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Abstract

A four-month surge of Mount Kilauea eruptions (May to August 2018) on the Big Island reminds us that the
whole chain of Hawaiian islands has been built by volcanic activity. Kilauea is one of five volcanoes that built the
Big Island; a future island (Lo’ihi) is growing on the seafloor 20 miles to the southeast. A plume of rising magma
from deep inside the Earth’s mantle underlies a seafloor hotspot; lava is forced through vents in the Earth’s crust;
as the Pacific seafloor moves northwest from its origin at the East Pacific Rise, this stationary hotspot creates
a line of volcanic islands. To the northwest, submerged seamounts remain as remnants of former islands once
formed over this hotspot. A northward chain known as the Emperor Seamounts reveals that this same hotspot has
created more than 100 volcanoes over 70 million years. The Hawaiian and Emperor seamounts are not unique.
The New England Seamounts off the coast of Massachusetts and similar chains in the South Atlantic record the
east-west spread of the Atlantic seafloor over mid-ocean hotspots. In the Indian Ocean, north-running seamount
chains record the northward movement of the Indian plate following the breakup of Pangea. In the United States,
a line of extinct craters west of Yellowstone across Idaho mark the westward movement of the North American
plate over the hotspot now under Yellowstone National Park.

dramatic upsurge
of volcanic
activity on the Big Island of
Hawaii on May 3, 2018, was
reported worldwide, generally
as isolated news items: a new
fissure, an explosive fireworks
display, lava flowing into
the sea, Almost daily we
saw images and photos of
geological change, a visible
process photographed, and
shown on the TV news (Figure
1).

Rarely did we find the Figure 1. Kilauea Lava Flow. Mount Kilauea on the Big Island of Hawaii has
Kilauea eruptions placed in been in quiet eruption since 1983 with limited impact on island residents. Since

P plac May 3, 2018, a dramatic upsurge of volcanic activity has affected neighborhoods
the larger contexts of island  and residents, forcing evacuations and sending lava flows toward the eastern
building, mantle plumes, plate  coast. Photo: NPR.
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Figire 2. Dietrich Varez is one of several artists who
have created images of Hawaiian myth associated with
ever-present volcanic activity. Here the cover of Pele:
The Fire Goddess (1991) illustrates his innovative
print-paintings that accompany the story of Pele by
Pua Kanaka’ole Kanahele published by the Bishop
Museum Press, Honolulu.

tectonics, the evolution of islands into atolls, and the
astonishing line of northwest-running seamounts with
their abrupt northward turn, now evident in the line
of Emperor Seamounts running all the way to the
Aleutians 3,600 miles away (See Figure 5).

Hawaiians are intensely aware of the drama of
earthquakes, eruptions, and lava flows, vividly narrated
in their centuries-old stories of Pele (Beckwith 1982),
goddess of Hawaii’s volcanoes (Figure 2).

In Hawaii, the past is resident in the present, not
only in the continuing drift of the archipelago across
the Pacific but also in island-building itself, including

Journal of Big History

a new undersea volcano a few miles away destined
to become another island in the Hawaiian chain. Big
Island eruptions provide a contemporary view of
geological change within the Earth chapter of the Big
History narrative. Ancient mythic stories often
suggest physical events we describe in scientific
terms: artistically Pele’s emotions of love and devotion
punctuated by sudden episodes of betrayal and revenge
metaphorically reenact geological periods of volcanic
quietude and eruptive violence. As Big History
teachers in search of vivid illustrations of geological
change at work, it behooves us to take advantage of
these events to articulate one of the central chapters
in this epic of the Earth—one of the few Big History
stories that can be brought to life in present time.
More than a century ago, the geologist James Dana
visited the eight major islands of the Hawaiian
Archipelago. He observed a distinct difference in their
ages: the islands at the northwest end, Kaua’i and
Ni’ihau, were the oldest; the others were progressively
younger with the Big Island at the southeast end
the youngest. In Characteristics of Volcanoes, with
Contributions of Facts and Principles from the
Hawaiian Islands (1891) Dana pointed out that as
we move northwest along the island chain we find
that erosion is progressively more advanced, a certain
sign of increasing age. Dana was unable to provide
an explanation and none was forthcoming for the next
sixty years. The theory of continental drift put forth
by Alfred Wegener in The Origin of Continents and
Oceans (1915) focused primarily on the continents;
presumably islands were unassimilated fragments.
Moreover, Wegener’s theory impressed few geologists
for lack of any explanation for how huge land masses
could possibly move. But observations collected
during the International Geophysical Year (IGY), July
1957 to December 1958, led to a radical new geological
perspective. Oceanographer Robert Dietz (1961), who
worked with the Geodetic Survey during the IGY,
published a theory of ocean basin evolution and sea
floor spreading. His research colleague, geologist
Harry Hess, who had served in the U.S. navy, was
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concerned with possible seafloor obstacles that might
interfere with deep submarine movement; his paper,
“The History of Ocean Basins” (1962), identified mid-
ocean ranges and added theoretical foundations for
seafloor spreading.

