
August 24, 2026

News and notes

August 20, 2026, tomatoes from our garden that awaited us when we returned from our vacation

Here are some news items that I thought were interesting.  For my news items, I try to stick to open 
access papers. 

If you enjoy my blogs, bookmark the site and check on Mondays rather than relying on social media 
postings which can get lost in the shuffle.  For my news items, I try to stick to open access papers. 

Comments
If anyone has comments on any of my postings, please leave a comment on the Linkedin page for the 
posting or email me at raymondreichelt@gmail.com. 

mailto:raymondreichelt@gmail.com


Geopolitics

Oil prices up to date 
Credit: Oilprice.com

Marine Traffic in the Strait of Hormuz
Credit: marinetraffic.com

Iran War

• Live updates on the Iran War from CNN  .

• One source says the Traffic in Strait of Hormuz skyrockets nearly 400%, as analysts say Iran’s 
grip on critical waterway weakens while another says that Fewer than 20 ships transit key Strait 
of Hormuz over weekend, data shows.

• Ir  anian oil offers to Chinese buyers fall as US blockade bites, sources say  .

• Trump is Combining Geoeconomic and Kinetic Warfare Against Iran  .

• The Iran war energy crisis is just getting started: Bousso  .

• UAE’s financial embargo on Iran after missile threat puts rivalry back in spotlight  ; also UAE says 
it detected 2 missiles fired from Iran; both fell into water.

Ukraine War

• Ongoing coverage of the Ukraine War from Reuters  . 

• Russia sabotages weapons factories across Europe  .

• Ukrainian Drone Attack Hits Lukoil Refinery Deep in Russia  .

Other Geopolitics

• Interview with Martin Armstrong: The Future of Crude & the Fate of the World.

https://www.armstrongeconomics.com/markets-by-sector/energy/the-future-of-crude-the-fate-of-the-world/
https://oilprice.com/Latest-Energy-News/World-News/Ukrainian-Drone-Attack-Hits-Lukoil-Refinery-Deep-in-Russia.html
https://archive.ph/5cw3B#selection-2273.4-2273.53
https://www.reuters.com/world/ukraine-russia-war/
https://thehill.com/policy/defense/6035824-uae-detects-iranian-missiles/
https://thehill.com/policy/defense/6035824-uae-detects-iranian-missiles/
https://boereport.com/2026/08/19/uaes-financial-embargo-on-iran-after-missile-threat-puts-rivalry-back-in-spotlight/
https://boereport.com/2026/08/20/the-iran-war-energy-crisis-is-just-getting-started-bousso/
https://spectator.org/trump-is-combining-geoeconomic-and-kinetic-warfare-against-iran/
https://boereport.com/2026/08/21/iranian-oil-offers-to-chinese-buyers-fall-as-us-blockade-bites-sources-say/
https://boereport.com/2026/08/23/fewer-than-20-ships-transit-key-strait-of-hormuz-over-weekend-data-shows/
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https://www.marinetraffic.com/en/ais/home/centerx:56.4/centery:26.5/zoom:8
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• China’s Shadow War for America’s Pacific Front Line — And Unanswered Questions   
Surrounding Sudden Death of a U.S. Territory Governor Fighting Corruption.

• Africa braces for impact as US and China turn to deep-ocean mining for critical minerals worth   
up to $16 trillion.

• Iraq Wants to Double Oil Output—and Needs OPEC to Get Out of the Way  .

• China’s Oil Imports Set to Rebound as Refiners Hunt for New Supply  .

Research and News
• Early development of anoxia prior to the main euxinic phase of the Jenkyns Event on the margin   

of the Western Tethys (Sachrang Basin, Eastern Alps).

• Tracking of the origin and history of fluids in the Hellisheiði and Nesjavellir geothermal fields,   
Iceland.

• Geophysics: Imaging Earth’s subsurface with thunderstorm-generated seismic waves.

• Revisiting K-Pg boundary with lithium isotopes: divergent marine and continental responses  .

