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! MAP SYMBOLS INTRODUCTION Pmf | Fond du Lac Formation—Pale orange to dusky red, medium- to coarse- bodies similar to the Foley granite to the west (Jirsa and others, variable proportions of strongly magnetic pyrrhotite are present, locally
J __—- Inferred contact—Mainly located from aeromagnetic data, except . . ) grained, arkosic sandstone with interbeds of conglomerate and dark 2003). Map label is italicized where the units are buried beneath forming semi-massive sulfide intervals.
y / . . . Kanabec County is located near the southern edge of the Canadian Shield . . . . . . . . .
/ where locally controlled by information from drill cores, and is predominantlv underlain by Precambrian bedrock that ranees in ace from brownish-red siltstone and minor shale. In Kanabec County this unit is Mesoproterozoic rocks. Green mafic volcanic rocks vary from massive, to locally weakly
/! drilling logs, and bedrock outcrops. Dashed where concealed Paleo i)oterozoic (ay roximatel Y 2.200 to 1.780 million earsgol d orgMa) . exposed in low outcrops along the Snake River just north of Mora, where Bpw Warman granodiorite to tonalite—Pink on weathered surfaces, gray on pillowed, to fragmental, with minor subvolcanic metagabbroic sills or
/ ) 5 ) L H 5 . . . . . . . . . . . .
* // beneath the Hinckley and Mt. Simon Sandstones and the Fond Meso proterozoic (a pIr)oximatel }’1 100 Ma: Fig. 1). The Myeso roterozoic rocks it is composed of pebble conglomerate with clasts of rhyolite, quartz, fresh break, medium-grained, variably foliated biotite granodiorite to coarse flow interiors. The massive flow units are weakly and variably
A s du Lac Formation. are copmpose d of sarf)dps tone uni tsy th;lt were d,epoé;.i te d. on the ol deeraleopro (erOZOIC and weathered granite. Mooney and others (1970) and Allen (1994) trondhjemitic tonalite cut by late-phase pink muscovite pegmatite granite amygdaloidal and are now recrystallized to amphibole-plagioclase schist.
i -~ Weak linear negative aeromagnetic anomaly—Possibly indicative bedrock types, which continue eastward beneath the sandstones. Scattered outliers of estimated a thickness of as ‘much as 1 to 2 miles (2 to 3 kllome_:ters) dikes and pods. This unit contains multiple phases that range from Fragmental portions contain irregular centimeter- to decimeter-sized
7 Pt of thin diabase dikes in part, or a reflection of stratigraphic Paleozoic san;istone are also present in the southeastern corner of the county: these for the Fond du Lac Formation adjacent to the Douglas Fault (Fig. 1) strongly- to weakly-foliated biotite tonalite to muscovite-bearing biotite fragments of dark green amphibolite in a light green plagioclase-
/ iations i 1 rock . P . Vi based on geophysical data, but in Kanabec County it thins to a feather granodiorite, but these are difficult to differentiate on the weathered amphibole matrix, with lesser proportions of epidote, clinopyroxene,
! variations in supracrustal rock sequences. unconformably overlie the Precambrian bedrock. . . T . . ) o . i
A Weak li iti ti Iv—Possibly indicati . . . . edge at its western margin. outcrop surfaces, and discrimination requires detailed mapping beyond and titanite. Major-element geochemical analyses of two samples of
S éak lin€ar positive aeromagnetic anomaly—iossibly indicative Most of the bedrock is covered by glacial sediment, but the bedrock is exposed at th £ this study. 7 btained f | W . tabasalt (Table 2 les KBN22 and KBN4) plot as hich
7~ of thin diabase dikes in part, or a reflection of stratigraphic the surface at the north edee of the county in the Snake River valley near its confluence PALEOPROTEROZOIC TO MESOPROTEROZOIC ROCKS € scope of tis study. Zircons obtained irom a sample near yyarman massive metabasalt (Table 2, samples an ) plot as hig
T2 ati . tal rock ) g y Y . yielded an age 1,787 + 3 Ma (Holm and others, 2005). Recently Mg tholeiitic basalt on a standard Jensen cation plot (Fig. 2; Jensen,
2 e varia 101.1s in supra.crt'ls a roc.: sequf:nces.. . . with Hay Creek; at the town of Warman, where there are abandoned quarries; northwest Diabase and lamprophyre dikes—Scattered normally- and reversely- obtained U-Pb zircon ages (Schmitz, 2014) from the outcrops near the 1976).
\\\ > Igneous .layermg a}nd foliation undifferentiated; inclined—Showing of Mora; and in and near the Ann Lake State Wildlife Management area. polarized diabase dikes of unknown width and age are inferred on the north edge of the county in the Snake River valley show that the biotite A substantial proportion of the cores are composed of ambiguous
£ ‘ y N strike and dip. In addition to the bedrock exposed in outcrops, many drill holes to bedrock have basis of very weak and discontinuous, linear positive and negative tonalite phase (1792.6 + 0.5 Ma; sample KB001) overlaps the biotite schists containing 50 percent or more biotite as centimeter-thick layers
17 \ 7 L > Bedding—Showing strike and dip: inclined. Ball indicates upright been made in the county for purposes of mineral exploration as well as scientific and aeromagnetic lineaments. The positive linear aecromagnetic anomalies granodiorite phase (1,793.3 + 0.7 Ma; sample KB021). Petrographic that alternate with amphibole-rich layers, interpreted to be a primary
4 : . : . . . . . . . . >
(- 80-27i0-56 Bpv> Y e topping direction where known. engineering purposes. Three 185- to 307-foot (56-' to 94-meter)‘deep drill holes in are similar in amplitude to ones gaused by near-surface phe@omena examination of samples revealed that most rocks identified as muscovite- sedimentary rock with a large mafic tuff component. This unit locally
________ /\ / P2 Minor F, fold axis—Showing trend and plunge. Whited Township (T. 40 N., R. 23 W.), which obtained only cuttings samples, were such as buried tunnel valleys within Quaternary glacial deposits, and bearing biotite granite in hand sample are actually granodiorite to contains substantial clinopyroxene (salite to ferrosalite). The major-
————— 1’ 4 6 . . . . . . . . . . . . . . . . . . " . . " . . . . . . . *
846 = * ————¢ Ty Bpf y Lineation of metamorphic minerals and concretions—Showing compl’eted in the IQSQs‘by Rocky Moluntam 'Energy in a conceptual search for uranium their depiction here as diabase dikes is speculative. plagiogranite” (trondhjemite). Inclusions of biotite schist (unit Bpl) element geochemical composition of one sample (Table 2, sample
ot W ' S // trend and plunge. deposits, with no positive resglts. Elght drill cores that range from 217 to 1,095 feet Bmn Diabase dike, normally polarized—Inferred from weak, isolated, are common in the outcrop exposures. Granodiorite phases commonly KBN2!) plots near the two massive basalt samples but slightly into
Bpv 1A = ( Metamorphic foliation—Showing strike and dip: vertical; (66 to 334 meters) were obtained in 2005 by Kennecott Exploration in a search for linear positive aeromagnetic anomalies. Not exposed in outcrops or contain poikilitic microcline. The extent of this unit is defined by a the calc-alkaline basalt field on the Jensen cation plot. This could be
___________________ 7%t l] S inclined. potential base—met(til (such as copper and nickel) deposits. MOSt. of the?se were located n intersected in drill cores. broad, featureless aeromagnetic anomaly signature that extends west interpreted to be dilution by siliciclastic sedimentation concurrent with
T ! AR Y pos Bedrock outcrop. Ann Lake Township (T. 40 N., R. 25 W.), and one was located in Knlfe .Lake Township Eml_ Woodland lamprophyre dike—Dark grayish-black, fine-grained, into Mille Lacs County (Boerboom and others, 1999). Map label is mafic tuff input. However, the K,O value of this rock is over eight
\\ * Location of bedrock drill hole for which detailed drilling logs (T. 40 Nt" LS W‘_)' Althouﬁht some oftthe Cozzs.t\.’verelvge.ﬁly mlgerahzed,ﬂtlhe results weakly porphyritic lamprophyric dikes that are exposed in outcrops italicized where the unit is buried beneath Mesoproterozoic rocks. times that of the massive basalt samples, possibly an indication that
< . . were not encouraging enough to prompt any additionat drifiing.  However, these cores in and near the Snake River upstream from its confluence with Hay Bpg Granite, undifferentiated—Lithology and extent are inferred entirely the rock has undergone potassic alteration prior to metamorphism.
