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Introduction 

The scope of this report is to describe the lithology 

and any accompanying mineralization as determined from a study 

of 19 drill cores from northeastern Itasca and adjacent counties. 

The cores were obtained by various mining exploration companies 

and are now availa~le in the core library of the Minnesota De

partment of Natural Resources, Hibbing, Minnesota. All the 

cores studied are from terminated leases; access to active 

lease files was not available. 

General Description of Rock Types 

The rock types observed have been divided into the fol-

lowing broad categories: 

Intrusive mafic rocks 

Mafic metavolcanic rocks 

Felsic metavolcanic rocks 

~etasedimentary rocks 

Monzonites and syenites 

Higher grade metamorphic rocks 

Except for the monzonites and syenites, essentially all 

the rocks have undergone at least low~grade metamorphism, but 

the retention of some original minerals and the partial pres

ervation of primary textures have enabled recognition of the 

original rock types in most cases. The distribution of rock 

types is consistent with the existing geologic mapping shown 
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on the Hibbing Sheet (Sims and others, 1970). 

Intrusive Mafic Rocks 

Intrusive mafic rocks include metadiabase and cumulate 

gabbro. The metadiabase can be divided into two types, based 

on degree of alteration or recrystallization. 

The first type, which is relatively unaltered, was ob

served in drill cores BLD-l and BLD-2, both of which penetrated 
1 

the same diabase body. It is a dark gray, homogeneous rock 

with an a~hanitic chilled border which gradually increases in 

grain $ize to approximately 2-3 mm. Primary minerals consist 

of broad, twinned plagioclase laths (50-60 percent), with an

gular, intergranular augite (50-40 percent) that is commonly 

twinned. Accessory minerals include opaque oxide and intersti-

tial sodic plagioclase. The plagioclase is partially altered 

to prehnite and sericite and" the augite is partially altered 

to chlorite and a semi-opaque dust. Prehnite is also abundant 

interstitially. Geophysical data indicate the diabase is ap

proximately 200 to 250 feet thick. 

The second type of metadiabase is widespread throughout 

the area, and is characterized by highly saussuritized plagio

clase and sea-green amphibole. These diabases are gray to 

dark gray rocks, generally homogeneous, with a grain size gen

erally within 0.5-1 mm, although some hornblende as large as 

2 mm was observed. The original textures range from diabasic 

to hypidiomorphic granular. The amphibole is hornblende, it 

is generally prismatic, commonly twinned and some grains con

tain relict clinopyroxene cores. The hornblende in some samples 
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is slightly altered to chlorite and minor actinolite. The ori

ginal plagioclase is highly saussuritized to mixtures of chlorite, 

sericite, epidote and calcite so that generally only relict 

plagioclase grains remain. Interstitial quartz, commonly in 

micrographic intergrowth with altered plagioclase, is present 

in most thin sections examined. Other accessory minerals include 

skeletal opaque oxides commonly altered to leucoxene and sphene. 

The cumulate gabbro occurs in the top 73 feet of drill 

hole T-13. It is a medium gray, homogeneous equigranular rock 

with a grain size of 0.5 to 1 mm. The primary mineralogy 

consists of cumulus clinopyroxene (40 percent) and intercumulus 

plagioclase (60 percent) with minor amounts of quartz and 

opaque oxides. The clinopyroxene is extensively altered to 

a pale green amphibole (actinolite?) and a brown biotite-like 

mineral. The plagioclase is partially saussuritized to a fine 

mixture of sericite, chlorite and epidote. 

Also occurring in drill hole T-13, but separated from the 

gabbro by 46 feet of metasedimentary rocks, is an altered grano

phyre. It is gray, massive, and consists of a micrographic 

intergrowth of quartz and altered feldspar. The feldspar al

teration products are calcite, chlorite and sericite. Although 

the gabbro and granophyre are probably not part of the same 

differentiated sill, their occurrence together suggests the 

possibility of differentiated gabbroic sills in the area. 

Mafic to Intermediate Metavolcanic Rocks 

The majority of the mafic metavolcanic rocks are inter

preted to be metavolcanic flows. Most commonly they are gray 
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to green, fine-grained, homogeneous rocks with an tntergranu1ar 

texture. The mineralogy consists of plagioclase laths or mic

ro1ites commonly altered to chlorite, epidote and calcite with 

a fine intergranu1ar mixture of chlorite, epidote and calcite. 

Some of the flows are amygda1oida1 with calcite as the most 

common filling and quartz and chlorite less common. A meta

andesite from drill hole CH-4 (351) consists of broad, par

tially altered plagioclase grains and a mixture of chlorite, 

mica, and fine opaque dust pseudomorphic after amphibole. 

Devitrified crystal vitric tuffs are present in drill 

hole Cook-B. These are massive, light greenish-gray rocks 

that in thin section show broad plagioclase crystals in a 

matrix of devitrified glass commonly with an excellent vitro

clastic texture. Identifiable minerals consist of calcite, 

chlorite and minor sericite, suggesting that the original rocks 

were of intermediate composition. The upper five feet of one 

of the tuffs consists of a foliated chlorite-calcite rock. 

The chlorite bands commonly contain ellipsoidal structures and 

may represent a devitrified glassy flow. 

Felsic Metavo1canit R6cks 

The majority of the felsic volcanic rocks are charac

terized by the mineral association white mica and quartz with 

minor amounts of chlorite present in some specimens. Some of 

these rocks have readily identifiable pyroclastic textures 

but some others have no diagnostic texture to indicate if 

they are tuffs or flows. They are all fine-grained rocks 

that vary in color from dark gray to white -- largely a 

function of the amount of fine opaque dust. Altered feldspar 
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crystals are common in most of the tuffs and abundant felsic 

volcanic lithic fragments 0.5 mm in size as well as feldspar 

5 

g r a ins and qua r t z f ,r a g men t s c h a r act e r i z eon e t u f fun i tin d r ill 

hole T7 (351 feet). The presence of alunite and abundant py

rite in another tuff unit in drill hole T7 indicates hydro

thermal alteration. 

A felsic to intermediate metavolcanic flow is present 

in drill hole FL-30-1. It is a homogeneous, greenish-gray 

rock with a grain size of approximately 0.5 mm. The mineral

ogy includes feldspar, biotite, quartz and secondary epidote 

and chlorite. 

Metasedimentary Rocks 

Metasedimentary rocks consist of graywackes, conglomerates 

(breccias), argillites, cherts, and siliceous iron-formation. 

The graywackes are gray to brown, poorly sorted rocks that 

contain angular to subrounded clasts that are generally 0.5 to 

1 mm in size. Quartz and plagioclase are the most common but 

other recognizable grains include chert, opaque oxide, and 

volcanic lithic fragments. Detrital muscovite, biotite and 

chlorite are present in some graywackes. The matrix is par

tially recrystallized to white mica and chlorite and commonly 

is calcareous. The graywackes range from massive to IIfoliated li 

and contain common interbedded argillite. 

In drill hole eM 5 the graywacke grades into a conglom

erate (breccia) with angular clasts that range from 1 mm to 

4 cm. The clasts consist of chert, argillite, and volcanic 

rock fragments with smaller fragments of quartz, plagioclase 

and chert between the larger clasts. 
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The argillites are fine-grained, dark gray to black 

rocks with a well developed fissility; the fissile surfaces 

commonly show a micaceous sheen. Thin sections show that 

these rocks are generally composed of chlorite and sericite; 

many are calcareous and graphitic. 

Chert is present and is commonly extremely graphitic. 

