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Q Exploration area discussed in the text

Compared to many areas of east-central Minnesota, the bedrock in parts
of Carlton County is relatively well exposed, but nonetheless, only a tiny
fraction of the bedrock is visible at the land surface. However, the bedrock
exposures, when coupled with geophysical data such as aeromagnetic maps
and airborne and ground electromagnetic surveys, can provide clues to help
guide exploratory drilling efforts.

This plate is intended to be used largely as a guide for county land
managers and land owners to understand which areas may be explored for
minerals in the future. It does not provide specific information such as metal

deposit.

SEDEX deposits are typically large, stratiform, massive sulfide bodies that
form by the exhalative discharge of hydrothermal fluids onto the seafloor, or
into permeable beds close to the seafloor. SEDEX mineralization is typically
dominated by sphalerite (zinc sulfide) and galena (lead sulfide), along with
pyrite and pyrrhotite (iron sulfides). These deposits are believed to typically
form in relatively small, restricted oceanic basins that are filled with fine-
grained, generally carbonaceous, clastic sedimentary rocks, within larger,
rifted, continental basins. SEDEX deposits form by deeply circulating, hot
fluids that leach metals such as zinc and copper from the underlying sediment

meters) of glacial sediment.

The Esko oxide gabbro was reportedly drilled in 1966 by the W.S. Moore
Company after completion of detailed ground geophysical surveys. Later,
in that same area, Laurentian Enterprises drilled several additional holes,
but apparently did not encounter significant mineralization (Ikola, unpub.
data, 2009). The location and depth of the drill holes are unknown, as is
the whereabouts of the drill core, and none of the information from those
programs is known to be publicly available (see explanation for unit Bme on
Plate 2, Bedrock Geology).

