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ARTERIAL DRAINS HAVE LARGER CROSS-SECTIONAL AREA THAT VARIES DEPENDING ON CONTRIBUTING DRAIN CATCHMENT AREA.
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A BEDDING LAYER OF LOCAL, SUITABLE BORROW, MINIMUM 0.5FT [0.15M] THICK WILL BE PLACED AND DENSELY COMPACTED OVER ANY EXPOSED BEDROCK.
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NOTES:

1. Hydrographic data from Minnesota
Department of Natural Resources.

2. Horizontal datum based on NAD 1983.
Horizontal coordinates based on Minnesota
State Plane North geet).

3. Boundary Waters Canoe Area Wilderness,
Mineral Management Corridor and State
Forest data from Minnesota Department
of Natural Resources.
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1. Hydrographic data from Minnesota
Department of Natural Resources.

2. Horizontal datum based on NAD 1983.
Horizontal coordinates based on Minnesota
State Plane North (feet).

3. 1854 Treaty Ceded Territory data from The
Great Lakes Indian and Wildlife Commision.
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1. Hydrographic data from Minnesota
Department of Natural Resources.

2. Horizontal datum based on NAD 1983.
Horizontal coordinates based on Minnesota
State Plane North (feet).
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“Minnesota.

Elarged area
MESOPROTEROZOIC ROCKS
1
B North Seoee up PALEOPROTEROZOIC ROCKS
3 Animikie Group
Beaver Bay Complex and Bl Siliciclastic Rocks _
miscellaneous intrusions B Banded Iron Formations
Mafic Rocks
i Felsic Rocks LATE ARCHEAN ROCKS
[l Logan Sills [5 Granitoid Intrusions
Duluth Complex E::: Metasedimentary Rocks
Layered Series fi=7:] Metavolcanic Rocks
B Gabbroic Intrusions 2
I Troctolitic Intrusions |o® | Cu-Ni-PGE deposit
N Anorthositic Series —— Geologic contact
Early Gabbroic Series = = Fault
50 km 077 Felsic Series

NOTES:

Fic 1. (a) Geologic map of northeastern Minnesota (modified from Miller ¢ /. 2001) showing footwall units
(Paleoproterozoic and Neoarchean rocks) and the Duluth Complex with its Felsic, Early Gabbroic, Anorthositic, and
Layered Series and hanging wall units, which comprise basaltic rocks from the North Shore Volcanic Group.

B e ey Detail Map
T T MESOPROTEROZOIC ROCKS
M t " D _t [] North Shore Volcanic Group
D
: latur osI ¥ B Beaver Bay Complex [e®] Cu-Ni-PGE deposit
- " o L Duluth Complex "
Layered Series — Geol;}mc contat;t N
: . Basal contact of the
B GabbroicIntrusions -
B Troctolitic Intrusions DRt Complex

Bald Eagle Intrusion — = Fault

Greenwood Lake Intrusion

South Kawishiwi Intrusion

Bathtub Intrusion A

Western Margin Intrusion

Partridge River Intrusion N
Anorthositic Series

7 Felsic Series 10 km

7EB] Fairbanks/Brimson granophyres

-, PALEOPROTEROZOIC ROCKS LATE ARCHEAN ROCKS

ﬁnimikig Group ) =] Granitoid Intrusions
Bl Virginia Formation T Metasedimentary Rocks

HilEE  Biwabik Iron Formation Metavolcanic Rocks

1. Figure content from Raic, et al. (2015). Arsenic-Rich Cu-Ni-PGE Mineralization in
etlegs, Duluth Complex, St. Louis County, Minnesota, USA. The Canadian Mineralogist,
Vol. 53, pp. 105-132 (2015) DOI: 10.3749/canmin. 1400053

TWIN METALS MINNESOTA

TWIN FIGURE 5-1
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MINNESOTA % GEOLOGY OF THE DULUTH COMPLEX
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Generalized Stratigraphy of the Maturi Deposit

ATA Series: Thick upper aspect of the SKI dominated by medium-grained
intergranular anorthositic troctolite and troctolitic anorthosite. Commonly weakly to
moderately foliated.

ATA Series

Main AGT: Thick homogenous package of medium-grained ophitic augite troctolite.
Upper Basay Interpreted to be the liquid phase of the SKI.

PEG: Pegmatoidal to coarse-grained anorthositic troctolite to anorthositic gabbro.
Largely barren.

South Kawishiwi Intrusion

BMZ (Basal Mineralized Zone): Heterogeneous package of mineralized dominantly
troctolitic rocks consisting of the UH, S3, S2, and S1 subunits.

. Upper Gabbro: Upper mafic phase of the Anorthositic Series. Typified by coarse-
An Series grained oxide olivine gabbro to anorthositic gabbro.

