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the State Special Appropriation to the Minnesota Geological Survey, and
the Precambrian Research Center-University of Minnesota, Duluth
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Minnesota Geological Survey
What we do and why

Provide systematic geoscience information to support
stewardship of water, land, and mineral resources:

« Water (study the “container;” contributes to
well siting and design, groundwater protection)

« Land-use (siting of land-fills, infrastructure, mines)

« Mineral resources (frac. sand, metallic minerals,
qguarry stone, aggregate, diamonds)
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Core Library, Hibbing

R Dirill Core
g 8 _‘. ;
..;,M»:L:-‘N‘m-mr el
e D A T
P T Y e il

B L e T B e et LLA L L L
; sy !“ ‘&

— B N e e -

- e S s 7 Tl ndd -

ASELY Sub. R 7

o e e 1 IR0 S OIS ARSI LN BS A 1IN0 75 Yo s w0l

D g e
. *

-4

e nmas T AL TR B TR G PG T e e P A
=

v

Minnesota

Core Library maintained by

Minnesota Department of Natural Resources,
it Division of Lands and Minerals, Hibbing




Magnetic | Gravity
Surveying Bt ¥ (density)
Surveying




GEOLOGY PRIMER




2 USGS

Geologic Time Scale

0
Quaternary

Neogene

Paleogene

Cretaceous
Jurassic

Triassic

Permian
Pennsylvanian
Mississippian
Devonian
Silurian
Ordovician

Cambrian

Millions of Years Ago (non-linear)

Late Proterozoic

;ﬁﬁ Middle Proterozoic

Early Proterozoic
Late Archean
Middle Archean
Early Archean

Glacial Ice

Age unknown
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Depositional Environment (2 2.6 Ga) - Submarine volcanogcmo
deposits at the flanks of volcanic arcs.

Submarine V.

~

Fumarolic Activity volcanism i “ 2~ Subaenal |
~ volcanism
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A7 /"t on ocean
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lenses in glamte -greenstone belts
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EVOLUTION OF
ACCRETED ISLAND ARCS

Soudan Iron Formation




RAINY LAKE GOLD RUSH
1893-1901

LITTLE AMERICA ISLAND:

The first and only
operating gold mine in GEOLOGICAL

MAP OF THE
RAINY LAKE GOLD REGION

in Minvasola and Ontario.

Minnesota

8 H.V.WINCHELL AwD U. S GRANT.
1894




1100 Ma)

intrusions

Kilometers

o
7
v

Duluth Complex

and other
Volcanic Group

North Shore

3
Yo TN
s
A AL
MEAZR )

Mudstone-sandstone
Iron-formation

&
2

te-greenstone

N

)
;
&

Vi
A
T
}.’z\ﬂ
o
i

TN
i

MESOPROTEROZOIC (~

»
V)
&

S

SRR

DIl
Gran

PALEOPROTEROZOIC (~1850 Ma)

Gneiss and schist

NEOARCHEAN (~2700 Ma)

N
YRS P v
SRSt
AR AR,

e
S

RS
A RS
AR RS Y 3
S AR 3 SN <
R | RS
RS SRV
RED - ——

uperior
A

Sy
£

Que{\ﬁo
<. ol

<
v Lake

LA SIS SRS S
A AN S C A R Y7
TS AV DGRV I
TR R PN
DA TAS e

RIS
S TS TS R NS
PN TS A P AT VAV T mv‘l, it
A AT b TR RS VAL VL Ty
R AP VTS WS AN
SR SR L P AT O P A S AT VT3 BT
RTINS el AN (G LA
S SIS RGN A 2t
KT NENDER, N
S SIS AT

TS

Western Superior Province
\Wabigoon

T

-
& ._./eVd\ TR
o~ )

..A,M.r
mm-.HWf f: BRUEAT JnuA_ _/\n\,\u;u_
RS LRGSR 4%
R A A AU R AU
v A eV A
LA NG AT MRS,
RS0
LEES

