

The geology of the Babbitt quadrangle was mapped by Severson in 1992 (Babbitt/
Mesaba deposit area), 1993 (Peter Mitchell Mine area), and 1995 (Dunka Road/Northmet 
deposit area) and by Miller in 2004 (Babbitt/Mesaba deposit area); the map also includes 
unpublished outcrop and structure data from Bonnichsen (1970).

MAP SYMBOLS

 Geologic contact—Approximately located by outcrop control.

 Geologic contact—Poorly located by rare outcrop, topography, and/or 
geophysical data.

 Geologic contact—Concealed beneath surficial water.

 Fault—Inferred, based on geologic offset, topography, local structures, and/or 
geophysical data.

 Fault—Speculative, based on geophysical data and/or topography.

 Fault—Concealed beneath surficial water.

 Surface trace of fold axis (anticline, syncline, monocline)

 Attitude of sedimentary or volcanic bedding (inclined, horizontal)

 Attitude of inclined igneous layering

 Vertical igneous foliation

 Area of bedrock outcrop—Shown mostly for the Duluth Complex area; good 
exposures are known to occur in the Peter Mitchell Mine and in parts of 
the Giant Range batholith, but outcrop locations are poorly documented 
in these areas.

 Drill hole location—Shown only for holes related to copper-nickel exploration 
of the Duluth Complex.

 Peter Mitchell Taconite Mine

 Copper-nickel-platinum group element deposit

Figure 1.  Modal rock classification for rock names used on this map.

A.  Major rock groups and subgroups defined relative to plagioclase, olivine, and clinopyroxene abundance.

B.  Detailed classification of gabbroic rock types (plagioclase 30 to 80 percent).

Geology along the basal contact of the Duluth Complex is based on logs of the labeled drill holes (Severson and others, 1996); the subsurface geology shown elsewhere schematically portrays possible geologic relationships between rock units.
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