An Series: Lower feldspathic aspect of the Anorthositic Series typified by foliated very
coarse-grained anorthosite to medium-grained ophitic gabbroic anorthosite or
anorthositic gabbro.

Keewanawan Rift-Related Package (~1.09 Ga.)
Anorthositic
Series

Q
s 8
& E Upper Basalt: Tholeitic basalt inclusion of the extrusive phase of the Mid-Continent
£ Rift.

L - ol __
c >
2

GRB GRB (Giants Range Batholith): Heterogeneous Archean (~2.68 Ga) granitoid

batholith. Dominant lithologies of porphyritic quartz monzonite to diorite. Locally
exhibits sulfide mineralization near the contact with and within the contact
metamorphic aureole of the SKI.

TWIN METALS MINNESOTA

TWIN ) FIGURE 5-2

mNENléc!-TSA “\ % MATURI DEPOSIT STRATIGRAPHY
|

@ Fth Scale:  NOT TO SCALE Date: SEPTEMBER 2019
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U/QEDLOGY SOURCES:
! Bogrboom, T.J.; Miller, James D., Jr.. (1994). M-081 Bedrock
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Toohey Lake quadrangles, Lake and Cook Counties, Minnesota.
Minnesota Geological Survey.
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NOTES:

LEGEND i i
. Quaternary sediments and lake bathymetry not shown as LEGEND Geologic Unit

thicknesses and depths are generally less than 20 feet — Cross Section Line - Main Augite troctolite
and not seen at this scale.
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. Horizontal datum based on NAD 1983. D Project Area BB Basal Mineralized Zone TWI N

Horizontal coordinates based on Minnesota

State Plane North (feet). E-_-_} Underground Mine Area - Giants Range Batholith METALS FIGURE 5-4
BEDROCK CROSS SECTION A-A'

N
. Horizontal and vertical scale are as shown. I:I Lake/Pond MINNESOTA “\
Vertical exaggeration is 1. 4 UNDERGROUND MINE AREA

6 i a0 250 500 .
\/FOth S mm—_— 0" | Date: SEPTEMBER 2019




2955309 E 2961518 E
810068 N

801164 N

Birch Lake Reservoir Ground Surface

Underground Mine Area Does
Not Extend Under Birch Lake Reservoi

£
-
n
=
<
c
o
=
©
>
Q2
L

NOTES: ) LEGEND Geologic Unit
. Quaternary sediments and lake bathymetry not shown as

thicknesses and depths are generally less than 20 feet > Cross Section Line - Main Augite troctolite
and not seen at this scale.

. Hydrographic data from Minnesota — Primary Road - Anorthositic troctolite to troctolitic anorthosite TWIN METALS MINNESOTA
Department of Natural Resources. . . .
. Horizontal datum based on NAD 1983. D Project Area BB Basal Mineralized Zone TWI N

Horizontal coordinates based on Minnesota ===

i i i ' FIGURE 5-
State Plane North (feet). I-.J Underground Mine Area [Ase] Giants Range Batholith METALS “\ N Gu 5-5
. Horizontal and vertical scale are as shown. [ Lake/Pond MINNESOTA BEDROCK CROSS SECTION B-B'
Vertical exaggeration is 1. p UNDERGROUND MINE AREA

6 orzemal 0 250 500 i
\/FOth‘ o ——— —— Date: SEPTEMBER 2019




2959703 E 2967755 E
813457 N 804159 N

Cl

Birch Lake Reservoir Ground Surface
-

Underground Mine Area Does
Not Extend Under Birch Lake Reservoi

3
-
n
=
<
c
0o
=
©
>
2
L

NOTES: LEGEND Geologic Unit
. Quaternary sediments and lake bathymetry not shown as ) ) . . .
thicknesses and depths are generally less than 20 feet — Cross Section Line & Main Augite troctolite
and not seen at this scale.

. Hydrographic data from Minnesota ——— Primary Road [Mat] Anorthositic troctolite to troctolitic anorthosite TWI N TWIN METALS MINNESOTA
Department of Natural Resources. : Basal Mi lized Zone
. Horizontal datum based on NAD 1983. g Project Area BB 5asal Mineralize METALS \ . FIGURE 5-6

Horizontal coordinates based on Minnesota E__} Underground Mine Area B Uooer Gabbro MINNESOTA “

State Plane North (feet).

BEDROCK CROSS SECTION C-C'
. Horizontal and vertical scale are as shown. |:| Lake/Pond [[Mas | Anorthositic Series 1 UNDERGROUND MINE AREA
Vertical exaggeration is 1.

pper Bacel e FOth‘ W o000 Date: SEPTEMBER 2019
- Giants Range Batholith \/ Scale: ] Foot :




2951223 E
802812 N

D

2971693 E
811443 N

2000
+
+

Elevation AMSL (ft)

NOTES:

1. Quaternary sediments and lake bathymetry not shown as
thicknesses and depths are generally less than 20 feet
and not seen at this scale.