assay V.alues or regio.nal geochemical stgdies. For speciﬁc information the pile. The metal-bearing brines rise up along basin-bounding faults as well Most of the exposed Mesoproterozoic diabase dikes (unit Bd on Plate 2,
Table 1. History of exploratory and scientific drilling in Carlton County reader is referred to f1lle's §tored at the office (?f the M%nnesotz} Depar.tment of as syndepositional faults within the seafloor sediments, and discharge at the Bedrock Geology; not shown on this plate) are very small and are unlikely
Company Year Number Footage  Commodity Samples stored at Natural Resource':s, D1V1§1°n of La}nds and Minerals, in Hlbbmg’ Mlnnesgta. seafloor, where the metals precipitate out of solution. to be considered for mineral exploration based on known mineral deposit
of holes sampled C.arltOHtCOtl'lnlty ;S aiso included lfn a l;eportt 0111 13[16 Sedll’ilen'taYY‘E.X}LalaUVe Most SEDEX deposits worldwide occur in rocks that range from 1,800 models. However, the Cloquet dlkt? (unit Bdc on Plate 2, Be.drock Geology)
U.S. Bureau of Mines 1951, 1954 5 1,383 Sulfur, base metals, iron? MNDNR, Hibbing Core Repository ;1)[:;122 ZZS:; \(/)ah?esa;i:rziarf:zlsd Z?}ferczll::tzs ar;n?:sgr;du(ls‘:v;fso;ogz to 1,600 Ma in age, first appearing at about the time that deposition of and anothet:.r pe}ralltel, unnam:d.dll.(; to ttltlﬁ. nlz)rthwes(ti with-a mat.chi)rig
Hanna Mining 1952 7 612 Sulfur, base metals, iron? MNDNR, Hibbing Core Repository others, 2003). Precambrian banded iron-formations, such as the Biwabik Iron Formation in aeron.lagn.e ¢ s1gr.1a ure, ar.e ot signt 1.can 1.c n.ess a.n may conc.ewa .y
Unknown (EL-1, 2) 1950s? 5 205 Base metals (?) Minnesota Geological Survey > Minnesota, ended (Lyons and others, 2006). Since at least some components co.ntaln.mlne.:ralogllcal zonation or layering, which %s an important attrlb.ute in
Turmoil, Inc. 1978 1 6,637 Methane gas Minnesota Geological Survey DRILLING HISTORY of the Mille Lacs Group must be older than the circa 1,840 Ma metamorphic m1nerahzed mntrusions. A1§o, the southwestern terminus of the Cloquet. dike, as
Rocky Mountain Energy 1977-1980 33 13,639 Uranium MNDNR, Hibbing Core Repository age obtained from them (Vallini and others, 2007), the bedrock in Carlton inferred from a.eromagne.tlc data, passes through ar.ld apparently te.rmlnates mn
Energy Reserve Group 1978-1980 12 4,759 Uranium MNDNR, Hibbing Core Repository Carlton County has been extensively searched for various types of County that is thought to be part of the Mille Lacs Group, south of unit Ptg, Pale.toproterozow roclf units .that are known from drill core to contain abl.lndant
Urangesellschaft 1979 2 250 Uranium MNDNR, Hibbing Core Repository mineral deposits, mainly uranium and base metals such as copper, zinc, and may be less likely to host SEDEX deposits than rocks deposited in the Animikie pyrite and/or pyrrhotite. Itis possible that emplacement of this thick diabase
Martin-Trost 1979-1980 16 3,956 Uranium MNDNR, Hibbing Core Repository lead. Electromagnetic and gravity data collected by companies as part of basin, the upper part of which was deposited as late as 1,777 Ma. Also, many dike has redistributed and concentrated metals in those rocks.
Anaconda 1980 7 2,702 Uranium (?) MNDNR, Hibbing Core Repository those exploration efforts were made available to the Minnesota Geological of the sedimentary rocks in the Mille Lacs Group are closely associated with
RUSC Inc. 1986 9 2,470 Uranium (?) MNDNR, Hibbing Core Repository Survey and were compiled on a regional geologic map that includes part of mafic volcanic rocks, an association generally not characteristic of SEDEX BASE AND PRECIOUS METALS IN MESOPROTEROZOIC
Great Lakes Exploration 1988-1993 7 1,502 Base metals MNDNR, Hibbing Core Repository Carlton County (McSwiggen, 1987). The electromagnetic anomalies shown deposits. However, as interpreted by Southwick and others (2001), the geologic ULTRAMAFIC INTRUSIONS
Cominco 1995-1998 6 2,457 Base metals MNDNR, Hibbing Core Repository on this map are taken from that compilation. Exploratory drilling by mineral setting may still be favorable for occurrences of SEDEX mineral deposits. Ultramafic intrusive rocks of Mesoproterozoic age (unit Bmt; shown as
Kennecott Minerals 2004-2008 7 8,226 Base and precious metals Kennecott Offices exploration companies, and to a lesser degree by governmental agencies, has The barren Glen Township massive sulfide deposit, which is west of Carlton the Tamarack area on this plate), located in western Carlton County, are
Minnesota Department of 1960-1971 17 200 Road construction MNDNR, Hibbing Core Repository; Minnesota been ongoing at various rates since at least the early 1950s. At the time this County, may be a SEDEX-like iron-sulfide deposit, via its association with likely continuous with similar rock types in adjacent Aitkin County that have
Mi::r:;::ga;gzgical survey roae i - Regional geologio terpretaton y ﬁ;ﬁﬁgﬁsb?::(zre Reposiony map was constructed, approximately 138 explo.ratory drill holes were dri.lled deep-water clallstic sedimentgry rocks, chert, carl.oon.ate, and only moderfitely Peen .e).(tensively dril.led. by the Kennec.ott E{(plo.ration Company. Kennecott
i » THIBB _ in the county (Table 1). Many small prospect pits and purported silver mines abundant mafic flows and sills. SEDEX deposits in general are associated identified a south-dipping zone of mineralization at least 2,461 feet (750
B'StE%ﬁény ; MNDNR 1984-1985 2 4,743 Base metals MNDNR, Hibbing Core Repository are reported throughout the southwestern portion of the county, but it has with large quantities of pyrite and pyrrhotite, and the known large deposits meters) long. According to a news release, they have delineated 9 to 11
F i TOTAL 138 53,808 never been verified that any metals were actually extracted. in the Glen Township area of Aitkin County may be SEDEX-related. Given million tons grading 1 to 1.1 percent nickel and 0.6 to 0.7 percent copper (base

MNDNR: Minnesota Department of Natural Resources
Base metals include copper, zinc, nickel, lead, and iron. Precious metals include gold, platinum group elements, and silver.
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Known exploratory drilling in Carlton County began in the 1950s, when the
U.S. Bureau of Mines and Hanna Mining Company targeted some aeromagnetic
anomalies for prospective pyrite-pyrrhotite bodies similar to those in the Glen
Township area in Aitkin County to the west (Table 1; Pennington and Davis,
1953). Most of the exploratory drilling in Carlton County occurred during a
cycle of uranium exploration in the 1980s by several companies. Since that
time to the present, mineral exploration activity, mainly for base metals such
as zinc, has proceeded slowly. The total sampled footage, as surmised mainly
from records at the Minnesota Department of Natural Resources, Division
of Lands and Minerals as well as information at the Minnesota Geological
Survey, is nearly 54,000 feet (16,459 meters), of which approximately 14,000
feet (4,267 meters) is in the form of rock cuttings rather than drill core. It is
likely that mineral exploration activities in Carlton County will continue for
base metals such as zinc, copper, lead, nickel, platinum-group elements, and
possibly titanium and vanadium. Not included in Table 1 are second-hand
reports of drilling on the Esko oxide gabbro, for which no cores or drilling
records are available.