Drill hole Cook-8 contains brecciated chert healed with quartz-

calcite veins. The quartz in the veins shows ' welded over

growths indicating some recrystallization of the breccia. 

A bre-ciated siliceous iron-formation is present in 
ctJ-/ (, 

drill hole CM16. It consists of magnetite and chert with 

minor amounts of iron sulfide minerals. 

Monzonites and Sy~~ites 

Four drill holes were put down into the alkalic rocks 

of the Linden pluton, and penetrated augite syenite, leuco-

cratic syenite, and hornblende monzonite. The rocks are 

gray to pink, hypidiomorphic granular, with a grain size of 

approximately 2 to 3 mm. They may be massive or may show a 

crude alignment of mafic minerals. Segregations of mafic 

minerals on the scale of several centimeters are common. 

All ·the rocks contain microperthitic microcline, plag

ioclase, and green biotite with accessory epidote, sphene, 

opaque oxides, and apatite. In addition pale green augite 

is present in two of the syenites, muscovite is present in 

the leucocratic biotite syenite, and green hornblende, some 

with relict augite cores, is present in the monzonite. The 

leucocratic syenite also contains an accessory brown isotropic 

mineral (grossularite?) associated with sphene. 
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Monzonites are also associated with the metadiabase 

in MDB-l. They range in thickness from one foot to several 

feet and probably represent monzonite dikes in the metadiabase. 

There are no obvious contact effects between the two rock 

types. The monzonites are homogeneous, massive, pinkish 

gray in color, and have a grain size of approximately 1 mm. 

Thin sections of three of the dikes show that they all have 

a hypidiomorphic granular texture, with the essential minerals, 

plagioclase, muscovite, and biotite. Two of the sectioned 

monzonite dikes contain abundant pale green hornblende (20 

percent) but the third contains less than three percent horn

blende. Interstitial quartz was observed in one of the mon-

zonites. Abundant apatite, sphene and opaque oxides are 

present as accessory minerals and calcite is a common secon-

dary mineral. 

The metadiabase of drill core CK-2 contains a six-foot 

section of a plagioclase-muscovite-calcite rock. The rock is 

pink with plagioclase (AblOO-Ab92) phenocrysts (or poikilo

blasts?) approximately 3 mm in size that enclose abundant large 

muscovite grains. The boundaries of the phenocrysts (poikilo

blasts?) are sutured and grade imperceptibly into a fine-
• grained matrix of plagioclase, muscovite and calcite. The 

matrix grains have suture grain boundaries suggestive of tex

tural non-equilibrium. Apatite is common as an accessory miner-

· al. The texture and mineralogy is suggestive of a recrystal

lized, leucocratic monzonite or albite syenite. 

Higher Grade Metamorphic Rocks 

Schists and hornfels that have undergone complete meta-



8 

morphic recrystallization occur in southern Koochiching Coun

ty (Drill hole FL-32-l) and at the margin of the Linden pluton 

(Drill hole LF-l) respectively. The schists are fine-grained 

(0.5 to 1 mm) equigranular rocks with a well developed mineral 

foliation that is parallel to compositional layering. Indi

vidual mineralogical layers range in thickness from less than 

1 cm to more or less homogeneous units 20 cm thick. The color 

of the schists varies from green to brown to gray depending 

upon whether the dominant mineralogy consists of hornblende 

and chlorite, biotite, or muscovite respectively. 

Mineral associations identified in thin section are: 

1) Hornblende-epidote-chlorite-opaque oxide-(plagioclase) 

2) Biotite-hornblende-epidote-quartz-plagioclase 

3) Quartz-chlorite-white mica-plagioclase-graphite

?paque oxide. 

In addition, a recrystallized diabase contains the min

eral association hornblende-epidote-plagioclase-calcite. The 

recrystallized plagioclase contains sutured, non-equilibrium 

grain boundaries; relict plagioclase is also present. 

The occurrence of biotite places these rocks in the up

per part of the greenschist facies (biotite zone) and possibly 

the greenschist-amphibolite transition facies of Turner (1968). 

The hornfels are dark brownish-gray, fine-grained 

(0.25 mm) equigranular rocks that vary from granoblastic to 

moderately foliated due to alignment of biotite grains. Minor 

compositional layering is present as a result of variation in 

the ratio of biotite to hornblende. The foliation and the 

compositional layers ~re parallel. All the rocks are quartz-
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rich with quartz plus feldspar making up approximately 50 per-

cent. 

Mineral associations observed in thin sections are: 

1) Quartz-biotite-feldspar-opaque oxide -(tourmaline) 

2) Quartz-biotite-feldspar-calcite 

3) Quartz-hornblende-feldspar-(biotite)-opaque oxide 

These mineral associations are also appropriate to the 

upper greenschist facies or to the albite-epidote-hornfels fa

cies, depending upon which facies series is appropriate. 

The proximity of these rocks to the inferred contact of 

the Linden pluton (Hibbing Sheet) suggests that they may be part 

of a contact aureole around the pluton. The similarity of min

eral associations to those described above for the schist, how-

ever, also allows the alternate conclusion that these rocks may 

represent schists that have a regional occurrence. 

Mineralization 

Generally sulfide mineralization is present only as one 

to three percent disseminated pyrite. Occurrences of sulfide min

erals in excess of 10 percent are listed below. The only litho-

logic association obvious is the common occurrence of 20 to 40 

percent pyrite and/or pyrrhotite with graphite rocks. Graphite 

zones barren of mineralization are also common. The cumulate 

gabbro locally contains up to 30 percent pyrite, pyrrhotite and 

chalcopyrite, but this rock type was encountered only in one 

core. Other occurrences of sulfide minerals in excess of 10 per

cent are in sheared , mylonitized, or brecciated rocks of dif

ferent lithologies. A siliceous iron oxide formation was en-
C.N - II. 

countered at the bottom of drill hole CM-16. 
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Occurrence of Pyrite and/or Pyrrhotite > 10 % 

Drill Core Description 

CN 7476 Cook 8 20% to 40 % massive pyrrhotite with trace of 
I 

pyrite, chalcopyrite and borni te in brecciated 

chert. Occurs between breccia fragments. 30 % 

pyrrhotite in thin layers parallel to bedding 

in graphitic argillite. 

CN 7539 CK-2 20% pyrrhotite as thin foils on shear surfaces 

in mylonitized metadiabase, and as pocket fil-

lings in brecciated metadiabase. 

CN 7615 CB-l 10% pyrite locally in quartz-calcite-epidote 

veins in mafic metavolcanic rock. 

CN-7763 T-13 30% pyrrhotite, pyrite and chalcopyrite locally 

concentrated over 2-3 cm volume in cumulate gabbro. 

CN-7770 T-7 30% massive pyrite as veins and lenses i n graphitic 

argillite. 

Occurrence of Graphitic Zones: 

CN-7476 Cook 8 

CN-7608 CH-4 

CN-7615 CB-l 

CN-7645 CN-16 

CN-7763 T-13 

CN-7770 T-7 

CN-7791 FL-32-1 

CN-7794 FL-30-1 



Description of Drill Core 
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CN 7451 Humble LF-4 

Location: St. Louis County NW ' ~/46 SW 1/4, Sec. 4, T62N, R21W. 

Total Core Thickness: 25' 

General Description: 

Total core consisbof hornblende monzonite from the Linden 

Pluton. White to ,light-gray, hypidiomorphic granular with a 

2-3 mm grain size. Massive with lcm mafic segregations common. 