2. Hydrographic data from Minnesota
Department of Natural Resources.

3. Horizontal datum based on NAD 1983.
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NOTES:

1.

Base air Photo from the U.S. Department
of Agriculture Farm Service Agency,
Aerial Photography Field Office.

2. Well locations surveyed by Northern Lights

Surveying Co

3. Hydrographic'data from Minnesota

Department of Natural Resources.

. Horizontal datum based on NAD 1983.

Horizontal coordinates based on Minnesota
State Plane North (feet).

. Birch Lake Reservoir water elevation of 1419.5

ft msl is from the Minnesota Department of
Natural Resources website (6/5/2019).
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NOTES:

. Base air Photo from the U.S. Department
of Agriculture Farm Service Agency,
Aerial Photography Field Office. . .
. Well locations surveyed by Northern Lights Surveying Co.
. Hydrographic data from Minnesota
Department of Natural Resources.

4. Horizontal datum based on NAD 1983.

Horizontal coordinates based on Minnesota
State Plane North (feet). .

. Birch Lake Reservoir water elevation of 1419.5
ft msl is from the Minnesota Department of Natural
Resources website g6/5/2019).

. MN-1901B1 was not measured as the well was
still in recovery phase from well development.
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NOTES:

1.

Base air Photo from the U.S. Department
of Agriculture Farm Service Agency,
Aerial Photography Field Office.

%. Well locations surveyed by Northern Lights Surveying Co.

Hydrographic data ffom Minnesota
Department of Natural Resources.

4. Horizontal datum based on NAD 1983.

Horizontal coordinates based on Minnesota
State Plane North (feet).

. Birch Lake Reservoir water elevation of 1419.5

ft msl is from the Minnesota Department of
Natural Resources website (6/5/2019).

. Locations in gray were not used for contouring. Locations

are still in recovery phase from previous purging events.
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1. Base air photo from the U.S. Department
of Agriculture Farm Service Agency,
Aerial Photography Field Office.

2. Hydrographic and National Wetlands
Inventory (NWI) data from Minnesota
Department of Natural Resources.

3. Horizontal datum based on NAD 1983.
Horizontal coordinates based on Minnesota
State Plane North (feet).
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NOTES: | ) ’ S LEGEND
Agency, Aerial Photography Field Office.
3. Horizontal datum based on NAD 1983. River/Steam  [__] Plant Site Ventilation Raises and Ventilation MINNESOTA U.S. GEOLOGICAL SURVEY NATIONAL
. GAP Land Cover data downloaded from the U.S.

Geological Survey. Project Area Non-Contact Water Diversion Area
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analytics-and-synthesis/gap/science/land-cover
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. Base air Photo from the U.S. Department

of Agriculture Farm Service Agency,
Aerial Photography Field Office.

. Hydro?raphlc data from Minnesota
Department of Natural Resources.

3. Horizontal datum based on NAD 1983.

Horizontal coordinates based on Minnesota
State Plane North (feet).

. National Land Cover Database classification data
downloaded from the U.S. Geological Survey.
https://catalog.data.gov/dataset/usgs-national-
land-cover-dataset-nlcd-downloadable-
data-collection
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. Base air photo from the U.S. Department
of Agriculture Farm Service
Agency, Aerial Photography Field Office.

. Hydrographic and Minnesota Biological
Survey (MBS) data from Minnesota
Department of Natural Resources.

. Horizontal datum based on NAD 1983.
Horizontal coordinates based on Minnesota
State Plane North (feet).
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Copyright 2017, State of Minnesota, Department of Natural Resources (DNR). Rare Features Data included here were provided by the Division of
Ecological and Water Resources, Minnesota DNR, and were current as of October 2018. These data are not based on an exhaustive inventory of the
state. The lack of data for any geographic area shall not be construed to mean that no significant features are present.
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. Hydrographic data from Minnesota === i ;
Dgp.ar?mepnt SR atural Resonreos Secondary Road §___ Underground Mine Area D Water Intake Corridor

FIGURE 8-5
- Horizontal datum based on NAD 1983. i i Ventilation Raises and Ventilation METALS \ N
Horizontal coordinates based on Minnesota River/Stream D Plant Site Raise Access Road MINNESOTA “ VEGETATIVE AND TERRESTRIAL

) %glrtg I?égrt]l?rysosgtg?ﬁglhded here were provided | Lake/Pond D Tailings Management Site , WILDLIFE NHIS DATA
't\)/?{ the Division of Ecological and Water Resources, D Access Road Corridor
|
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See Copyright Statement above) ‘
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