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CORRELATION OF MAP UNITS

Significant unconformities are indicated by dashed lines.
Approximate ages are shown in million years (Ma).
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LA QUl ! = X ! R L;(e andiyohi | Bls BMm 1 : Ka | : N | &Y e Duluth Complex—early gabbro series Foliated to gneissic intrusive complexes and components of batholiths
::: g N e \ 1 i . 45° . .. . [ .
™ 7 o f N |- Pmi B § - — - — - — - — - — r—-—2— LY. ASIN u 120 @l b - Gabbroic cumulates—Includes the Poplar Lake (formerly Nathan's layered series) and Crocodile Agl Leucogra.nlte—Occurs along the Yellow Medicine Shear Zone and elsewhere, primarily in batholithic
I o NN S * i | L . /] 5 Lake intrusions (~1,107 Ma) settings.
N\ S ak St [S ) ) :
| CRN ! — A ' | aene neton?: B el N Duluth C . felsi . Agt | Foliated to gneissic tonalite, granodiorite, and diorite—Includes the Lookout Mountain tonalite
3 N ! z y 0 uu omplex—Ielsic series S (~2,718 Ma) of the Giants Range batholith and other intrusions within batholithic complexes
- — — 1 \ N Z - 7 . N )
o @ T -I X N\ '\ —— N _/(— _________ _ll !— 3 100 5 4 h A - Granophyre, ferromonzodiorite, and leucogabbro—Includes the Mt. Weber (~1,106 Ma), defined by a low-to-moderate gravity signature with magnetic foliation apparent from
9 . | — z b kel 5 ao - & X Whitefish Lake (~1,109 Ma), Beth Lake, Misquah Hills (~1,106 Ma), and Cucumber Lake aeromagnetic maps.
I i - . . .
\ I 5 D ~_ L\'gE D | oo 5 s 77 ' y e <) Wi ) t ¢ Rift — (~1,106 Ma) granophyres, and Wine Lake monzodiorite. Granitic to granodioritic orthogneiss—Includes the McGrath Gneiss (~2,752 + 15, 2,557 Ma)
—-—- _ o 1 Agr EAR - Ku 1 ] Wacohia 4 3}% / lidcontinent Ri 7 . . . and unnamed units.
—-—\— _\)_ — I Agl ] 0.4 e Miscellaneous intrusions
101 e, . .. C e . . . o
! =1/ j _/ Schist and tonalitic to granodioritic paragneiss—Typically adjacent to large batholithic
Agr B A 2 = D\ - ; 5 0 | \ S;%%% /| - Diabase, gabbro, and ferromonzodiorite—Primarily sills including the Endion, Lester River, complexes & parag P v ad &
e mo = 1 i o '_Sh akopee 2 \ Sioux i S S) » ‘\\ﬁ@/ /—/7 Silver Cliff, Stony Point, Split Rock, Lafayette Bluff, Lake Clara-Lichen Lake, Pigeon River, ’
> / S = 7ok NG - 3 3 3 3 . . . N . .. . .
- = = ®V Amg Glencoe 1 ’ . e i}g’ oy / o and Reservation River intrusions. Metamorphic and intrusive rocks of the Quetico subprovince—Composed of biotite-plagioclase schist,
! | e~ N St ) Mmg | Gabbroic intrusions—Including the Sawmill, London, Brule River, Hovland, and Pigeon Point granitoid intrusions, and migmatite. The schist was derived from graywacke deposited ~2,698
Vi YELLOWI\WI — Ag SNE ' I /‘“ '/,'4'/" / intrusi 2,692 Ma i i ism during collision of th bprovince island
I \ ¢ ;/ - h Q % / intrusions. to 2, Ma in an accretionary prism during collision of the Wawa subprovince island arc to
y = o WA S . = ) g - 7 \ . . . . . : : :
- Ku 7 i Bgr i - o az ! / U R AT ’ 67 Y!/: 4 - Felsic intrusive rocks, granophyre—Includes parts of the Eagle Mountain (~1,098 Ma) and Pine the south, with the Superior craton (superterrane) to the north (Shebandowanian orogeny).
= ! AN ; © ,/ i - O S Mountain (~1,095 to 1,098 Ma) intrusions. This was followed by multiple episodes of intrusion, migmatization, metamorphism, and
------- — o Agr ! Kul ! ﬂ -~ | - Figure 1. Terrane map of Precambrian bedrock showing subprovinces of the Archean Superior Province (iron-formation shown . . deformation. Metamorphic grade is symmetrical along the axis of the subprovince, with
o — e pa i § I [, 3 o ] . . . . L St. Croix horst volcanic sequences hi d h ; d hiboli lite faci h
= 'I | 5 . SCOe in red), significant elements of Paleoproterozoic bedrock, the Mesoproterozoic Midcontinent Rift, and mafic dikes (gray) of greenschist grade at the margins and amphibolite to granulite facies near the center.