Major minerals consist of hornblende, biotite, plagioclase and 

microcline. Augite is pres ent as rare relict cores in hornblende. 

Accessory minerals include sphene, apatite, epidote and opaque 

oxides. Calcite is present in veins. 

Essentially no sulfide mineralization. 

Thin Section: 108' 
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CN-7457 Humble LF-5 

Location: St. Louis Co., SW 1/4, SW 1/4, Sec. 10, T62N, R21W. 

Total Core Thickness: 26' 

General Description: 

Total core consists of augite syenite from the Linden 

pluton. Light pinkish-gray, hypidiomorphic granular rock with 

a 2-3 mm grain size. The rock is generally massive with seg

regations of mafic material ranging in size from 2 to 4 cm. 

Major minerals consist of augite, biotite, and microperthitic 

microcline. Accessory minerals include sphene, apatite, 

epidote, opaque oxides and hornblende. Secondary minerals in

clude chlorite after biotite and calcite veins. 

Sulfide mineralization less than 1 percent disseminated 

pyrite. 

Thin Section: 122' 
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CN-7466 Humble LF-l 

Location: St. Louis Co., NW 1/4, SW 1/4, Sec. 21, T63N, R21W. 

Total Core Thickness: 26' 

General . Description: 

( ,?<n) ('aflt) 

Biotite-hornblende hornfels. Dark gray fine-grained rock 

with a 1 to 10 rnrn compositional layering due to slight differenc es 

in ratio of minerals. Texture is hornfelsic with slight preferred 

orientation of biotite parallel to compositional layering. 

Mineral associations include: 
",.

biotite-quartz-feldspar-opaque oxides-tourmaline 

biotite-quartz-feldspar-calcite 

hornblende-quartz-feldspar-(biotite)-opaque oxides 

Mineralization: trace of pyrite 

Thin Sections: 

118' Biotite-hornblende hornfels 

131' Biotite hornfels 
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CN-7468 Humble LF-2 

Location: St. Louis Co., SW 1/4, NW 1/4, Sec. 28, T63N, R21W 

Total Core Thickness: 25' 

General Description: 

Total Core composed of syenite of the Linden Pluton. 

The rock is pink, hypidiomorphic granular with a 2-3 rom grain 

size. The rock is homogeneous with a foliation defined by a 

crude alignment of mafic minerals. Major minerals consist of 

potassium feldspar, plagioclase, muscovite and green biotite. 

Accessory minerals include epidote, sphene, opaque oxides, 

calcite, and grossularite? 

Essentially no sulfide mineralization. 

Thin Section: 235' 
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CN-747l Humble LF-3 

Location: St. Louis Co., SE 1/4, NE 1/4, Sec. 32, T63N, R21W. 

Total Core Thickness: 25' 

General Description: 

Total Core consists of qugite syenite from the Linden 

Pluton. Dark gray, hypidiomorphic granular with a grain size 

of approximately 0.5 mm. Generally massive and homogeneous 

with major minerals augite, microperthitic potassium feldspar, 

plagioclase, and biotite. Accessory minerals include sphene, 

apatite and minor amphibole. Feldspathic veins 2-4 cm thick 

present. 

Essentially no sulfide mineralization. 

Thin Section: 199' 
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CN-7476 Humble Cook 8 

Location: Itasca Co., SW 1/4, SE 1/4, Sec. 7, T62N, R22W. 

Total Core Thickness: 257' 

General Description: 

The top 86 feet of the core consists of a mafic metavolcanic 

flow. The remaining core consists predominantly of intermediate 

to felsic crystal tuffs, many of which have relict vitroclastic 

texture, with thin interlayered brecciated cherts and minor graphitic 

argillite. Mineralization: 20 to 40% pyrrhotite in the brecciated 

chert s and argillites. Other rocks contain less than 1 percent 

pyrite. 



Summary Core Log: 

From To Feet 

126 212 86 

212 215 3 

215 219 4 

219 225 6 

225 244 19 

244 245 1 

245 250 5 

250 263 13 

263 268 5 

268 383 115 

Description of Core: 

From To 

126 212 

212 215 

18 

Rock Type 

Mafic metavolcanic rock (flow) 

Brecciated chert 

Calcareous graphitic argillite 

Brecciated chert 

Felsic metavolcanic Rock (tuff) 

Brecciated chert 

Mafic metavolcanic rock 

Intermediate Crystal tuff 

Brecciated Chert 

Intermediate crystal tuff 

Description 

Mafic metavolcanic flow ; medium greenish 

gray, fine grained, massive. Mineralogy 

consists of altered plagioclase laths in 

an intergranular matrix of calcite, chlorite 

and epidote. Numerous quartz-calcite veins. 

Mineralization: minor pyrite; 2.5 cm band 

of massive pyrrhotite 45° to core axis. 

Brecciated chert: individual angular fragments 

3 to 5 cm. Calcite veins and pockets common 

between breccia fragments. Mineralization: 

Approximately 20% massive pyrrhotite with trace 

of pyrite, chalcopyrite and bornite. 



215 219 

219 225 

225 244 

244 245 

245 250 
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Calcareous graphitic argillite: Black, fine 

grained, bedding 2mm to 2cm thick, 85° to core 

axis. Mineralization: Approximately 30% 

pyrrhotite in thin layers parallel to bedding. 

Brecciated chert similar to 212-215. Minerali

zation: approximately 35% massive pyrrhotite 

between breccia fragments. 

Felsic metavolcanic rock (tuff): greenish-

gray, fine-grained homogeneous rock with a week 

foliation 45° to core axis. Mineralogy consist

ing of relict feldspar crystals altered to 

sericite and chlorite in a fine-grained semi

opaque matrix. Minor quartz present and abundant 

quartz-calcite veins. Mineralization~ trace of 

pyrite. 

Brecciated chert! similar to 212-215. Mineral

ization: Aprpoximately 40 percent pyrrhotite 

and minor pyrite between breccia fragments. 

Mafic metavolcanic rock (greenstone): Dark 

green, well foliated 50° to core axis. Miner

alogy consists of chlorite and calcite with 

relict micru-rllipsoidal structures in the chlorite. 

Calcite veins l-3mm thick common. Mineralization: 

trace of pyrite. 
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250 263 Intermediate crystal tuff: light greenish gray, 

fine grained with approximately 10% plagioclase 

crystals in a matrix of devitrified glass com-

monly with an excellent vitroclastic texture. 

Identifiable minerals consist of calcite, chlor-

ite and minor sericite. Minor vesiculation 

filled with calcite and chlorite. Mineraliza

tion; less than 1% pyrite. c..la&\$ t>C ~tS\c-\()~ ~~\t.Q', 

263 268 Brecciated chert: Similar to 212-215. 

Mineralization: approximately 5% pyrrhotite 

and pyrite. 

268 383 Intermediate Crystal Tuff: Similar to 250-263. 

Thin Sections: 

190' Mafic metavolcanic rock 

213' Brecciated chert 

217' Calcareous graphitic argillite 

235' Felsic metavolcanic rock 

248' Mafic metavolcanic rock (greenstone) 
~ 

25~' Intermediate crystal tuff 

263' Breccia ted chert wI" c-1obl1c.. ~~ \"'t.-v....A\V~ ~~ ~\a.. 

338' Intermediate crystal tuff C~\.,trv..}? I ~~"'''o.t,) 
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CN 7479 Humble MDB-1-1 

Location: St. Louis Co., NE 1/4, SW 1/4, Sec. 10, T62N, R22W. 