• Selenium isotopic constraints on assimilation in layered mafic intrusions: an example from the   
Northern limb of the Bushveld Igneous Complex.

• Computer program: A Graphical User Interface Application to Model Open-System Melting in 
the Upper Mantle.

• Carbonate Clumped Isotopes (Δ47) in Cenozoic “Island Dolostones”: Dolomitization Driven by   
Modified Seawater at Earth-Surface Conditions.

• Arsenic-rich Apatite as a Recorder of Crystallization Processes in Felsic Plutonic Systems  .

• Hydrothermal Manganese-Oxide Mineralization of a Carbonate Ooze, Samoan Hotspot Region,   
South Pacific Ocean.

• Effect of Fluorine on the Stability of Dense Hydrous Mg Silicates With Implications for the Deep   
Water Cycle.

• Iron in marine sediments: Constraining the stable iron isotopic signature of easily reducible iron: 
the role of leaching time and extractant type.

• Dating low-temperature hydrothermal fluid activity with in situ Rb/Sr geochronology of partially   
chloritized biotite.

• Temporal Changes in the Earth's Outer Core From Nuclear-Test PKP Waves  .

• Genesis of Chromitites in the Andriamena Greenstone Belt (Madagascar): Petrogenetic and   
Tectonic Implications.
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• Developing New Amphibole Thermobarometers to Constrain High P-T Hydration Processes of   
Basic-Ultrabasic Rocks.

• Exhumation of Grand Canyon’s basement along the Great Escarpment of Laurentia  .

Pegmatites
• Episodic fluid decompression drives lithium enrichment in granitic pegmatites  .

• Origin and formation of barren granitic pegmatites in the Ostrobothnia Schist Belt, western   
Finland: Insights from geochemistry and comparison to experimental data.

• Monazite mineral chemistry and U-Pb geochronology from REE-enriched pegmatites at the Hot   
Ridge occurrence (Kulyk Lake), northern Saskatchewan, Canada.

Planetary Geology
• Amazonian-aged glacial melting recorded by a subglacial paleolake and regionally widespread   

eskers on Mars.

• The distribution and origin of Mercury’s crustal magnetization  .

Plate Tectonics
• Tectonic Evolution and Crustal Growth of the East Kunlun Orogen, NW China: Insights From the   

Late Permian–Triassic Granitoids.

• Evolution in Fluid Composition During Subduction  .

• Tectono-Stratigraphic Evolution of a Shared Foreland Basin: A 3D Geomodel and Detrital Flux   
Reconstruction for the Pliocene-Pleistocene of the Po-Plain Basin (Northern Italy).

• Massive CaCO  3 subducted into the deep earth and significant influence on the seismic velocity of 
subduction zone.

• Plate Divergence at the Krafla Volcanic System, Iceland: Insight From GNSS Geodesy and   
Sentinel-1 Satellite Radar Interferometry in 2002–2024.

• Glaciation-tectonic coupling: Stabilizing the southeastern Tibetan Plateau  .

• Architecture of the Patrimonio Fault System and the Miocene Post-Orogenic Extension in Alpine   
Corsica (France).

• Active folding of Arctic Alaska driven by Yakutat microplate subduction  ?

• Ediacaran–Cambrian High-Strain Melt-Present Deformation of the Archean Charcot Province,   
East Antarctica.

Paleontology
• Computed tomography datasets and 3D models of California Quaternary tar seep faunas for   

education and research.
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• Lizards under pressure: skull nanoindentation in an insular reptile for palaeobiological inference  .

• Topological mixing and irreversibility in animal chromosome evolution  .

• Not only boring issues: bioerosion on bones from the Upper Cretaceous of the Haţeg Basin   
(Romania) and the implications for carcass decomposition on Haţeg Island.

Ore and Petroleum Deposit Geology 
• Discriminating global ore deposit genetic types using chalcopyrite trace elements: Insights from   

interpretable machine learning.

