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Maps and explanation are preliminary and have not been reviewed for conformity with :Minnesota 
Geological Survey editorial standards. A thoroughly reviewed and edited version of the geologic map and 
explanation will be published by the MGS in coming months. 
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SHEET 2 - DATABASE MAP 

Large Crosses on Database map are corners of USGS 7.5-minute quadrangle maps 
93'07'30' Q2°30' 

4'"7D52: 30" 

1. Bear River (1970) 
2. Meadow Brook (1964) 
3. Linden Grove (1964/1986) 
4. Cook (1964/1984) 
5. Sassas Creek (1964/1984) 

I 

b 
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7 B 9 10 

QUADRANGLE INDEX 

6. Side Lake (1964/1984) 
7. Dewey Lake NW (1955/1985) 
8. Dark Lake (1955/1984) 
9. ldington (1952/1984) 
10. Britt (1951/1985) 

(Latter date is photorevision) 



MAP SYMBOLS 

Symbols used near drill holes are inferred from core analysis and local geophysical data 

as 
~............... OUTrnOp SCALE FAULT - Arrows show sense of relative horizontal displacement. 

Letters indicate inferred vertical displacement. Dip is indicated. 
,"0· 

",,,,h.-,,, MYLONITE OR BRECOA ZONE. 

STRIKE AND DIP OF BEDS 

70 
--L- -t- Inclined, vertical; stratigraphic top direction not determined. 

"70 

.-L- -4- Inclined, vertical; top direction indicated by ball. 

Overturned. 

Approximate top direction (stratigraphic facing) where bedding attitudes are poorly 
constrained; upright, inverted. 

===(>- ==+ SJRUCIURALFAONG, in S2/F2; upright, downward. Symbol may not be plotted on 
the exact location of measurement and locally applies to several adjacent outcrops. 

FOllA TION, CLEAVAGE AND SCHISTOSITY 

-+- Foliation defined by modal banding and orientation of zenoliths and phases in igneous 
rocks; inclined, vertical. 

~ I------i Oeavage and schistosity of second generation (52); inclined, vertical. 51 (not shown on 
map) is poorly developed and typically parallel to bedding. 

BEARING AND PLUNGE OF LINEATION 

Plunge of minerals, clasts, fold axes (F2); pillows, amygdules and S2/bedding (So or 51) 
intersections. Note that most lineations are inferred to be second generation (L2), and 
typically yield similar directions and plunge angles in a given area regardless of linear 
element measured. 

BEARING AND PLUNGE OF SMALL SCALE FOLDS. 

~o ~z.'5 Minor asymmetrical folds; sense as shown. 

~ ~ Minor symmetrical folds (over the area of exposure); sense as shown. 

~ 

• 

e-q QUARRY 

DRILL HOLES 

Location of exploration test hole; vertical, inclined. Data from Department of Natural 
Resources (ONR) terminated lease file or State of Minnesota Department of Health 
exploratory drilling abandonment reports. 

E9 Location of vertical test hole; from Martin, et al. 1988. 

Location of vertical and inclined scientific test hole drilled by the Minnesota Geological 
Survey. Refer to MGS Open-File Report OFR-91-2. 
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,- - - -- GEOPHYSICAL ANOMALIES - Surface trace of narrow aeromagnetic anomaly crest 

CHI.. 

~-;;-
METAMORPIllC ISOGRADS: Approximately located and shown only where some 
control exists, dotted where uncertain; hatchures and minerallabe1s on higher grade 
side. Abbreviations: GIL = chlorite; BIO = biotite; GAR = garnet; STA = staurolite; and 
SILL = sillimanite; 

SHEET 3 - BEDROCK GEOLOGIC MAP 

u 
D 

MAP SYMBOLS 

-- - - _/ GEOLOGIC CONTACT - Approximately located; inferred from geophysical data away 
from outcrops and drill holes. 

~ INFERRED FAULT - Arrows show sense of relative horizontal movement where it can 
be determined with some confidence; letters indicate relative vertical displacement, up 
(U) and down (D). 

",;vrJ"-'" MYLONTIE ZONE - forming major contact. 