> and well documented core or cuttings are available. provided valuable information about the bedrock geology. Other drill cores obtained . . i . .
Y ® Locati £ U-Pb zi dat ) ) ) . ) Creek. The lamprophyre contains sparse phenocrysts of euhedral from geophysical data. Unit is possibly the eastern extension of the Dolomitic marble occurs as 3- to 10-foot (1- to 3-meter) thick
A - - - . . eqqe . . . . . .
N ocation o zircon age cate sampre. by the an?SOta Geological Survey 1n.c1ude seven 10-foot (3 metf.:r) long bedrock pyroxene (salite to ferrosalite) up to 3 millimeters in size in a fine- 1,779 £ 4 Ma (Holm and others, 2005) Foley granite (Jirsa and others, layers interpreted to be primary beds of muddy carbonate. They now
\\ cores drilled in the 1.9905_ as part of a rfteglonal geologic bgdrock mapping program, and grained matrix composed dominantly of pyroxene and Fe-Ti oxide 2003), but unlike the Foley granite, which is typically associated with contain assemblages dominated by granoblastic to rhombic dolomite
\\ lsnt(t short rot?;y?soglc d_nlll ctorelsl obtzim.ed ilsl pait Qflthlilfoun:ytie(t)loglclvaﬂ;lsa Tl;(e minerals in a groundmass of poikilitic alkali feldspar and accessory low gravity signatures, this area is marked by a moderate positive and interstitial calcite along with varied proportions of diopsidic
= atter were obtaine ma1.n y to characterize the g ?CI? sediments .a overlie bedrock, titaniferous biotite, nepheline, analcime, sphene, apatite, and traces Bouguer gravity anomaly. clinopyroxene, muscovite, biotite, chlorite, pyrrhotite, ilmenite, pyrite
N but extend several feet into the bedrock. Descriptive logs submitted by water well . . . S : .. o ’ T ’ . P > ’
A drill ) tilized. These loes 1 d Iv the col d hard of pyrite, chalcopyrite, calcite, and clots of iddingsite that are likely Ppa Ann Lake granodiorite—Pale salmon color on weathered surfaces, gray sphene, actinolite, tremolite, talc, minor fuchsite, and minor veinlets
\ 7 ;1thers wlire ilsl? uttzed. i eze dogslge?;ra y pro:ﬁ © oy fe fo O; ain ?r nflfs pseudomorphs of olivine. Compared to normal basalt of similar Mg on fresh break, medium- to coarse-grained, weakly foliated sphene- of adularia.
0 - Kanabec County samples ot the rock and hence are ot iimuted vatue, however, they are useiul i celineating the + Fe content, the lamprophyre is strongly enriched in titanium and and muscovite-bearing biotite-hornblende granodiorite that locally Cherty intervals are generally thin. with the exception of drill
\ o Fe,O, + FeO +TiO + contact between Paleozoic bedrock, Mesoproterozoic sandstone, and Paleoproterozoic . . . ) Rt i . i ) y intervals are generally ) exception o
\ - 2-3 2 EC-11, 251-foot depth (Bpq) phosphorous, as well as incompatible elements (Southwick and others, contains poikilitic microcline. Shown as eranite on previously published : : :
N P x crystalline bedrock. See Plate 1, Data-Base Map, for details. p . g p yp core 05SRHO001, in which the upper 80 feet (24 meters) of the core is
N v EC_?Q’ 345-foot depth (Bpm) . N ’ . 2001). maps (Jirsa and others, 2003), but further petrographic examination chert that overlies 4 feet (1 meter) of carbonate, which in turn grades
N // Ogg;flgg; 613-foot depth . These drill cores and cuttings are stored at. t.he. core library operat.ed by t}.le The Woodland lamprophyre, where exposed, is chilled against and for this study shows it to be primarily granodiorite. Geophysically downward into graywacke/argillite.
S z i . oot dept Minnesota Department of Natural Resources, Division of Lands and Minerals, in . . - . . ., .
N A O 05BN002, 918-foot depth o . - : ] e intruded into the Warman granodiorite; however, attempts to obtain a characterized by a pronounced positive aeromagnetic anomaly and Based on reversals in voungine directions in eraywacke units. these
Bpu < 7 ’ Hibbing. All of the available cores and cuttings were examined for this project and Lo : : - - younging gray :
R P ® 05BN004, 187-foot depth U-Pb age date from this dike were unsuccessful. The dike produces a corresponding low Bouguer gravity anomaly. Based on aeromagnetic :
X . used to help interpret the bedrock geology. In areas between drill holes and bedrock Lo - ‘ - - - - supracrustal rocks may have been folded by an early deformation event
________ _ SN~ Unit Ppi p P g gy : ) pronounced northeast-trending linear negative aeromagnetic anomaly data, this pluton continues 5 miles (8 kilometers) east beneath the Fond : : : . : :
L S outcrops, the bedrock geology is inferred, with varied degrees of confidence, from . . . . . . . . prior to the main fabric-forming metamorphic event. Both bedding
e AN o 0550001_ _ hp i’c | dat g gy 18 ’ g ’ that is 28 miles (45 kilometers) in length. From where it is exposed du Lac Formation, and the overall pluton size is approximately 14 by and foliation are assumed to strike roughly east—west, parallel to the
=1z // _ Y ~— Contamination trend geop y-s al data. ' ‘ ' it can readily be traced at least 22 miles (35 kilometers) southwest 5.5 miles (23 by 9 kilometers). The pluton is bisected by a prominent moderate positive acromagnetic anomaly. The dip directions cannot
o~ / Epi / ¢ 05BNOOf Prior to construction of this map, the most recent bedrock geologic map that into Mille Lacs County, and 6 miles (10 kilometers) northeast; of this aeromagnetic low that is interpreted to be a possible right-lateral fault : . . .