' L /\ — ; — < -—£I oS IIe €u Paleoproterozoic and Mesoproterozoic age. - Chengwatana volcanic rocks; primarily mafic flows. - Lac La Croix Granite—Pink biotite granite that is variably magnetic and locally pegmatitic
< ; : ~2,665 to 2,667 Ma).
! ; N | Amg | M\O Fa K emu NC Pgaine 21 - North Branch mafic volcanic sequence. N G ft ieh miematit )C @ ¢ variabl e biotit e similar o th
TN 1 . qg ranite-rich migmatite—Contains neosome of variably magnetic biotite granite similar to the
- l' N-— T T ! 19 Morton A S - w - Minong volcanic sequence (~1,095 Ma) — Lac La Croix Granite, and paleosome of tonalite to granodiorite gneiss and schist.
P m; :
1 L ~_Red J : Ka Gaylor Prague Lake - Migmatite dominated by tonalitic to granodioritic neosome.
| g N\ K{ [ - Clam Falls volcanic se ~
quence (~1,102 Ma).
Ve ; S i . . Ags | Biotite schist of graywacke protolith, and schist-rich migmatite.
< 67 » : North Shore Volcanic Group—upper sequence, normal polarity
o f= L. e &) ' - ) 13 ' 5
< 5 E Marshall Q_: G ! Msl | Schroeder-Lutsen basalts—Unconformably overlies units described below. - Amphibolitic schist and gneiss—Both extrusive and intrusive protoliths are likely.
[a) (%) i et -—- - -} — = — - O . Le|Syeur e
w N —
E z {ﬁj/ \ X . EUR ! y . - Interflow sandstone, siltstone, and conglomerate. Supracrustal and hypabyssal intrusive rocks of the Wawa and Wabigoon subprovinces—Strata are
ols S epin subdivided approximately by their apparent temporal relationship to three major periods of
(%) ® v . . . . .
\ Agr T > Agr ( 112 \ 63 . - Undifferentiated mafic to felsic lava flows—Includes the Lakeside, Lakewood, and Cross River deformation: the first (D,), at about 2,695 Ma, which may be equated with the Shebandowanian
e 4 § £¢ Center | 92 lavas. orogeny in adjacent Ontario; the second (D,), at about 2,680 Ma, occurred during the Minnesotan
U 22 Q . . . .
N T > 22 \ h N X - Rhyolite and icelandite—Includes the Cross River, Palisade Head (~1,096 Ma), Devil Track, orogeny a}nd produced regional fabrics, folds, and .prlograde metamorphism to green.schlst-
o Ka 111 O I WA SHA Maple Hill, Grand Marais, and Kimball Creek lavas. amph1b<.)11te grad.e. The former may represent collision of the Wa\fva subprovmf:e. with the
[ Slegpy Ay O wan . St. Pe 1 Mnb | Basalt and basaltic andesite—Includes the Leif Erickson, Lakeside (~1,098 Ma), Sucker River, co.mposue Sl}perlor superterrane. to the. north. The l.atter can be attributed to collision of the
E ke ! |
| ye 99 Q ; . . . . Minnesota River Valley subprovince with the Superior superterrane along a suture known as
o O oBhribault - 1 p < Larsmont, Two Harbors, Crow Creek, Gooseberry River, Gustafson Hill, Baptism River, . . . . . .
i D 14 | TS ] . . . the Great Lakes Tectonic Zone. A D, event is manifest in the Quetico subprovince as broad
o Q i umbor Good Harbor Bay, Cascade River, Croftville, Red Cliff, and Marr Island lavas. . . . 3 .
| J > S O . - folds involving D, fabrics, and elsewhere by faulting.
I 0 . .
__\. T e i N i< g 6d . i North Shore Volcanic Group—lower sequence, reversed and unknown polarity Post-D /pre-D, alkalic volcanic and successor-basin deposits
A 1 — T T T T . .
= ) : : Lower sequence, primarily basalt—Includes the Ely's Peak and Grand Portage basalts and s . . .