\;-£0 DIKES AND SILLS - thin units of rocktype indicated by label. 
\ 

AXIAL SURFACE mACE OF FOLD: 

• I -----Unbroken line represents second generation (F2) fold; dashes are approximate position 
of first generation (Fl) fold axis inferred from structural facing in F2. F2 fold forms 
(antiform, synform) may be anticlinal or synclinal depending on their position in Fl 
folds. Diamond shapes on F2 fold axes indicate stratigraphic top direction on each fold 
limb (shown at left; anticline, syncline). 

U U yt;. Inclined synform, antiform; plunge direction indicated where know. 

* 1 -t ... i Upright synform, antiform. 

(Example: In. east-plunging, south-inclined, synclinal antiform of second 
generatio~ (F2). 
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DESCRIPTION OF MAP UNITS 

DIABASE AND GABBRO (EARLY PROTEROZOlq 

fPd-tll 
UJ 

Fine to coarse-grained, ophitic to diabasic dikes of the Kenora-Kabetogama swarm 
(Southwick and Day, 1983). Dikes are variably magnetic and their trends are inferred 
locally from aeromagnetic and topographic lineaments. Dikes narrower than about 
20m are shown as short dashes. 

PLUTONIC ROCKS (lATE ARCHEAN) 

The plutOniC rocks are divided into two groups based on field evidence of the temporal 
relationship between emplacement and the development of regional, east-trending fabric and 
metamorphism associated with D2. The prekinematic to synkinematic group are inferred to have been 
emplaced prior to D2 as they contain a strong linear or planar fabric and evidence for recrystallization. 
The post to synkinematic group cross-cut the metamorphic fabric and locally contain randomly oriented 
inclusions of metamorphosed and cleaved country rocks. The latter group locally displays a weak east
trending cross-fabric which may be related to D3 of Bauer and Bidwell (1990): a continuation of north
south compression after pluton emplacement. The post-kinematic group is further divided into an 
alkalic suite that occurs as discrete plutons, and a more irregularly distributed suite of granitic 
composition. The term Giants Range Batholith of previous literature refers to a multi-lithic, nearly 
continuous complex of intrusions lying within and south of the southern part of this map sheet. It is not 
applied to discrete plutons to the north, even though some components may be magmatically related. 

Late and Synkinematic Alkalic Rocks 

Asmd 

Asmx 

Abqm 

Ahbd 

Amp 

Syenite, monzonite and monzodiorite with pyroxenite phases. Typically pink to dark 
gray and contains pyroxene and/ or hornblende, biotite, varied percentages of feldspars, 
and sphene. Individual intrusions include the Linden, Side Lake, Morcom, Lost Lake 
and ldington plutons. Variably to strongly magnetic. Expression on gravity maps is 
quite variable, but locally are high in contrast of metasedimentary country rocks. 
Zone of multiple sills and dikes of generally monzonitic composition intruded into 
schistose supracrustal rocks. The zone lies east of the Side Lake pluton linking several 
small intrusions of Asmd to the main intrusive body. The zone may represent a roof 
complex. 
Biotite-bearing quartz monzonite and monzogranite. Includes the Stingy Lake pluton, 
parts of the Lost Lake pluton and other, smaller bodies. Geophysical expression is 
similar to unit Asmd. 
Hornblende and biotite-bearing diorite. Gray to greenish gray. Typically contains 
plagioclase phenocrysts with a primary lineation. Weakly to moderately magnetic. 
Locally high contrast on gravity maps. 
Plutonic rocks inferred from aeromagnetic and gravity data to be related to the alkalic 
suite. 

Late and Synkinematic Granitic Rocks 
Aslg I Shannon Lake granite; considered to be part of the Giants Range Batholith. Weakly 

'--___ --JJ. foliated, white to pink, coarse-grained, two-mica granite cut by magmatically related 
pegmatite dikes. This detailed remapping indicates that several of the phases 
described by Sims and Viswanathan (1972) on the basis of reconnaissance work are one 

Aslm 

I Asbe 

I. Agm 

magmatic event here called Aslg. 
Weakly magnetic phase of Shannon Lake granite. Outcrops show numerous inclusions 
of strongly foliated to schistose supracrustal rocks and granodiorite in weakly foliated 
granite identical to unit Aslg .. 
Granite typical of the Shannon Lake containing inclusions of monzodiorite that are 
inferred to be related to the ldington pluton. 
Pluton in south-<:entral part of the map area defined by a distinct ovoid magnetic high. 
One outcrop south of the map border is a pink, weakly foliated, medium to coarse-
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Astg 

grained, 2-mica granite. The pluton is inferred to be a separate intrusion of the 
Shannon Lake granite. 
Sturgeon granite. Weakly foliated pink to white, coarse=grained, biotite granite to 
monzogranite. Locally contains schistose, metamorphosed inclusions of supracrustal 
rocks. 