S | L4 Bmh . . o . ; ) ) . . : be confidently gleaned from the drill core, but the best estimate is that
\ { g ; included Kanabec County was a regional compilation by Southwick and others (1988), the northeastern-most 3 miles (5 kilometers) are buried beneath the subsequently intruded by granite of unit Ppu. A sample of the Ann : : ° o
X \ == Mille Lacs County samples . . o ; ) ) ) S ] the sequence dips variably from 35° to 70° north.
***** I NS Ly | * . 05BB001 and the southwestern corner of the county was included on a regional compilation Fond du Lac Formation. In the Snake River valley the dike forks into Lake granodiorite yielded a U/Pb zircon age of 1,784 = 10 Ma (Holm 5 Mafi leanic to intrusi K and sili hist—A |
/ map by Jirsa and others (2003). Kanabec County was also included in a statewide a northern and southern branch, and to the southwest aeromagnetic and others, 2005). i atic volcanic Lo intrusive rock anc stiiceous SCISt—A poorly
) <= 05FS001 ilati logi (Ji d oth 2011) . . . understood unit characterized by discontinuous east-northeast-trending,
( Z N ~ Contamination trend compilation geologic map (Jirsa and others, . data also indicate that the dike forks in places; however, overall the Ppd Granodiorite buried beneath Mesoproterozoic sedimentary rock— linear positive aeromaenetic anomalies of low amplitude that ma
=TT Three new age dates from Precambrian rock units were obtained as part of this dike is consistently straight along its entire length. Dashed where Inferred from moderate corresponding positive gravity and aeromagnetic P . g. . . p .. y
. _ . . . represent layering or stratification, and a corresponding strong, positive
study—two from different phases of the Warman granodlorlte (unlt EpW), and one from buried by younger units. anomalies to be an intermediate intrusive body such as granodiorite . . . .
highFe 0D a metamorphosed gabbro near Mora (unit Ppv). Those ages (using the 207Pb/20Ph ; ‘ ‘ Bouguer gravity anomaly. Alternatively the linear acromagnetic
{holeiitic 0 weighted ni)ean) ari revorted under the a rg r.iate rock ugnit descrfig tions. and their PALEOPROTEROZOIC ROCKS (Jirsa and others, 2003). anomalies could be discontinuous dikes related to unit Pmn. Near the
&l p : pproprt P ’ . ) L . Bph Hillman tonalite—Unit extent is inferred from a very weak positive west end of this unit one short drill core (EC-9) intersected a dark
locations are shown on the geologic map (Schmitz, 2014). Ultramafic to intermediate intrusive rocks—More than a dozen small, aeromagnetic pattern. This unit is well-mapped to the west in Morrison reenish-erav. stronelv shear-foliated amphibole-quartz-feldsar schist
""""""""""""""""""""""""""""""""""""" circular intrusions (unit Bpi) are inferred mainly on the basis of C Boerb 2014). but i : h is highl gre £ray, &Y . . phubote-q i
@lgh-Mg GEOLOGIC SETTING AND HISTORY small, high-amplitude, positive aecromagnetic anomalies. Similar ounty (Boerboom, )» but its extension to the east is highly of intrusive igneous protolith, which contains augen-like lenses of
g\aoslgutlc aeron;a ngetic aﬁomaliésp which are ver g bundant to the' west and SpeCulathe; alternatlvely, the bedrock in this area could be Composed recrystallized quartz and plagioclase’ and Strung_out clusters of small
B e andesite U7\ basalt 0 PALEOZOIC BEDROCK h £ hroueh Mill ,L Morri Y qs C es. h of the Warman granodiorite. Samples of the Hillman tonalite from blocky opaque oxide minerals that may have been coarse-grained
S daite sl" . . . . . southwest fhrough Witle Lacs, Vorrison, and stearns Lounties, have three separate localities in Morrison County yielded ages from 1,792 oxides prior to shearing. In local, less deformed zones the quartz and
20 \ Paleozoic bedrock is present only in southeastern Kanabec County, where it is been extensively drilled for both scientific and exploration purposes to 1,800 Ma, with a mean age of 1,795 Ma, and a composite regression feldspar exhibit relict mvrmekitic ’texture which indicates the protolith
rhyolite/(g 'a\\‘c’\\ interpreted to be erosional remnants and valley fillings of the Mt. Simon Sandstone (for example Boerboom and others, 1995; Boerboom, 2014). These ’f h ’h les of 1 79% +4 M, Hol d oth 2005 P w L . proto’
ranitoid s . . . . . . age for the three samples ot 1, * a (Holm and others, )- may have been a relatively coarse-grained, intermediate-composition
Senolith \G \ (unit €m), at the northernmost extent of the formation. It unconformably overlies the drilling programs have shown that the aeromagnetic anomalies can .. L . . .
) en\ 0(‘\ . . . . . . ) . Ppb Bradbury Creek granodiorite—Pinkish-red and black mottled, coarse- intrusive rock such as diorite.
A Mesoproterozoic Hinckley Sandstone and Fond du Lac Formation, burying a surface be interpreted with a high degree of confidence to be caused by small ned Klv-foliated. sph bearine biotit diorit . . . . .
AlO, MgO of erosion that had hundreds of feet of relief across southeastern Kanabec and parts intrusions, particularly where the surrounding bedrock is magnetically graltne ’1.\:%“}: © 1ta et " S% e;ine—de;lrlng IZ ' etgrano I.I?r(lje vergtl.ng Along the north margin of this unit a short drill core (KR-1)
. . . . . . . . . on tonalite. e extent is define a moderate-amplitude positive i ine-orai -sericite- i i
Digital base modified from the Minnesota Department of Figure 2. AFTiM diagrams (after Jensen, 1976) for rocks from Kanabec and Mille Lacs of adjacent counties. The isolated erosional remnants shown on this map generally featureless, and that the intrusions are composed of intermediate aeromaenetic anomalv pattern and theylitholo i basecﬁ)on a siE e 10 mter.sected. fine gramf?d carb<.)nat.e sericite-quartz S?hISt with laye.rs of
Transportation BaseMap data; digital base annotation by Counties, the latter shown for comparative purposes with respect to the mafic and ultramafic lie between 800 and 900 feet (244 and 274 meters) elevation, whereas the larger area through mafic to ultramafic compositions. In Kanabec County, these g yP ) &y g semi-massive to massive pyrite, interpreted to be either an exhalite or
the Minnesota Geological Survey. . . o ) . . - . . - - : : foot (3-meter) long drill core (EC-8; Jirsa and Chandler, 1997). A sample a highly-altered felsic volcanic as indicated by ovoid clots of sericite
Elovation confours were derived from the U.S. Geolodical Surve SCALE 1:100 000 intrusive rocks of unit Bpi. The arrows designate the general trend of increasing contamination of Mt. Simon Sandstone mapped in the very southeastern corner of the county is part aeromagnetic anomalies are confined mostly to the north half of the from the drill core gave an Ar/Ar age of 1,846 + 6 Ma (Holm and others d carb b bl P hs of early feld
30-meter Digital Elevation Model (DEM) by thegMinnesotZ 1 0 1 2 3 4 5 MILES of primary ultramafic rocks by granitoid and supracrustal country rock xenoliths. The data of a more extensive blanket of the formation, contiguous with adjacent parts of Isanti, county and range from 0.03 to 0.2 square miles (19 to 128 acres) in area. 2005). which places a minimum constrai;n on_the ave of em lacement’ and carbonate that are possibly pseudomorphs of early feldspar
Geological Survey. for samples from drill cores EC-11, 05SBN002, and 05BNO004 are listed in Table 2. The Chisago, and Pine Counties. In that area, its elevation is likely as low as 700 feet (213 Based on geochronologic studies on similar bodies in Morrison County Althoush thisr; e likelv reflects resional metamor Eism duril; the late phenocrysts.