Total Core Thickness: 485' 

General Description: Metadiabase with common monzonite dikes that 

range from 1 to 8 feet thick. Contacts between metadiabase and 

monzonite are sharp with no apparent contact affects. Mineraliza

tion consists of less than 1 percent disseminated pyrite and 4-5mm 

pyrite veins in the metadiabase. The monzonite contains a trace of 

pyrite. 

Summary Core Log: 

From To Feet Rock Type 

108 272 164 Metadiabase 

272 278 6 Monzonite 

278 304 26 Metadiabase 

304 311 7 Monzonite 

311 486 175 Metadiabase 

486 489 3 Monzonite 

489 507 18 Metadiabase 

507 508 1 Monzonite 

508 583 75 Metadiabase 

583 591 8 Monzonite 

591 593 2 Metadiabase 
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Description of Core: 

From To Description 

108 272 Metadiabase: Medium gray, 0-.5 - Imm hypidiomorphic 

granular. Essential minerals are sea-green hornblende 

and plagioclase in approximately equal amounts. Horn

blende is commonly twinned and relict augite cores are 

present but rare. Plagioclase is highly altered to 

sericite, epidote, and chlorite. Minor quartz is present 

interstitially in micrographic intergrowth with plagio

clase. Mineralization: less than 1% disseminated pyrite 

and some 4-5 mm pyrite veins. 

272 278 Monzonite: pinkish gray, 1 mm hypidiomorphic granular. 

278 

304 

311 

486 

489 

507 

508 

583 

304 

311 

486 

489 

507 

508 

583 

591 

Essential minerals are plagioclase, microcline, biotite, 

and amphibole. Accessory minerals include apatite and 

sphene. The amphibole is very pale green and the biotite 

contains abundant exsolved (ilmenite) needles. 

Mineralization: trace of pyrite. 

Metadiabase: lithologically similar to 108-272 

Monzonite: lithologically similar to 272-278 

Metadiabase. lithologically similar to 108-272 

Monzonite : lithologically similar to 272-278 

Metadiabase: lithologically similar to 108-282 

Monzonite: lithologically similar to 272-278 

Metadiabase: lithologically similar to 108-272 

Monzonite: l'ithologically similar to 272-278 except con-

tains less hornblende (5%) and contains minor interstitial 

quartz 

591 593 Metadiabase: lithologically similar to 108-272. 



Thin sections: 

157' Metadiabase 

239 ' Metadiabase 

273' Monzonite 

306' Monzonite 

371' Metadiabase 

582' Metadiabase 

583' Monzonite 
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CN 7539 Hanna-Moore CK-2 

Location: Itasca Co., NE 1/4, NE 1/4, Sec. 17, T61N, R23W. 

Total Core Thickness 312' 

General Description: 

Metadiabase with a six foot albite syenite dike. The meta-

diabase is characteristically brecciated and mylonitized. The 

angular breccia fragments range in size from several millimeters 

to approximately 10 centimeters. Calcite and calcite plus quartz 

are common between breccia fragments. Mineralization generally 

consists of less than 1 percent disseminated pyrite and pyrrhotite 

with local traces of chalcopyrite. In some mylonitized zones 

pyrrhotite content may be as great as 20 percent. 

Summary Core Log: 

From To Feet Rock Type --
44 52 8 Metadiabase 

52 53.5 1.5 Metapyroxenite 

53.5 76 22.5 Metadiabase 

76 80 4 Sheared metadiabase 

80 86 6 Albite syenite 

86 89 3 Sheared metadiabase 

89 356 267 Metadiabase 

Description of Core: 

From To Description 

44 52 Metadiabase: light to dark gray; D.5 to 1 mm, hypidio-

morphic granular. Primary minerals consist of plagioclase 
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and hornblende with minor amounts of quartz and opaque 

oxides. Secondary minerals include sericite, chlorite, 

epidote and calcite. Minor brecciation with calcite 

and quartz between angular fragments. Mineralization: 

disseminated pyrite and pyrrhotite less than 1%. Local 

concentration of pyrrhotite up to 75% over 2 cm volume. 

Trace of chalcopyrite. 

52 53.5 Metapyroxenite: dark green, equigranular 2 rom horn-

53.5 76 

76 80 

80 86 

86 89 

89 148 

148 220 

blende with rare relict augite cores. Quartz-calcite 

veins 1 to 2 rom thick. Maneralization: none. 
to 

Metadiabase: lithologically similar 44-52. 
A 

Sheared metadiabase: sheared and locally mylonitized 

approximately 30° to core axis. Numerous quartz-calcite 

veins parallel to shearing. Mineralization: none. 

Albite Syenite: pink, 3 rom phenocrysts of albite with 

large muscovite grains in matrix of albite, muscovite 

and calcite. Lower six inches gradational to a gray 

color. Upper contact altered. Mineralization: Dissemin-

ated pyrit~ 3%. 

Sheared Metadiabase: similar to 76-80. 

Metadiaba se: similar to 44-52 with strong brecciation 

and minor mylonitization 30° to core axis in interval 

134-148. Mineralization: 1-3% disseminated pyrite and 

pyrrhotite and trace of chalcopyrite. 

Metadiabase: 95% mylonitized and brecciated. Angular 

metadiabase fragments 1 rom to 4 cm. Non-brecciated 

zones up to 18 cm thic k present. Mineralization:1-3% 

disseminated pyrrhotite. 
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220 245 Metadiabase: similar to 44-52 

245 251 Graphite: black, vuggy, possibly a xenolith. Mineral

ization: less than 1% disseminated pyrite. 

251 356 Metadiabase: similar to 44-52 with mylonitized zones 

up to 5 feet thick. 

Mineralization: Kenerally less than 1% disseminated 

pyrrhotite. Mylonitized zone 271- 275' contains approx

imately 20% pyrrhotite as thin foils on shear surfaces. 

Some breccia zones contain pyrrhotite pocket fillings 

up to 4 em in volume. 

Thin Sections: 

47' Metadiabase 

53' Metapyroxenite 

85' Albite syenite 

141' Sheared metadiabase 

273' Mylonitized metadiabase with pyrrhotite 

352' Metadiabase 
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CN-7608 Moore CH-4 

Loca t ion: St. Louis Co., NE 1/4, NE 1/4, Sec. 29, T62N, R2lW. 

Total Core Thickness: 283' 

General Description: The upper 182' is composed essentially of 

metadi abase which is generally dark gray, fine grained, and homo-

geneous with a relict diabasic texture. Major minerals are 

hornblende-epidote-chlorite and rare relict plagioclase. Con-

tains e x tensive zones of alteration to a brown clay-like substance. 

The lower par t of the core consists of interlayered metavolcanic 

rocks J gr~facke, and graphite. Mineralization: t race of pyrite 

and pyrrhotite in the metadiabase. Some metavolcanic units con-

tain 1 to 5% disseminated pyrite. 

Summary Core Log: 

From To Feet Rock Type 

123 186 63 8% Core recovery. Graphite and metadiabase 

1 86 305 119 Metadiabase 

305 335 30 Felsic metavolcanic rock 

335 340 5 Graphite 

340 363 23 Mafic metavolcanic rock 

363 406 43 Graywacke with minor argillite 

Description 

123 186 8 % core recovery. Graphite with 3% pyrite and extremely 

altered metadiabase. 
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186 305 Metadiabase: dark gray, fine grained, homogeneous, 

relict diabasic texture. Mineralogy: hornblende, epidote, 

ch10ritic, relict plagioclase. Zones of extreme 

alteration, up to 50' thick, to a brown Ip1unky" clay-like 

material. Mineralization : trace of pyrite and 

pyrrhotite. 