TSNy

PO ST

VORE
ERTAT AL
SRR RS SR
IR S
oyhEnEe S
SN VRSN
R

@)
=
Q
N
Q
—
g
=
Q
.
e
Q
=
=
&

ion

Biwabik lIron Format
Thompson Formation-mudstone, sandstone




Tectonic
setting

Fold and Thrust Belt . ' . :
Depositional Environment (~ 2.0 Ga) - Organically mediated

deposition at the margin of the Animikie Basin

Depositional
environment

Archean Crust

| Occurrence - Extensive tabular units with only minor structural
- disruption 1n northern Minnesota
S

R TR LA LA = T3
Aafngs

(Image of J.D. Miller, Jr., unpublisF




Local and regional expens are team-
ing up o eximxe the projpas
impacs, assess commun kies’ bl kies
to deal with the surge in activiry, and
implament polides ind taaks o
accommedate fax prowth.

Boom time
Even for a region built on crdi-
cl nitural resource induardes, the
Curfent proje stands out. The
roi‘x\i projects feptesnt about
$5 hillica in potential invexment.

uPM£7
Location: Grand Raplds
Status: Proposed
Start date: 2008
Irrvestment: $650 million
Permanent jobs: Retain S0
Construction Jobs: S00-800

have a comfoerale

lifestyle.” Minnesota Stesl
Location: Nashwauk
Status: Under construction
Start date: 2009 leverage
Irvestment: $1.55 billion
Permanent jobs 700
Construction jobs: 2000

As  dmelins
for each projea
unfolded. repjcnal
leaders,  incloding
saff at lron Range
R:mlm?her;jlud
several of the L
projects wuurgﬁ
meving forward this

- 1/“"\ —

-

oppontunities
devekpment,
which xuses

on wiE 1o

Arrosbead Regicnd Devdopment
Commission began for Itasa County
in April, and work of the East Range
Community Readines committee.
which has met periodiclly for sev-
enl years.

Ancther common denominaxor
is Randy Ladcy, preddent and CEO

Mesabi Nugget
Loation: Aurora/Hoyt Lakes
Status: Under Construction
Start date: 2009
Investment: $235 million
Permanent jobs: 100
Construction jobs: 500

scheduled o be
completad by year's
end and will provide an
overview of shortterm and
longeerm housng adequacy. Bue
bigger plans are in the works.
“Funding B¢ plinningand coor-
dination is modex at this point. This
sudy s part of 1 $1 million grant
for iffordsble housing devdopment
theough  the  Greater  Minnesoea
Houdng Fund” said Wade Faxh,
direcxor of gnnts at the Blandin
1.

Amm{g an adequate workforce
is another top priceity with short.

of retirement= at oonite phints,

an aging popubition and dedining
school enrcllments. Jobs at the new
projects require the mame rpes of
skils It a “pafea sonn” of fx-
roes that has woekforee profesdcaak
scrambling.
“Bven if none of the larpe scale
Empn mowe forwand, we will ssll
ave workforce isues in the region
due to reitements. This ks a time of
unprececkented oppomunity for the
dtensofour n in tenms of career
opticns” mid Sni n||

New developments on and near
the

MESABI IRON RANGE

Investment: $616 million
Permanent jobs: 550
Construction job= 700

PolyMet
Location: Hoyt Lakes
Status: Proposed
Start date: 2009
Irvestment: $380 million
Permanent jobs: 400
Construction jobs: 700

deputy commisgoaer at Iron Range
Resources

Moving forward

Meanwhile, the projects them-
selves move Brward. Minneora
Steels final emdronmental reguba-
wry review and Membi NI{E‘“
£16.5 million loan from Iron Kange

5 mines running at full capacity

" current  and  of The Nomhspan Geoup. He led the

future business  East Rangep roup’s woek in 2000 and

devdopment  will sene & the readiness inidative
munities.  Facilitarce.