Universal Transverse Mercator Projection, grid zone 15 e 4 > ° 7 8 KILOMETERS data for the sample from drill core EC-19 are listed in Appendix C in Jirsa and Chandler meters), and its maximum thickness is about 150 feet (46 meters). to the west (Keatts and others, 2003; Boerboom, 2014), these intrusions staces ff the PeiokeanyOro en itgis consistent wiI;h the 1 858gto 1.877 Farthest east in this un.1t, northwesF of .N.[()ra’ are several outcroPs .Of
1983 North American Datum CONTOUR INTERVAL 15 METERS (1997). All other data are from mineral exploration company data on file at the Minnesota overlap in age with Yavapai-interval granites (such as the Warman and £ . A ’ e moderately to strongly foliated, amphibolitic metagabbro that exhibits
o . R, MESOPROTEROZOIC BEDROCK S Ma U-Pb zircon dates obtained from outcrop samples at the type locality I . ined hyriti d of varied
Department of Natural Resources, Division of Lands and Minerals office in Hibbing. Ann Lake granodiorites in Kanabec County). Age dates on two of these near Bradburv Creek in Mille Lacs Countv o the west a relict coarse-grained, porphyritic texture, now composed of varie
The uppermost Precambrian bedrock beneath the eastern half of Kanabec County bodies in Morrison County range from 1,791 to 1,770 Ma, ages that roTachuly ) Y . proportions of actinolite and possibly tremolite; chlorite, epidote,
Edge of is composed of thick Mesoproterozoic (about 1,100 Ma) sandstone sequences that are coeval with the main Yavapai-interval granitic plutonism in greater Epx Granitoid intrusion buried ben.eath Mf:soproterozmc se(.llmentary sphene, leucoxene, and traces of biotite, calcite, and opaque oxides and
Woodland . Topography of Edge of Fond du Lac . No'rth shore Sogth shore  Hinckley Groun‘dhouse are part of the Keweenawan Midcontinent Rift (Mesoproterozoic sedimentary rocks east-central Minnesota. Other intrusions of this suite intrude granites rock—Characterized by a negative gravity and acromagnetic anomaly sulfides. Plagioclase is highly saussuritized and clinozoisite-altered.
lamprophyre dike bedrock surface Surface topography Formation Ann River Fish Lake  Fish Lake Sandstone River . . . L . e attern . .
. on Fig. 1). The sandstones include the lowermost Fond du Lac Formation, which is that are as young as 1,774 Ma (Jirsa and others, 2003), indicating that p : These outcrops apparently form a topographic knob that is surrounded
A \ / / A made up of red arkosic to lithic sandstone with siltstone and shale interbeds, and the mafic magmatism spanned at least 17 million years. Bpu Granitoid to supracrustal rock buried beneath Mesoproterozoic by sandstone of the Fond du Lac Formation, based on descriptive
0.0 | N ! : Pmh & uppermost Hinckley Sandstone, which is composed of tan to yellow quartz arenite. The Also included within this suite of rocks are mafic to ultramafic sedimentary rock—Characterized by a slightly positive gravity water well logs in the surrounding area; however, it is apparent from
1 Lo Bmf Fond du Lac Formation, expose§l in a few places along t.he banks Of. the Snake River intrusive bodies that occur within unit Bps, in the central portion of anorpaly pattern. a}nd .a subdued low aeromagnetic anomaly pattern; ge;ophyswal data that it is part of the same body as west of .the sandstone.
: |I lI Il near Mora, unconformably overlies older Paleoproteroz()lc rocks, which can be traced the county. Defining the boundaries of these intrusions within this detailed composition 18 unknown. Zircons from a sample (KBO34B) from these outcrops ylelded a U/Pb
T | b - beneath the sandstone by aeromagnetic data. The contact between the Fond du Lac unit is difficult, because their magnetic signature is masked by the Metamorphic rocks—The nomenclature for metamorphic rocks on this zircon age of 1,880.3 + 0.6 Ma (Schmitz, 2014).
% Bmn T Lo Formation and Hinckley Sandstone is poorly constrained and based almost entirely on moderate to strong aeromagnetic anomalies of the country rocks which map utilizes the term meta as a prefix to the protolith, for example Epm Mafic to intermediate intrusive to volcanic rock—This unit is delineated
o g | Bow S Bow . Bog Ppa - epg| Epa o Poq Bod Bpg tl?e .colc?r of the bedrock (for example red vs. yellow) listed on water Well'logs. The they intruded. metamorphosed graywacke is called metagraywacke, metamorphosed on the basis of irregular, linear, east—northeast trending, positive
g 2 ! #o8 i distinction between the Fond du Lac Formation and older Paleoproterozoic rocks to Bpi Ultramafic to intermediate intrusion. undifferentiated—Inferred basalt is termed metabasalt, and so on. In instances where the aeromagnetic anomalies of moderate to high amplitude that continue
E __g 1 ! :' l|l \“: the west is also based on watf:r well log d?SCHpthHS, but'ls' generally mf)re% definitive to be composed of ultramafic, mafic, and intermediate-composition metamorph?c grade is hlgh enoug.h to have cause.d su.bstantlzlil as far as 10 miles (16 kilometers) West—southwesF into Mille Lacs
g = \ ! P “: because the two rock types differ greatly in color and drilling characteristics. intrusions similar to units in Morrison County to the west, for which recrystallization the terms schist or gneiss may be used, with mineralogic County, where they are truncated by the Foley granite pluton.