305 335 Felsic metavolcanic rock: gray, fine grained, bleached. 

335 340 Graphite: black, extremely vuggy and broken. Mineraliza

tion: 5-10% pyrite. 

340 363 Mafic metavolcanic rock: grayish green, fine grained, 

homogeneous. Mineral o gy: corroded and partially 

sericitized plagioclase grains in a matrix of chlorite 

and other minerals. Mineralization: essentially none. 

363 406 Graywacke: brown, 0.5 to 1 mm, moderately sorted. 

Thin inter layered argillite units 450 to core axis. 

Corroded grains of quartz and plagioclase in a matrix 

of chlorite, plagioclase, quartz, and sericite. 

Thin Sections: 

217' Me tadiabase 

300' Metadiabase 

351' Mafic metavolcanic rock 

405' Graywacke 



CN-7609 Moore CM-5 

Location: St. Louis Co., SW~ , SE~ , Sec. 30, T62N, R21W. 

Total core thickness: 230' 

General Description: 

29 " 

Inter layered argillites and graywacke with individual units 

ranglng in thickness from approximately 6 inches to 50 feet. 

Bedding is at an angle of 30 to 45 degrees to the core axis. The 

argillites are dark gray to black with a micaceous sheen on well 

developed fissile surfaces. Some argillite units are highly 

graphitic. Local bleached zones (units 7 feet thick) are reduced 

to white clay. The graywackes consist predominantly of angular 

fragments of quartz and plagioclase, with lesser amounts of chert, 

volcanic fragments and detrital biotite. The matrix commonly 

contains recrystallized sericite and chlorite. The grain size is 

generally 1 mm or less although one unit is a graywacke breccia 

with volcanic rock fragments ranging in size from 1 mm to 4 cm. 

Calcite is common in all the rock units. Mineralization consists 

of less than 1 percent disseminated pyrite. Rare concentrations 

of pyrite up to 30 percent over a 2-3 cm volume. 

Summary Core log: 

From To Feet 

120 

131 

170 

131 

170 

207 

11 

39 

37 

Rock Type 

Argillite 

Siliceous carbonate rock 

Graywacke 



207 

260 

287 

260 

287 

350 

53 

53 

63 

30 

Argillite 

Siliceous carbonate rock 

Inter1ayered graywacke, ar gillite, and 

graywacke breccia, 1 to 20 feet thick units 

Description of Core: 

From To Description 

120 131 Argillite: dark gray to black, fine grained. Micaceous 

sheen on well developed fissile surfaces. Quartz-calcite 

veins common. Mineralization: local disseminated pyrite 

less than 1 per cent. 

131 170 Siliceous carbonate Rock: white to buff, massive, fine 

grained. Calcite with approximately 20 percent quartz. 

Mineralization: less than 1 percent disseminated pyrite. 

170 207 Graywacke: gray, 0.5 to 1 mm angular fragments of 

quartz, plagioclase, chert, and argillite. ·Trace of detrital 

biotite. Matrix of sericite and chlorite. Locally 

graphitic. Well developed pressure shadows of quartz 

and/or white mica around pyrite grains. Mineralization: 

less than 1 percent disseminated pyrite. 

207 260 Argillite: dark gray to black, fine grained, micaceous 

sheen on well developed fissile surface. 207-212' 

highly graphitic. Local graywacke layers up to 6 inches 

thick. Mineralization: less than 1 percent disseminated 

pyrite. 
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260 287 Graywacke breccia: gray, 1 mm to 4 cm angular clasts 

of argillite, volcanic rock fragments, quartz, and 

chert in a fine grained graywacke matrix. Chert frag-

ments contain abundant calcite and pyrite cubes. Mineral-

ization: none. 

287 299 Graywacke: lithologically similar to 170-207 

299 302 Argillite: lithologically similar to 120-131 

302 314 Graywacke: lithologically similar to 170-207 

314 318 Graywac ke breccia: lithologically similar to 260-287 

318 328 Argillite: lithologically similar to 120-131 

328 359 Graywacke: lithologically similar to 170-207 

Thin Sections 

159 Siliceous carbonate rock 

193 Graywacke 

255 Argillite 

275 Graywacke breccia 

345 Graywacke 



CN-7611 Moore CE-6 

Location: Itasca Co., NE~, SE~, Sec. 29, T62N, R22W. 

Total Core Thickness: 293' 

General Description: 

32 

Total core composed of mafic metavolcanic rock. Greenish 

gray, fine grained, massive. Relict igneous texture. Mineral

ogy: plagioclase laths altered to ca1cit~ sericite, and chlorite, 

with a matrix of dominantly chlorite. Secondary quartz present. 

Numerous calcite velns. 

Thin section: 

Mineralization: 1% disseminated pyrite. 

114 ' o \"ll'{~·' 1 .:..om.ls f'~cat4!>S'v(. ~~ 'iC:::&\~~", 

120' 



CN-76l5 Moore CB-l 

Location: Itasca Co., SE~, NW~, Sec. 4, T6lN, R23W. 

Total Core Thickness: 222' 

General Description: 

33 

Mafic metavolcanic rock and inter layered graywacke and 

argillite. The metavolcanic rocks are greenish gray, fine grained 

and homogeneous. Amygdaloidal (calcite and chlorite) and non

amygdaloidal units are interlayered. The rock consists of altered 

plagioclase laths in a matrix of semi-opaque material. Present 

mineralogy consists of chlorite, epidote and calcite with rare 

relict plagioclase. Quartz veins and chlorite-epidote veins are 

common. The argillites are dark gray to black with a fissility 

45 0 to core axis, some thin layers are graphitic. The graywackes 

are 0.5 to 1 mm grained homogeneous rocks consisting of angular 

clasts of quartz, plagioclase, chert, detrital muscovite and chlorite, 

and rare volcanic lithic fragments. Matrix is largely recrystallized 

to chlorite and sericite. Contacts between graywacke and argillite 

are generally sharp and approximately 45 0 to core axis. 

Mineralization generally consists of 1% disseminated pyrite 

with local concentrations up to 10% in quartz and epidote veins. 

Summary Core Log: 

From To Feet 

173 

350 

350 177 

361 11 

Rock Type 

Mafic metavolcanic rock 

Argillite 



361 

363 

373 

376 

381 

363 

373 

376 

381 

395 

2 

10 

3 

5 

14 

Graywacke 

Argillite 

Graywacke 

Argillite 

Graywacke 

Description of Core 

From To Description 

34 

173 350 Mafic metavolcanic rock: greenish gray, fine grained, 

homogeneous. Relict plagioclase laths altered to chlorite, 

epidote and calcite in a matrix of semi-opaque material. 

Amygdaloidal (c~lcite and chlorite) and non-amygdaloidal 

units interlayered. Non-amygdaloidal units rarely exceed 

2' thick and occur approximately every 5'. Quartz-calcite

epidote veins common. Mineralization: generally 1% dis

seminated pyrite. Local concentrations of 5 to 10 % 

pyrite in quartz-calcite-epidote veins. 

350 361 Argillite: dark gray to black, fine grained; dominant 

micaceous mineral is sericite. 2-3 cm graphitic layers. 

Upper 5' brecciated bleached and calcareous. Mineraliza

tion: 1% disseminated pyrite. 

361 363 Graywacke: greenish gray, fine grained, with approxl

mately 25% angular 0.5 to 1 mID quartz fragments, in 

unidentified matrix. Mineralization: 1 to 2% disseminated 

pyrite. 
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363 373 Argillite: lithologically similar to 361-363. 