Investment: $1.5 billion
Permanent jobs 150-300

Boswell 3 Energy Center
Loastion: Grand Rapids/Cohasset
Status: Under Construction
Start date: 2007
Irwestment: $200 million
Permanent jobs: Retain 200
Construction jobes: 500

Construction jobs 2,700 e -.u.qu “It's a team-onented approach.”
3

Fame e
Abrusmters and
G am propdsd.

fall, which made it critical to address
kmues | ke housing, job tninirg. edu-
<ation and spin-off induzres

Iron Range Resurces staff dso
realized the apency was ipped
mk:h:uuﬁ: for 3 NPPF

team. s
of locd and
regicnal rrmr«jvo ionaks, will
use the funct teams daa to
dmbr and facilitate the reginmaide
ze. Leadership team members
indude federd and stae legidatoes
ocunty boards, and other sare and
regicnal entiges they coondinate
rescurces and review propgess.
The “projea” funcional team
finz met in mid-Sepember. Nancy
Norr, Minnescea Fower's (MP) man-

he mid. “We decided it was more
to gpproach funding and
i rescurces collecively.
‘big pimure’ view of
imobed o far
jonwide soope of

cur work, and bdiew it has walue”
Trust bailt on yeans of coopera-
tion will be centrd to the tear's suc-
cess. 5o will vidon and erpankaticn.
One of Ladey’s primary roles will be
o keep the group focussd on overdl
economic devdopment. while tradk-

Source: Iron Range Resources “RangeView” w.2008-2009

Planned mines and facilities

Fe extraction from old mine waste
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Poly-metallic mineral prospects/deposits

Spruce Road
529 Million Tonnes
0.43% Cu,0.15%Ni |- 10000 pow
- ; ~ - 75 o]
3 Nickel Lake
Cu-Ni-PGE

; &
Birch Lake
195 Million Tonnes
0.53% Cu, 0.16% Ni
930 ppb Pt+Pd+Au

7 ; Dunka Pit
[ 20 7 i Cu-Ni-PGE

i Z
Archiean GranitéGreenstone Terrane

NorthMet O R e A 0.624% Cu. 0.199% Ni
| 4 : z 600 ppb Pt +Pd +Au

807 Million Tonnes
0.28% Cu, 0.08% Ni s |, : _
o 230 Millcnions 284 Million Tonnes Inferred

~350 ppb Pt+Pd +Au

0.41% Cu, 0.14% Ni X
7 Million Tons Massive Sulfide ) 0.645% CU, 0.180% Ni

0.88% Cu, 0.30% Ni | 2 697 ppb Pt +Pd +Au

PolyMet |
Plant Site o iy ~1 Billion Tons
Or b 0.43% Cu, 0.09% Ni
plus Pt+Pd +Au

5270000 159y

38 Million Tons (surface)

o 0.57% Cu equivalent
WymanCreck # 16 Million Tons (underground)

Cu-Ni-PGE
A L 0.94% Cu equivalent

Thust fault

Titanium Resources [ A, s
~220 Million Tons ol TC 04 vy L s i
~10%TiO;

590000
Imagery courtesy of Dean Peterson, Duluth Metals




HIGHLIGHTS of MAPPING
in the
SUPERIOR NATIONAL FOREST
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Recent geologic mapping in Superior National Forest
= .

9|2 9|1 9‘0

SUPERIOR NATIONAL FOREST

2008 Cavity Lake 2010 Ham Lake

Published at
1:100,000 scale

Published at
1:24,000 scale




2 CRANE LAKE-BRULE NARROWS ° ° °
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MGS Miscellaneous Map M-192

BEDROCK GEOLOGY OF THE CRANE LAKE AND
BRULE NARROWS 30" X 60' QUADRANGLES,
NORTHERN, MINNESOTA
By
Mark A. Jirsa

2011
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BEDROCK GEOLOGY OF THE CRANE LAKE AND
BRULE NARROWS 30" X 60' QUADRANGLES,
NORTHERN, MINNESOTA
By
Mark A. Jirsa

2011

Q\ | ?«\j; "\
DS RN e

N J

£
I

X :'7\ \\“

b
/ ;‘:'\-\v}&' ) \'\ V'\\ e 22




WHITE=high
BLACK=low

.