From this cluster of publications, the theory of plate
tectonics was born, and geologists began examining
every part of the planet, including the Hawaiian
Archipelago. Canadian geologist John Tuzo Wilson
(1963a, 1963b) suggested that the crustal plate
underlying the Pacific Ocean might be moving over
a stationary source of upwelling lava that he called a
“streaming point”: thus, “each streaming point
givesrise to a succession of volcanoes.”Chris
Christofferson is credited for coining the term
“hotspot” for Wilson’s streaming point to which
Princeton geologist W. Jason Morgan (1971,
1972) added a theory of thermal plumes from
deep within the Earth’s mantle as an explanation
for hotspots. In a single decade, a master theory
of geological change was in place, providing
a foundation for understanding mountain
building, earthquake activity around the world,
and concentrations of volcanic activity along
plate margins. For our purposes, the
recognition of plate  movement and

Barry Wood

few centuries ago from islands to the south. Its sole
treatment to date in the context of Big History occurs
within a more extended survey of tectonic plates, hot
spots, and plumes by Garcia-Moreno et al (2017).

This 70-million-year narrative amounts to one of
the most dramatic chapters in the Earth segment of
the Grand Narrative. If we begin with the Big Island
where rivers of lava have spread across hundreds of
acres over the past few weeks, we see in miniature
how the Big Island was built. Red hot lava pouring
into the ocean provides a view of island building that
has been going on for a million years (Figure 3).

Figure 3. Lava fountains from Kilauea’s fissures flow toward

stationary hotspots provided an explanation
for the creation of the Hawaiian Islands and, it
turns out, other island and seamount chains
around the world.

the ocean, altering and extending the coastline. Lava reaching
the coast leads to an explosive encounter—a battle of fire and
water. Since May 2018 hundreds of acres have been added to
the east coast of the Big Island. Photo: USGS.

This may be the appropriate place to frame
a justification for this essay. In surveying precursors
to Big History—Preston Cloud’s Cosmos, Earth, and
Man (1978), Nigel Calder’s Timescale (1983), Brian
Swimme’s and Thomas Berry’s Universe Story
(1988)—we note that Hawaii receives no attention. In
subsequent Big History books—The Structure of Big
History (1996), Maps of Time (2004), BigHistoryfrom
the Big Bang to the Present (2007), A Most
Improbable Journey (Alvarez 2017), and Origin
Story (Christian 2018)—comment on Hawaiian
history is limited to migrants who populated it a

Volume 11l Number 1 January 2019

The building of the Big Island began 600 thousand
years ago with Manukona, the first of six volcanoes,
which erupted for approximately 300 thousand years
until plate movement led to the emergence of another
volcano, Kohala, miles to the east that eventually
conjoined with Manukona. This continued with
subsequent volcanoes—Maunja Kea, Mauna Loa,
Huadlalai, and finally Kilauea, each subsuming the
earlier ones, each higher than the last, with Kilauea
now towering 13,792 feet above sea level.