• Cryptic Telescoping in Porphyry-Epithermal Systems: An Integrated Microtextural-Chemical   
Study of Pyrite from the Brucejack Bonanza-Type Epithermal Au-Ag Deposit.

• Zircon petrochronology fingerprints mantle sources of magmatic rare earth element deposits  .

Mining and Energy
• Exxon turns to automated drilling in the Permian in push for higher oil output  .

• West Virginia University Extracts Heavy Rare Earths From Coal-Mine Wastewater  .

• Computer models pinpoint catalysts for replacing fossil-fueled ammonia production  ; referenced 
paper here. 

• Australia’s Beetaloo Shale Basin Is About to Start Pumping Gas  .

• Nigeria Eyes $50 Billion Offshore Oil and Gas Investment Boom  .

• Rare Earth Elements in carbonatites: Greenland Mines gets mineral exploration license for 
Safartoq project, stock surges.

• Tankers stack up as Venezuela sells oil faster than its ports can handle  .

• Mostly in the Bakken Shale: North Dakota oilfield activity expected to rise in second half of year, 
regulator says.

• More than 100 dead after goldmine collapses in Central African Republic  .

• British Columbia First Nation rescinds support for Seabridge’s KSM gold project  .

• Longer wells boost Permian crude oil and natural gas production  .

• Proposed Canadian crude oil pipeline projects: https://boereport.com/2026/08/18/proposed-
canadian-crude-oil-pipeline-projects/. 

Environmental Geology and Hydrogeology
• Mine tailings remediation: Beyond acid-base accounting: Integrated characterisation of coal 

tailings for AMD reactivity ranking and closure planning.

• In the gold mines of French Guiana, the results of soil rehabilitation are mixed  .

https://www.brgm.fr/fr/actualite/eclairage/mines-or-guyane-bilan-mitige-rehabilitation-sols
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Glaciers and Climate Change

Europe’s Scorching Summer
Credit: NASA Image of the Day, August 21, 2026, 
public domain

• Lots of recent papers on glaciers in The Cryosphere from the EGU. 

• Norway Takes Oilfield Climate Battle to Supreme Court  .

• Periglacial environment: Inferring the Base of Submarine Permafrost in the Canadian Beaufort 
Sea From Seismic Data and the Depth of the Gas Hydrate Stability Zone.

• Ice-sheet dynamics drive glacial-interglacial shifts in North Atlantic seawater neodymium   
isotopes.

• From Art Berman: The Geology of Climate Change.

• Impact of Heterogeneous Mantle Viscosity on the Glacial Isostatic Adjustment Correction for   
GRACE(-FO): Implications for Surface Mass Trends.

Volcanoes, Earthquakes and Geohazards

Seismic Monitor Active Volcano Map

Volcanoes
• Smithsonian / USGS Weekly Volcanic Activity Report  .

https://volcano.si.edu/reports_weekly.cfm
https://www.volcanodiscovery.com/daily-map-of-active-volcanoes.html
https://www.iris.edu/app/seismic-monitor/map
https://doi.org/10.1029/2026JB033791
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• United States Geological Survey (USGS) Volcano Observatories: 

◦ Yellowstone Caldera Chronicles: Yellowstone’s thumping hot springs.

◦ Cascades Volcano Observatory Weekly Update  .

◦ Volcano Watch – A thank you letter to the HVO field technicians.

• ‘The Sun was dark and its darkness lasted for 18 months’ – what we can learn from worst   
volcanic eruptions in history. 

Earthquakes
• Shaking-Induced Small Seismic Velocity Changes as Revealed From Seismic Interferometry   

Analysis of Distributed Acoustic Sensing Data.

• Brittle/Ductile Transition From Faulting to Dilatant Cataclastic Flow in Carrara Marble Revealed 
by Acoustic Monitoring and 4D X-Ray Imaging. 

Geohazards
• Canadian wildfire map here, US wildfire map here.

• Topofacies analysis of the seafloor offshore Western Nile Delta: implications for geohazard   
assessment.