CRUSHED ROCK AGGREGATE, ROOFING SLATE, PAVING
STONE, AND BUILDING STONE

Most of the bedrock in Carlton County that is exposed at the surface or
only shallowly buried by glacial sediment is composed of metamorphosed
sedimentary and volcanic rock types such as slate, phyllite, schist, and greenstone
(metamorphosed mafic volcanic and intrusive igneous rocks). In regard to
aggregate use, the metasedimentary rocks tend to have substandard strength and
shape properties, and if weathered, possess absorptive capabilities that make
them undesirable for use in concrete or asphalt road construction and bridge
superstructures. Other types of bedrock, such as Paleoproterozoic greenstone
and siliceous graywacke (with low mica content), and Mesoproterozoic basalt
and diabase, may meet some quality requirements for those structures. Also,
lower quality aggregate that does not meet highway construction standards
may still be suitable for use in maintaining township gravel roads.

Slate beds in the Thomson Formation have been quarried in the past for
roofing tiles, for example at the site of the Old Deetz slate quarry between
Cloquet and Esko. According to the Minnesota Office of Tourism, this quarry
was active from 1854 to 1911, was mined to a depth of 100 feet (30 meters)
with tunnels, and the slate was reportedly used in local building projects. In
addition, limited quarrying for stone pavers and building facing has taken
place in Pine County, just south of the Carlton County border, and similar
rock types are found in southern Carlton County, where the bedrock typically
contains a strong schistose habit, and consequently naturally breaks into flat

our currently poor understanding of bedrock ages in the Mille Lacs Group,
which is thought to be a series of thrust-faulted structural panels, the area
south of the Animikie basin should not be ruled out for SEDEX deposits.
Alternatively, areas such as Kalevala Township (map unit Ptm), situated at
what here is mapped as the lower part of the Animikie basin, may post-date
the Biwabik Iron Formation and thus might host SEDEX-style mineralization.
For a more thorough review of SEDEX deposit characteristics, and isotopic
data of rocks from Carlton County and east-central Minnesota, refer to
Severson and others (2003).

Volcanogenic massive sulfide deposits form as lenses within submarine
volcanic rock sequences and are generally smaller but higher-grade deposits
dominated by copper, zinc, and lead. These deposits form by the exhalation
of hot, metal-rich fluids driven by magmatic heat onto the seafloor, similar
to black smoker deposits that are observed forming on the seafloor today.
Volcanogenic massive sulfide deposits can form in a wide variety of tectonic
environments that produce crustal extension, such as oceanic sea-floor spreading
or back-arc basins. The basalts in Carlton County commonly contain pillow
structures, evidence that they erupted in a submarine environment, and have
a continental tholeiite composition, indicating they may have evolved in an
extensional setting. However, most volcanogenic massive sulfide deposits
are associated with bimodal mafic-felsic volcanism, and to date, no felsic
volcanic rocks are known in east-central Minnesota.

The Glen Township massive sulfide deposit could be similar to a hybrid
SEDEX-volcanogenic massive sulfide type of deposit known as Besshi-
style or pelitic-mafic, which contains approximately equal proportions of
fine-grained, calcareous to non-calcareous sedimentary rocks intercalated
with mafic volcanic rocks. This type of deposit is most commonly hosted
by rocks of late Proterozoic to Cretaceous (1,400 to 64 Ma) age, which are
considerably younger than the rocks in Carlton County, but may provide an
analogue exploration model.

