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INTRODUCTION 

This geologic map encloses the area burned by the 2011 Pagami Creek forest fire—one of the largest in 

Minnesota history.  It covers all or parts of fifteen 7.5-minute quadrangles, and lies within parts of the 

Superior National Forest and Boundary Waters Canoe Area Wilderness.  The map is considered 

preliminary largely because geologic mapping in the area by a number of authors is ongoing—a final 

version is likely to be published in coming years.  The intent of this project was to compile and digitize 

field data and interpretations by several previous workers (see INDEX TO MAPPING), and augment 

those data with new field work, geophysical modeling, and LiDAR topographic imagery to create a 

“testable” new interpretation and identify areas requiring additional detailed mapping.  The map includes 

some data acquired from co-authors as part of a 2012 USGS EDMAP project in the Wilder Lake area, but 

it should not be seen to supersede that map.  It also includes data from students of the Precambrian 

Research Center (University of Minnesota, Duluth) 2012 field camp.  The map area contains bedrock 

units spanning a wide range of ages from Archean to Mesoproterozoic (Fig. 1), and a generally thin and 

discontinuous cover of glacial sediment (Fig. 2).  Although the map primarily depicts bedrock geology, 

some features of glacial origin are also portrayed. 

 

 

DESCRIPTION OF MAP UNITS 
 

CENOZOIC 

 

Q  Quaternary glacial sediment—Pattern indicates areas where the cover of glacial sediment over 

bedrock appears from LiDAR imagery to be nearly continuous.  In these areas, bedrock exposures 

are scant, linear features associated with bedrock (inferred fractures and foliation) are subdued or 

absent, and landforms of glacial origin are apparent (see Map Symbols). 
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MESOPROTEROZOIC 

 

MIDCONTINENT RIFT INTRUSIVE SUPERSUITE 

 

Table 1 shows modal field classification, modified from Miller and others (2002), that defines 

lithologic nomenclature used here for intrusions of the Midcontinent Rift Intrusive Supersuite. 

 

MISCELLANEOUS AND UNDIFFERENTIATED INTRUSIONS 

Med  Elbow Lake ophitic diabase (Boerboom and others, 1994) 

Mgr  Granite and granophyre 
Mgd  Composite intrusions of granite, granodiorite, and diorite 
Mdi  Diorite 
Mg  Gabbro 
Mmg  Microgabbro—Typically as dikes; commonly composite dikes with late phase felsic components 
Moo  Oxide-olivine gabbro—Includes a more than 100 foot-wide, biotite-bearing dike that trends east 

through the central part of Lake Isabella. 

 

BEAVER BAY COMPLEX 

 Mwf  Wilson Lake intrusion—Ferrogabbro, olivine diabase, and monzogabbro (Boerboom and Miller, 

1994) 

 

DULUTH COMPLEX 

Layered Series 

Undifferentiated 

Mog  Olivine gabbro—occurs locally at base of unit Mtu against Archean bedrock 

Mtu  Troctolite—undifferentiated; likely continuous with or equivalent to Tuscarora intrusion to 

northeast 
Mt  Troctolite 
Mat  Augite troctolite 
Mtl  Layered troctolite  
 

Wilder Lake intrusion 

Northeast-dipping, layered intrusion that cuts and incorporates anorthositic series rocks. 

Mwt  Troctolite—contains inclusions of anorthosite and unit Mwg 
Mwg  Olivine-oxide gabbro 

Mwo  Oxide troctolite 
Mwi  Troctolite with abundant anorthositic inclusions 

Mwl  Layered troctolite 

Mwh  Heterogeneous troctolite—Containing abundant anorthositic inclusions 
Mwm  Microgabbro 
 

Lake One intrusion 

Mlo  Oxide troctolite 
Mla  Augite troctolite 
Mlt  Layered troctolite 
Mli  Troctolite--Containing abundant anorthositic inclusions 
 

Lake Three intrusion 
Mtt  Troctolite cumulates 
Mto Oxide-olivine gabbro to augite troctolite 
 



3 

 

Bald Eagle intrusion 
Meg   Olivine-bearing gabbro—U-Pb age of 1097.97±0.72 Ma (Hoaglund and others, 2010) 

Met    Troctolite  

 

South Kawishiwi intrusion 
Mst  Layered troctolite (Green and others, 1966) 
Msp  Pegmatitic oxide gabbro (Green and others, 1966) 
 

Anorthositic Series 

Mta  Troctolitic anorthosite 
Mxa  Mixed anorthositic unit—Contains olivine gabbroic anorthosite with segregations and intrusions 

of troctolitic anorthosite and other anorthositic rock types that are shown only where large enough to 

delineate.  U-Pb zircon age date of 1099.0±0.6 Ma (Paces and Miller, 1993) was acquired from olivine 

gabbroic anorthosite at location “A” on map. 