Free Geology Books and Other Stuff
Free geology books can be downloaded from these sites:

• OreZone Readers and Experts Telegram Channel  ; the Ore Zone channel also shows employment 
opportunities for geologists.

• The Groundwater Project   has many groundwater geology books for free download together with 
free online courses, listed here.

• Free Groundwater Modeling Courses from the HydroGeoCenter.

• Lectures on groundwater from the IAH, on YouTube  .

• From Western Australia: Carbonatite, lamprophyre and host rocks in the northern Aileron 
Province.

• The Geology of Indonesia: Volume 1 and Volume 2.

• Brett Davis’ book on veins in a deforming rock mass: “The Veining Bible”; also at this site.

• From the Mineralogical Society of America: Handbook of Mineralogy. 

• Systematic geochemical classification of felsic igneous rocks of the Yilgarn Craton  .

• From the Arizona Geological Survey: Geochemistry Diagram Generator v 1.0.

https://tools.azgs.arizona.edu/geochem/geochem.html
https://dmpbookshop.eruditetechnologies.com.au/product/systematic-geochemical-classification-of-felsic-igneous-rocks-of-the-yilgarn-craton.do
https://handbookofmineralogy.org/
https://www.scribd.com/document/652912079/The-Veining-Bible-1673718134
https://www.linkedin.com/posts/brett-davis-9a264513_the-veining-bible-activity-7019290183858606080-fkEz/
https://www.itbpress.id/buku-gratis/#flipbook-df_30897/2/
https://www.itbpress.id/buku-gratis/#flipbook-df_30909/1/
https://dmpbookshop.eruditetechnologies.com.au/product/carbonatite-lamprophyre-and-host-rocks-in-the-northern-aileron-province.do
https://dmpbookshop.eruditetechnologies.com.au/product/carbonatite-lamprophyre-and-host-rocks-in-the-northern-aileron-province.do
https://www.youtube.com/@iahrgfc
https://hydrogeocenter.com/courses/
https://gw-project.org/interactive-education/
https://gw-project.org/
https://t.me/OreZone
https://doi.org/10.1144/jgs2025-235
https://doi.org/10.1144/jgs2025-235
https://wfca.com/fire-map
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https://doi.org/10.1029/2025JB031867
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https://www.usgs.gov/observatories/hvo/news/volcano-watch-a-thank-you-letter-hvo-field-technicians
https://www.usgs.gov/programs/VHP/volcano-updates#cvo
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• Online app: Australia’s full national topographic library at your fingertips.

• Paleolatitude  ; what was a place’s latitude in the geological past.

Upcoming Events
• September 24, 2026, 25 years of Extraordinary, Oakridges Moraine Groundwater Program, The 

Village of Black Creek, 1000 Murray Ross Pkwy, Toronto, ON. 

• September 30 - October 3, 2026 SEG 2026 Conference Salt Lake City, United States  .

• 5 - 7 October 2026 International Mine Health and Safety Conference 2026, Perth, Australia.

• 11–14 October 2026, Geological Society of America Connects 2026, Denver, Colorado, USA  .

• October 14 – 17, 2026, Paleoamerican Odyssey 2026, Santa Fe Convention Center, Santa Fe, 
New Mexico.

• November 2-3, 2026 CCMEC 2026 Victoria Inn Hotel & Convention Centre, Winnipeg,   
Manitoba.

• November 3 & 4, 2026, Paris, France, H-Nat, Natural Hydrogen Worldwide Summit  .

• November 8 –11, 2026 Tailings & Mine Waste 2026 Westminster, Colorado  .

• 17 - 18 November 2026, GeoFutures 2026: Critical Minerals, in person in London, U.K. and   
virtual.

• December 10–11, 2026, Sofia, Bulgaria, Geosciences 2026 Scientific Conference  , hosted by the 
Bulgarian Geological Society.

• 11 - 13 May 2027 Energy Geoscience Conference, P&J Live, Aberdeen, Scotland  .