Pre=kinematic to Synkinematic Intrusions 
Agdt I Granodiorite to tonalite, containing rare monzodiorite and metapyroxenite phases. 

Amig 

Aget 

Amd 

Amg 

~ Ad 
Arp 

Rocks are variably to strongly lineated and hornblende=bearing. Considered to be part 
of Giants Range Batholith. 
Migmatite composed dominantly of biotite schist with a neosome of foliated to lineated 
tonalite and granodiorite. 
Tonalite to granodiorite inferred from exposures east of this map sheet to correlate with 
the Embarrass tonalite (Embarrass phase of Giants Range Batholith of Sims and 
Viswanathan, 1972). 
Monzoni~ to monzodiorite; moderately magnetic rocks which lie along the southern 
border of the map and extend southward and eastward as inferred from aeromagnetic 
maps. Rocks are moderately lineated to foliated and are compositionally similar to the 
Farm Lake facies (Green, 1970) of the Giants Range Batholith. 
Metamorphosed gabbroic rocks that vary from narrow, discontinuous sills and dikes of 
schistose amphibolite, to irregular-shaped, hornblende-rich intrusions. Commonly 
have chemical and petrographic attributes of alkalic lamprophyres, particularly in 
southeastern part of map area. 
Hornblende and garnet-bearing schists inferred to be mafic sills and dikes. 
Dacite porphyry sills and dikes; gray, feldspar-phyric. 
Rhyolite porphyry; sill-like mass and smaller dikes composed of pink, feldspar-phyric 
rhyolite intruded into unit Almc in southeast part of map. 
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SUPRAmUSTAL ROCKS (LATE ARCHEAN) 

The supracrustal rocks are divided into three groups that occur in distinct panels separated by major 
fault structures (see drawing below). Although many similarities exist between individual units in each 
panel, correlations between panels are ambiguous. 

, 
\ 

\ , 
SEQI..l.Ef'..lCE '......,. 

,; 
4 '1 " 3'1 ' 30" ~r--------------' 

q z.°30 ' 
Supracrustal Rocks North of the Bear RiYer Fault (panel I) 

~
bS Biotite, quartz, plagioclase schist of graywacke protolith. 

Avs Volcanogenic sedimentary rocks; including argillite, graywacke and conglomerate. 
Moderately low metamorphic grade (chlorite-biotite, zone of greenschist facies pristine 
sedimentary structures and primary grain shapes are preserved. Local carbonate 

Amv 

Awmv 

alteration exists, and locally is strongly sheared. Unit is inferred to be at least in part 
equivalent to unit Ajvs of Jirsa (1990). 
Pillowed metabasalt; typically thin flows interbedded with and overlain by unit A vs. 
Local carbonate alteration exists that pre-dates D2 Geochemical analyses indicate both 
Fe- and Mg tholeiitic compositions. 
Mafic volcanic rocks of the Wilson Lake sequence (Jirsa, 1990). Locally pillowed, 
dOminantly Fe-tholeiitic. Lies in apparent fault contact with unit Avs. 

rustal Rock of 
Immature graywacke and argillite. 
Mafic volcanic rocks in the Cook area. Pillowed to massive, and tholeiitic in 
composition. Zones of iron carbonate alteration are locally metamorphosed to 
magnetite producing node-like magnetic anomalies. Unaltered samples are Mg and 
Fe tholeiitic. 

Supracrustal Rocks of the Southern Panel (JIl) 
Lake Vermilion Formation 

The Lake Vermilion Formation is both sedimentalogically and structurally complex. 
Rock units grade into one another on all scales by both interdigitation of discrete rock 
types and by compositional grading. Thus contacts between subdivisons of the 
formation should be viewed as gradational. Within this map sheet, felsic detritus is 
more abundant in units inferred to be stratigraphically lower (ie, eastern part), and 
upper units exposed farther westward contain distal, resedimented felsic tuff 
interbedded with graywacke and argillite of diverse provenance. 

Alg Graywacke, argillite and higher metamorphic grade equivalents in the southern and 
central parts of the panel. Higher grade rocks locally contain biotite, gamet, staurolite 
and sillimanite. Rocks weather medium to dark brownish gray and have dark gray fresh 
surfaces. 