The result is a composite island of more than 4,000
square miles averaging 64 miles in diameter. The
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exposed third conceals a vast undersea
bulk of 20,000 feet elevation; topped
by the island elevation, this adds up
to a mountain 32,000 feet high, 3,000
higher than Mount Everest. Its shallow
undersea slopes spread out to a seafloor
foundation of well over 30,000 square
miles. The volcanic material sufficient to
build an island of such bulk challenges
imagination: continuous eruption over
millennia has been the rule rather than
exception.

The migration of this enormous mass is
part of a much larger story. The Hawaiian
islands are migrating to the northwest,

carried on seafloor that originated at the Figure 4. The East Pacific Rise (bottom right). This range of deep-
East Pacific Rise far to the southeast 0C€an seamounts averaging 9,000 feet in elevation runs south from

where upwelling lava pushes into the

Baja California, marking a plate boundary, a crustal fracture where
seafloor is being created. This spreads east into a subduction trench

north-south  boundary ~between two ynder South America and northwest across the Pacific. Its passage
crustal slabs, slowly wedging these overthe Kilauea hotspot has created the world’s longest island-and-
massive tectonic plates apart. As it rises seamount chain. https://homesecurity.press/quotes/emperor-seamount map/

and spreads, lava creates new seafloor.

Based on ocean bottom cores and paleomagnetism,
we discover that the seafloor crust is progressively
older as it moves away from this crustal boundary.
Under the Big Island the seafloor is approximately 80
million years old, having traveled 3,600 miles from
its point of origin in the southeastern Pacific. Running
south from Baja California, the East Pacific Rise
marks the major mid-ocean ridge of the largest ocean
on the planet (Figure 4).

From this origination fracture, the vast Pacific
seafloor has emerged over the past 150 million
years, riding northwest on convection currents in the
underlying mantle. This ongoing movement moves it
across the stationary hotspot and mantle plume that
has been feeding the Hawaiian volcanoes for millions
of years.

Moving northwest from the Big Island to the other
seven islands spread over a distance of 350 miles, we
reach the much older Ni’lhau, originally more than
4,500 feet in elevation but now eroded and subsided

Journal of Big History

to less than 1,300 feet. Like the underlying ocean
bottom crust, these islands are moving northwest at 3
to 4 inches per year, adding up to an age for Ni’lhau
and Laua’l of 5 to 6 million years. Moving farther to
the northwest another 1,100 miles, we discover ten
minor islands, including Midway and Kure; the
whole Hawaiian Archipelago of 18 islands stretches
1,400 miles. But between and beyond these lie
numerous atolls and islands now reduced to
seamounts, the whole chain adding up to 70
volcanoes created over 50 million years (Figure 5).
The generally decreasing elevation of the islands
as they move northwest and their eventual subsidence
below sea level is partially caused by erosion, but
traces ultimately to the configuration of the Earth’s
mantle. Tuzo Wilson, who advanced the theory of
hotspots as the origin of the Hawaiian Islands,
suggested that a plume rising from the lower mantle
is the probable cause. While supplying a continuing
flow of lava to crustal vents, massive amounts of
magma spread out like a thunderhead under the crust.
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Figure 5. The Hawaiian Islands and Seamounts. The main islands can be seen at the right hand (southeast) end of
the chain. As the islands move northwest, they slip below sea level, forming a 1,400- mile line of seamounts.

Illustration:

Explaining the upward bulge of the island chain,
Grigg (2014, 26) describes how the mantle plume
has “heated, thinned, and uplifted the crust to
produce a broad swell three hundred to four hundred
miles wide, which itself rises four to five thousand
fe et above the bottom of the surrounding Pacific
Ocean.” This provides the mechanism for an
adjacent ocean depth reduced by as much as 3,000
feet. As the moving seafloor crust, driven by
convection in the mantle, approaches the hotspot
it rides up this swell. As it traverses the hotspot,
it reaches maximum elevation during several hundred
thousand years of continuous eruption. The
evidence of multiple crevices and vents around Kilauea
indicates that thermal plumes rise through branching
vents that may vary in the strength of eruption as the
crust rides over, blocks some vents, and opens up new

Volume 11l Number 1 January 2019

https://oceanexplorer.noaa.gov/okeanos/explorations/ex1504/background/mpas/media/pmnm-hires.jpg.

channels for lava flow. For two or three million years,
each island rides atop this swell until, a few hundred
miles to the northwest, it begins its slow slide down
the elongated slope of the swell, losing approximately
3,000 feet in elevation. In most cases, this, combined
with subsequent erosion of the steep mountainous
landscape, results in a disappearance of the island
below sea level where it remains as a submerged
seamount.