• June 13-16, 2027 GAC-MAC 2027 Whitehorse YT, Kwanlin Dün Cultural Centre, Yukonstruct, 
The Sternwheeler. 

• 12-20 August 2028, Geosciences for Humanity, 38th International Geological Congress, in the   
BMO Centre, Calgary. 

• Society of Petroleum Engineers Distinguished Lecturer Schedule  .

• American Geophysical Union List of Upcoming Meetings  .

• The Geological Society: Events & Courses.

• Upcoming Distinguished Geoscience Australia Lectures (DGALs)  . 

https://www.ga.gov.au/news/2026-distinguished-geoscience-australia-lectures-and-public-talk-series-has-arrived!
https://geolsoc.org.uk/listings?pg=1
https://www.agu.org/plan-for-a-meeting/agumeetings
https://www.spe.org/en/dl/schedule/
https://www.igc2028canada.org/
https://www.igc2028canada.org/
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https://tailingsandminewaste.com/
https://www.hnatworldsummit.com/
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https://connects.geosociety.org/
https://www.ausimm.com/conferences-and-events/mine-health-and-safety/
https://www.segweb.org/SEG-2026/SEG-Conference/SEG-2026/Home.aspx
https://www.oakridgeswater.ca/save-the-date/
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https://paleolatitude.org/#!/
https://www.ga.gov.au/news/australias-full-national-topographic-library-at-your-fingertips


August 24, 2026

Travel Notes & the Copper Deposits of Michigan’s UP 

Introduction

Figure 1 – Former Quincy Mine, Michigan Upper Penninsula 

We returned from our vacation road trip August 19th.  While it’s great to travel, it’s also good to come 
home again.  Full acknowledgement of the hospitality of the Americans we met along the way – a great 
people!

On August 17th, after visiting the Canadian Bushplane Heritage Centre, we entered the USA at Sault St. 
Marie.   We did some shopping and then drove on to Ontanagon MI for the night.  The next day we drove 
north on the Keweenaw Peninsula up to Copper Harbor, it’s a beautiful drive on its own.  We also 
stopped to visit a few of former copper mines at the former Adventure Mine, Quincy Mine and Delaware 
Mine.  I’ll summarize the geology of the copper deposits of the Michigan Upper Penninsula (UP) below. 

After visiting the Keweenaw Peninsula, we drove on to to Duluth MN, through the region called the Iron 
Range, where the largest producers of iron ore in the USA are found.  These deposits are Archean and 
Proterozoic aged banded iron formations.  I discussed the Mesabi Iron Range deposits in a previous blog 
post, June 6, 2022.  Here are links to recent papers, from 2023 and 2025, on the subject. 

On the way home on August 19th, we drove through the Boundary Waters (Rainy River) area of 
Minnesota.  Along the way, we heard on the radio that Minnesota Governor Tim Walz issued an 
executive order moves to block copper mining near the Boundary Waters. 

https://www.mprnews.org/story/2026/08/18/walz-executive-order-block-copper-mining-near-boundary-waters
https://www.onlyinyourstate.com/minnesota/destination-in-two-places-mn
https://www.onlyinyourstate.com/minnesota/destination-in-two-places-mn
https://www.researchgate.net/publication/395473858_Hematite_double-dating_defines_Proterozoic_mineralization_and_thermal_history_of_Archean_banded_iron_formations_in_northeastern_Minnesota_USA
https://doi.org/10.3390/min13040547
https://raymondr1956.ca/ws/media-library/ccb6f4dd0d024cc1a4efc1c8cd054018/2022-06-06-vacation-blog.pdf
https://en.wikipedia.org/wiki/Mesabi_Range
https://turnstone.ca/rom291sm.htm
https://en.wikipedia.org/wiki/Proterozoic
https://en.wikipedia.org/wiki/Archean
https://www.dnr.state.mn.us/education/geology/digging/mining.html
https://en.wikipedia.org/wiki/Iron_Range
https://en.wikipedia.org/wiki/Iron_Range
https://en.wikipedia.org/wiki/Duluth,_Minnesota
https://www.keweenawadventure.com/about-us/keweenaw-peninsula/
https://www.nps.gov/places/delaware-mine.htm
https://www.nps.gov/places/delaware-mine.htm
https://www.nps.gov/places/quincy-mine.htm
https://michiganupperpeninsula.com/adventure-mine/
https://en.wikipedia.org/wiki/Copper_Harbor,_Michigan
https://en.wikipedia.org/wiki/Keweenaw_Peninsula
https://en.wikipedia.org/wiki/Ontonagon,_Michigan
https://bushplane.com/