373 376 Graywacke: pale greeni?h gray, fine grained, massive. 

Angular clasts of quartz, plagioclase, chert, detrital 

muscovite and chlorite, and rare volcanic lithic frag

ments. Matrix largely recrystallized to chlorite and 

sericite. Mineralization: 1% disseminated pyrite. 

376 381 Argillite: lithologically similar to 361-363. 

381 395 Graywacke: lithologically similar to 373-376. 

Thin Sections: 

223' Non-amygda1oida1 mafic metavolcanic rock 

281' Amygda1oida1 mafic metavolcanic rock 

361' Argillite 

374' Graywacke 

380' Argillite 



CN 7645 Humble CN-16 

Location: Itasca Co., SE~ , NE~ , Sec. 29, T60N, R25W. 

Total Core Thickness: 197' 

General Description: 

36 

Predominantly inter layered felsic metavolcanic rocks, 

cherts, and graphitic argillite; minor amount of mafic metavolcanic 

rock. The hole bottoms in a brecciated siliceous iron-formation. 

Mineralization essentially consists of 1 to 3 % disseminated 

pyrite with local concentrations up to 5% in the more graphitic 

zones. 

Summary Core Log: 

From To Feet Rock Type 

230 252 22 Mafic metavolcanic rock 

252 327 75 Graphitic argillite 

327 342 15 Chert 

342 370 28 Felsic metavolcanic r.ock 

370 390 20 Graphitic cherty argillite 

390 408 18 Felsic metavolcanic Iock 

408 422 14 Siliceous iron-formation 

Description of Core 

From To Description 

230 252 Mafic metavolcanic rock: medium greenish-gray, f i ne

grained, homogeneous rock with an obvious layered 
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structure. Mineralogy consists of partially altered 

plagioclase laths or microlites with intergranular 

chlorite and scattered opaque dust. Abundant calcite 

veins and lenses. Mineralization consists of less than 

l% disseminated pyrite. 

252 327 Graphitic argillite: black, fine grained, thin bedded 

to laminated approximately 45 0 to core axis. Felsic tuff 

layers 5 cm thick. Quartz veins common. Mineralizati on 

consists of approximately 3% pyrite as veins parallel to 

bedding and as irregular blebs. 

327 342 Chert: light gray, extensively fractured and locally 

brecciated. Mineralization : approximately 2% pyrite 

as thin veins. 

342 370 Felsic metavolcanic rock (tuff): very light gray with 

white angular fragments that compose approximately 80% 

of rock. Matrix locally graphitic. Present mineralogy 

consists of quartz, muscovite, calcite and fine opaque 

material. Mineralization consists of a trace of pyrite 

and minor greenish copper stain. 

370 390 Graphitic cherty argillite: laminated with local thin 

quartzite units and fractured white chert units. Bedding 

approximately 60 0 to core axis. Mineralizati on generally 

3% pyrite. 

390 408 Felsic metavolcanic rock (tuff). Light gray, homogeneous, 

fine-grained tuff. Present mineralogy consists of mus

covite, calcite, opaque material and quartz. Interbedded 
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graphitic argillite from 401 to 408. Mineralization: 

average 1 to 2% pyrite with local concentrations up to 

5% in some graphitic zones. 

408 422 Siliceous iron-formation: black, fine grained exten

sively brecciated with angular fragments ranging ln 

size from 2 mm to 5 cm. Mineralogy consists of chert, 

magnetite, calcite and amphibole. Breccia fragments 

commonly healed by quartz veins. Sulfide mineralization 

consists of approximately 1% pyrite. 

Thin Sections: 

244' Mafic metavolcanic rock 

361' Felsic metavolcanic rock 

394' Felsic metavolcanic rock 

416' Siliceous iron-formation 

418' Siliceous iron-formation 



39 

CN-7763 Hanna T-13 

Location: Itasca, Co., SW~, SE~ , Sec. 11, T6lN, R24W. 

Total Core Thickness: 164' 

General Description: 

Predominantly gabbro, argillite, and granophyre. The gabbro 

is a medium gray, massive, equigranular rock, with a grain size of 

0.5 to lmm , that consists of cumulus clinopyroxene crystals, large 

poikilitic plagioclase, accessory opaque minerals and a trace of 

interstitial quartz. The clinopyroxene is extensively altered to 

green amphibole and a yellow-brown fibrous mineral. The plagio-

e-
clase is alter~ to a fine mixture of sericite, chlorite, and 

epidote. Chlorite is also common along veins. The argillite 1S 

gray to black, massive ,and has a submicroscopic grain size. It 

is locally graphitic and commonly contains chert layers up to 5 cm 

thick. The granophyre is composed of quartz-feldspar micrographic 

intergrowths. The feldspar is extremely altered to sericite, 

chlorite and calcite. 

Sulfide mineralization in all the rock types is generally less 

than 1 %. In the gabbro it consists of pyrrhotite, pyrite and chalcopy-

rite, with local concentrations of 30 percent over 2 to 3 cm. In 

the argillite units pyrite occurs as 5 mm band in chert and 5 mm to 

1 cm "balls" in the graphitic argillite. The granophyre contains 

less than 1 % disseminated pyrite. 

Summary Core Log: 

From To 

76 149 

149 170 

Feet 

73 

21 

Rock Type 

Cumulate gabbro 

Graphitic argillite with chert 



170 

193 

195 

193 

195 

250 

23 

2 

55 

Argillite 

Quartz-chlorite-hematite rock 

Altered granophyre 

40 

Description of Core: 

From To Description 

76 149 Gabbro: medium gray, 0.5 to 1 mm, equigranular homogeneous. 

149 170 

170 193 

Cumulate clinopyroxene, interstitial plagioclase and quartz. 

Clinopyroxene altered to amphibole and yellow-brown fibrous 

mineral. Plagioclase altered to sericite, chlorite and 

epidote. From 76' to 130' extremely weathered and decomposed. 

Mineralization: generally 1% pyrrhotite, pyrite, chal

copyrite with local concentrations up to 30% over 2-3 cm 

volume. 

Graphitic argillite: black, submicroscopic grain size. 

Sheared with development of angular breccia fragments up 

to 1 cm. Local chert layers up to 5 cm thick make up 1 to 

2% of rock. Mineralization: pyrite 1%, occurs as 5mm

thick bands in chert, and as 5 mm to 1 cm "balls" In 

argillite. 

Argillite: gray, massive, fine grained, non-carbonaceous. 

Tuffaceous layer up to 2' thick with white altered feldspar 

fragments. Bedding lS 45 0 to core axis. Mineralization: 

2 to 3% fine disseminated pyrite. Some pyrite along 

fractures ~ 5 mm thick. 



193 195 

195 250 
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Quartz-chlorite-hematite-talc rock. Pale greenish gray, 

fine grained. Schistose or sheared _20 0 to core axis. 

Mineralization: <1% disseminated pyrite. 

Granophyre: Gray, fine grained, massive. Micrographic 

intergrowth of quartz and altered feldspar. Feldspar 

altered to sericite, chlorite and calcite. Mineralization: 

< 1% disseminated pyrite. 

Thin Sections: 

133' Cumulate gabbro 

211' Altered granophyre 



CN 7770 Hanna T-7 

Location: Itasca Co., SE~ , SW\, Sec. 17, T62N, R24W. 

