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Geologic Resources Inventory Map Document

Isle Royale National Park,
Michigan

Document to Accompany
Digital Geologic-GIS Data

isro_geology.pdf
Version: 3/31/2021

This document has been developed to accompany the digital geologic-GIS data developed by the
Geologic Resources Inventory (GRI) program for Isle Royale National Park, Michigan (ISRO).

Attempts have been made to reproduce all aspects of the original source products, including the
geologic units and their descriptions, geologic cross sections, the geologic report, references and all
other pertinent images and information contained in the original publication.

This document contains the following information:

1) About the NPS Geologic Resources Inventory Program — A brief summary of the Geologic
Resources Inventory (GRI) Program and its products. Included are web links to the GRI GIS data
model, and to the GRI products page where digital geologic-GIS datasets, scoping reports and
geology reports are available for download. In addition, web links to the NPS Data Store and GRI
program home page, as well as contact information for the GRI coordinator, are also present.

2) GRI Digital Map and Source Citations — A listing of the GRI digital geologic-GIS map produced
for this project along with sources used in its completion. In addition, a brief explanation of how
each source map was used is provided.

3) Map Unit List — A listing of all geologic map units present on maps for this project, generally listed
from youngest to oldest.

4) Map Unit Descriptions — Descriptions for all geologic map units.

5) Geologic Cross Sections — Geologic cross section graphics.

6) Ancillary Source Map Information — Additional source map information presented by source
map. For each source map this may include a stratigraphic column, index map, map legend and/or

map notes.

7) GRI Digital Data Credits — GRI digital geologic-GIS data and ancillary map information document
production credits.

2021 NPS Geologic Resources Inventory Program



ISRO GRI Map Document

For information about using GRI digital geologic-GIS data contact:

Stephanie O'Meara

Geologist/GIS Specialist/Data Manager

Colorado State University Research Associate, Cooperator to the National Park Service
Fort Collins, CO 80523

phone: (970) 491-6655

e-mail: stephanie o'meara@partner.nps.gov

2021 NPS Geologic Resources Inventory Program


mailto:stephanie_o'meara@partner.nps.gov

ISRO GRI Map Document

About the NPS Geologic Resources Inventory Program

Background

The Geologic Resources Inventory (GRI) provides geologic map data and pertinent geologic
information to support resource management and science-informed decision making in more than 270
natural resource parks throughout the National Park System. Geologic resources for management
consideration include both the processes that act upon the Earth and the features formed as a result
of these processes. Geologic processes include: erosion and sedimentation; seismic, volcanic, and
geothermal activity; glaciation, rockfalls, landslides, and shoreline change. Geologic features include
mountains, canyons, natural arches and bridges, minerals, rocks, fossils, cave and karst systems,
beaches, dunes, glaciers, volcanoes, and faults.

The GRI is one of 12 inventories funded by the National Park Service (NPS) Inventory and Monitoring
Program. The Geologic Resources Division of the NPS Natural Resource Stewardship and Science
Directorate administers the GRI. The NPS Geologic Resources Division partners with the Colorado
State University Department of Geosciences to produce GRI products. Many additional partners
participate in the GRI process by contributing source maps or reviewing products.

The GRI team undertakes three tasks for each park in the Inventory and Monitoring program: (1)
conduct a scoping meeting and provide a summary document, (2) provide digital geologic map data in
a geographic information system (GIS) format, and (3) provide a GRI report. These products are
designed and written for nongeoscientists.

Products

Scoping Meetings: These park-specific meetings bring together local geologic experts and park staff
to inventory and review available geologic data and discuss geologic resource management issues. A
summary document is prepared for each meeting that identifies a plan to provide digital map data for
the park.

Digital Geologic Maps: Digital geologic maps reproduce all aspects of traditional paper maps,
including notes, legend, and cross sections. Bedrock, surficial, and special purpose maps such as
coastal or geologic hazard maps may be used by the GRI to create digital Geographic Information
Systems (GIS) data and meet park needs. These digital GIS data allow geologic information to be
easily viewed and analyzed in conjunction with a wide range of other resource management
information data.

For detailed information regarding GIS parameters such as data attribute field definitions, attribute
field codes, value definitions, and rules that govern relationships found in the data, refer to the NPS
Geology-GIS Data Model document available at: https://www.nps.gov/articles/gri-geodatabase-model.
htm

Geologic Reports: GRI reports synthesize discussions from the original scoping meeting, follow up
conference call(s), and subsequent research. Chapters of each report discuss the geologic setting of
the park, distinctive geologic features and processes within the park, highlight geologic issues facing
resource managers, and describe the geologic history leading to the present-day landscape. Each
report also includes a poster illustrating these GRI digital geologic-GIS data.

For a complete listing of GRI products visit the GRI publications webpage: https://go.nps.gov/gripubs.
GRI digital geologic-GIS data is also available online at the NPS Data Store: https://irma.nps.qov/
DataStore/Search/Quick. To find GRI data for a specific park or parks select the appropriate park(s),
enter “GRI” as a Search Text term, and then select the Search button.

For more information about the Geologic Resources Inventory Program visit the GRI webpage: https://
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wWww.nps.gov/subjects/geology/gri.htm. At the bottom of that webpage is a “Contact Us” link if you
need additional information. You may also directly contact the program coordinator:

Jason Kenworthy

Inventory Coordinator

National Park Service Geologic Resources Division
P.O. Box 25287

Denver, CO 80225-0287

phone: (303) 987-6923

fax: (303) 987-6792

email: Jason_Kenworthy@nps.gov

The Geologic Resources Inventory (GRI) program is funded by the National Park Service (NPS)
Inventory and Monitoring (I&M) Division. Learn more about I&M and the 12 baseline inventories at the
I&M webpage: https://www.nps.gov/im/inventories.htm.

2021 NPS Geologic Resources Inventory Program
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GRI Digital Map and Source Map Citations
The GRI digital geologic-GIS map for Isle Royale National Park, Michigan (ISRO) is listed below.

Digital Geologic-GIS Map of Isle Royale National Park and Vicinity, Michigan (GRI MapCode
ISRO)

The map was produced from the following source maps.
Huber, N. King , 1973, Geologic Map of Isle Royale National Park, Keweenaw County, Michigan:

U.S. Geological Survey, Miscellaneous Geologic Investigations Map 1-796, scale 1:62,500 (Isle
Royale National Park). (GRI Source Map ID 2663).

Wolff, R.G., and Huber, N.K., 1973, The Copper Harbor Conglomerate (middle Keweenawan) on
Isle Royale, Michigan, and its Regional Implications: U.S. Geological Survey, Professional Paper
754-B, scale 1:62,500 (Copper Harbor Conglomerate on Isle Royale). (GRI Source Map ID 4951).

U.S. Geological Survey, 1996, USGS Digital Raster Graphics (Isle Royale Area): U.S. Geological
Survey, 7.5' Topographic Quadrangle, scale 1:24,000. (GRI Source Map ID 4949).

Geologic features were captured from the Huber, 1973 map, as well as from the Wolff and Huber,
1973 publication. The full extent of both maps was used, however, only a limited number of features,
those pertaining to the Copper Harbor Conglomerate unit, and a cross section line, were captured
from the Wolff and Huber, 1973 publication. The USGS Digital Raster Graphics (1996) was used to
capture more recent and more detailed water and shoreline contacts.

Additional information pertaining to each source map is also presented in the GRI Source Map
Information (ISROMAP) table included with the GRI geologic-GIS data.
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Index Map

The following index map displays the extent of Isle Royale Island and the GRI digital geologic-GIS
map produced for Isle Royale National Park (ISRO). The boundary for Isle Royale National Park (as
of April, 2021) is outlined in green. The extent of the source map Professional Paper 754-B is
presented in gray. Member units of the Copper Harbor Conglomerate, present with this extent, were
interpreted using this source map.

Index map by Stephanie O'Meara (Colorado State University).
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Map Unit List

The geologic units present in the digital geologic-GIS data produced for Isle Royale National Park,
Michigan (ISRO) are listed below. Units are listed with their assigned unit symbol and unit name (e.g.,
Qal - Alluvium). Units are listed from youngest to oldest. No description for water is provided.
Information about each geologic unit is also presented in the GRI Geologic Unit Information
(ISROUNIT) table included with the GRI geologic-GIS data.

Cenozoic Era

Quaternary Period

Qal - Alluvium

Qts - Talus, slopewash, and glacial drift
Qg - Glacial till

Precambrian Eon
Middle Keweenawan Time

Copper Harbor Conglomerate
cu - Copper Harbor Conglomerate, undetermined
cc - Copper Harbor Conglomerate, chiefly conglomerate
cb - Copper Harbor Conglomerate, boulder and cobble conglomerate
cp - Copper Harbor Conglomerate, pebble conglomerate
cs - Copper Harbor Conglomerate, chiefly sandstone

Portage Lake Volcanics
pu - Portage Lake Volcanics, lava flows, undivided
psc - Portage Lake Volcanics, sandstone and conglomerate
pp - Portage Lake Volcanics, pyroclastic rocks
psp - Portage Lake Volcanics, Scoville Point Flow
pei - Portage Lake Volcanics, Edwards Island Flow
pmp - Portage Lake Volcanics, Middle Point Flow
pli - Portage Lake Volcanics, Long Island Flow
pth - Portage Lake Volcanics, Tobin Harbor Flow
pwi - Portage Lake Volcanics, Washington Island Flow
pg - Portage Lake Volcanics, Greenstone Flow
pai - Portage Lake Volcanics, Grace Island Flow
pm - Portage Lake Volcanics, Minong Flow
ph - Portage Lake Volcanics, Huginnin Flow
php - Portage Lake Volcanics, Hill Point Flow
pai - Portage Lake Volcanics, Amygdaloid Island Flow
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Map Unit Descriptions

Descriptions of all geologic map units, generally listed from youngest to oldest, are presented below.