History and Geology of Copper in the Michigan Upper Penninsula

Figure 2 – Native Copper from the Keweenaw Peninsula, MI
Credit: James St. John, Creative Commons Attribution 2.0 Generic license

History

Copper mining in Michigan’s Keweenaw Peninsula has a long history, going back some 6,500 years or so 
to the Old Copper Culture of America’s first people (if you like videos, check out this one from Ancient 
Americas - Old Copper Culture: North America's Forgotten Metal Workers).  Native copper, natural 
copper metal, occurs in the Keweenaw Peninsula and the ancient ones dug it up to make spearheads, axes, 
fishhooks and jewellery.  In addition to their utilitarian value, copper goods were also prestige items 
traded throughout the Great Lakes region.   For unknown reasons, the production of copper goods ceased 
around 1,000 BC. 

Figure 3 - Copper Mining in Michigan
Credit: Wikipedia, Copper mining in Michigan
Creative Commons Attribution 4.0 International license

https://creativecommons.org/licenses/by/4.0/deed.en
https://en.wikipedia.org/wiki/en:Creative_Commons
https://en.wikipedia.org/wiki/Copper_mining_in_Michigan
https://www.ebsco.com/research-starters/anthropology/old-copper-complex-north-america
https://www.michiganrocksandwood.com/History-Of-Michigan-Native-Copper.html
https://www.mindat.org/min-1209.html
https://www.youtube.com/watch?v=cpmMY_Rcbd8
https://www.youtube.com/watch?v=cpmMY_Rcbd8
https://www.science.org/content/article/ancient-native-americans-were-among-world-s-first-coppersmiths
https://apalacheresearch.com/2022/11/08/radiocarbon-dating-the-old-great-lakes-copper-culture/
https://en.wikipedia.org/wiki/Copper_mining_in_Michigan
https://creativecommons.org/licenses/by/2.0/deed.en
https://en.wikipedia.org/wiki/en:Creative_Commons
https://www.flickr.com/people/47445767@N05
https://commons.wikimedia.org/wiki/File:Copper_(Mesoproterozoic,_1.05-1.06_Ga;_Keweenaw_Peninsula_area,_Upper_Peninsula_of_Michigan,_USA)_2_(17121528349).jpg
https://commons.wikimedia.org/wiki/File:Copper_(Mesoproterozoic,_1.05-1.06_Ga;_Keweenaw_Peninsula_area,_Upper_Peninsula_of_Michigan,_USA)_2_(17121528349).jpg
https://en.wikipedia.org/wiki/Copper_mining_in_Michigan


The arrival of European explorers and settlers led to industrial scale mining of the Keweenaw copper 
deposits beginning around 1844.  The original mines focused on extracting native copper from copper-
filled fissures and stratiform native copper deposits.  These include the Adventure Mine, Calumet Mine, 
Central Mine, Dana Mine, Nonesuch Mine, Northwestern Mine, Quincy Mine, Winthrop Mine and the 
White Pine Mine. 

All these original mines were closed by 1970.  More recent developments, focusing on exploiting 
volcanogenic metal sulphide deposits include the Back Forty Mine and the Eagle Mine.  The Copperwood 
Mine project is focused on recovering native copper. 