.-

- : I/‘( '
. P}
Rainy Lake T TR
| .0~.ﬁ;';-:i4’~ ,
. ———2

Tl e

Namakan '




X60’ quadrangle |
Lac La Croix

=)
™
Q
™
©
—
Q
c
©
P =
&

Namakan

Kabetogama




:‘:‘-h X
Sl %

ame »ll

L
0
»

A
‘\
”\’4 N\ > g
R R\ SR A O b
O N i - 5 SN AN
- % = .ﬂ. “1 m— . Al v —
a\ | ¥ % : - »

At
Y g 4 / ¢
o 1 o .
| b - L]
4 p§= R 1 (4
e\
- N
¥ / A
(. RS
“a g | | P q 4
1 Kk AEDS
"' %
s
! .. -
Y 13
48
Ly WA S CF
f ~ s
X )
gt ,
g W)
o 5
v b A [
. [
h “ A A
\ - X
\ ol A ¢S
a2 *L-'\':f“
N d 7
A \ -
( - \J
X
)
] N X
| ¥y
e
? N & P
Z N
% | - ¥
- \ ey
/
7
[
\ v 2
LN
- = |
N e
\ 2 —
N - > -
. '\ “
) < —
£ - ]
- - .
4
s [




Geologic mapping in the burns

Saganapn |

BWCAW ~

Cavity Lake Fire
Ham Lake Fige

.(iuuﬂmr Tranl
723
.

-

Gramite L.

Seagull L.
Pavitsert i Gunflint !
C‘.‘i‘\' Iolh(‘ ‘h‘non’.u Loon |

.
Ham |,|k:.‘-------...-.

‘.--.
Fustaroral.,

Little-Saganoga L, B w C A W

Wilderness News, Summer 2007 issue
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Prelminary bedroch geciogic map of the 2008 Cavity Lake fire area, parts of Euter Lake, Gilis Lake, Murier Islang,
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younging

~2720 Ma

Metabasalt

1 PAULSEN LAKE SEQUENCE




2 JASPER LAKE SEQUENCE

Volcanic and fragmental rocks (2690 Ma)
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(2690 Ma)

ONALITE




il OGISHKEMUNCIE SEQUENCE Conglomerate and sandstone




DEPOSITIONAL MODEL
3 OGISHKEMUNCIE (conglomerate) SEQUENCE

Basin-axis

fluvial transport OGISHKEMUNCIE
Alluvial fans,

SEQUENCE
debris flows <
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PALEOSAPROLITE ON SAGANAGA TONALITE
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SUMMARY of WEATHERING PROFILE
of tonalite

Conglomerate

with “clayey” saprolite clasts
and lithic fragments
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CONCLUSIONS

Based on comparison™ of weathered vs. unweathered rock

Driese and others, 2011; Precambrian Research v. 189, p. 1-17

1) Field and microscopic evidence supports the interpretation of
~2690 Ma weathering and paleosol development.

2) Major and trace element geochemistry indicates that primitive
microbes contributed to the weathering process (earliest
indications of terrestrial life).

3) Geochemistry implies weakly oxygenated paleoatmosphere.

Comparative texture, mineralogy, major and trace element compositions







SUDBURY METEORITE IMPACT LAYER




SUDBURY METEORITE IMPACT EVENT
N, V. 2 "d‘ * B i
' ' | :'_,_.*‘ﬁ Of 174 confirmed

- structures:”
N nd largest
4™ oldest

BY CRATER SIZE
1. Vredefort (S. Africa) 300 km 1. Suarjarvi (Finland) ~2400 Ma
2. Vredefort (S. Africa) 2023 Ma
3. Chicxulub (Mexico) 170 km 3. Yarrabubba (Australia) ~2000 Ma

*www.unb.ca/passc/ImpactDatabase 117. Chicxulub (Mexico) 65 Ma




ey SUDBURY IMPACT LAYER
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DULUTH COMPLEX 1 mile ANIMIKIE GROUP WAWA SUBPROVINCE
Tuscarora Intrusion

f medium-grained troctolite (ttm) Rove Formation Saganaga Tonalite

mlmm fine-grained troctolite (ttf) Gunflint Iron Formation
b

Bl roikiiitic ol. troctolite (ttp) - Upper members

LOGAN INTRUSIONS | Lower members

I oiabase "

;:';;:1 Metavolcanic rocks

KT Kekekabic Hiking Trail
MT Magnetic Hiking Trail

1 1= Schematic geologic position of stops (8 110 6-X)







Accretionary Lapilli

Concentrically layered granular spheres
formed in turbulent, impact cloud from
ejected ash, melt droplets, and vapor