Qal - Alluvium (Holocene)

Chiefly lake and stream deposits; locally includes both modern and elevated beach deposits. Most of
the area so mapped is occupied by swamps, bogs, and beaver ponds. Description from source map:
Isle Royale National Park

Qts - Talus, slopewash, and glacial drift (Holocene and Pleistocene)

Qts Talus, slopewash, and glacial drift (Pleistocene and Holocene)

Varied surficial materials including large amounts of more or less reworked glacially transported
debris; locally includes elevated beach deposits. Mapped only on western third of island, where
extensive deposits effectively conceal bedrock over large areas. On northwestern end of island, north
of Washington Creek, overlay pattern on bedrock units indicates extensive but less continuous
surficial cover. Description from source map: Isle Royale National Park

Qg - Glacial till (Pleistocene)

Glacial till in ice-margin deposits formed during pauses in the retreat of the last (Valderan) ice sheet in
the Lake Superior basin. Description from source map: Isle Royale National Park

Copper Harbor Conglomerate

Conglomerate and sandstone, chiefly composed of detritus from both felsic and mafic volcanic rocks.
Description from source map: Isle Royale National Park

The unit is mapped as 'member’ units, cc, cb, cp and cs between the two source geologic maps.

cu - Copper Harbor Conglomerate, undetermined

Several islands on the Huber, 1973 map were inferred to be Copper Harbor Conglomerate, but the
unit undeterminable. These areas are attributed as 'cu’ in the GRI digital geologic-GIS data.

cc - Copper Harbor Conglomerate, chiefly conglomerate (Middle
Keweenawan)

Chiefly conglomerate unit of the Copper Harbor Conglomerate. Description from source map: Isle
Royale National Park

Unit is mapped in the GRi digital geologic-GIS dat as unit ‘cb' using source map U.S. Geological
Survey, Professional Paper 754-B (Copper Harbor Conglomerate on Isle Royale).
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cb - Copper Harbor Conglomerate, boulder and cobble conglomerate (Middle
Keweenawan)

Massive reddish conglomerate containing discontinuous beds and lenses of pebble conglomerate and
coarse-grained sandstone. Description from source map: Copper Harbor Conglomerate on Isle

Royale

cp - Copper Harbor Conglomerate, pebble conglomerate (Middle
Keweenawan)

Thin- to massive-bedded arkosic conglomerate (average pebble size less than 1 inch) with many
sandstone interbeds. Description from source map: Copper Harbor Conglomerate on Isle Royale

cs - Copper Harbor Conglomerate, chiefly sandstone (Middle Keweenawan)

Chiefly sandstone unit of the Copper Harbor Conglomerate. Description from source map: Isle Royale
National Park

Portage Lake Volcanics

Sequence of basalt and andesite lava flows with interbedded sedimentary and pyroclastic flows.

pu lava flows, undivided
psc sandstone and conglomerate
pp  pyroclastic rocks

Certain stratigraphic units representing individual lava flows or groups of flows can be identified and
traced on the basis of characteristic textures or structures and relative stratigraphic position. Twelve
such units are distinguished on the map and have been named for ease of reference.

Rock names based on characteristic textures and used to describe individual flows are defined as
follows: trap, fine-grained, dense rock commonly showing conchoidal feature and polygonal jointing;
porphyrite, rock with plagioclase phenocrysts scattered through a finer-grained ground mass; ophite,
rocks with crystals of pyroxene enclosing unoriented plagioclase laths, producing a mottled effect,
accentuated by weathering )pyroxene crystals range from a few millimeters to more than 2 cm in
different specimens); pegmatite, coarse-grained rock, typically with mat of prominent plagioclase
laths.

Named flows within the Portage Lake Volcanics:

Scoville Point Flow
Edwards Island Flow
Middle Point Flow

Long Island Flow

Tobin Harbor Flow
Washington Island Flow
Greenstone Flow
Grace Island Flow
Minong Flow

Huginnin Flow

Hill Point Flow
Amygdaloid Island Flow

BEEEERERRERE
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Description from source map: Isle Royale National Park

pu - Portage Lake Volcanics, lava flows, undivided (Middle Keweenawan)

Chiefly ophitic flood basalts. Locally includes some sedimentary rocks. Overlay pattern on
northwestern end of island indicates extensive surficial cover by unit Qts. Not shown in box are
individually named flows. Description from source map: Isle Royale National Park

psc - Portage Lake Volcanics, sandstone and conglomerate (Middle
Keweenawan)

Chiefly composed of detritus from felsic and mafic volcanic rocks. Description from source map: Isle
Royale National Park

pp - Portage Lake Volcanics, pyroclastic rocks (Middle Keweenawan)

Tuffs, breccias, and tuffaceous sedimentary rocks. Description from source map: Isle Royale National
Park

psp - Portage Lake Volcanics, Scoville Point Flow (Middle Keweenawan)

Porphyrite characterized by mm-sized, blocky plagioclase phenocrysts uniformly distributed in finer-
grained matrix. Description from source map: Isle Royale National Park

pei - Portage Lake Volcanics, Edwards Island Flow (Middle Keweenawan)

Trap characterized by polygonal joints, commonly with well-developed columnar structure. Description
from source map: Isle Royale National Park

pmp - Portage Lake Volcanics, Middle Point Flow (Middle Keweenawan)

Porphyrite similar to Scoville Point Flow except phenocrysts less uniform in size and distribution.
Description from source map: Isle Royale National Park

pli - Portage Lake Volcanics, Long Island Flow (Middle Keweenawan)

Trap characterized by polygonal joints, less commonly with well-developed columnar structure.
Description from source map: Isle Royale National Park

pth - Portage Lake Volcanics, Tobin Harbor Flow (Middle Keweenawan)

Porphyrite similar to Middle Point Flow. Description from source map: Isle Royale National Park

2021 NPS Geologic Resources Inventory Program
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pwi - Portage Lake Volcanics, Washington Island Flow (Middle Keweenawan)

Ophite characterized by abundant clots of dark-green chlorite and sparse plagioclase phenocrysts to
up one cm in length; ophitic texture somewhat obscure. Description from source map: Isle Royale
National Park

pg - Portage Lake Volcanics, Greenstone Flow (Middle Keweenawan)

Differentiated flow with basal part coarsely ophitic, central part pegmatitic, upper part medium to finely
ophitic and pronounced columnar jointing at top of flow; mapped contact within flow is at base of
pegmatitic zone, not seen west of Mount Desor. Description from source map: Isle Royale National
Park

Unit is mapped as both an area feature, as well as a linear dike feature in the GRI digital geologic-GIS
data.

pgi - Portage Lake Volcanics, Grace Island Flow (Middle Keweenawan)

Porphyrite characterized by lath-shaped plagioclase phenocrysts, commonly to 2 cm long, widely
dispersed or as clots in a fine-grained matrix. Description from source map: Isle Royale National Park

pm - Portage Lake Volcanics, Minong Flow (Middle Keweenawan)

Trap containing scattered agates with characteristic whitish to light-bluish tint. Description from source
map: Isle Royale National Park

ph - Portage Lake Volcanics, Huginnin Flow (Middle Keweenawan)

Porphyrite similar to Grace Island Flow. Description from source map: Isle Royale National Park

php - Portage Lake Volcanics, Hill Point Flow (Middle Keweenawan)

Ophite similar to basal coarsely ophitic part of Greenstone Flow. Description from source map: Isle
Royale National Park

pai - Portage Lake Volcanics, Amygdaloid Island Flow (Middle Keweenawan)

Trap characterized by abundant agates that are typically reddish in tint and commonly contain
coarsely crystalline quartz centers. Description from source map: Isle Royale National Park
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Geologic Cross Sections

The geologic cross sections present in the GRI digital geologic-GIS data produced for Isle Royale
National Park, Michigan (ISRO) are presented below. Note that one cross section abbreviations (e.g.,
A - A') was changed from its source map abbreviation in the GRI data so that each cross section
abbreviation in the GRI data is unique. Cross section graphics were scanned at a high resolution and
can be viewed in more detail by zooming in (if viewing the digital format of this document). Both
graphics are shown at a scale for presentation and do not accurately represent the actual length of
each cross section line.

Geologic Cross Section A-A'

———Portage Lake Volcanics — Southeast
Copper Harbor Conglomerate

Northwest Greenstone ——
] Ridge omp. Ridge Houghton
o Lake Desor p Siskiwit Bay Ridge Lake Superior

Lake Superior.
1200 )

GEOLOGIC SECTION

Graphic from source map: Isle Royale National Park

Geologic Cross Section B-B'

SECTION
EXPLANATION

HOUGHTON RIDGE

SISKIWIT
BAY

s, -
A ST

Graphic from source map: Copper Harbor Conglomerate on Isle Royale. Cross section A-A' on source
map.
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Anci

llary Source Map Information

The following sections present ancillary source map information associated with sources used for this
project. No additional information is presented for the 1996 USGS Digital Raster Graphics (Isle
Royale Area)

Isle Royale National Park

The formal citation for this source.

Huber, N. King , 1973, Geologic Map of Isle Royale National Park, Keweenaw County, Michigan:
U.S. Geological Survey, Miscellaneous Geologic Investigations Map |-796, scale 1:62,500 (GRI
Source Map ID 2663).

