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Our planet has been through 
some harrowing episodes, 
particularly in the form of 
mass extinctions since the 

advent of multicellular life. How organ-
isms came to perish in these events should 
interest all conscious, intelligent forms of 
multicellular life lucky enough to still be 
alive — you and I included. A great way to 
satisfy that interest is with “The Ends of 
the World: Volcanic Apocalypses, Lethal 
Oceans, and Our Quest to Understand 
Earth’s Past Mass Extinctions” by Peter 
Brannen, a well-paced, well-sourced and 
well-written guide to mass extinctions.

There have been five “big” mass 
extinctions in geologic history — times 
when at least half of the species on the 
planet died out permanently in a rela-
tively short span of time. The 50-percent 
criterion is arbitrary, but it’s pretty severe 
— more so than what we’ve seen so far 
in the current episode of environmen-
tal diminution. These were hard times 
on the third rock from the sun, some-
times due to extreme cold or heat, and 
sometimes due to more complex causes. 
For example, Brannen looks at the role 
plate tectonics plays in extinction. The 
formation of supercontinents facilitates 
competitive extinctions by mixing species 
whose ecological niches overlap. And iso-
lated continental fragments reduce escape 
routes, which can also cause the demise 
of species. Earth’s oceans play a huge role 
too: If continental shelf environments 
remain well-oxygenated, all is well. But 
if the oceans go stagnant, expect things 
to get lethally stinky.

Brannen is a journalist who is passion-
ate about finding out the whole scientific 
story and explaining it in measured, 
accessible language. One strength of the 
book is that it’s informed by the dozens 
of interviews Brannen conducted with 
scientists in the course of his research. 
He consulted experts on all aspects of 
the science and gives voice to divergent 

opinions where they 
exist, and to unanimity 
elsewhere. The book 
is also filled with pithy 
quotes and conversations.

“The Ends of the 
World” seamlessly cov-
ers the basics of geology. 
Key foundational con-
cepts are covered surely 
and efficiently, never 
for their own sake but, 
rather, always on the 
way to some exciting 
and curious insight. 
Take Brannen’s explanations of isoto-
pic studies, for example. An increasing 
number of insights about our planet’s 
deep history are being revealed by these 
atoms of varying masses, but unlike 
fossils, isotopes are invisible, and they 
are hard to write about compellingly. 
Brannen uses straightforward language, 
explains the various fractionating pro-
cesses that divide isotopes into different 
reservoirs and quickly gets to the point 
we care about: what isotopes can tell us 
about the drivers of past extinctions. 

Throughout the book, Brannen 
weaves an alert consciousness of the 
planet’s modern state into his discus-
sions of past events. He writes with great 
authority about environmental issues, 
in particular the historically unprece-
dented transfer of carbon from Earth’s 
sedimentary rocks into its atmosphere. 
He frequently draws explicit connections 
between ancient climatic chaos and our 
modern situation. This has the effect of 
investing the reader in caring about the 
end-Ordovician or end-Triassic extinc-
tion events in ways more profound than 
simply gawking at the death and destruc-
tion of sexy beasts like dinosaurs. We 
study extinctions of the past to better 
understand our present, and to prepare 
for our future. Are we living through a 
“Sixth Extinction”? Brannen investigates 

this question in great depth, documenting 
the declines of many large mammals that 
occurred when they came into contact 
with early people. But he also discusses 
whether these declines constitute a mass 
extinction based on standard scientific 
metrics — specifically, for example, spe-
cies counts of marine invertebrate fossils. 
As it turns out though, it’s kind of tricky 
to apply the usual metrics to the modern 
situation. A useful discussion follows on 
the art of comparing modern to ancient.

He also gives substantial attention to 
“the final mass extinction” — the antic-
ipated end of life on our planet in the 
distant future. Though this is (hopefully) 
billions of years off, it turns out you can 
learn a lot about it based on what we 
know about solar physics and geochem-
ical cycles on Earth. This is a topic I’d 
never read about before, and Brannen 
does a great job of exploring it in the con-
text of the mass extinctions in our past.

Beyond the fascinating science, the 
book is a delight to read. Brannen is funny. 
He asks, “Why do bad ice ages happen 
to good planets?” and calls placoderms 
(extinct, heavily armored fish with sharp 
jaws) “psychotic torpedo Cuisinarts.” These 
lively turns of phrase engage the reader, 
leaving you wondering what his next 
witticism will be. The Permian was “a syn-
apsid-eat-synapsid world.” Gorgonopsids 
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had “skulls like gigantic staple removers.” 
Readers will smile frequently.