= A i i ! \‘: PALEOPROTEROZOIC BEDROCK ample drill core data exist (Boerboom, 2014). Map label is italicized modifiers such as garnet, biotite, or staurolite. The lithology is based on a single 10-foot (3-meter) drill core (EC-
\ g : | L ) where the unit is buried beneath Mesoproterozoic rocks. Schistose metamorphic rocks within the internal zone of the 19), which is composed of dark gray, fine- to medium-grained, massive,
\ ," ! || \\\ t M(:lt (t)f Kfanal;)ec io?:lt)/f is lc?clz;;eddw;thm tge leeoptroteroz}(l)lc P;:noke;m Qrogft:]rl, The small unit shown within unit Bps is intersected in three angled Pepokean Orogen (Southwick and ther_s, 1_988.) in Kana}bec County df:ut_erlcally al_tered and §parsely arpygdalm@al quartz‘monzodlorlte t_o
5.0 ; ‘ ‘ ; ; ‘ ‘ ‘ ‘ a term tha 1re er]f oha .e N([). variably de o?me a]? me amorp osel , gr? Ommlan y drill holes (0SEC001, 0SEC002, and 0SEC003), and is composed of gFlg. 1) arc_e pogrly exposed and the?lr dlStl’%buthH a_nd lithology gre diorite. Despite extenswei deut.erl(f' alFeratlon the pr1mary texture }s
0 . 5 10 20 . . 5 35 40 45 1s\;llprac(riusta r(ci)cf s that in ll&gesota range in aie ri/[rr} a}ll;.)prommate;ly. ,k 00 to },1830 presumed cumulate olivine (now altered to talc and minor tremolite) inferred Prlmarlly from scgttere_d drill co‘re information coupled with well pr_eserved, and there 1s‘n0 indication of a tectomc-metan_lorphlc
Vertical exaggeration = 1x Distance (kilometers) a and extend from central Minnesota eastward to Michigan (Southwick and others, and clinopyroxene that are surrounded by post-cumulate, Mg-rich geophysical data. Rocks in this group include a narrow east—west overprint. The rock contains strongly zoned, altered plagioclase
; : : s ; : ; e ; : : : : 3 ; : fe i di 1988). These rocks were deformed and metamorphosed during the Penokean Orogeny . . I - belt in the central part of the county (unit Pps) that apparently forms crystals up to 1 millimeter in size that are rimmed by micrographic
Cross section—The contact between glacial deposits and bedrock, and position and dip of contacts for Mesoproterozoic and Paleoproterozoic rocks are based principally on two-dimensional modeling of gravity and magnetic data along profiles. The inferred structural grain of subsurface geology is indicated by . imatelv 1.830 M d : tfected b . b ¢ imatel hornblende and phlogopite. Based on the drill cores, this intrusion p y p PP y y p | ° 12 me y. ‘g p
gray dashed lines, which represent boundaries between contrasting bodies from the modeling. at approximately 1. a, and were also affected by metamorphism at approximately is inferred to form an irregular dike that is as much as 250 feet (76 a remnant screen of supracrustal country rocks located between later quartz-alkali feldspar, and interstitial masses of biotite mixed with other
1,760 Ma due to widespread crustal heating following emplacement of predominantly . . . P : granitoid intrusions; this belt also includes mafic to ultramafic intrusions Fe-silicate minerals, fibrous actinolitic amphiboles, minor prismatic
ranitic rocks that range in age from 1,772 to 1,800 Ma (Holm and others, 1998) meters) thick, which strikes subparallel to the layering in the enclosing , i i ’ i i  oxide.
%h I g o ]gt on ], . > e B e s - . supracrustal rocks (unit Bps) and dips steeply to the north. The bottom lar_gely.emplaced subseguent to metamorph}sm and deformation (se_e hornl?lende, accessory pyr}te, apatite, F?-Tl 0x1desz and seconde_lry
; .a er meta 10 p hC a P_ uto feh p;lce e‘ ages postda e“.e. o ffa o 01%3 es S(i margin of this intrusion is marked by a rheomorphic intrusive breccia u_mt E‘_p|). The bedrock in the southern portion of Kanabec County is chlorite and leu.coxene. This a.ssemt.)la?g.e_ls probably in part alteration
REFERENCES and instead overlap the duration of t ? avapai Orogeny, a collisional event focuse that varies from 80 to 120 feet (24 to 37 meters) in thickness. This likewise thought to be composed of metamorphosed supracrustal rocks products of primary magmatic poikilitic hornblende or pyroxene.
south of the Penokean Orogen (Schneider and others, 2004; Holm and others, 2007a, : . . : of volcanic and sedimentary protolith, as well as deformed mafic- Small amygdules visible on the core surface are filled with calcite and
Allen, D.J.. 1994, An integrated geophysical investigation of the Midcontinent  Jirsa, M.A., Chandler, V.W., Lively, R.S., and Boerboom, T.J., 2003, M b; Van Sch d others, 2007 magmatic breccia contains numerous angular to partially melted : iate intrusi ' ’ AR : :
Table 1. Lithologic breakdown of drill cores in unit Pps. en"ft. 2 ’Wn 1:1 egrli“]i gSeOP ){SlcaN}pves lgta londOW'e 1dcon ;I\llent 1rsa, . b d kan elh . d tvely, R.5., iln oerboom, L.J., (SMOag§ ; van schmus and others, )- country rock xenoliths composed largely of felsic to intermediate intermediate intrusive rocks. prismatic amphiboles, with cores of quartz in the larger amygdules;
rift system: Western Lake Superior, Minnesota and Wisconsin: Wes s s t t : c : ; . o v e . . ) . . . . . . . .
. ;Iette ; Western L Univeiity ot g Wscon Zno ; a{gcfo fz(; S(fcye 23 alunpif;I;%(;Z? I\I/I{liz:ir;es (l)faoél} egorli)vgizal Surve I.n Minnesota, rocks of the Penokean Orogen are s.ubdliv@ed into two major groups: layered gneiss possibly derived from the Hillman tonalite (unit Bph). Bpl Muscovite-biotite schist of metasedimentary protolith—Gray, strongly other cavities are filled with chlorite. Minor late brittle veins are filled
Drill hole number 05RH001 05EC001 05EC002 05EC003 05BN0O01 05BN002 05BN003 05BN004 Sum  Percent S S T ’ ' ) ' a series of deformed and metamorphosed rocks that lie within the fold-and-thrust belt ; ini ; {smati foliated mi hist (met hosed ke and argillite) that with calcite and what is tentatively identified as prehnite.