Prominent graphics and text associated with this source.

Explanation

Holocene

]
ut
o}
g
<
<

EXPLANATION

« i

J Qal {
‘ Alluvium
|

Chiefly lake and stream deposits: locally includes both modern and clevated
beach deposits. Most of the area so mapped is occupied by swamps, bags,
\  and beaver ponds

-

Talus, slopewash, and glacial drift
< Varied surficial materials including large amounts of more or less reworked
glacially transporied debris: locally includes elevared beach deposits. Mapped
only on western third of island, where extensive deposits effectively conceal
bedrock over large arcas. On norihwestern end of island, north of Washington
Creek, overlay pattern on bedrock units indicates exiensive bur less continuons
13 surfictal cover

<

\ Glacial till
L Glacial till in ice-margin deposits formed during pauses in the retreat of the last

(Valderan) ice sheet in the Lake Superior basin

QUATERNARY
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UNCONFORMITY

Copper Harbor Conglomerate
Conglomerate and sandstone, chiefly composed of detritus from both felsic and
mafic voleanic rocks
cc, chiefly conglomerate
cs, chiefly sandstone

Portage Lake Volcanics

Sequence of basalt and andesite lava flows with interbedded scdimentary and
pyroclastic rocks:

pu, lava jlows, undivided, chiefly ophitic flood basalis. Locaily includes some
sedimentary rocks. Overlay patiern on northwestern end of island indicates
extensive surficial cover by unit Qts. Not shown in box are individually
.named flows listed below

psc, Sandstone and conglomerate; chiefly composed of detritus from felsic and
mafic volcanic rocks

pp, pyroclastic rocks; tuffs, breceias, and tuffaceous sedimentary rocks

Certain stratigraphic units representing individual lava flows or groups
of flows can be identified and traced on the basis of characteristic
textures or structures and relative stratigraphic position. Twelve such
units are distinguished on the map and have been named for ease of
reference

Rock names based on characteristic textures and used to describe
individual flows are defined as follows: trap, fine-grained, dense rock
commonly showing conchoidal fracture and polygonal jointing;
porphyrite, rock with plagioclase phenocrysts scattered through a
finer-grained ground mass; ophile, rock with crystals of pyroxene
enclosing unoriented plagioclase laths, producing a mottled effect,
accentuated by weathering (pyroxene crystals range from a few
millimeters to more than 2 cm in different specimens); pegmatite,
coarse-grained rtock, typically with mat of prominent plagioclase
laths

Named flows within the Portage Lake Volcanics:
Scoville Point Flow, porphyrite characterized by mm-sized,

blocky plagioclase phenocrysts uniformly distributed in
finer-grained matrix

Middle Keweenawan
Vo
PRECAMBRIAN

- Edwards Island Flow, trap characterized by polygonal joints,
commonly with well-developed columnar structure

Middle Point Flow, porphyrite similar to Scoville Point Flow
except phenocrysts less uniform in size and distribution

Long Island Flow, trap characterized by polygonal joints, less
commonly with well-developed columnar structure

Tobin Harbor Flow, porphyrite similar to Middle Point Flow

Washington Island Flow, ophite characterized by abundant
tlots of dark-green chlorite and sparse plagioclase pheno-
crysts up to one cm in length; ophitic texture somewhat
obscure

Greenstone Flow, differentiated flow with basal parl coarsely
ophitic, central part pegmatitic, upper part medium to
finely ophitic with pronounced columnar jointing at top of
flow; mapped contaclt within flow is at base of pegmatitic
zone, not seen west of Mount Desor

- Grace Island Flow, porphyrite characterized by lath-shaped
plagioclase phenocrysts, commonly to 2 cm long, widely
dispersed or as clots in a fine-grained matrix

Minong Flow, trap containing scattered agates with character-
istic whitish to light-blusih tint

- Huginnin Flow, porphyrite similar to Grace Island Flow

Hill Point Flow, ophite similar to basal coarsely ophitic part
of Greenstone Flow

Amygdaloid Island Flow, trap characterized by abundant
agates that are typically reddish in tint and commonly
contain coarsely crystalline quartz centers J

Graphic from source map: Isle Royale National Park
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Map Legend

Contact
Dotted where locally projected through lakes or beneath surficial deposits on
western half of island. Dashed where internal contact within the Greenstone
Flow

Dashed where topographic expression obscure: dotted where projected through
lakes or surficial deposits. Most are near vertical and define a regional joint and
fracture pattern, present down to the scale of individual outcrops. Displace-
ment on most of the northward-trending ones is too small to be readily
apparent, even though their topographic expression is commonly impressive.
The ball and bar indicate the downthrown side on faults where movement
is apparent; the horizontal component of the faults is unknown but probably
slight on all

Beach crest

Indicates most prominent crest of beaches associated with former shorelines,

now above present lake level

FUSENENSNERNERN YR FEFRYEY .
Wave cut cliff
Associated with former shorelines. Scarp around Feldtmann lLake is an ice
rampart formed when the surface of that lake was at a higher level

Strike and dip of beds*®

10
s

Strike and dip of lava flows™

Measured on joints, amygdaloidal zones, or other planar features assumed to be
parallel with flow surfaces

Direction of glacial movement a? indicated by glacial striations or
grooves*
e TR
Drumlins

Linear ridges of glacial till streamed out behind bedrock knobs in the direction
of glacial movement, as indicated by the broken arrows (known as “'‘crag-and-
tail’’ variety aof drumlin}

.'!'
Diamond drill hole
Location approximate. Holes drilled during exploration for copper in 1891
and 1892; numbers key holes to descriptive report of A.C. Lane (15898)

<
Kettle
Closed depression in glacial till. Shown only on Mount Desor and south of
Washington Harbor
2
Prospect Pit

L4}
Mine shaft

*Symbols may be displaced slightly from actual location in areas of tight
cartography; those plotted over water apply to adjacent shoreline
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Distribution of Keweenawan Rocks in the Lake Superior Region
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Geologic Summary - Isle Royale National Park

BEDROCK SEQUENCE

The bedrock sequence of Isle Royale consists of two formations, the Portage Lake Volcanics, and the
overlying Copper Harbor Conglomerate, both of Precambrian (Middle Keweenawan) age.

Portage Lake Volcanics

The Portage Lake Volcanics is largely made up of basaltic and andesitic lava flows with interbedded
sandstone, conglomerate, and pyroclastic rocks. Exposures on Isle Royale indicate a minimum
thickness of 10,000 feet on the island, and as the base of the formation is not exposed, the total
thickness may well be considerably greater. Within the sequence- which probably contains more than
a hundred individual flows in the exposed section- certain stratigraphic units representing individual
flows can be identified and traced on the basis of characteristic internal textures or structures and
relative stratigraphic position. Twelve such flows have been distinguished within the sequence on Isle
Royale (see map explanation); these key flows provide stratigraphic and structural control for the
geologic map. Many of them can be traced the length of the island.

A number of thin sandstone and conglomerate units in the upper part of the section crop out with
relatively good continuity between Siskiwit Lake and Moskey Basin in the east-central part of the
island. These clastic rocks also are useful as key horizon markers, and although exposures are too
poor to establish the fact, many of them probably extend the length of the island. Additional
interbedded clastic rocks are known only from exploratory holes drilled during a search for copper on
the western end of the island.

Copper Harbor Conglomerate

The Copper Harbor Conglomerate is a thick lithified wedge of gravel and sand spread out over the
Portage Lake Volcanics as piedmont fan deposits and flood plain deposits. The clastic debris in the
Copper Harbor Conglomerate was derived chiefly from older Keweenawan volcanic rocks and was
transported generally eastward from a boulder conglomerate at Cumberland and Rainbow Points,
through a mixture of cobble and pebble conglomerates and sandstone, to deposits on the islands in
the eastern part of Siskiwit Bay that are chiefly sandstone and siltstone. Over this same distance of 20
miles, the formation thickens within marker horizons from 1,500 feet to more than 6,000 feet. Total
thickness is unknown, as the top of the formation is concealed beneath Lake Superior.

BEDROCK STRUCTURE

The layered bedrock sequence on Isle Royale forms a homocline tilted toward the southeast. (See
structure section.) Dips of the strata range from less than 10° to more than 50°; they are generally
steeper on the north side of the island than on the south, and the dip averages less than 20°. The only
major distortion superimposed upon the homoclinal structure on the island is within the Lake Richie-
Chippewa Harbor area, where the upper part of the Portage Lake Volcanics is warped around a node
of apparent uplift and fracturing. Also superimposed are joints and faults related to a regional fracture
system. One set trends northward at the western end of the island, changing progressively eastward
to trend about 30° E. of N. at McCargoe Cove. Minor vertical displacement is apparent along some of
the faults in this set. Faults in a second set, trending east-west, commonly show somewhat greater
displacement, but still no more than a few hundred feet at most.

REGIONAL SETTING AND PREGLACIAL GEOLOGIC HISTORY

Isle Royale lies on the north margin of the Lake Superior syncline, an arcuate structural basin
that more or less follows the trend of present-day Lake Superior. (See inset map.) The Portage Lake
Volcanics and Copper Harbor Conglomerate on Isle Royale extend beneath the lake and reappear on
the Keweenaw Peninsula on the south shore. These formations overlie older Keweenawan volcanic
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rocks (for example, the North Shore Volcanic Group of Green (1971) in Minnesota, the Osler Group
ion Ontario, and the volcanic rocks of the South Trap Range in westernmost Michigan), which in turn
overlie a complex terrane of older Precambrian igneous and metamorphic rocks. The Keweenawan
lavas were probably erupted somewhat more than a billion years ago from a rift system in the axial
region of the basin and spread laterally to form extensive sheets, some of which must have covered
thousands of square miles. The basin was actively subsiding during the eruptive period; during
intermittent intervals of volcanic quiescence sedimentary debris was washed from adjacent highlands
into the basin to form the clastic rocks interbedded with volcanic flows. When volcanic activity ceased,
the basin continued to subside long enough for deposition of the Copper Harbor Conglomerate and of
still higher sedimentary formations exposed south of Lake Superior.