————— ! A O | ' 1 - ’ Conglomerate, lithic sandstone, and graywacke, undifferentiated—Includes the Midway
— L 1 N s - b 9 b
| ; S — N b A - A N % _J _\ - ! SN _‘_!_ S AN _ l Z Hovland lavas ( 1’1.08 Ma). sequence, Seine Group, and a part of the Knife Lake Group known as the Ogishkemuncie
i | ol !_ -:_ ' » . o ol . - Puckwunge and Nopeming Sandstones. conglomerate that contains clasts of ~2,690 Ma Saganaga Tonalite (unit Ast). Deposition of
. i P | 0 | 1 | - <9 PIainview! Undifferentiated volcani ks and volcanic hornfel alluvial fan and fluvial sediments occurred in fault-bounded basins.
. Sh%alfe \1\ Ka i oo ; s 1 i 0 | 5 s m - naffferentiated volcamie rocks and volcamic Rorniess. Aks | Knife Lake Group volcanogenic lithic sandstone, conglomerate, siltstone, graywacke, and
EE );_/_ & 4 1 56 ° | 1 R 1 larized int . 1
S — f SRS __4 § S I A Q 52 ~ Smu eversely polarized intrusions slate.
Lake ! v | N | . . . .
5 0\ Crystal D % ! | Q e | Q/% ! ° - Logan intrusions—Diabase and gabbro sills and dikes; locally porphyritic (~1,108, 1,115 Ma). - Knife Lake Group conglomerate—Clasts consist largely of hornblende-bearing volcanic rocks.
) ° | Owatonna '\—g\w o\ — ;
" OR AY i BLU | & Oomu ! X Man <4 [ | 0 - Small mafic intrusive stocks—Diabase, diorite, pyroxenite, and gabbro; reversed magnetic polarity; - Knife Lake Group, hornblende-phyric volcanic flows, breccia, and tuff.
©. Pi t N odge — 1 . . . . .
\ ipestone ' ART | EEL ! Q? \ Centger | omu @2 5 2 0 - includes the Esko and Tamarack intrusions emplaced into unit Pas. Pre-D, metavolcanic, metasedimentary, and hypabyssal intrusive rocks
Slayton 1 | > Roc 1 9
- ' | ! @ < Schist of sedi t tolith—M hosed hi hibolite faci
| 1 X 3;‘;\ . P 3 44° PALEOPROTEROZOIC or MESOPROTEROZOIC chist of sedimentary protoli etamorphosed to upper greenschist to amphibolite facies.
. James DO D G E | % a
! 6 I 1 le)
! i €u I . : é"/"' Mafic intrusions (gabbro, diabase) of unknown age—Includes the LL, BKV, and Lake Washington - Iron-formation—Includes the Soudan Iron Formation and many unnamed units.
| ! 9 —oN " intrusions in Meeker County.
! | ! 2 1 i k —Incl he Lake Vermilion F ion.
| 1 | 5 ; Diabasic to lamprophyric dikes—Trajectories are largely inferred from aeromagnetic maps; includes - Volcanogenic graywacke and mudstone—Includes the Lake Vermilion Formation
. . B ~ L - . —
f_____ : @ : S 5 - 0 2 the Kenora Kabetog.ama swarm ( 2,076 Ma), Franklin dike (~2,067 Ma), and dikes of Avs Volcaniclastic rocks of felsic to intermediate composition.
. TN, —te—e A | VERS likely Mesoproterozoic age. Exposed thicknesses range from a few meters to more than 100
_______ | 0 meters. Acv | Calc-alkalic volcanic and volcaniclastic rocks
: PR P Ay L~ , < A A '
} _____ —\="C 8 T e G i R L R N e v A et - - - T30l - 3 & t BMr | Reversely polarized—Dashed where concealed by younger bedrock strata.
: I ; Mafic to ultramafic hypabyssal intrusive complexes composed of gabbro, pyroxenite, diorite,
] D
! < 0 I ° < ; ) PMn | Normally polarized—Dashed where concealed by younger bedrock strata. and anorthosite—Includes the Mentor and Deer Lake complexes, intrusions of the Newton
m — Lake Formation, all within the W. bprovince; and the UBD intrusion (~2,685 to 2,695
ol ,P 1 50 “ A 7 ake Formation, a e Wawa subprovince; a e usio , 02,
| ; ; 1 ! ; 9 PMu | Dikes having unknown polarity or very speculative distribution—Short segments represent Ma*) in the Wabigoon subprovince.
| 1 i K__,\/ | i > outcrop exposures of mafic dikes. Amv | Mafic metavolcanic rocks—Includes minor volcaniclastic and hypabyssal intrusive rocks
= | I ' metamorphosed to lower greenschist to lower amphibolite facies; includes the Ely Greenstone
OCK ! ! | | 5 ! - PALEOPROTEROZOIC 2793 M
| NOBLES | o FARIBA L 11109 ring (~2, a).
mu : eege . .