Beaster. K.F.. Kohn. J.D.. and Havholm. K.G.. 2000. Wind or water? Miscellaneous Map M-132, scale 1:200,000. o th the and a slieht] . £ relativelv flat-Ivine. less def 4 and Coarse-grained appinites characterized by large prismatic hornblende oliated mica schist (metamorphosed graywacke and argillite) tha
P > P ’ ’ o the south; and a sli ounger series of relatively flat-lying, less deformed, an . . i i i i i i i i i i
Chert 85 1 4 3 93 2 Paleoenvironment of the Proterozoic Hinckley Sandstone, northeastern  Keatts, M.J., Jirsa, M.A., and Holm, D.K., 2003, Results of “*Ar/*Ar single- onlv weakl metamorg hOZe)é ro::gks that are collectivgl tern};edgthe Animikie Grou crystals are common near the xenoliths, and are inferred to be a result locally. COIlt'all’lS garpet, staurolite, and Sllhnllanllte- O(.:CUYS as xenoliths A H.HHOY proportion of this sho'rt drllllcore is composed O.f a
Carbonate/marble 23 16 49 14 102 2 Minnesota [abs.]: Institute on Lake Superior Geology, 46th Annual grain analyses of Precambrian mafic intrusions in northern and east- Y Y P . vey el . oup of contamination by melts derived from partly melted xenoliths. Other of varied size within the Warman granodiorite (unit Bpw). Locally magmatically related, dark green, fine-grained rock that contains
Graywacke with carbonate beds 259 24 283 6 Meeting, Thunder Bay, Ontario, Proceedings, pt. 1, Programs and central Minnesota: Institute on Lake Superior Geology, 49th Annual (Fig. 1). The fold—and—thrust belt is further. subdivided into the internal, medial, drill cores within unit Pps also intersect mafic to ultramafic, variably contains lineated, metamorphosed calcareous concretions composed of abundant brown prismatic hornblende, substantial interstitial quartz,
Variably graphitic graywacke 450 74 524 11 Abstracts, p. 6-7. Meeting, Iron Mountain, Mich., Proceedings, pt. 1, Programs and and externall zones. The 1nter'n'a1 zone contains supracrustal rocks nllet.amor;.)hosed sheared intrusive rocks, but only in minor proportions and their extent garnet, epidote, hornblende, and plagioclase, and black tourmaline is and is in sharp contact with the more coarse-grained phase. A single
Graywacke 145 500 175 3 396 1219 25 Boerboom, T.J., 2014, Bedrock geology, pl. 2 of Lusardi, B.A., project Abstracts, p. 41-42. unde.r amphlboh't(.e—fames CO.n.dlthDS, several large, mostly post-tectonic intrusions 9f cannot be mapped. present locally in small zones adjacent to the Warman granodiorite in geochemical analysis (Jirsa and Chandler, 1997) of this phase plots
Orthoconglomerate 5 5 0.1 manager, Geologic atlas of Morrison County, Minnesota: Minnesota Mooney, H.M., Craddock, C., Farnham, P.R., Johnson, S.H., and Volz, G., 1970, dommantly. gr.amtlc. composition, and hundrefls of small, post-tectonic, genera}lly.maflc Whole-rock geochemical data of ultramafic rocks from the drill the north-central part of the map along the Snake River. Despite the fact as calc-alkaline basalt on a standard Jensen classification plot (Fig.
Mafic tuffaceous graywacke 44 99 31 133 305 612 13 Geological Survey County Atlas C-31, pt. A., 5 pls., scale 1:100,000. Refraction seismic investigation of the northern midcontinent gravity FO ultr.amaflc 1ntru5101}s. In contrast, the medial a.nd external Zones.lack any 51.gn1flcant cores in Ann Lake and Knife Lake Townships, obtained from publicly this unit clearly forms xenoliths within the Warman granodiorite, the 2; Jensen, 1976).
Mafic intrusion 14 925 154 128 20 32 1273 26 Boerboom, T.J., Setterholm, D.R., and Chandler, V.W., 1995, Bedrock geology, high: Journal of Geophysical Research, v. 75, no. 26, p. 5056-5086. intrusions and contain several sub-panels dominated by volcanic and sedimentary available exploration company data, show two chemically distinct suites dominant metamorphic foliation consistently strikes east-west and dips The pristine igneous texture of this rock contrasts sharply with
Magmatic intrusive breccia 25 25 0.5 pl. 2 of Meyer, G.N., project manager, Geologic atlas of Stearns County, Morey, G.B., and Southwick, D.L., 1995, Allostratigraphic relationships of rocks, including thin iron-formations, which are generally metamorphosed under only of rocks. The mafic intrusion in drill core 0SBNOOI is chemically 30° to 70° south, and lineated metaconcretions predominantly plunge other rock types intersected in drill core or exposed in outcrops within
Massive basalt 153 18 0 312 37 115 635 13 Minnesota: Minnesota Geological Survey County Atlas C-10, pt. A., 7 early Proterozoic iron-formations in the Lake Superior region: Economic greenschist-facies conditions. Rocks of the Penokean Orogen in Kanabec County are indistinguishable from a drill core located in Mille Lacs County to shallowly to the east in the plane of foliation. Upright, south-younging this belt, which all contain a strong metamorphic fabric. It may be
Granite 13 2 15 0.3 pls., scales 1:100,000 and 1:200,000. Geology, v. 90, no. 7, p. 1983-1993. contained entirely within the internal zone of the fold-and-thrust belt (Fig. 1) and are the west (0SBBO01): both show oceanic crust chemical signatures graded beds were observed locally. The consistency of foliations similar, in terms of general mineralogy, deuteric alteration, and lack of
Fragmental basalt 78 13 91 2 Boerboom, T.J., Southwick, D.L., and Se.tverson, M.J., 1999,.Bedrock geology,  Schmitz, M.D., 2014, Digital geochronology data conducted at Boise State dominated by granitic to tonalitic intrusions and poorly constrained mafic to felsic with negative potassi’um ubidinm, stromtiom. and batiam anomalies’ and lineations between different outcrop areas, inferred to Tepresent tectonic foliation, to mafic phases of the Watab diorite (Jirsa and others,
100 pl. 1 of Bedrock geology of the Mille Lacs 30 x 60 minute quadrangle, University, Department of Geosciences, Isotope Geology Laboratory: volcanic rock types. For a complete synopsis of the geologic evolution of the fold- R ’ ’ o ’ separate xenoliths within the enclosing granitoid rocks, implies that 2003 hich 1i | h d of th . i
t-central Minnesota: Minnesota Geological Survey Miscellaneous Minnesota Geological S file d imiki i i compared to primitive mantle compositions (Sun and McDonough, . . . . T ), which lies along the trend of the acromagnetic anomalies to
Sum (feet) 880 950 422 194 849 967 104 511 4877 eas : g y innesota Geological Survey file data. and-thrust belt and Animikie basin refer to Southwick and others (1988, 2001), Morey 1989). In contrast, analyses of mafic intrusions from drill cores the original orientations of bedding and metamorphic foliations were the west, but on the west side of the intervening Foley granite pluton
Sum (meters) 268 290 129 59 259 595 30 156 1487 Map M-100, scale 1:100,000. Schneider, D.A., Holm, D.K., O'Boyle, C., Hamilton, M., and, Jercinovic, and Southwick (1995), and Schulz and Cannon (2007). OSECdOl 05EC002 ’OSEC}(])O3 05BN002. and 05FS001 05ES001 close to their present positions. This schist is correlated with the Little Alternat;vely these anomalies may be caused by mafic metavolcanic
Top bedrock (f 2 1 154 17 132 12 11 107 11 Holm, D.K., Anderson, R., Boerboom, T.J., Canon, W.E., Chandler, V.W., Jirsa, M., 2004, Paleoproterozoic development of a gneiss dome corridor in ’ ) ’ » an (core . . o : ’ ) ) i i - )
op bedrock (feet) 00 30 5 5 3 8 3 0 39 . . . Falls Formation (for example Boerboom, 2014) on the basis of similar ks interl d with felsic to int diat t hists of
M.A., Miller, J., Schneider, D.A., Schulz, K.J., and Van Schmus, W.R. the southern Lake Superior region, USA, in Whitney, D.L., Teyssier, C. is from Mille Lacs County to the west) show more of an island arc type .. . ] . rocks interiayered with Telsic to mntermediale-composition SChists o
Total depth (feet) 1080 1080 576 369 981 1095 217 618 6016 ’ o : ’ N ’ . p ston, : ¥ ) CYSSIeE DESCRIPTION OF MAP UNITS . . . . . composition, bedding style, metamorphic grade, and concretions, and 1 di lith (uni in which he drill hol
2007a, Reinterpretation of Paleoproterozoic accretionary boundaries of and Siddoway, C.S., eds., Gneiss domes in orogeny: Geological Society signature, with pronounced negative tantalum and niobium anomalies. ’ f ci b ’ dioni ) volcano-se imentary protolit (.umt E.'pf), in which case the drill hole
the north-central United States based on a new aeromagnetic-geologic of America Special Paper 380, p. 339-357. PALEOZOIC ROCKS The ultramafic rocks from the drill cores plot within the komatiitic may represent. a roof pendant within t. ¢ Wa.rm.an granodiorite. In may have intersected a narrow, intrusive dike not representative of the
compilation: Precambrian Research, v. 157, p. 71-79. Schulz, K.J., and Cannon, W.E., 2007, The Penokean orogeny in the Lake e Mt. Simon Sandstone (Middle Cambrian)—Th b field on a Jensen diagram (Fig. 2; Jensen, 1976). However, many of pla.ces the scl.nst oceurs as small xenoliths v.v1th1n an early, str(.)ngl.y aeromagnetic anomalies.