From the end of the Keweenawan until the glacial epoch, little is known about the geologic history of
Isle Royale, and indeed of much of the Lake Superior region. Some of the rocks of the Bayfield group
in the central Lake Superior basin may be of Cambrian age, but no younger preglacial rocks are
known from that area. Younger Paleozoic rocks extend northward from central Michigan to the
southeast shore of Lake Superior and southward from Hudson Bay to within 100 miles of the north
shore of the lake. If these younger rocks once extended across this gap, they were probably removed
by erosion long before the glacial epoch.

GLACIAL AND POSTGLACIAL GEOLOGIC HISTORY

Differential resistance of individual units or zones within the tilted bedrock formations controlled the
physiographic development of Isle Royale, and the pronounced ridge-and-valley topography that
resulted was formed by stream erosion prior to glaciation. The main role of subsequent glacial erosion
was to accentuate asymmetry of the existing ridge-and-valley land surface and to interrupt the
preglacial streams with aligned bedrock lake basins. Because of the northerly location of Isle Royale,
each successive glaciation overrode and essential obliterated all direct evidence of preceding
glaciations on the island. It is to the last major readvance of the ice sheet during Valderan time, about
11,000 years ago, that the final aspect of the morphology of Isle Royale is largely attributable.

As the Valderan ice withdrew northward, a series of lakes formed in the Lake Superior basin at the
margin of the retreating ice. As the retreating ice opened successively lower outlets, the general trend
of lake elevations was downward. Periods of relative stability are reflected by distinct lake stages
during which well-defined shoreline features were developed. During one pause in its retreat, the ice
margin remained across Isle Royale west of Lake Desor. Abundant deposits of glacial debris were left
upon the newly deglaciated western end of the island, and the ice front remained stable long enough
to build a complex of ice-margin deposits across the island. Subsequent renewed and complete
retreat of the ice margin from Isle Royale was rapid enough to leave only a small amount of glacial
debris on the central and eastern parts of the island.

Except for wave-cut shoreline features, postglacial modification of the topography has been very
slight. Materials derived from slope erosion are transported only very short distances, owing to low
stream gradients and innumerable beaver dams. Bogs and swamps occupy much of the alluvial valley
bottoms.

Text from source map: Isle Royale National Park
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THE COPPER HARBOR CONGLOMERATE (MIDDLE KEWEENAWAN)
ON ISLE ROYALE, MICHIGAN, AND
ITS REGIONAL IMPLICATIONS

BY ROGER G. WoOLFF! and N. King HUBER

ABSTRACT

The Copper Harbor Conglomerate on Isle Royale is the north
limb counterpart of the type Copper Harbor Conglomerate
exposed on the south limb of the Lake Superior syncline on the
Keweenaw Peninsula. In both areas the formation, of middle
Keweenawan age, overlies the middle Keweenawan Portage
Lake Volecanics and is largely derived from older Keweenawan
volcanic source terranes that shed debris into the subsiding
Lake Superior basin from opposite sides; for Isle Royale, the
source terrane would have been the North Shore Volcanic
Group in Minnesota. The deposits appear to be piedmont fan
deposits and flood-plain deposits formed under a combination
of fluvial and lacustrine conditions.

Various sedimentary features on Isle Royale indicate that
the sediments were transported generally eastward, with a
range in direction from northeast to southeast. The formation
also increases in thickness and in textural and compositional
maturity in this direction; it varies from a boulder conglomerate,
through a mixture of cobble and pebble conglomerates and
sandstone, to sandstone alone. This clastic wedge thickens
within a distance of 20 miles from a minimum of 1,500 feet
to more than 6,000 feet between stratigraphic marker hori-
zons; the top of the formation is nowhere exposed, however,
and the total thickness probably is considerably greater.

The clastic materials in the formation are predominantly
derived from older Keweenawan volcanic rocks. Felsic varie-
ties are slightly dominant over mafic varieties. Metamorphic
rocks are minor components, and clasts of intrusive igneous
rocks appear to be absent. The overall local composition of the
formation, chiefly reflecting degree of sediment maturity, is
closely related to grain size; rocks of similar grain size have
the same composition throughout the formation. Calcite cement
is ubiquitous; in the conglomerate and coarse-grained sand-
stone, it commonly amounts to about 15 percent. As the tex-
tures become finer, rock fragments and calcite cement decrease
in abundance, whereas quartz, feldspar, and opaque mineral
percentages increase.

The felsic and many of the mafic Keweenawan rock types
that occur as clasts in the Copper Harbor Conglomerate are
not known to occur as flows within the Portage Lake Volcanics
on the island. Most of the rock types, however, are known to
occur as flows in the North Shore Volcanic Group, which is

1Present affiliation, Gulf Oil Corp., P.0O. Box 1635, Houston, Texas.

stratigraphically lower than the Portage Lake Volcanics and
is present in the direction from which the clastic debris was
transported. Several lines of evidence suggest the presence of
an unconformity between the North Shore Volcanic Group
and the Portage Lake Volcanics. Such an unconformity would
facilitate the erosion of the North Shore Volcanic Group and
the deposition of the erosional debris basinward on top of the
Portage Lake Volcanics.

The situation would be analogous to that on the south side
of the Lake Superior syncline. There many clasts in the Cop-
per Harbor Conglomerate appear to have been derived from
the lowermost Keweenawan volcanic terrane, volcanic rocks
of the South Trap Range which underlie the Portage Lake
Volcanics.

INTRODUCTION
SCOPE OF STUDY

It has been long proposed (Lane, 1898, p. 56) that
part of the Keweenawan Series of the Keweenaw
Peninsula (Portage Lake Volcanics? and Copper Har-
bor Conglomerate) extends beneath the Lake Superior
syncline and is exposed again on Isle Royale (fig. 1).
The basis for this interpretation is the similarity of
the volcanic and sedimentary rock types and of the
stratigraphic succession in both areas. The present
study supports this conclusion,

The Copper Harbor Conglomerate has been studied
by many workers in its type area on the Keweenaw
Peninsula, and much data has accumulated regarding
its compositional and textural variations, direction of
sediment transport, and depositional environment.
The only comprehensive geologic study of Isle Royale,
that of Lane (1898), places greatest emphasis on the
Portage Lake Volcanics because itis the host for native
copper mineralization; the Copper Harbor Conglom-
erate was not studied in detail. Since Lane’s study,

2At the request of the Geologic Names Committee of the U.S. Geological

Survey and in consultation with workers in the type area (W. S. White
written commun., 1972), the formation name Portage Lake Volcanics is
used in this report in place of Portage Lake Lava Series in order to bring
the formation name into conformity with the Code of Stratigraphic Nomen-
clature (Am. Comm. on Strat. Nomenclature, 1970, p. 7, 14).
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FIGURE 1.—Generalized distribution of Keweenawan rocks in the Lake Superior region. Data from Green (1971), Halls (1966),
Irving (1883), White (1966), and White and Wright (1960).

virtually no additional data regarding the Copper
Harbor Conglomerate on Isle Royale has been pub-
lished except for a few measurements on directions of
sediment transport (White and Wright, 1960; Hamb-
lin and Horner, 1961).

This study focuses on the nature of the sedimentary
rocks above the Portage Lake Volcanics on Isle
Royale, provides some basis for their comparison with
the Copper Harbor Conglomerate on the south shore

of Lake Superior, and contributes to the understand-
ing of Keweenawan sedimentation in the Lake Supe-
rior region,
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COPPER HARBOR CONGLOMERATE ON THE
KEWEENAW PENINSULA OF MICHIGAN

The Copper Harbor Conglomerate, in its type area
on the Keweenaw Peninsula of Michigan, was named
and defined so as to include a thick sequence of sedi-
mentary rocks, previously separated (in ascending
order) into the Great, Middle, and Outer Conglom-
erates, with intervening lava flows, the Lake Shore
Traps (Lane and Seaman, 1907, p. 690-691; Lane,
1911, p. 37-40). On the Keweenaw Peninsula, the
Copper Harbor Conglomerate conformably overlies
the Portage Lake Volcanics (middle Keweenawan),
and locally the two formations interfinger (fig. 2;
White and Wright, 1960). The Portage Lake Volcanics
consists primarily of lava flows; minor sedimentary
rocks, similar to those within the Copper Harbor Con-
glomerate, are intercalated between flows (hereafter
referred to as interflow sedimentary rocks). The tran-
sition between the two formations reflects a gradual
cessation of volcanic activity and the growing domi-
nance of a sedimentary regime. The Copper Harbor
Conglomerate is overlain by the Nonesuch Shale and
Freda Sandstone (upper Keweenawan).