Geology

Figure 4 -  Midcontinent Rift of North America
Credit: USGS, Communications and Publishing, 2018, 
public domain

The origin of the copper deposits in the Keweenaw Peninsula lies in the development of a failed tectonic 
rift, the Midcontinent Rift of North America, approximately 1.15 to 1.0 billion years ago (Ga) during the 
Mesoproterozoic Era.  This structure extends in an arc from near Wichita KS, north through the 
Keweenaw Peninsula to Nipigon ON, and then south to Sault St. Marie and along the west side of the 
Michigan Basin to Detroit MI.  Most of the structure is buried beneath Phanerozoic deposits but is 
exposed in Minnesota, Wisconsin, Michigan, and Ontario. 

Figure 5 – Geology of the Keweenaw Penninsula
Credit: Figure 2 in Bornhorst & Mathur, 2017
Open Access Information
 

In the Keweenaw Peninsula, the Midcontinent Rift is filled with more than 25 kilometres (km) of 
dominantly subaerial basalt lava flows overlain by a succession of clastic sedimentary rocks about 8 km 

https://www.geologyin.com/2024/04/clastic-sedimentary-rocks.html
https://volcano.uri.edu/lava/ObsSubaerial/aerialobs.html
https://doi.org/10.3390/min7100185
https://www.mdpi.com/openaccess
https://doi.org/10.3390/min7100185
https://www.mdpi.com/minerals/minerals-07-00185/article_deploy/html/images/minerals-07-00185-g002-550.jpg
https://en.wikipedia.org/wiki/Phanerozoic
https://project.geo.msu.edu/geogmich/rift_zone.html
https://www.michigan.org/city/detroit
https://wiki.seg.org/wiki/Michigan_basin
https://www.saultcity.com/
https://www.nipigon.net/
https://www.wichita.gov/
https://www.usgs.gov/news/science-snippet/understanding-mineral-resources-midcontinent-rift
https://en.wikipedia.org/wiki/Mesoproterozoic
https://doi.org/10.1130/GES01183.1
https://en.wikipedia.org/wiki/Aulacogen
https://en.wikipedia.org/wiki/Aulacogen
https://en.wikipedia.org/wiki/public_domain
https://www.usgs.gov/news/science-snippet/understanding-mineral-resources-midcontinent-rift
https://www.usgs.gov/media/images/mid-continent-rift-story-map
https://www.highlandcopper.com/projects/copperwood-project/
https://www.highlandcopper.com/projects/copperwood-project/
https://www.eaglemine.com/
https://www.goldgroupmining.com/projects/back-forty
https://www.researchgate.net/publication/284690367_Volcanogenic_massive_sulfide_deposits
https://www.mindat.org/loc-3856.html
https://www.mindat.org/loc-124972.html
https://www.mindat.org/loc-3842.html
https://www.mindat.org/loc-17095.html
https://www.mindat.org/loc-125296.html
https://www.mindat.org/loc-124890.html
https://www.mindat.org/loc-3849.html
https://www.mindat.org/loc-5780.html
https://www.mindat.org/loc-8384.html
https://doi.org/10.2113/gsecongeo.105.3.627
https://cdn.mineralogicalrecord.com/wp-content/uploads/2023/02/Keweenaw-County-Fissure-Mines-pg-1.pdf
https://cdn.mineralogicalrecord.com/wp-content/uploads/2023/02/Keweenaw-County-Fissure-Mines-pg-1.pdf
https://www.nps.gov/kewe/learn/historyculture/copper-mining-timeline.htm
https://www.usgs.gov/media/images/mid-continent-rift-story-map
https://www.mdpi.com/minerals/minerals-07-00185/article_deploy/html/images/minerals-07-00185-g002-550.jpg


thick.  About 5 km of the stratigraphic section in the Keweenaw Peninsula is the Portage Lake Volcanics 
which hosts the economic native copper deposits. 