Holm, D.K., Schneider, D.A., Rose, S., Mancuso, C., McKenzie, M., Foland, Superior region: Precambrian Research, v. 157, p. 4-25. m e drill hol 11 t the M lS' — Seredare nelf er eprosubres the analyses from magmatic breccias in drill core 05EC001 grade into fohated. tonalite p(?ss%bly analogous to the Hll?man tonalite, which is Ppq Schistose porphyritic felsic volcanic rock—Orange-gray, fine- to
K.A., and Hodges, K.V., 2007b, Proterozoic metamorphism and cooling  Southwick, D.L., Boerboom, T.J., and McSwiggen, P.L., 2001, Geochemical Iéor H BO edsamp s (i the I 1m0n1 an Ztoneu (rjO,IH ana ZC the tholeiitic to calc-alkaline basalt fields due to varied degrees of in turn included within the Warman granodiorite. medium-grained, porphyritic, fragmental to massive lapilli tuff and
Table 2. Geochemical analyses of select drill core segments from Kanabec County. in the southern Lake Superior region, North America and its bearing characterization of Paleoproterozoic volcanic and hypabyssal igneous (ounty. Based on a single natural gamma fog and well driller records contamination from the surrounding country. Bps Interlayered metamorphosed sedimentary and mafic volcanic rock—A possible lava flow with a superimposed metamorphic foliation that dips
on crustal evolution: Precambrian Research, v. 157, nos. 1-4, p. 106- rocks, east-central Minnesota: Minnesota Geological Survey Report of lSn tt;e tcounFy,;nd .weil ;al;npie.s f)rlom a??ccznttcountlejf the 1:/“' Simon Intermediate to felsic intrusive rocks—Most of northwest Kanabec County is mixed sequence of largely supracrustal (sedimentary and volcanic) rock approximately 70° from horizontal. The phenocrysts are composed of
Major elements, weight percent oxides 126. , , Investigations 57, 33 p. anastone 15 dominated by H1able, WALEe T tan, Mediiims 1o coarses composed of granitic to tonalitic plutons, which collectively form the types dominated by metamorphosed graywacke/argillite (mica schist) and quartz (1 to 2 percent, up to 3 millimeters in diameter) and plagioclase
_ _ Holm, D.K., Van Schmus, W.R., MacNeill, L.C., Boerboom, T.J., Schweitzer,  Southwick, D.L., Morey, G.B., and McSwiggen, P.L., 1988, Geologic map grained, quartzose sandstone. Interbeds of red and green shale, siltstone, castern marein of a lareer mass of intrusions known informally as the mafic volcanic rocks (amphibolite), with lesser proportions of graphitic (3 to 4 percent, up to 3.5 millimeters in size), set in a matrix of finely
Sample SiO,  TO, AlLO, FeO, MnO MgO CaO Na0O KO PO F SO, cl Lol Sum D., and Schneider, D., 2005, Evidence for subduction flip and continued le 1:250.000) of the Penok 1 and Mi and very fine-grained, feldspathic sandstone are common, particularly gin « g i . : y 1 s . . . . R .
! _ | (scale 1:250,000) of the Penokean orogen, central and eastern Minnesota, East-Central Minnesota batholith (Fig. 1). These units are defined b argillite, chert, and dolomitic marble. Also includes small mafic to granoblastic quartz and feldspar intergrown with tiny, strongly foliated
EC-11  72.05 0.271 11.35 3.00 0.073 2.00 1.74  4.40 145 0.062 0.06 0.04 0.02 3.26 99.77 convergence after geon 18 Penokean orogenesis: Geological Society of and accompanying text: Minnesota Geological Survey Report of in its upper half. Thin beds of quartz-pebble conglomerate occur at e 3 g b ‘y ultramafic intrusions that are not mappable at this scale (see unit pi) . . . .
KBN2' 5274 1.104 1564 11.09 0166 567 687 144 334 0101 016 009 003 158 100.03 America Bulletin, v. 117, p. 259-275 Investigati i ic positi i a combination of outcrop and drill core data as well as acromagnetic PP ' prismatic amphibole (15 percent). In more massive parts of cores, where
. . . . . . . . . . . . . . . , V. , P . nvestigations 37, 25 p. several stratigraphic positions, and are especially abundant near the 4 . hvsical d All except the mafic intrusions are regionally metamorphosed to the the rock is interpreted to be a possible flow, the quartz phenocrysts
KBN22 50.34 1.024 1423 1149 0173 766 918 374 041 0.08 012 009 0.03 1.58 100.15 Jensen, L.A., 1976, A new cation plot for classifying subalkalic volcanic  gyp, S., and McDonough, W.E., 1989, Chemical and isotopic systematics of base of the formation. The Mt. Simon Sandstone is distinguished from and gravity geop .ySICa ata. . o amphibolite facies, and possibly also thermally metamorphosed by the show ouhedral crvstal faces. embuavments Eind sharo extinetion. all
KBN4 5075 1.143 1507 1192 0178 650 9.01 395 038 0.08 0.08 0.08 0.03 0.89 100.06 rocks: Ontario Division of Mines Miscellaneous Paper 66, 22 p. oceanic basalts: Implications for mantle compositions and processes, in the Mesoproterozoic Hinckley Sandstone and Fond du Lac Formation The oldest unit of the East-Central Minnesota batholith in Kanabec mafic intrusions within the unit as well as the surrounding granitoid characteristics Of)‘/ volcanic ’ henoZr sts ’ Pla ioclgse cr stals’are
Minor elements. parts per million Jirsa, M.A., Boerboom, T.J., Chandler, V.W., Mossler, J.H., Runkel, A.C., and Saunders, A.D., and Norry, M.J., Magmatism in ocean basins, Geological on drilling records by being described as generally soft and white, vs. County (unit Bpb) is inferred to be correlative with the 1,877 Ma batholiths. This unit was drilled extensively (eight drill cores totaling fresh and blocky in sh ’ 111 t' yth t 0 g X hy .