Irving (1883) placed the base of what he called the
“Upper Division” of the Keweenawan Series at the
base of his Outer Conglomerate; this boundary falls
within the Copper Harbor Conglomerate as originally
defined by Lane and Seaman (1907) and as currently
used on the Keweenaw Peninsula. White, Cornwall,
and Swanson (1953), in later work, arbitrarily chose
to place the base of the upper Keweenawan at the base
of the Copper Harbor Conglomerate but failed to dis-
cuss this apparent departure from prior usage. Because
of confusion arising from this dualusage, White (1972)
recently reviewed the difficulties of applying either of
these alternative boundaries for the base of the upper
Keweenawan and concluded that a third alternative,

B3

o
Formations of Bayfield Group, ° g
not differentiated here 50
N0}
o z
<
2
<
r
w
w
g
Freda Sandstone X
= [id
3 ]
< a
(5] o
° >
2
c
<]
2
@]
Nonesuch Shale
z
<
@
Copper Harbor Conglomerate g
(including mafic lava members) 5
]
4
a
Unnamed volcanic <2(
formation 2
<
z
L
w
2
]
4
w
-
Q
=
=
Portage Lake Volcanics

FIGURE 2.—Nomenclature for middle and upper Keweenawan
rocks of northern Michigan and adjacent parts of Wisconsin
(after White, 1972). The unnamed volcanic formation occurs
only in the Porcupine Mountains area (fig. 1).

the top of the Copper Harbor Conglomerate, was, for
both theoretical and practical reasons, a more mean-
ingful stratigraphic boundary. He therefore proposed
that the top of the Copper Harbor Conglomerate be
considered the top of the middle Keweenawan; this
usage places the entire Copper Harbor Conglomerate
within the middle Keweenawan (fig. 2) and is fol-
lowed in this report.

Details regarding the geology of the Copper Harbor
Conglomerate on the Keweenaw Peninsula and farther
west in Wisconsin are provided by White and Wright
(1960), Hite (1968), and White (1971; 1972); Halls
(1966) summarizes the regional stratigraphy. The
following brief description is based primarily on these
sources.

The Copper Harbor Conglomerate crops out in a





B4

discontinuous belt from the east end of the Keweenaw
Peninsula westward into Wisconsin (fig. 1). The
observed range in thickness in Michigan is about 200
feet to more than 6,000 feet. As the formation is
wedge shaped, thickening rapidly to the northwest
toward the axis of the Lake Superior syncline, the
thickness at any one place depends on the proximity
of the place measured to the margin of the depositional
basin. And as neither the basin margin nor the outcrop
belt is linear, much apparent thickening and thinning
is found parallel to the regional strike. The stratig-
raphy is further complicated in the vicinity of the
Porcupine Mountains, where a thick lenticular unit
of volcanic rock lies between the Portage Lake Vol-
canics and the Copper Harbor Conglomerate, There
the conglomerate is locally less than 200 feet thick
(White and others, 1971; White, 1971, 1972).

The formation consists chiefly of red to brown
arkosic conglomerate and sandstone; most of the
pebbles are of volcanic origin and predominantly
felsic. Metamorphic and granitic rocks are generally
very minor constituents (<1 percent). Hite (1968)
notes that near the Michigan-Wisconsin border, the
relative percentage of metamorphic and granitic clasts
as compared with volcanic increases upward in the
section. He ascribes this change to a change in prove-
nance, the metamorphic and granitic clasts coming
from the Animikean terrane after streams had cut
through the lowermost Keweenawan lava flows, the
source for the lower part of the Copper Harbor Con-
glomerate. Boulders and smaller clasts of pre-Kewee-
nawan rocks are also locally abundant in the Copper
Harbor Conglomerate on Manitou Island (Cornwall
and White, 1955).

The texture of the conglomerate is indicative of
high energy conditions. Most of the conglomerate
clasts are less than 10 inches in diameter, but boulders
more than 2 feet in diameter are present. Modal size
is generally in the 2- to 8-inch range. Most clasts are
subrounded to well-rounded and bladed or prolate in
shape. These pebbles, cobbles, and boulders lie closely
packed in a sandy matrix cemented with calcite; near
the top of the formation, packing is more open (Hite,
1968). The sandy units are poorly sorted, and the
grains are angular to subangular.,

White and Wright (1960, p. B6) have recognized a
separate “red facies” within the Copper Harbor Con-
glomerate near the Porcupine Mountains (fig. 1). This
unit is a platy fine- to medium-grained sandstone and
is redder than the rocks of the formation as a whole.

It has been demonstrated that the general direction
of sediment transport for both the Copper Harbor
Conglomerate and the interflow conglomerates in the
Portage Lake Volcanics was toward the Lake Superior
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basin (fig. 3); the source area is thus located to the
southeast of the present outcrop belt (White, 1952,
1960; White and Wright, 1960; Hamblin and Horner,
1961). The Copper Harbor Conglomerate, on the
Northern Peninsula of Michigan, has been interpreted
as a piedmont fan stretching northward away from
foothills near the margin of the Lake Superior basin
toward an alluvial plain or body of water occupying the
center of the basin (White and Wright, 1960; White,
1960, 1971). Hamblin (1961, 1965) has further dis-
cussed the regional sedimentary environment and
paleogeography of the Lake Superior basin during
Keweenawan and subsequent periods; he concludes
that a highland extended through northern Michigan
and Wisconsin, acting as a source of sediment for the
Lake Superior basin from at least late Keweenawan
through Late Cambrian (Dresbachian) time.

COPPER HARBOR CONGLOMERATE ON
ISLE ROYALE
LOCATION AND AREAL EXTENT

Isle Royale is the largest island in an archipelago,
all of which is within the boundaries of Isle Royale
National Park. The name Isle Royale is often used to
refer to the entire archipelago, and this is the sense in
which it is used in the title of this report. Within the
body of the report, however, the term is also used to
refer to the main island. It should be clear in context
which meaning is intended. Isle Royale is located in
the northwestern part of Lake Superior, 15 miles
southeast of the Minnesota-Canadian shoreline and
40 miles northwest of the closest point on the Kewee-
naw Peninsula (fig. 1). Exposures of Copper Harbor
Conglomerate are slightly more than 40 miles apart on
opposite sides of the Lake Superior syncline. The
island is 45 miles long and about 6 miles wide; the
long dimension is parallel to the structural grain.

Approximately four-fifths of Isle Royale is under-
lain by voleanic flows and minor clastic rocks of the
Portage Lake Volcanics, which dip 10°-20° to the
southeast in the vicinity of their contact with the over-
lying Copper Harbor Conglomerate (Huber, 1973b,c).
The Copper Harbor Conglomerate underlies the re-
maining one-fifth of Isle Royale and is confined to the
southwestern part of the archipelago (pl. 1); it dips
5°-28° to the southeast. The contact between the
Copper Harbor Conglomerate and the Portage Lake
Volcanics appears to be conformable; the top of the
Copper Harbor Conglomerate, however, is not exposed.
If the Nonesuch Shale and other formations that over-
lie the Copper Harbor Conglomerate on the Keweenaw
Peninsula are present in the Isle Royale area, they lie
beneath Lake Superior to the southeast.
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FiGURE 3.—Distribution of the Copper Harbor Conglomerate and paleocurrent directions on the Northern Peninsula of Michigan:
1, average direction of current flow from crossbeds in conglomeratic sandstone. 2, average direction of current flow from cross-
beds in “red facies.” 3, direction of current flow indicated by imbrication of pebbles. Number of individual observations included
in average is shown by each arrow. Modified from White and Wright (1960).

THICKNESS

The thickness of the Copper Harbor Conglomerate
on Isle Royale is difficult to estimate because (1) the
base of the formation, concealed beneath surficial
materials for most of its length, is impossible to
locate accurately; (2) the top of the formation, con-
cealed beneath Lake Superior is nowhere exposed; and
(3) the attitudes of strata are uncertain in the exten-
sive covered areas. Nevertheless, useful approxima-
tions can be made.

East of Hay Bay the base of the Copper Harbor
Conglomerate can be located reasonably well. From
Hay Bay west to the head of Siskiwit Bay, the contact
can be projected on the basis of topographic expres-
sion of the immediately underlying lava flows; from
that area west to Cumberland Point, however, projec-
tion on the basis of topography is impossible as large
areas are swamp or are covered by glacial debris
(Huber, 1973c). In this western area, the location of
the basal contact that is shown on plate 1 was calcu-
lated by measuring stratigraphically upward from
marker horizons within the uppermost 1,000 feet of
the Portage Lake Volcanics. (The marker horizons are

recognized in a few scattered outcrops and in a dia-
mond drill hole logged by Lane (1898, hole no. 11).)
These calculations assume a relatively uniform thick-
ness for the upper part of the Portage Lake Volcanics
and a uniform dip or rate of change of dip in covered
areas between outcrops of the Portage Lake Volcanics
and the Copper Harbor Conglomerate, Errors derived
from non-uniform thickness are believed to be small
and those derived from dip are difficult to evaluate.
The total changes in dip from one formation to the
other in this area are small; this fact suggests that
errors from this source also may be relatively small.
Differential resistance to erosion of many horizons
within the Copper Harbor Conglomerate has resulted
in the development of a linear ridge and valley topog-
raphy in the outcrop areas. Although this ridge and
valley structure is more subdued and less continuous
than that in areas underlain by the Portage Lake Vol-
canics, it is sufficiently well developed to permit one to
trace some individual horizons for several miles or
more. One such horizon, which makes up the southern
coastline from Fishermans Home Cove to about 2
miles west of Attwood Beach, has been used as an
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upper datum plane for estimating thicknesses for at
least part of the Copper Harbor Conglomerate, Other
less continuous or less well controlled horizons within
the formation provide additional data on the nature of
lateral thickness changes.