Moa  Olivine gabbroic anorthosite –Containing local segregations of various anorthositic rock types 

that are shown where known and large enough to portray. Large unit in southeast corner of map is based 

on work by Boerboom and Miller (1994), and extension to the north and west by an associated weak 

magnetic high. 

Ma  Anorthosite—Undifferentiated  
Msa  Stratiform olivine-bearing anorthosite (Miller, 1986) 

Mha  Hypersthene-bearing anorthosite 

Mhd  Geophysically defined unit—Gravity anomaly data indicate slightly higher overall density 

expression than anorthositic units to the north. 

Maa  Altered anorthosite—Occurs along contact with hornfels inclusion (Davidson, 1969a). 

 

Felsic Series 

Mbg  Beth Lake granophyre 

Mfg  Whitefish Lake granophyre—A sample yielding U-Pb age of 1098.81±0.32 Ma (Vervoort and 

others, 2007) was taken from just east of map area. 

 
HORNFELS INCLUSIONS 

Mhb  Basaltic to andesitic volcanic protolith—Derived from Mesoproterozoic North Shore Volcanic 

Group 
Mhs  Sedimentary protolith— Derived from Paleoproterozoic Virginia Formation 

Mhi  Iron-formation protolith—Presumably derived from Paleoproterozoic Biwabik Iron Formation 
 

 
PALEOPROTEROZOIC or MESOPROTEROZOIC 

 

Pd  Diabasic dike (line symbol)—Includes dikes mapped in the Archean bedrock by Green and others 

(1966), and local linear magnetic anomalies elsewhere.  

 

 

NEOARCHEAN 

 

WAWA SUBPROVINCE OF SUPERIOR PROVINCE 

 

SNOWBANK STOCK 

Asd  Syenite, granodiorite, diorite, and granite—Hornblende-, augite-, and biotite-bearing locally 

 

GIANTS RANGE BATHOLITH 
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Agm  Hornblende monzonite to granodiorite 

Agd   Hornblende- and locally augite-bearing diorite and tonalite 

 

KNIFE LAKE GROUP 

Aks  Lithic graywacke, argillite, phyllite, and metaconglomerate— Unconformably overlies Ely 

Greenstone; locally metamorphosed to schist adjacent to the Duluth Complex.   

 

HYPABYSSAL INTRUSION 

Adp  Dacitic porphyry intrusion—Containing plagioclase and quartz phenocrysts locally 

 

ELY GREENSTONE 

Units contain metamorphic assemblages indicating greenschist to lower amphibolite facies conditions. 

Aed  Metadiabase 

Aei  Chert-magnetite and minor chert-siderite iron-formation. 

Aec  Volcanogenic metaconglomerate 

Aev  Metabasalt—Pillowed and massive 

Aep  Metabasalt—Pillowed and spherulitic 

 

 

 

MAP SYMBOLS 
Note that some outcrop-scale structural data were digitally transcribed from scans of previously published 

and unpublished maps, and may therefore differ in strike from original measurements by as much as 5 

degrees. Structure symbols that are not coincident with bedrock exposures represent transcription from 

maps on which outcrops were not shown, or from which they have not been digitized. 

 

Bedrock Features 

 

Geologic contact—Approximate, inferred, and concealed; contacts are modified slightly from 

those of prior mappers (See INDEX to mapping) by LiDAR imagery and field work by the 

authors. 

 

Fault—Approximate, inferred, and concealed; rarely exposed; presence inferred from offset of 

units and trajectories inferred from narrow, linear topographic depressions. 

 

Axial surface trace of fold—Anticline, syncline; the dip of fold limbs is typically steep in 

Archean strata and very shallow in Mesoproterozoic intrusions. 

 

Strike and dip of igneous lamination—Based on plagioclase alignment; inclined, vertical. 

 

Strike and dip of igneous modal layering—Inclined, vertical. 

 

Igneous foliation, undifferentiated—Includes modal layering and plagioclase lineation; 

horizontal. 

 

Strike of plagioclase lineation—Measured on horizontal exposures where dip of foliation cannot 

be determined. 