So how do you get native copper? The most common deposits of copper are associated with volcanic 
rocks such as those found in volcanogenic metal sulphide deposits. While there are many theories on the 
formation of native copper, the background to these theories includes the following: 

• The copper was probably originally deposited in volcanogenic metal sulphide deposits;

• Some of the copper sulphides were eroded out into stratiform deposits;

• Subsequent metamorphism essentially smelted the copper in place; and

• Unless exposed to oxygen, the native copper would remain in place unaltered. 

There is a lot more that you can read on the copper deposits of the Keweenaw Peninsula, you can start by 
following the links above.  A few good articles include:

B. S. Butler and W. S. Burbank, 1929, The copper deposits of Michigan, USGS Professional Paper 144, 
https://doi.org/10.3133/pp144 (the classic paper on the subject)

A. Brown, 2006, Genesis of Native Copper Lodes in the Keweenaw District, Northern Michigan: A 
Hybrid Evolved Meteoric And Metamophogenic Model, Economic Geology (2006) 101 (7): 1437–1444. 
https://doi.org/10.2113/gsecongeo.101.7.1437

T. J. Bornhorst and R. Mathur, 2017, Copper Isotope Constraints on the Genesis of the Keweenaw 
Peninsula Native Copper District, Michigan, USA, Minerals 2017, 7, 185. 
https://doi.org/10.3390/min7100185 (a more recent discussion on the deposits)

P. Brandes, 2020, Geology of the Keweenaw Peninsula, Michigan, Mindat.org, 
https://www.mindat.org/article.php/255/Geology+of+the+Keweenaw+Peninsula%2C+Michigan?
__cf_chl_tk=MsFt5icKalMTpV.yz_tTzvuTKiLmPkvKy8jM7aX9tf8-1787235378-1.0.1.1-
M7k3LsCdofNIocIR6DOgK6mnpM7la8DTg.t.3Pw1MOU (a really good summary)

I’ll wrap it up there. 

Standard Caveat 
J. Robert Oppenheimer on freedom and scientific inquiry

The purpose of my weblog postings is to spark people's curiosity in geology.  Don't entirely believe me 
until you've done your own research and checked the evidence.  If I have sparked your curiosity in the 
subject of this posting, follow up with some of the links provided here.  If you want to, go out into the 
field and examine some rocks on your own with the help of a good field guide.  Follow the evidence and 
make up your own mind.

In science, the only authority is the evidence. 

https://x.com/TheRabbitHole84/status/1839853886456115460?t=O0Z7Su_IeaZVMX9FMzQabw&s=03
https://www.mindat.org/article.php/255/Geology+of+the+Keweenaw+Peninsula%2C+Michigan?__cf_chl_tk=MsFt5icKalMTpV.yz_tTzvuTKiLmPkvKy8jM7aX9tf8-1787235378-1.0.1.1-M7k3LsCdofNIocIR6DOgK6mnpM7la8DTg.t.3Pw1MOU
https://www.mindat.org/article.php/255/Geology+of+the+Keweenaw+Peninsula%2C+Michigan?__cf_chl_tk=MsFt5icKalMTpV.yz_tTzvuTKiLmPkvKy8jM7aX9tf8-1787235378-1.0.1.1-M7k3LsCdofNIocIR6DOgK6mnpM7la8DTg.t.3Pw1MOU
https://www.mindat.org/article.php/255/Geology+of+the+Keweenaw+Peninsula%2C+Michigan?__cf_chl_tk=MsFt5icKalMTpV.yz_tTzvuTKiLmPkvKy8jM7aX9tf8-1787235378-1.0.1.1-M7k3LsCdofNIocIR6DOgK6mnpM7la8DTg.t.3Pw1MOU
https://doi.org/10.3390/min7100185
https://doi.org/10.2113/gsecongeo.101.7.1437
https://doi.org/10.3133/pp144
https://doi.org/10.2113/gsecongeo.101.7.1437
https://doi.org/10.3390/min7100185
https://en.wikipedia.org/wiki/Volcanogenic_massive_sulfide_ore_deposit
https://www.lyellcollection.org/doi/abs/10.1144/SP518-2020-221
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