[EARLY STAGE se] = -

Expanding
suevitic plume of
silicate basement

and vaporised
impactor
T ~1300-3000°C

Ejecta curtain

Rin? vortexes
by atmospheric
rhesathiom

Sedimentary

Carbonate plume by ravity flow

ejecta curtain collapse and Condensed at collapsing
p— secondary cratering vapour flow platform

J — >
75 |9|‘r|‘| ot ¢ \ " ' 2
Continuous gjecta blanket aporisation %\:
=

105 km 126 km 365 km 470 km 520 km
NAM-5 UNAM-7 Albion Island Armenia El Guayal
Radial distance from crater centre Salge, 2007; Chicxulub
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“SUDBURY IMPACT LAYER”
Localities in the Lake Superior Region
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CONTEXT FOR INTERPRETATION...

www.lpl.arizona.edu/impacteffects

Collins and others, 2005

CALCULATED ARRIVAL TIMES
FOR EFFECTS AT GUNFLINT LAKE
(770 km from Sudbury target zone)

Meteorite.org, Pangea International, Inc

1) ~13 seconds—Fireball

2) ~2-3 minutes—Earthquake (magnitude >13 at Sudbury)
(New data estimates magnitude 13 at Chicxulub)

3) ~5-10 minutes—Airborne ejecta arrives (~1-3 m thick , fragments < 1 cm)

4) ~40 minutes—Air blast (compression wave, wind speeds >1400 mph)

5) ~1-2 hours—Tsunami (likely the first of several)

6) Post-impact environmental changes (almost certainly GLOBAL)




EVENT -  RESULT - GEOLOGIC EVIDENCE

1) EARTHQUAKE ->Brecciated and folded substrate

2) EJECTA SURGE - microbreccia, and SUEVITE PLUME —) fall-out

of layered lapilli and gritstone




United States CHICXULUB IMPACT ESTIMATES

Projectile diameter: 12.00 km ( = 7.45 miles)
Projectile Density: 3000 kg/m?3
Impact Velocity: 20.00 km per second

Final Crater Diameter: 154 km ( = 95.4 miles)
: Final Crater Depth: 1.35 km ( = 0.836 miles )
Cr:;?a)s["élru b Target melted or vaporized is 4660 km3 = 1120 miles?
Melt pool thickness is 808 meters ( = 2650 feet ).

Marcus, Melosh, and Collins, 2010

Estimate of impact-generated S-waves at Chicxulub:

>15m vertical ground motion at 1000km from target
>1m vertical ground motion at 7000km from target

Schulte and others, 2011 (Sedimentology)




IMP()RTAN CE ()F EJ ECTA STUDY

~ Precambrian
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1) Unique and global time-line for depositional events.

2) No other impact deposit is this old and this complete
3) Ejecta blanket reveals something about the depositional environment.
4) Ejecta blanket relates to size and composition of impactor.

5) Each locality adds incrementally to the story of terrestrial impact.




GEOLOGIC DATA

from the
Superior National Forest

1) Contributes to understanding of early crust

2) Improves the evolving geologic picture of BWCA

3) Can extrapolate features to other regions

4) Bedrock relates to regional topography, hydrology, and biology
5) Provides cursory data for property valuations

6) Comprises the “base layer” for Environmental Impact Studies

7) Perfect “training ground” for geology students




Shield Yourself! .oinus forthe sixth season of the "most unique geology P ) @ enterat
que fi i L ing the Boundary Waters Canoe

the University of Minnesota Duluth offers a six-week field camp in the pi
Area This ighliy i best suited

"Those who see the most rocks Win™ urray Hitzman, Professor,

Colorado School of Mines, Society of Economic Geologist Newsletter, v. 84, January 2011)

Amajor goal of this camp s to address the alarming shortage of geologists adequately trained in
basic field mapping skills, especially n the unique and challenging terranes of the Precambrian.
This field camp 's open to undergraduate juniors and seniors from accredited geciogy programs.
as well as graduate students and professional geclogrsts (if space is avadable). Students
interested in purs.ing feld-based graduate research of Precambrian geciogy o n seeking
entry-level jobs m the minerals exploration industry will partcularty benefit from this field camp.
Many of our former students have secured employment in the minerals ndustry or have gone on
for post-graduate degrees in geology:

COST. $3200 includes tuition, fees, room,
and board. No additional non-residet

CREDITS: Students will receive 6 semester- T
based, transferable credits for this UMD Agpication forms and acditional information may

undergraduate course (GEOL 4500, Sec. 2). Imﬂaﬁnd&mh m
www.d.umn.