; ! ; / I /? | lley | E v O ; Psq | Sioux Quartzite—Quartzite, mudstone, and local conglomerate of fluvial and marine origin Mafic to ultramafic (komatiitic) volcanic rocks—Includes the Newton Lake Formation and Deer
1 ( . i €mu Fairmant e 8 Yes Ol (~1,760 to 1,630 Ma; 1,902 + 55 Ma rhyolite pebble in basal conglomerate). Lake sequence.
l N 1 4 . . . . . -
@ 1 Worthington ., e i ; E \ : ? [ Caled Geon 17 post-tectonic (post-Penokean orogeny) intrusions related to the Yavapai orogeny - Interlt?)y:;i)(ililél:lti?z(;:icc?:;c, volcaniclastic, and hypabyssal intrusive rocks—Metamorphosed
I , ' . L . . e . :
| 1 : Mafic intrusions including pyroxenite, peridotite, gabbro, and lamprophyre—Defined largely
O 4
! ! ! ! i I 278 G by magnetic signature. One intrusion in Morrison County is ~1,791 Ma*, and lithologically MESOARCHEAN to PALEOARCHEAN
SOUTH I | | | | 5 similar intrusions cut the Foley Granite (~1,774 Ma). ) ) ] ) ) )
_DAKOTA | 1 ] | . 1 X 76 Includes the Montevideo, Morton, and related gneisses in the Minnesota River Valley subprovince of
IOWA | ! ! iO ! N ; < East-central Minnesota batholith west-central and southwestern Minnesota. The subprovince is divided into distinct blocks (the Benson,
96° 1 | I X 3 - %\A % Ug) - Mylonitic, gneissic, and schistose rocks of plutonic and volcanic protolith. Montevideo, and Morton) separated by faults and structural discontinuities defined largely by geophysical
9|50 1 I MINNESOTA | s * ) % maps. The gneissic rocks, dated at ~3,524 to 3,485 Ma, were cut by tonalite at ~3,422 Ma, granodiorite at
94° IOWA 92° GIS compilation by R.S. Lively :%‘((J,z) - Granitic rocks, undifferentiated—Largely inferred from geophysical maps. ~3,385 to 1?‘,370 Ma, and gran(ijtedat N2§6;)§0Ma3(111:1c(}udi121g t;e6 ggcl\r/[ed Heart Granite—unit Agr). Significant
Edited by Lori Robinson metamorphic events are recorded at ~3,300, ~3,140, and ~2, a.
Digital base modified from Minnesota Department of Transportation Bgr | Granite—Reddish, variably Porphyritic, massive; includes the S_t' Cloud R?d (~1,779 Ma), Follejy Amg | Granitic orthogneiss and migmatite—Geophysical map patterns imply this unit intruded other
BaseMap data; digital base annotation by the Minnesota Geological (~1,774, 1,779 Ma), Pierz (~1,779 Ma), and Pease granites, and Richmond charnockitic gneisses
Survey. . L. . . . .
granite (~1,772 Ma). An unnamed granite in south-central Minnesota is slightly older at . . . . .
Universal Transverse Mercator Projection, grid zone 15 SCALE 1:500 000 ~1.792 Ma Foliated to gneissic tonalite and granodiorite.
1983 North American Datum s .
20 . . . . . .
1 |0—| N 0 1:0 ! 3:0 4|o MILES Rockville Granite and rocks inferred to be related—Coarse-grained and pink to white (~1,780 - Granitoid gneiss with dioritic to amphibolitic enclaves—Produces moderately high and varied
Ma). gravity and magnetic signatures.

10 0 10 20 30 40 50 KILOMETERS _Every rea_sone_lble eﬁor.t has been madc_a to ensure the aceuracy of the factual data on which this map
HE EHHH ————— I —_— 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.

Gray granodiorite to granite intrusions—Includes the Reformatory (~1,783 Ma), Freedhem
(~1,775, 1,776 Ma), Isle (~1,779 Ma), and Warman (~1,787 Ma) intrusions.

Gabbro, pyroxenite, diorite, and lamprophyre—Includes the Watab quartz diorite (~1,780 Ma),
St. Wendell quartz gabbro, and an unnamed diorite (~1,786 Ma).

- Amphibolitic to dioritic gneiss.
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