Total Core Thickness: 20' 

42 

General Description: Predominantly white to dark gray felsic 

metavolcanic rocks (tuffs). Generally fine grained and massive 

with present mineralogy consisting essentially of white mlca, 

quartz, and chlorite. Presence of abundant pyrite cubes and 

alunite in one thick section of tuff supports the interpretation 

as a hydrothermally altered rhyolitic flow or tuff. Trachytic 

textures preserved in some lithic fragments. Minor zones of 

metavolcanic graphitic argillite present throughout the volcanic 

sequence. Mineralization: 2-5% pyrite as disseminated cubes and 

veins in the metavolcanic rock-s. 30% massive pyrite veins and 

lenses in the graphitic argillite. 

Summary Core Log: 

From To Feet Rock Type 

163 326 163 Felsic metavolcanic rock with thin zones of graphitic 

argillite 

326 

331 

340 

331 5 

340 9 

364 24 

Graphitic argillite 

Metaandesite 

Felsic metavolcanic rock 

Description of Core: 

From To Description 

163 194 Rhyolitic tuff: white to light gray, fine grained, 

massive. Mineralogy: white mica, chlorite, quartz, 

alunite, pyrite. Mineralization: 5% disseminated pyrite 

cubes 0.5 to 3mm. Pyrite veins 1-2 mm thick. 



194 213 Graphite: slightly argillaceous. Mineralization: 

20-30% massive pyrite as layers and lenses. 

213 276 Rhyolitic tuff: lithologically similar to 163-194. 

276 278 Graphitic argillite: 1-3% pyrite 

278 301 Rhyolitic tuff: lithologically similar to 163-194 

301 303 Graphitic argillit~: 1-3% pyrite 

303 32 6 Rhyolitic tuff: lithologically similar to 163-194. 

326 331 Graphitic argillite: 30% massive pyrite as veins, 

lenses, and balls up to 2-3 cm. 
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331 340 Mataandesite: greenish black, fine grained, crude 

foliation. 20% altered plagioclase phenocrysts 0.5 -

1 mm. Rhyolitic tuff and argillite layers up to l' 

thick. Mineralizati on~ 1-2% disseminated pyrite cubes. 

340 364 Felsic lithic tuff: black, massive, 10-20% lithic frag

ments, plagioclase crystals, and quartz crystals up to 

Thin 

247' 

310" 

332' 

351' 

2 mm. Most lithic fragments have trachytic texture. 

Mineralizati on: less than 1% disseminated pyrite. 

Sections 

Rhyolitic tuff 

Rhyolitic tuff 

Mafic metavolcanic rock 

Felsic lithic tuff 
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CN-779l Bear Creek FL-32-l 

Location: Koochiching Co" SE~ , NW~ , Sec. 27, T63N, R25W. 

Total Core Thickness: 282' 

General Description: 

Mafic metavolcanic rock and higher grade metamorphic rocks. 

The mafic metavolcanic rock is a medium-gray, fine-grained rock con-

sisting of plagioclase microphenocrysts in a partially recrystalli zed 

matrix consisting of chlorite, plagioclase, epidote, and opaque 

minerals. The higher grade metamorphic rocks consist of recrystallized 
c 

diabase and fine grained s~ists consisting of different proportions 

of the minerals hornblende, biotite, chlorite, plagioclase, muscovite, 

and quartz. The ~ists generally have a crude foliation due to 

al i gnment of micaceous minerals that is parallel to a compositional 

banding. Mineralization: Generally less than 1 % disseminated pyrite, 

locally 3-5% disseminated pyrite. 

Summary Log: 

From To Feet Rock Type 

143 198 55 Mafic metavolcanic rock 

198 247 49 Recrystallized diabase 

247 358 III Higher grade metamorphic schists 

358 376 18 Siliceous banded graphite 

376 379 3 Recrystallized diabase 

379 425 46 Higher grade metamorphic schists 



Description o f Core 

From To Description 
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143 198 Mafic metavolcanic rock: Medium gray, fine grained, homo

geneous. Crude planar structure approximately 40 0 to core 

axis. Mineralogy: plagioclase microphenocrysts partially 

altered to chlorite in a recrystallized matrix of chlorite, 

plagioclase, epidote, and opaque minerals. Quartz-calcite 

veins common. Mineralizati on: <1% pyrite disseminated and 

along fractures. 

198 247 Recrystallized diabase: greenish gray, fine grained, 

generally equigranular with diabasic texture partially 

preserved. Local moderate shearing or foliation common, 

40 0 to core axis. Primary plagioclase has recrystallized 

to epidote-plagioclase. The recrystallized plagioclase 

has sutured grain boundaries. Amphibole dominant mafic 

mineral; occurs as ragged sea-green blades. Other minerals 

include sphene, opaque oxide, and calcite. Mineralization: 

Pyrite <1%; disseminated and veins. 

247 358 Higher grade metamorphic schists: fine-grained schists with 

platy mineral foliation parallel to compositional banding, 

40 0 to core axis. Color varies from gray to green to brown 

according to dominant mineralogy. Compositional banding 

on scale of 1 cm. Mineral associations include: amphibole

chlorite-epidote-opaque oxide-(plagioclase); biotite

amphibole-plagioclase-quartz. Mineralization: 1% 

disseminated pyrite. 
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~ 358 376 Graphite: black, fine grained, some siliceous bands. 

Mineralization: 5% pyrite disseminated and in bands. 

376 379 Recrystallized diabase: lithologically similar to 198-247 . 
. 

379 249 Higher grade metamorphic schists: gray, fine grained. 

Compositional banding and mineral foliation parallel 60 0 

to core axis. Mineral association: quartz-muscovite-

chlorite-feldspar-graphite-opaque oxides. 

< 1% disseminated pyrite. 

Thin Sections 

153' M~fic metavolcanic rock 

206' Recrystallized diabase 

251' Amphibole schist 

264' Biotite-amphibole schist 

279' Amphibole-chlorite schist 

403' Muscovite-chlorite schist 

Mineralization: 
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CN 7794 Bear Creek FL-30-l 

Location: Koochiching Co., NW~, SE~, Sec. 35, T63N, R25W. 

Total Core Thickness: 276' 

General Description: Alternating units of siliceous graphite and 

metadiabase. The siliceous graphite 1S black, well bedded, and 

consists of approximately 80 percent graphite and 20 percent quartz 

as discontinuous layers and lenses up to 1 cm thick. The metadiabase 

is greenish gray, massive, fine grained, consisting of hornblende, 

epidote, chlorite and plagioclase,--possibly a mafic volcanic flow 

rather than diabase. The hole bottoms in a felsic metavolcanic 

rock consisting of biotite-chlorite-epidote and plagioclase. 

Mineralization: The siliceous graphite contains 1 to 2 percent 

massive pyrite as 1 mm to 1 cm beds and lenses invariably associated 

with the quartz. Metadiabase contains traces of disseminated pyrite. 

Summary Core Log: 

From To Feet Rock Type 

185 232 47 Metadiabase 

232 412 180 Siliceous graphite 

412 432 20 Metadiabase 

432 437 5 Siliceous graphite 

437 441 4 Metadiabase 

441 458 17 Siliceous graphite 

458 461 3 Felsic metavolcanic rock 
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Description of Core: 

From To Description 

185 232 Metadiabase: medium greenish gray, fine grained, massive. 

consists of hornblende-epidote-chlorite

Local zones of extreme alteration. Quartz-

232 412 

412 432 

432 437 

437 441 

441 458 

458 461 

Mineralogy 

plagioclase. 

calcite veins common. Mineralization: less than 1 per

cent pyrite as disseminated cubes and along fractures. 