Stratigraphic thicknesses have been graphically cal-
culated for seven sections across the Copper Harbor
Conglomerate between Rainbow Point and Francis
Point. A stratigraphic diagram based on these data
(fig. 4) indicates a fourfold increase in thickness
(1,480-5,450 feet) from west to east along a 12-mile
length of outcrop. For a section 8 miles farther east in
the vicinity of Long Island and Malone Bay an esti-
mate of approximately 6,000 feet may be obtained by
assuming a uniform rate of change of dip between
opposite ends of the section where known dips are
quite different and there is a large gap in data. This
calculation is subject to greater errors than the others,
but it does suggest the possibility that the thickness
of the section continues to increase in an easterly
direction, but at a much lower rate than along the
Rainbow Point-Houghton Ridge segment.

One other possible complication in determining
stratigraphic thicknesses for the Copper Harbor Con-
glomerate should be considered briefly. Lane (1898,
p. 54-56) postulated a major high-angle fault, more
or less parallel with the strike of the rocks, through the
covered interval between Rainbow Cove and Siskiwit
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Bay. The duplication of stratigraphic section that
such an interpretation requires would have a sizable
effect on thickness calculations. This interpretation
was based to a large extent on his belief that apparent
inconsistencies in attitudes of strata between outcrops
of similar rock types on opposite sides of Rainbow
Cove indicated a structural disturbance between them
and on his speculation that the conglomerate on Cum-
berland Point on the north side of Rainbow Cove
might indeed be the same horizon as that exposed on
Rainbow Point to the south and on Feldtmann Ridge.
As additional support, he cited the large differences in
attitudes between sandstone outcrops on opposite
sides of the east end of Siskiwit Bay. He also believed
that except by such a fault there was no accounting
for the seemingly anomalous prominence of Point
Houghton, which is underlain by sedimentary rocks
that are not exceptionally resistant to erosion and gen-
erally underlie lowlands. Prominent ridges underlain
by rocks of the Copper Harbor Conglomerate, how-
ever, also occur on the Keweenaw Peninsula, as at
Mount Lookout and Brockway Nose, where there is no
evidence for fault control of their development (Corn-
wall, 1954a, b).

The apparent structural inconsistencies can be
explained partly by the now-recognized wedge shape
of the formation and partly by differential warping
related to flexures on the generally monoclinal struc-
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FIGURE 4.—Stratigraphic diagram of the Copper Harbor Conglomerate on Isle Royale from Rainbow Point (SW.) to Francis
Point (NE.). Dashed lines connect points on more resistant, ridge-forming horizons traceable on aerial photographs.
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ture of the island. Such flexures in the sedimentary
sequence are suggested by geophysical data from just
southeast of the island (Halls and West, 1971, p. 619-
621). As the postulated fault is not required to explain
the geologic relations, we have not allowed for any
stratigraphic duplication in making our thickness
calculations,
LITHOLOGIC CHARACTER

Alternating beds of sandstone and conglomerate
with varying textural characteristics are typical of the
Copper Harbor Conglomerate on Isle Royale as well
as on the Keweenaw Peninsula. The three major rock
types are sandstone, pebble conglomerate, and boulder
and cobble conglomerate. Within these major groups
clast size varies widely, the material ranging from
clay-sized particles to boulders larger than 2 feet in
diameter. Texture and composition are closely related
throughout the formation, the finer grained rocks be-
ing compositionally more mature. Conglomerate near
the top of the exposed section is similar to conglom-
erate at the base; the sandstones show a like simi-
larity, even though separated by large stratigraphic
intervals. Because of this, general lithologic descrip-
tions can be made for the formation as a whole prior to
considering internal variations and specific localities.

Bedding thicknesses vary considerably. Most of the
conglomerate beds are between 1 and 3 feet thick; the
sandstone beds between 14 inch and 6 inches thick.
Clast size descriptions follow Wentworth (1922):
pebbles, between % inch (4 mm) and 214 inch (64
mm) in maximum dimension; cobbles, between 214
inch and 10 inches (256 mm); boulders, greater than
10 inches.

TEXTURE

The conglomerate clasts are subangular to rounded
with prolate, bladed, and equant shapes. The maxi-
mum dimension of most clasts is between 2 and 8
inches although many are larger, and at least one is
2 feet in diameter (fig. 5). Both the larger clasts and
the matrix are poorly sorted, and a complete size gra-
dation commonly exists from fine matrix to conglom-
erate clasts. The components are generally loosely
packed; calcite cement fills most of the spaces between
grains,

Sandstone textures are very fine to very coarse
grained, and a complete gradation within these ranges
may occur in a single bed. Vertical changes in grain
size are both abrupt and gradational. Grains are pro-
late, equant, and bladelike; most grains are angular to
subrounded. The degree of sorting generally increases
with decrease in grain size, the very fine- and fine-
grained standstones being fairly well sorted, the
medium- and coarse-grained sandstones poorly sorted.
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FIGURE 5.—At the western end of Isle Royale at Cumberland
Point, the basal part of the Copper Harbor Conglomerate is
a coarse boulder and cobble conglomerate. Large boulder in
foreground is 2 feet in diameter.

Most fine-grained sandstones are tightly packed and
contain less calcite cement than the coarser sand-
stones with their more open framework.

Siltstone beds, which are very highly jointed and
have a darker red color than the coarser grained rocks,
are poorly sorted, owing mainly to a bimodal size dis-
tribution with many larger quartz and feldspar grains
in finer silty matrix. Very thin shale layers, commonly
displaying desiccation cracks, are abundant locally.

COMPOSITION

The boulders, cobbles, and pebbles throughout the
Copper Harbor Conglomerate are chiefly derived from
volcanic rocks, including basalt, andesite, trachyte,
latite, quartz latite, and rhyolite. Such volcanic rock
fragments usually make up 50-75 percent of the con-
glomerate, including the finer matrix. Sedimentary
rock clasts (claystone and arkosic sandstone) and
metamorphic rock clasts (quartzite) make up 0-5
percent of the conglomerate, but usually less than 2-3
percent.

Three types of quartz grains (unstrained, undula-
tory, and polycrystalline) together make up less than
10 percent of the matrix of the conglomerate beds.
Potassium feldspar and plagioclase generally amount
to less than 5 percent each; in a given rock, one may
be more abundant than the other. Both quartz and
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feldspar are less abundant in the coarser conglomer-
ates than in the finer ones. Opaque minerals range
between 0 and 9 percent.

The percentage of interstitial calcite increases with
increasing grain size, and in some specimens calcite
makes up as much as 25 percent of the rock. In most
specimens, however, this constituent is between 5 and
15 percent of the rock. Other cementing materials
present are ferric oxide, silica, and laumontite.

The average composition of five samples of pebble
conglomerate is given in table 1.

TABLE 1.—Composition of pebble conglomerate
[Five samples average grain size <1 inch; 300-plus point counts per sample]

Percentage
Range

Constituent

Rock fragments:
Felsic volcanic ...
Mafic voleaniC .....ocoooooeeeeee
Sedimentary (shale and sandstone)
Metamorphic (quartzite) ..............

Mineral grains:
Unstrained quartz ..........................
Opaque
Plagioclase ...
Potassium feldspar ...
Undulatory quartz ...
Polycrystalline quartz .....
Others (epidote, pyroxene, ze

Cement:
(87:1 11,1 7

Average

21.9-43.7
22.7-34.3
3- 3.5

()
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In the sandstones, volcanic rock fragments make up
from 0 to more than 50 percent of the rock, depending
on the grain size. The abundance of these rock frag-
ments decreases uniformly from the very coarse-
grained to the very fine grained sandstones. Sedi-
mentary and metamorphic rock fragments make up
less than 3 percent of most sandstones; some beds
contain abundant shale chips, probably derived from
the immediately underlying strata.

Quartz grains increase from about 10 percent in the
coarse-grained rocks to nearly 50 percent in the fine-
grained ones. Unstrained quartz is slightly more
abundant than undulatory quartz, and the polycrys-

TABLE 2.—Composition of coarse to very coarse grained
sandstone
[Twelve samples; 300-plus point counts per sample]

Percentage
Constituent Range Average

Rock fragments:

Felsic -voleanic: ......cuwmsemmmanm: 12.3-45.2 314

Mafic voleanic ......ccocoeoeeeoeneneee... 12.3-36.9 26.9

Sedimentary (shale and sandstone) .0- 3.2 1.1

Metamorphic (quartzite) .............. Trace- 2.3 6
Mineral grains:

Plagioclase ..........cooooooeiiiiii 2.3-11.6 74

Unstrained quartz ... 1.6-18.1 6.3

Opaque ..o 3-11.6 4.6

Potassium feldspar ... 9-11.6 4.0

Undulatory quartz ....... 9- 6.1 3.2

Polycrystalline quartz ... .. 3—- 6.1 1.1

Others (epidote, pyroxene, zeolites)  .3— 3.2 1.7
Cement:

Caleite oo .3-22.3 11.7
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TABLE 3.—Composition of very fine to fine-grained sandstone
[Ten samples; 300-plus point counts per sample]

Percentage
Constituent Range Average

Rock fragments:

Felsic voleanic ............oc.ooccoooeeeeee. 0.0- 3.2 1.3

Mafic voleanic ..o, .0- 16 9

Sedimentary (shale and sandstone) 0-42 8

Metamorphic (quartzite) .............. 0- 3 Trace
Mineral grains:

Unstrained quartz ... 2 36.8

Undulatory quartz ... 2 19.0

Potassium feldspar ... .9 16.2

Plagioclase ..........cc........ 6 8.0

Opaque ......... .0 6.6

Others (epidote, pyroxene, zeohtes) 29- 54 41

Polycrystalline quartz ... 0- 9 4
Cement:

Calcite 1.9- 8.7 5.9

talline variety generally amounts to only 1-2 percent.
Potassium feldspar is usually less than 10 percent and
commonly 5-7 percent; the plagioclase percentages
are about 5 percent greater. Magnetite is by far the
dominant opaque mineral; it ranges from 2 to 30 per-
cent, and where most abundant, is concentrated in
layers parallel to the bedding. Calcite cement consti-
tutes as much as 20 percent of the sandstones.