, parts p Setterholm, D.R., 2011, Geologic map of Minnesota—Bedrock geology: Society of America Special Publication 42, p. 313-345. harder, and pink to red or brown. Penokean Bradbury Creek granodiorite, exposed at the surface in Mille 6 006 feet 11.829 met ithin th ¢ decade i b f res gn ocky in shape, in 102} 1ng> at they are also p enoc?rys S.
Sample 'S¢ V. Cr Co Ni Cu Zn Ga Rb Sr Y Zr Nb Ba la Ce Nd VYb Pb Th U Minnesota Geological Survey State Map S-21, scale 1:500,000. Tryhorn, A.D., and Ojakangas, R.W., 1972, Sedimentation and petrology Lacs County to the west, on the basis of similar geophysical properties over o, b cet [1, . me ers])‘“ll(l 1”(11 © past decade 1 a search tor Other intervals of the cores contain lighter-colored, 1- to 7-centimeter
EC-11 8 6 5 4 2 8 42 8 15 54 38 146 17 166 30 51 22 5 11 6 bd Jirsa, M.A., and Chandler, V.W., 1997, Scientific test drilling and mapping of the Hinckley Sandstone of east-central Minnesota, in Sims, P.K., MESOPROTEROZOIC ROCKS and age (1,846 Ma in Kanabec County). The rest of the intrusions in potential base m'eta (copper, nickel) deposits. ) ) lon.g,.elhptlcal lenses of porphyritic felsite interpreted to be pos.51ble
KBN?2 41 360 220 48 93 119 101 17 29 137 20 64 4 395 7 4 6 1 5 3 bd in east-central Minnesota, 1994-1995: Summary of lithologic results: and Morey, G.B., eds., Geology of Minnesota: A centennial volume: Bmh | Hinckley Sandstone—Tan to orange, fine- to medium-grained, well-sorted Kanabec County that have been dated are post-Penokean, emplaced The. composnfe gverage of'the over 6,000 feet of drill core Obtélped 1ap111.1 fragmejnts surrounded by darker—cfoloredj more strongly fol'lated
KBN22 47 373 210 41 85 82 96 16 22 128 21 58 3 102 6 13 12 3 4 ) bd Minnesota Geological Survey Information Circular 42, 105 p. Minnesota Geological Survey, p. 416-424. and well-rounded quartz arenite" composed of about 96 pércent quartz between 1,800 and 1,766 Ma, a time interval that corresponds to crustal from this map unit is approximately 42 percent graywacke/argillite, matrix material. These cores were previously interpreted to be highly
KBN4 43 362 203 48 99 150 90 17 3 23 23 64 3 53 12 6 7 2 6 3 bd Van Schmus, W.R., Schneider, D.A., Holm, D.K., Dodson, S., and Nelson, B.K., (Tryhorn and Ojakangas, 1972) e;;cept the lower part contains 10 percent convergence related to the younger Yavapai Orogeny. Intrusions of this 26 percent ultramafic to mafic intrusive igneous rocks, 13 percent sheared granitic intrusive rocks, but the characteristic phenocryst
2007, New insights into the southern margin of the Archean—Proterozoic or more of weatherod ’kaolin’itic feldspar. This unit is not exposed age include the Hillman tonalite (unit Bph), the Ann Lake granodiorite sedimentary rocks with mafic tuffaceous component, 13 percent morphologies indicate this unit is most likely a porphyritic, fragmental
Analyses provided by Jeff Thole, Macalester College; major and trace elements were analyzed by wavelength dispersive x-ray fluorescence. boundary in the north-central United States based on U-Pb, Sm-Nd, and at the surface in Kam;bec County. but ou.tcro s elsewhere—such as (unit Bpa), the Warman granodiorite (unit Bpw), and by inference, granite massive basalt, 2 percent each of fragmental mafic volcanic rocks, to massive felsic volcanic rock. The extent is speculative and based on
Major element concentrations were determined from fused glass beads composed of the sample and lithium metaborate and lithium tetraborate. Trace Every reasonable effort has been made to ensure the accuracy of the factual data on Ar-Ar geochronology: Precambrian Research, v. 157, p. 80-105. 1 Pine County to th . y’h reri cfb . h bed unit Bpg. The extents of all these intrusions are poorly constrained and chert, and carbonate, and minor proportions of intrusive breccia and aeromagnetic lows that partly correspond to Bouguer gravity lows, and
element concentrations were determined from pressed powder pellets. which this map interpretation is based; however, the Minnesota Geological Survey - rne Lounty fo the east—are characterized by trough cross-beds : : : small granitoid intrusions. About 26 percent of the graywacke/argillite the lithology is based on two drill cores (EC-11 and EC-20). Major-
- - ; ; ; does not warrant or guarantee that there are no errors. Users may wish to verify critical and thin layers of ripple-marked, fine-grained sandstone indicative they are delineated on the basis of weak geophysical anomaly patterns : : " : : :
EC-11—Porphyritic dacitic volcanic rock with quartz and feldspar phenocrysts; drill core EC-11, 251-foot (76-meter) depth. o e g 6 both the rof p d.h di ]}’ ) f}ll h A J locally verified by drill cores and outcrops portion is graphitic to varied degrees, and about 14 percent contains element geochemical data (Table 2, sample EC-11) from one sample
KBN2'— Purplish-brown and green banded biotite-rich amphibolitic schist interpreted to be metasedimentary rock with mafic tuff component; drill core n 9rmat|on,sogrcesmc ude Ot_ the re erences Isted here andin ormation on file at the of deposition in an aqueous environment, and by planar, low-angle . . . N . thin carbonate interbeds (Table 1). of this rock plot as calc-alkaline dacite on a Jensen cation plot (Fig.
05BN002, 613-foot (186.8-meter) depth. offices of the Minnesota Geological Survey in St. Paul. In addition, effort has been made cross-beds, possibly indicative of deposition in an eolian environment Bpf Granite—Inferred from a negative gravity signature and corresponding . o .
to ensure that the interpretation conforms to sound geologic and cartographic principles. Primary graywacke/argillite beds are metamorphosed to mica- 2; Jensen, 1976).

KBN22— Fine-grained massive amphibolitic metabasalt; drill core 05BN002, 918-foot (279.7-meter) depth.
KBN4—Fine-grained massive amphibolitic metabasalt; drill core 05BN004, 187-foot (57-meter) depth.
bd—Below detection limit.
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No claimis made that the interpretation shownis rigorously correct, however, and it should
not be used to guide engineering-scale decisions without site-specific verification.
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(Beaster and others, 2000).
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subdued, weak, positive aeromagnetic anomaly to possibly be granite

quartz-plagioclase schist, with varied amounts of garnet and rare
sillimanite, staurolite, clinopyroxene, and possible cordierite; local
thin beds of brown dravite tourmaline were noted in some tuffaceous
layers. Garnets exhibit snowball textures, and are variably retrograded
to chlorite. Some sulfide-rich intervals are composed of albitite,
possibly indicative of sodic alteration prior to metamorphism, and

This unit may include an unknown proportion of highly sheared
and cataclasized granitoid rocks near the south edge of the county
as indicated by a drill core located just south of the county border
in Isanti County; however, there is no evidence in the geophysical
anomaly data to indicate that this granite forms a mappable unit within
Kanabec County.