Brannen’s language is evocative and 
fresh, emblematic of his novel take on the 
subject. For instance, in detailing how a 
massive wad of basalt erupted in what’s 
now Siberia at the end of the Permian, 
he steers clear of repeating the oft-used 
description about “floods” of lava, and 
instead states that “Siberia turned inside 

out.” Another example is his description 
of humanity’s ability to transfer gobs 
of carbon from Earth’s interior to its 
atmosphere as a “superpower” previously 
exhibited only by flood basalts. His con-
templation of our place in all of this is 
poetic as well as awe-inspiring. In short, 
it’s a treat to read his words. 

This comprehensive book is the 
best I’ve read on mass extinctions and 

constitutes a major contribution to public 
understanding of the subject.

Bentley teaches geology at Northern Vir-
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Association of Geoscience Teachers. The 

views expressed are his own.

“How the Rock Connects Us: 

A Geoheritage Guide to Mich-

igan’s Keweenaw Peninsula 

and Isle Royale,” by Bill Rose, 

Erika Vye and Valerie Martin, 

Isle Royale and Keweenaw 

Parks Association, 2017, ISBN 

9780935289213 

Books: “How the Rock Connects Us” Shares Copper 
Country Geoheritage
James Robertson

There is extensive literature 
on Michigan’s “Copper 
Country,” but most existing 
publications on the subject 

are either technical reports or anecdotal 
recountings of exploration, mining and 
life in the “wilderness.” A recent book, 
“How the Rock Connects Us: A Geoher-
itage Guide to Michigan’s Keweenaw 
Peninsula and Isle Royale” — written 
by Bill Rose and Erika Vye, both of 
Michigan Tech University, with Valerie 
Martin, a longtime Isle Royale interpre-
tive ranger — fills a long-standing need 
for a readable, user-friendly explanation 
of how familiar Keweenaw landscapes 
and recent mining history are related 
to the area’s underlying geology. It is an 
eye-opener.

The Keweenaw’s geologic history is 
summarized in two major chapters: one 
very old and one very young. The first 
was a roughly 100-million-year-long 
interval more than 1 billion years ago 
that involved continental rifting, vol-
canic eruptions, the accumulation of 
great thicknesses of lava flows and sedi-
mentary rocks, regional faulting and the 
formation of world-class copper deposits. 
The second chapter comprises a 2-mil-
lion-year-long stretch during which vast 
continental glaciers of the most recent ice 
age repeatedly covered the region. The ice 
left behind a collection of distinctive fea-
tures, including sand dunes, successions 

of beaches, large boulders from Canada, 
polished and grooved bedrock outcrops 
and even present-day Lake Superior.

Readers will learn that the western 
Lake Superior portion of the Midcon-
tinent Rift has been filled by several 
hundred lava flows, including one — 
the Greenstone Flow — that is up to 
450 meters thick, has been traced for a 
strike length of more than 65 kilometers, 
and is purportedly the largest single lava 
flow on Earth. This flow, now folded into 
a large syncline, crops out on both sides 
of the lake and forms major escarpments 
on each coast. The authors not only tell 
readers how such features formed, but 
also how to find them.

The authors also detail the extensive 
deposits of native copper that defined 
a major North American mining dis-
trict that was worked continuously for 
more than 125 years. Exploration for 
and extraction of these deposits left a 
legacy of numerous waste dumps, known 

locally as “poor rock piles,” that continue 
to attract and reward mineral collectors 
of all ages today.

“How the Rock Connects Us” contains 
many illustrative photographs and under-
standable diagrams that help the reader 
recognize and interpret today’s land-
scapes in their geologic context. There 
are embedded QR codes on almost every 
page that guide the interested reader to 
relevant places in an extensive Keweenaw 
Geoheritage website (www.geo.mtu.
edu/KeweenawGeoheritage) for addi-
tional information. The book is currently 
available at the Isle Royale National Park 
Headquarters in Houghton, Mich., online 
at https://IRKPA.org and at a number of 
local businesses. 

Robertson, who served as Wisconsin State 

Geologist and Director of the Wisconsin 

Geological and Natural History Survey 

for 22 years, retired in 2015. The views 

expressed are his own.
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