The average composition of coarse- and fine-grained
sandstones is indicated in tables 2 and 3.

The composition of the siltstones is more difficult to
determine; 60-70 percent of these rocks consists of
material so fine that it is not easily identifiable with
the petrographic microscope. Staining the feldspars
helped somewhat in their identification. Owing to
recrystallization and alteration, it is also difficult to
distinguish matrix material from cement. Much of the
fine material is clay, which commonly occurs as shale
fragments; some fine material is probably extremely
fine quartz and feldspar. Larger quartz and feldspar
grains are also present; the quartz amounts to about
15 percent of the total composition of the rock, the
feldspars 10 percent or less. Volcanic clasts and
opaque minerals are present in small amounts,

DISTRIBUTION OF ROCK TYPES

Even though there is a major gap in the exposed
section because of the lack of outcrops in the swampy
lowland between Rainbow Cove and Siskiwit Bay and,
of course, in Siskiwit Bay itself, data from existing
outcrops are sufficient to demonstrate a major facies
change from west to east. This facies change, indicated
by a decrease in clastic fragment size and an increase
in textural and compositional maturity — predomi-
nantly coarse conglomerate in the west and sandstone
in the east, is shown in a very general way by the geo-
logic map (pl. 1). On plate 1 the different map units
are based upon average clast size.

This lateral facies change can be clearly recognized
at several horizons within the formation as well as in
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FIGURE 6.—Near the middle of Isle Royale on Hat Island in
Malone Bay, the basal part of the Copper Harbor Conglom-
erate is a few feet of pebble conglomerate which overlies the
rock of the Portage Lake Volcanics. Exposed patches of
amygdaloidal basalt (flat-appearing surface above hammer)
are overlain by pebble conglomerate (rough surface near
hammer).

the overall gross change. At Cumberland Point, a mini-
mum of several hundred feet of coarse boulder con-
glomerate lies at the base of the formation. Eastward
toward Malone Bay, the basal rock becomes a cobble
and then a pebble conglomerate (fig. 6), and at Hat
Island only a few feet of fine pebble conglomerate sep-
arates a thick section of sandstone from underlying
volcanic rock of the Portage Lake Volcanics. Farther
east, in a small cove north of Schooner Island in sec. 33,
T.65N., R. 35 W. (fig. 7), and on a small island at the
entrance to Vodrey Harbor, the conglomerate has
phased out and sandstone rests directly upon the vol-
canic rock. There are no outcrops of Copper Harbor
Conglomerate east of Vodrey Harbor, although the

F1GURE 7.—East of Malone Bay at a small cove north of Schooner
Island, the basal part of the Copper Harbor Conglomerate is
a sandstone which overlies the basalt of the Portage Lake
Volcanics.
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basal contact must be near the shore for many miles
eastward along the island coast.

One of the most dramatic and best exposed displays
of the facies sequence making up the Copper Harbor
Conglomerate is exhibited by the backbone of Feldt-
mann and Houghton Ridges and the Siskiwit Island
chain. Not only can one see here the change from
coarse conglomerate on Feldtmann Ridge in the west
(fig. 8) to sandstone on the island chain (fig. 9), but
on Houghton Ridge, between the two extremes, one
can also see the vertical variations in rock type
brought about by the interfingering of beds represent-
ing different clast sizes and sedimentation energy
levels, as illustrated in the cross section on plate 1. A
series of samples collected across Houghton Ridge
shows that the only consistent compositional changes
are related to changes in grain size (table 4); there is
no evidence for a vertical compositional trend.

F1GURE 8.—Cobble conglomerate facies (upper) and pebble con-
glomerate facies (lower) of the Copper Harbor Conglomerate
on the west end of Feldtmann Ridge.





B10 GEOLOGY OF ISLE ROYALE

NATIONAL PARK, MICHIGAN

% %) *

FIGURE 10.—Longitudinal section of trough-type crossbedding in
sandstone on the southern side of Houghton Ridge.

FIGURE 9.—Sandstone facies of the Copper Harbor Conglom-
erate on Stone House Island.

TABLE 4.—Composition of very fine grained sandstones, very coarse grained sandstones,

and pebble conglomerates taken from the measured section on Houghion Ridge
[Specimen numbers indicate relative position with lowest number lowest in section. See plate 1 for locations]

Very fine grained sandstones

Very coarse grained sandstones

Pebble conglomerates

Specimen No. 4 6 7 11 13 28 12 15 18 22 24 27 5 16 30 31 32
0.3 0.6 0.9 Trace 0.9 0.0 30.7 36.9 35.5 35.6 23.9 21.7 22.7 34.3 28.2 22.9 29.4
9 .6 -9 0.9 .6 0 31.8 38.8 31.7 33.6 24.2 39.6 43.7 39.9 37.2 21.9 34.6
4.2 .3 .0 Trace .0 .0 .0 .9 .6 .9 1.6 Trace .9 .3 1.9 3.5 .3
.0 .0 .3 .0 Trace .0 6 Trace 2.3 Trace .6 .3 9 .3 1.3 1.3 Trace
46.2 39.7 42.3 36.5 32.4 28.1 4.8 3.5 3.9 4.5 4.5 1.6 1.9 2.9 4.2 6.1 4.2
21.6 16.2 18.8 24.2 23.2 11.9 4.8 1.6 1.9 1.3 2.9 1.9 .9 .6 1.3 3.5 1.3
.6 .6 .6 .0 <9 .0 ) .6 .9 .6 1.6 1.3 1.3 1.9 .6 1.3 .9
4.8 15.5 12.9 23.3 18.5 22.9 1.6 1.6 9 9 3.9 4.5 7.1 .6 1.6 2.9 1.9
5.5 8.4 5.2 5.5 6.1 20.6 9.0 11.6 5.4 6.8 10.0 2.3 2.9 5.9 1.9 2.9 4.5
6.6 6.8 8.1 5.2 5.8 6.6 6.1 2.3 1.3 5.2 7.1 1.6 1.3 1.6 9 8.1 7.1
6.1 6.8 5.5 1.9 8.4 4.5 9.4 1.3 15.3 9.7 17.1 22.8 14.8 9.8 19.0 28.3 14.2
3.2 4.5 45 3.5 3.2 5.4 .9 .9 .3 9 2.6 2.9 1.6 1.9 1.9 2.3 1.6
NoTE.—Abbreviations:
MV. mafic voleanic rock fragments UQ. unstrained quartz grains PIF. plagioclase grains
FV. felsgic voleanie rock fragments UnQ. undulatory quartz grains 0. opaque grains
SF. sedimentary rock fragments (shale and sandstones) PQ. polycrystalline quartz grains Ca. Calcite cement A
MF. metamorphic rock fragments PF. potassium feldspar grains Others epidote, pyroxene, zeolites

DIRECTION OF SEDIMENTARY TRANSPORT

The direction of sedimentary transport of the Cop-
per Harbor Conglomerate on Isle Royale was deter-
mined from (1) the orientation of current-formed
sedimentary structures such as crossbedding, primary
current lineations, and ripple markings; (2) lateral
changes in coarseness and thickness of the formation;
and (3) conglomerate boulder and cobble composi-
tion, Textures, bedding types, and sedimentary struc-
tures suggest that streamflow was responsible for
transporting and depositing the sandstones and con-
glomerates of this formation.

SEDIMENTARY STRUCTURES AS DIRECTIONAL
INDICATORS

Sedimentary structures that yield directional infor-
mation include trough-type crossbedding (fig. 10),
microcross-laminations (rib-and-furrow structure),
ripple markings (figs. 11 and 12), primary current lin-
eations, and current crescents (fig. 13) (Pettijohn and
Potter, 1964; Potter and Pettijohn, 1963). Analysis of
the relative abundance of these structures on Isle
Royale, given in table 5, shows that trough-type cross-

beds occur in both sandstone and pebble conglomerate
beds and that all other sedimentary structures are
confined to the sandstones. Most data on these struc-
tures are from a narrow belt parallel to the strike of
the beds along the southern shoreline where sand-
stones are well exposed by wave action,

The data collected consist of 273 paleocurrent
measurements. Measurements of trough crossbeds,
rib-and-furrow structures, ripple marks, and current
crescents indicate current directions (arrows on fig.
14), whereas measurements of primary current linea-
tions indicate only current trend (one of two opposite
directions—straight lines on fig. 14). Half of the data
are from structures with discrete directions, but it is
encouraging that the measurements of current trend
are parallel to these and therefore can be assigned the
single directional property with reasonable confidence.
Each arrow or line plotted on the sediment dispersal
map represents the arithmetic mean of the azimuthal
readings from the unit sample area (township-range
section). The average number of readings per square-
mile section is twelve,
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TABLE 5.—Relative abundance of sedimentary features in sand-
stone and pebble conglomerate in the Copper Harbor Con-
glomerate, Isle Royale

[A, abundant; C, common; R, trace to rare; ............ , probably does not occur]
Sedimentary features Sandstone Pebble conglomerate

Trough cross-stratification ............. C-A C-A

Planar cross-stratification .. R-C R

Ripple stratification .......... C-A ..