Als Complexly interbedded tuffaceous and epiclastic sedimentary rocks. Typically thinly 
interbedded distal felsic tuff and argillite, but also includes comparatively homogenous 
units of tuffaceous graywacke. Rocks of this unit weather white to light gray and have 
light to medium gray fresh surfaces. In areas of higher metamorphic grade, tuffaceous 
wackes are biotite, hornblende, quartz, plagioclase schist. 

Alf Felsic volcaniclastic and volcanic rocks; vary from felsic lapilli tuff of rhyolitic to dacitic 
composition, to fine-grained distal tuff. Weathered surfaces are white. Typically show 
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Alc 

Almc 

Ali 

Almv 

some evidence for redeposition and are locally interbedded with thin units of argillite 
and graywacke. 
Conglomerate; composed of felsic detritus together with clasts of graywacke, argillite (or 
the higher grade equivalents) and chert. Typically bedded and locally grades into 
graywacke. 
Multi-lithic conglomerate and interbedded graywacke and tuffaceous wacke. Oast 
types include hornblende-, and biotite-bearing granodiorite similar to unit Agdt, basalt, 
felsic tuff and felsic flow(?} fragments, graywacke, argillite, and mafic clasts with 
komatiitic chemical affinities. Proportion of clasts is extremely variable. Oasts typically 
are flattened and locally are strongly lineated. 
Iron-formation; banded magnetite and chert with interbedded green silicates and 
disseminated pyrrhotite, pyrite, carbonate and graphite. Locally brecciated and 
chaotically folded. Associated with fine to coarse grained felsic volcaniclastic rocks in 
drill cores. Inferred from aeromagnetic maps elsewhere. 
Mafic volcanic rocks; irregular thin units of pillowed to massive metabasalt. The largest, 
in the central part of the map near Alango , is an Mg tholeiite chemically similar to units 
Acmv, Amv and Asmv. 

Volcanic Rocks in the Britt Antiform 
The precise nature of the Britt antiform in the southeastern part of the map is equivocal. The 

structure is defined by thin, macroscopically similar basalt sequences separated by unit Agdt, a strongly 
lineated hornblende granodiorite. The term antiform is applied because S2 dips generally, though 
inconsistently, away from the center of unit Agdt. Although flattening is extreme, local well-preserved 
pillow structures and flow sequences indicate stratigraphic younging in both limbs toward the center, 
which is generally consistent with top directions outboard of the structure. Thus, it appears to be a 
synclinal antiform. However, the two "limbs" are geochemically different implying they may never have 
been continuous. A sharp break exists along the south border of the north limb further complicating 
interpretation of the structure. 

Abnv 

Absv 

Mafic volcanic rocks on the north limb; dark green, pillowed to massive and locally 
porphyritic. Contain thin sills of lamprophyric affinity. Two analyses show chemical 
variability; one is tholeiitic, the other is a basaltic komatiite which may be a sill. All 
metabasalts and sills are strongly flattened. 
Mafic volcanic rocks on the south limb; pillowed and strongly flattened. Olemical 
analyses (2) indicate flows are calc-alkalic basalt. Cut by mafic sills of basaltic komatiite (Am9) 
composition and by dikes of unit Agdt; both of which are deformed by D2. 

Volcanic and Oastic Rocks of the Sherry Lake Sequence 
(~outhwestern part of the map) 

Asvs J Volcanogenic sedimentary rocks; dominantly conglomerate composed of strongly 
L-___ -'_ flattened dacitic and basaltic clasts. Locally interbedded with tuffaceous graywacke 

and argillite. 
Asmv Mafic volcanic rocks of tholeiitic composition. Those stratigraphically beneath (west of) 

unit Asvs form a monotonous sequence of massive and pillowed flows inferred to have 
been deposited in deep water as they lack amygdules and significant interpillow 
material. Those above (east of) Asvs are chemically similar but are amygdaloidal, thin 
flows separated by biotitic sedimentary rocks; indicating deposition in shallower water. 
The eastern group of flows may correlate with units farther east (Almv, Acmv, Abnv?). 
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COOK AREA (WITHIN RECTANGLE) 
REDUCED TO POLE FIRST VERTICAL DERIVATIVE 

AEROMAGNETIC MAP (approximately 1 :250,000) 
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