Siliceous graphite: Black, well bedded, consisting of 

approximately 80% graphite and 20% quartz. Quartz occurs 

as discontinuous layers and lenses up to 1 cm thick parallel 

to bedding. Cross-cutting quartz veins also present. Quartz 

grains have sutured boundaries. Mineralization: 1 to 2 

percent pyrite as 1 mm to 1 cm lenses and radiating concre

tions; pyrite invariably associated with the quartz. 

Metadiabase: lithologically similar to 185-232. 

Siliceous graphite: Lithologically similar to 232-412. 

Numerous quartz veins. 2% massive pyrite. 

Metadiabase: lithologically similar to 185-232. 

Siliceous graphite;lithologically similar to 232-412. 

Felsic metavolcanic rock: greenish gray, massive, 0.5mm 

grain size. Mineralogy consists of recrystallized biotite, 

chlorite, epidote, plagioclase and opaque oxide. Relict 

igneous texture. Mineralization: Trace pyrite. 

Thin Sections: 

218' Metadiabase 

303' Siliceous graphite 

461' Felsic metavolcanic rock 
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CN 7811 Moore BLD-l and BLD-2 

Location: Itasca Co., SW~ , NW~ , Sec. 34, T60N, R23W. 

Total Cor e Thickness: BLD-l, 353'; BLD-2, 165' 

General Description: 

Both holes penetrated the same diabase (or gabbro) body. The 

rock is gray, with a normal grain size of 3 mm. Contacts are chilled 

to an aphanitic texture. Essential minerals consist of broad calcic 

plagioclase laths, sub-ophitically enclosed by angular augite gralns. 

Accessory minerals include sphene, opaque oxides and sodic plagioclase. 

The sodic plagioclase occurs as rims on the calcic plagioclase and as 

interstitial grains. Secondary minerals consist of chlorite, amphibole, 

ser}ite, prehnite and calcite. Mineralization: disseminated pyrrhotite 

<1 %. The upper 79' (80' to 159') of BLD-l contains recrystallized 

mafic to intermediate flows. Present mineral associations include 

hornblende-epidote-plagioclase-chlorite-quartz. 

Thin Section: 

BLD-l 120' Mafic metavolcanic rock 

BLD-l 149' Mafic metavolcanic rock 

BLD-2 33' Diabase or gabbro 

BLD-2 156' Diabase or gabbro 



PROSPECT 

CN-745l 

CN-7457 

CN-7466 

CN-7468 

CN -7 471 

CN-7476 

CN-7479 

THIN SECTION 

CORE DEPTH 

LF-4 108 

LF-5 122 

LF-l 118 

LF-l 131 

LF-2 235 

LF-3 199 

Cook 8 190 

Cook 8 213 

Cook 8 217 

Cook 8 235 

Cook 8 248 

Cook 8 259 

Cook 8 263 

Cook 8 338 

MDB-l 157 

MDB-l 239 

MDB-l 273 

MDB-l 306 

MDB-l 371 

MDB-l 582 

MDB-l 583 

LIST OF THIN SECTIONS 

ROCK TYPE 

Hornblende monzonite 

Augite syenite 

Biotite-hornblende hornfels 

Biotite hornfels 

Syenite 

Augi te syeni te 

Mafic metavolcanic rock 

Brecciated chert 

Calcareous graphitic argillite 

Felsic metavolcanic rock 

Mafic metavolcanic rock 

Intermediate crystal tuff 

Brecciated chert 

Intermediate crystal tuff 

Metadiabase 

Metadiabase 

Monzonite 

Monzonite 

Metadiabase 

Metadiabase 

Monzonite 
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CN-7539 

CN-7608 

CN-7609 

CN-76ll 

CN-76l5 

CN-7645 

CK-2 47 

CK-2 53 

CK-2 85 

CK-2 141 

CK-2 273 

CK-2 352 

CH-4 217 

CH-4 300 

CH-4 351 

CH-4 405 

CM-5 159 

CM-5 193 

CM-5 255 

CM-5 275 

CM-5 345 

CEi-6 114 

CE-6 120 

CB-l 223 

CB-l 281 

CB-l 361 

CB-l 374 

CB-l 380 

CN-16 244 

CN-16 361 

CN-16 394 

CN-16 416 

CN-16 418 

Metadiabase 

Metapyroxenite 

Albite syenite 

Sheared metadiabase 
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Mylonitized metadiabase with pyrrhotite 

Metadiabase 

Metadiabase 

Metadiabase 

Mafit metavolcanic rock 

Graywack~ 

Siliceous carbonate rock 

Graywacke 

Argillite 

Graywacke breccia 

Graywacke 

Mafic metavolcanic rock 

Mafic metavolcanic rock 

Mafic metavolcanic rock 

Mafic metavolcanic rock 

Argillite 

Graywacke 

Argillite 

Mafic metavolcanic rock 

Felsic metavolcanic rock 

Felsic metavolcanic rock 

Siliceous iron oxide formation 

Siliceous iron oxide formation 



CN-7763 T-13 133 Cumulate gabbro 

T-13 211 Altered granophyre 

CN-7770 T-7 247 Rhyolitic tuff 

T-7 310 Rhyolitic tuff 

T-?- 332 Mafic metavolcanic rock 

T-7 351 Felsic lithic tuff 

CN-779l FL-32-l 153 Mafic metavolcanic rock 

FL-32-l 206 Recrystallized diabase 

FL-32-l 251 Amphibole schist 

FL-32-l 264 Biotite-amphibole schist 

FL-32-l 279 Amphibole-chlorite schist 

FL-32-l 403 Muscovite-chlorite schist 

CN-7794 FL-30-l 218 Metadiabase 

FL-30-l 303 Siliceous graphite 

FL-30-l 461 Felsic metavolcanic rock 

CN-78ll BLD-l 120 Mafic metavolcanic rock 

BLD-l 149 Mafic metavolcanic rock 

BLD-2 33 Diabase or gabbro 

BLD-2 156 Diabase or gabbro 



LIST OF THIN SECTIONS ACCORDING TO ROCK TYPES 

Intrusive Mafic Rocks 

MDB-1 157 

MDB-1 239 

MDB-1 371 

MDB-1 582 

CK-2 53 

CK-2 352 

CH-4 217 

CH-4 300 

T-13 133 

T-13 211 

FL-30-1 218 

BLD-2 33 

BLD-2 156 

Mafic Metavolcanic Rocks 

Cook-8 190 

Cook-8 248 

Cook-8 258 

Cook-8 338 

CH-4 351 

CE-6 114 

CE-6 120 

CB-1 223 

CB-1 281 

CN-16 244 

FL-32-1 153 



Felsic Metavolcanic Rocks 

Cook-8 235 

CN-16 361 

CN-16 394 

T7 247 

T7 310 

T7 332 

T7 351 

FL-30-1 461 

Metasedimentary rocks 

Cook-8 213 

Cook-8 263 

CH-4 405 

CM-5 199 

CM-5 193 

CM-5 255 

CM- 5 275 

CM-5 345 

C]"l 361 

CB-1 374 

CB-1 380 

CN-16 416 

CN-16 418 

FL-30-1 303 



Monzonites and Syenites 

LF-4 108 

LF-5 122 

LF-2 235 

LF-3 199 

MDB-1 273 

MDB-1 306 

MDB-1 583 

CF-2 85 

Higher Grade Metamorphic Rocks 

LF-1 118 . 
LF-1 131 

FL-32-1 206 

FL-32-1 251 

FL-32-1 264 

FL-32-1 279 

FL-32-1 403 
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