Graded bedding ............... R-C C

Asymmetrical ripple markings .. C

Symmetrical ripple markings .......... C

Flat-topped ripple markings ............ R

Interference ripple markings . R

Cuspate ripple markings ..... R

Rib-and-furrow structures . c-A

Primary current lineations . A

Dessication cracks ........... C

Raindrop impressions ... R

Channels .......... R

Current-crescent structures ............ R-C

Heavy mineral concentrations ........ R-C R

These same data have been used to construct rose
diagrams of current direction, with class intervals of
30°. They have been plotted in four groups (fig. 14)
along the strike of the formation. Standard deviations
of the measurements are small; the maximum is 40°
for an individual group and 55° for all 273 determina-
tions. The diagrams show that most currents flowed
southeastward, but in the Houghton Ridge area and on
the Siskiwit Island chain the currents flowed eastward
to northeastward. These findings are in good agree-
ment with those of Hamblin and Horner (1961),
whose data consisted of 80 readings taken along the
southeastern shore.

LATERAL CHANGES IN TEXTURE AND FORMATIONAL
THICKNESS AS DIRECTIONAL INDICATORS

The demonstrated decrease in average clast size,
increase in textural and compositional maturity, and
increase in thickness of the formation from west to
east suggest transport of material in a general easterly

FI1GURE 11.—Cuspate ripple markings in sandstone on shoreline
insec. 18, T.63 N.,,R.37W.
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FIGURE 12.—Asymmetric ripple markings in sandstone on shore-
line south of Fishermans Home Cove.

direction, consistent with the data supplied by paleo-
current analysis,

FIGURE 13.—Current-crescent structures in sandstone on shore-
line south of Fishermans Home Cove.
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CONGLOMERATE COMPOSITION AS AN INDICATOR
OF SOURCE DIRECTION

More than one hundred boulders and cobbles were
sampled from the conglomerates and later identified
more accurately in the laboratory. With the exception
of a minor amount of sandstone, conglomerate, and
quartzite clasts, all clasts are of volcanic rocks covering
a wide range in composition from basalt to rhyolite.
No intrusive igneous clasts were noted. Most of the
matrix material of the conglomerate could have been
derived from volcanic rocks.

The low degree of metamorphism and lack of schis-
tosity of the volcanic clasts is typical of Keweenawan
volcanic rocks and unlike any pre-Keweenawan vol-
canic rocks in the Lake Superior region. The Kewee-
nawan volcanic sequence itself is the most likely
source for the clastic debris in both the interflow
conglomerates of the Portage Lake Volcanics and the
overlying Copper Harbor Conglomerate.

Felsites and some of the textural varieties of mafic
volcanic fragments that occur as clasts in the Copper
Harbor Conglomerate are not found in flows in the
exposed section of the Portage Lake Volcanics on Isle
Royale, although Lane (1898, p. 94) does report a
diamond drill hole with record of a felsite, which is
about 6,200 feet stratigraphically below the top of the
lava series. Similarly, although small bodies of intru-
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sive and extrusive felsite are present in the Portage
Lake Volcanics on the Keweenaw Peninsula, they are
not sufficiently abundant to have supplied the felsic,
clastic debris of the Copper Harbor Conglomerate
there.

Abundant felsitic volcanic rocks do occur in the
lowermost part of the Keweenawan flow sequence in
the North Shore Volcanic Group of Grout, Sharp, and
Schwartz (1959) and Green (1968; 1971) in Minne-
sota. A few of the textural types of mafic volcanic
rocks found as clasts in the Copper Harbor Conglom-
erate on Isle Royale have not been reported from the
North Shore Volcanic Group, but because the out-
crops are not continuous, they could well be present.
Similarly, recent work by Hubbard (1968b; 1972) indi-
cates that while many Copper Harbor Conglomerate
pebble types are not present in the Portage Lake Vol-
canics in westernmost Michigan, nearly all volcanic
types are present in older Keweenawan flows that form
the so-called South Trap Range (White and others,
1971) and predate the Portage Lake Volcanics in that
area. For this and other reasons, he has proposed an
unconformity within the total Keweenawan volcanic
sequence (Hubbard, 1968a). Such an unconformity
would permit an older Keweenawan sequence of vol-
canic rocks to be eroded to provide clastic debris for
the intraformational conglomerates in the middle

-
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FIGURE 14.—Sediment dispersal patterns in the Copper Harbor Conglomerate on Isle Royale.
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Keweenawan Portage Lake Volcanics and the overlying
Copper Harbor Conglomerate.

Paleomagnetic studies by DuBois (1962), Books
(1968, 1972), and Palmer (1970) have shown that the
only zone of reversed magnetic polarity within the
Keweenawan volcanic sequence occurs within the lower-
most group in western Michigan and within the lower
part of the North Shore Volcanic Group in Minnesota,
thereby strengthening the correlation of rocks on
opposite sides of Lake Superior, By analogy, then, an
unconformity can be postulated between the North
Shore Volcanic Group and the Portage Lake Volcanics
on Isle Royale similar to that suggested for the vol-
canic rocks of the South Trap Range and the Portage
Lake Volcanics on the south side of the lake. The
North Shore Volcanic Group would then not only pro-
vide a source terrane of appropriate composition but
such an unconformity would also allow for erosion of
that source terrane while deposition of the interflow
sediments of the Portage Lake Volcanics and of the
Copper Harbor Conglomerate present on Isle Royale
took place. The North Shore Volcanic Group does not
necessarily provide a unique source for the clastic
material, as similar material may exist within the
Keweenawan volcanic rocks of the Osler Group in
Canada (fig. 1), but a likely source present in the
direction indicated as the source by other criteria is
helpful.

Although all evidence indicates that the North
Shore Volcanic Group is stratigraphically older than
the Portage Lake Volcanics on Isle Royale, interpreta-
tions other than the postulated unconformity are pos-
sible. It is possible that the North Shore Volcanic
Group may have been tectonically uplifted at the
western margin of the depositional basin while in the
central part of the basin volcanic activity continued
with the eruption of the Portage Lake Volcanics and
the later deposition of the Copper Harbor Conglom-
erate. Alternatively, it is also possible that the North
Shore Volcanic Group and the Portage Lake Volcanics
may have formed in separate tectonic basins isolated
from each other, rather than in a single large basin, as
has been suggested for some of the Keweenawan vol-
canic sequences on the south side of the basin (White
and others, 1971). Each of these structural settings
would permit erosion of the North Shore Volcanic
Group to provide clastic debris for the interflow con-
glomerates in the Portage Lake Volcanics and for the
Copper Harbor Conglomerate.

ENVIRONMENT OF SEDIMENTARY
ACCUMULATION

Source areas for the debris in the Copper Harbor
Conglomerate were on opposite sides of the Lake
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Superior syncline, and the major sediment transport
directions were generally toward the axis of the syn-
cline. The relative abundance of various sedimentary
features in the formation on Isle Royale (table 5) best
fits that summarized for a fluvial environment by
Picard (1967),and the coarser facies are characteristic
of alluvial fan deposits (Bull, 1972). These features,
together with lateral changes in texture and composi-
tional maturity, suggest a piedmont fan deposit grad-
ing outward into a flood-plain deposit. Although some
sedimentary features in the finer grained rocks, such
as crossbeds and ripple marks, indicate that they were
deposited in bodies of standing water, the abundance
of desiccation cracks (fig. 15) and occasional raindrop
impressions indicate that such bodies of water were
ephemeral. Other more permanent bodies of water
may have existed in the central part of the Lake Supe-
rior syncline.

A depositional environment such as this has been
proposed by White and Wright (1960) for the Copper
Harbor Conglomerate on the Keweenaw Peninsula.
The Isle Royale study not only supports their inter-
pretation, but provides an exceptional illustration of
the transition from fan deposits to flood-plain deposits
over a distance of more than 20 miles along the gen-
eral direction of sedimentary transport.

White (1960) has clearly demonstrated that the
Lake Superior syncline was subsiding during alter-
nating eruption of the lava flows and deposition of
the interflow sediments of the middle Keweenawan
Portage Lake Volcanics. Presumably, the subsidence
continued into at least part of the subsequent Kewee-
nawan, for the deposition of the Copper Harbor Con-
glomerate indicates the gradual demise of volcanic
activity without any radical changes in the deposi-
tional environment. In fact, on the Keweenaw
Peninsula a few last surges of volcanic activity are

FIGURE 15.—Desiccation cracks in fine-grained sedimentary rock
on Menagerie Island.
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represented by flows within the Copper Harbor Con-
glomerate (refer to Cornwall, 1955; White and Wright,
1960); one group of flows is only 300 feet below the
top of the formation (White and others, 1953). The
wedge-shaped depositional geometry of the Copper
Harbor Conglomerate on Isle Royale is related to
continuing subsidence of the Lake Superior basin.

White’s analysis (1960), which indicates periodic
reversals of slope between flows and interflow sedi-
ments, further indicates rather low gradients for the
streams that deposited the Copper Harbor Conglom-
erate. Hamblin and Horner (1961, p. 210) suggested
that the small standard deviation in orientation of
current structures and the coarse texture of the sedi-
ments on Isle Royale indicate streams with straight
courses and steep gradients, These sedimentary fea-
tures, however, may well be compatible with quite low
gradients under the prevegetation hydrologic condi-
tions that existed during the Precambrian. As Schumm
(1968, p. 1585) recently pointed out, “before the
appearance of significant plant cover, denudation and
runoff rates were high and floods were large, and
coarse sediments were spread over piedmont areas
even in humid climates.” These processes would also
help explain the extensive sheetlike nature of the
interflow conglomerates.
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