ZINC ASSAY DATA

For the purpose of this study, new chemical analyses and assays were
not obtained. Severson and others (2003), as part of a regional SEDEX zinc
mineralization report, compiled available geochemical and assay data, which
highlights some of the available zinc assay data and includes a more thorough
description of the drilling history and style of mineralization. The localities
listed below and shown on this map use the same locality names that were
used in that report. The zinc values reported below are also summarized
from that study.

o Arrowhead Mine—At the Arrowhead Mine, several zinc values of

metals), with significant grades of platinum, palladium, and gold (precious
metals). Mineralization is reported to be in the form of disseminated to
massive sulfides within the ultramafic intrusion, as well as lenses of massive
sulfide mineralization in the surrounding metasedimentary rocks. Although
few details of this intrusion are currently made public, mineralization in the
Tamarack intrusion is likely in part contact-style (Jirsa and others, 2006),
formed by the intrusion of ultramafic magma into sulfidic country rocks (unit
Btm). These sulfidic rocks may have provided a source for sulfur that has
contaminated and saturated the magma with sulfide, concentrating metals
in the contact zone. Work is continuing on this body to determine if the
deposit will define a mineral resource.

Although the bulk of this drilling has taken place immediately west of
Carlton County, at least seven holes have been drilled in the county to date
and it is likely that more exploratory drilling will take place in the future.

SHEAR-ZONE HOSTED GOLD DEPOSITS

Other features that may attract interest are structural in nature, such as
faults and shear zones mapped on the basis of geophysical data. Structures
such as crustal-scale shear zones found throughout the world are host to
several gold mining camps, in a wide variety of host rock types. A thorough
overview of orogenic gold deposits is not presented here, but there are several
overview papers available (for example Goldfarb and others, 2001; Bierlein
and others, 2006). Thrust faults have been mapped in Carlton County based
on presuppositions of the regional geology; however, the faults have poorly
constrained locations and are largely conceptual. Although no exploration
activity has been conducted in Carlton County based on this type of deposit
model, it cannot be ruled out that at least limited exploration for this type
of deposit may occur in the future as more details of the regional geologic
structures emerge.

SUMMARY OF THE BEDROCK MINERAL ENDOWMENT
OF CARLTON COUNTY

The bedrock in Carlton County has been moderately explored for different
types of mineral deposits and their host metals, with limited success. However,
the geologic environment and types of bedrock present in the county are still
relatively poorly understood, despite the bedrock exposures and exploratory drill
cores and cuttings samples available. Although high assay values for metals
such as zinc have been found over small sample intervals, indicating potential
metal resources, no mineable deposits have been found to date. Depending
on the fluctuations in commodity prices, it is expected that exploration for

p— - — 2 10 MILES submitted to the Board of Directors, Society for Mining, Metallurgy, and slabs that could be exploited as paving stone. approximately 1,000 to 5,000 parts per million (ppm) are reported, mostly metals such as zinc, copper, lead, and precious metals will continue.
5 0 5 10 15 KILOMETERS Exploration, 17 p. An unknown but probably small quantity of sandstone from the Fond du from sooty black carbonaceous slate. Drill core MLCH-3 contained values Carlton County also has potential for crushed-rock aggregates given

Figure 1. First-vertical derivative aeromagnetic data superimposed on second-vertical derivative Bouguer gravity data. Aeromagnetic data (shaded in grayscale) show relative magnetic susceptibility of bedrock: lighter
shades are more magnetic, grayer shades are less magnetic. Gravity data show relative density of bedrock: red shades are created by more dense rocks such as basalt, mafic intrusions, and iron-rich metasedimentary
rocks; blue areas are created by less dense rocks such as metagraywacke and sandstone.
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Lac Formation was extracted in the late 1800s from two small quarries just
east of the map area near the St. Louis River (Bowles, 1918). Although these
quarries have long been inactive, there is currently a small demand for brown
sandstone similar to this, mainly for building restoration and repair.

Large quantities of Hinckley Sandstone were quarried in the late 1800s to
early 1900s along the Kettle River in Pine County, south of Carlton County.
All of the historically quarried areas are now located within Banning State
Park, which precludes them from being reopened. However, there is a small
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of up to 4,200 ppm zinc over a 135-foot (41-meter) interval, and core
MLCH-4 contained zinc values of up to 5,500 ppm over a 40-foot (12-meter)
interval. Many other substantial zinc anomalies that were obtained from drill
cuttings rather than drill core are thought to be of questionable accuracy.
South of the Arrowhead Mine, drill core MLCH-11 is reported to contain
an anomalous zinc value of 2,419 ppm from 334 to 335 feet (101.8 to
102.1 meters) depth within metagabbro (unit Ppg), and drill core MLCH-9
contains 2,419 ppm zinc from 469 to 472 feet (143 to 144 meters) depth in
pyritic-graphitic slate.

that there are exposures of bedrock types that may prove to be of suitable
quality, especially in light of increasing costs of transporting high-quality
aggregates from other areas of the state. Many of the schistose bedrock types
also possess a strong flaggy parting that may make them desirable for use
as landscaping stone.