 

Strike and dip of regional rock cleavage in Neoarchean rocks—Inclined, vertical; locally 

parallel to layering in metavolcanic rocks; includes unspecified foliation transcribed from 

Green and others (1966) and  inferred to be cleavage in metavolcanic rocks. 
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Strike and dip of bedding in Neoarchean rocks—Showing stratigraphic younging; inclined 

upright, inclined overturned, vertical with top indicated by ball on symbol.  Younging 

inferred from graded bedding and contacts in sedimentary strata, and pillow shape and size 

grading in metavolcanic strata.  

 

Strike and dip of felsic dike—Inclined, vertical; dikes typically are less than 1m wide. 

 

Strike and dip of mafic dike—Inclined, vertical; dikes  are typically less than 1m wide; symbol 

also used on larger dikes locally to show contact trend and position, or internal foliation. 

 

Strike and dip of prominent joint—Inclined, vertical. 

 

Fracture or fault—Inferred from prominent linear depression on LiDAR imagery. 

 

Foliation trajectory—Inferred from LiDAR imagery. 

 

Location of sample for high-precision U-Pb age analysis:  

A=1097.97±0.72 Ma (Hoaglund and others, 2010); gabbro of Bald Eagle intrusion. 

B=1099.0±0.6 Ma (Paces and Miller, 1993); olivine gabbroic anorthosite of Anorthositic 

series south of Isabella Lake. 

 

Bedrock outcrop—Includes exposures observed by authors, and those compiled from prior 

mapping that were modified by LiDAR and air photo imagery.  That imagery indicates that 

the outcrop coverage portrayed here represents only a small fraction of the area’s bedrock 

exposure.   

 

Outline of the 2011 Pagami Creek forest fire—Delineated from post-fire air photography and 

modified or verified locally by field work. 

 

Border of Boundary Waters Canoe Area Wilderness (BWCAW). 

 

 

Glacial landforms inferred from LiDAR imagery 

 

Crest line of esker—Sinuous ridge of glacial sediment that was deposited on or under glacial ice; 

eskers terminate locally along strike in tunnel valleys apparently carved into bedrock; typically 

composed of sand and gravel, though no field verification was conducted in this map area. 

 

Crest line of drumlin—Low, ovoid mound of glacial sediment having long axis oriented parallel 

to inferred direction of ice movement. 

 

Crest line of transverse drumlin—Low, ovoid mound of glacial sediment having long axis 

oriented transverse to inferred direction of ice movement (known as Rogen moraine). 
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Figures, Table, and Captions 

 

 
TABLE 1. MODAL FIELD CLASSIFICATION 

 Modified from Miller and others, 2002 

 % PLAG  Ol:Px ROCK NAME Abbrev. 

 >95% 
 

Anorthosite An 

  
 

    

85-95% >3:1 Troctolitic Anorthosite tA 

85-95% 3:1-1:3 Olivine Gabbroic Anorthosite ogA 

85-95% 1:>3 Gabbroic Anorthosite gA 

  
 

    

30-85% >3:1 Troctolite T 

30-85% 3:1-1:1 Augite Troctolite aT 

  
 

    

30-85% 1:1-1:3 Olivine Gabbro oG 

30-85% 1:>3 Gabbro (gabbronorite) G 

  Oxide prefix if Px:f = 3:>1   
PLAG=plagioclase; Ol=Olivine; Px=total Pyroxene; f=iron 
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INDEX TO MAPPING 

Map area (red line) relative to 7.5-minute quadrangles (named), the perimeter of the 2011 Pagami Creek 

forest fire (orange line), and previous mapping (various colored and numbered areas).  Bold numbers 

correspond with those in References.  Areas mapped by students of the Precambrian Research Center in 

2012 are labeled (see Acknowledgements for details).  Blue dashed line delineates areas of new field 

work by the authors. The entire area is part of larger maps, including Jirsa and Miller, 2004, and Miller 

and others, 2001.   
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CORRELATION OF MAP UNITS 
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Figure 1.  Generalized geologic map of northeastern Minnesota showing the perimeters of the Pagami 

Creek fire (red outline) and map (black rectangle).  
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Figure 2.  Image of digital land surface topography showing the Pagami Creek fire area (red).  Bedrock 

features (fractures, faults, lithologic boundaries) dominate the landscape in this area of generally thin and 

discontinuous glacial sediment cover.  For general scale, refer to INDEX TO MAPPING. 