PREREQUISITES: Students will be required
1o have taken a semester of patrology and
structural geclogy or equivalent courses.

FACILITIES: Students will be housed in
dormitones and provided most meals in
cafeterias at the University of Minnesota
Duluth during weeks 1,2 & 6 and at
Verm#ion Community Coliege in Ely. MN
during weeks 3 & 4. The capsicne mapping
projects (week 5) will nvolve primitive
camping or cabin lodging.

Program Description

# Field mapping in diverse Precambrian terranes. including
Deformed metasedimentary rocks
Layered mafic intrusions
Plateau lavas and subvolcanic intrusions
Banded iron-formation sequences
-greenstone beits
an shear zones
Mapping at various scales - outerop (1:250) to quadrangle

Recognizing metamorphic grade. deformational fabrics, alteration
assemblages, and ore mineraization in the field

Acquisiion and interpretation of field geophysical data

Glacial deposit mapping and introds o drift prospecting

Drill zcre logging of iron formation, gabbro and greenstone

Drift mapping in an underground iron mine (1/2 mie below surface)

GIS compilation of field data (in ArcGIS) and digital map-making (Iiustrator)
CAPSTONE MAPPING PROJECT - Field parties of 3-8 students and an
nstructor conduct detailed mapping in diverse geological teranes during week
5; most projects involve backwoods field work, primitive camping, and canoeing
n a wildemess setting

Field Camp Highlights

e camp 1t 11376 Dy DrO%I2IONG! REC QLN W Over 200
comblned mapoing exerience In Frecambrian teanes.

Jim Miller, |anecus Pevoiegy/Econ Geology, Oept of Geoogical Brences-UMD
Goorge Mudek, Volzansiagy Econ Geaiogy, Natural Res Researsn inst-UND
Dean Peterson, Economic Geoegy, Duluth Metals L

Terry Boerboom, Precambrian Geology, Minnesta Gecicgical Survey

Mark Jirss, Precamaran Geoiogy, MINESS GECTFEa! Dur

Phil Larson, Giacial Geology/Economiz Geoicgy, Dufuth Metals Lid

Marsha Patelks, SearmeniogyiSirasgrasny, Naturs Res Reseas

Mark Severson, ECCAOmI GE0ICGY, Natural ResCurces REsearch instUMd
Nigel Wattrus, Geconyics, Dept of Geogical Soences-UMD

www.d.umn.edu/prc

FIELD CAMP




CAPSTONE MAPPING

Disappointment Lake Area Bingshick Lake Area

Instructors: Dean Peterson & George Hudak instructor: Mark Jirsa

Students: Lee Copp, Andrew McCarthy, Lucy Students: Brooke Fahrenkrog, Steven
Mulvey, Bob Nowak, Matt Pendleton, Cabin Ross  Jaret, Michael Totenhagen, and

Tabi
IR Homer Lake Area
Instructor: Jim Miller
Students: Sam Blakely, Amy
Brown, Dan Foley, and
=S > Aaron Rowland
‘__) s 5% TA:Eric Stifter

ﬂr‘— Tait Lake Area

aa Instructor: Tetrry Boerboom

Aaron Magnuson, Kevin
McGinn

Duluth Shorélineds &

Student: Penny Greer ‘: [
TA: Ryan Dayton e

BOUNDARY WATERS
CANOE AREA

Students: Dalyice Creighton,

BOUNOARY ¢
- WATERS

AREA




% Capstone mapping projects 2007-2011
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" Dunka Pt T Range, 2006
1) Regional-scale mapping has been conducted in most areas;
however, DETAILED MAPPING in complex and critical areas
IS on-going.

2) Quaternary (glacial sediments) geology may be useful

s T