At a distance of 2,000 miles from the Big Island,
a striking anomaly occurs. The line of submerged
seamounts abruptly changes direction. Bending to the
north, it heads toward the Russian Kamchatka
Peninsula where the seamounts subduct into the
34,400-foot-deep Kuril-Kamchatka continuation of
the Aleutian Trench (Figure 6).
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Figure 6. The Hawaiian Ridge and Emperor Seamounts. Ocean bottom
mapping began during the International Geophysical Year (1957-1958).
Seafloor cores established dates for the islands and seamounts. Subsequently
National Geographic published ocean-floor relief maps of the Indian (October
1967), Atlantic (June 1968), and Pacific (October 1969), combined into a world
ocean-floor map (December 1981). The Times Atlas of the World (7th ed. 1985)
began labeling undersea ridges and seamount chains on its ocean surface maps.

The resulting north-south chain adds up to another 40
submerged islands known as the Emperor Seamounts
in honor of the Japanese geologist who first identified
them. Referring to the “Hawaiian-Emperor
Bend” (HEB), Trond H. Torsvik et al (2017)
contend that “the HEB cannot be explained
without invoking a prominent change in the
direction of Pacific plate motion around 47 Ma.”
Possible causes within this complicated plate
tectonic framework have been explored, but the
HEB has remained unexplained; a search for an
explanation in adjacent plate movement (Norton
1995) was inconclusive. The Emperor Chain

Journal of Big History

was created over a period of
30 million years; added to the
Hawaiian chain, the whole
Archipelago range of 106
volcanoes was created over a
period of 70 million years.

This narrative of the
Hawaiian Archipelago
evolution is particularly rich in
detail. Continental movement
is most often illustrated with
maps depicting the breakup of
Pangea, with seafloor spreading
as cause, subduction around
plate boundaries as effect, and
earthquakes as corollaries.
However mantle plumes and
hot spot geology are still under
debate, awaiting fuller
investigation of deep-earth
heat anomalies at the core-
mantle boundary. Meanwhile
continuing eruptions of Kilauea
reveal how continuous and slow
moving lava flows can bury
roads and overwhelm entire
communities, thus impacting
the welfare of humans.

Across the world’s oceans
the Hawaiian  Archipelago
islands and seamounts reveal
tectonic movement underlying
worldwide geological processes. In his early studies
of seafloor spreading, Wilson (1963a) recognized
islands as a primary source of evidence; his article
on Pacific Ocean hotspot tracks showed several
island and seamount chains—notably associated with
Pitcairn and Samoa--aligned in the same direction as
the Hawaiian Archipelago. These run west, driven
by seafloor spreading from the East Pacific Rise, all
attesting to underlying hotspots. Several of these
tracks show the same bend toward the north that
separates the Hawaiian from the Emperor seamounts,
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Figure 7. The New Engléhd Seamount Chain. This line of Undersea mountains runs northwest over 600 nf1iles,
providing a record of the movement of the North American Plate away from the Mid Atlantic Ridge. Seamount
creation originates with the Great Meteor hotspot northeast of Bermuda. Image: From Baab (2005).

thus pointing to the still-unexplained change in Pacific
plate movement approximately 40 million years ago.

Numerous island and seamount chains in all
major oceans record plate movement across assumed
stationary hotspots. The New England Seamounts
(Figure 7), a chain of more than twenty extinct
volcanoes rising 4,000 meters above the Atlantic
seabed, run for 600 miles, recording the westward
movement of American plates away from the mid-
Atlantic Ridge.

This chain, the longest in the Atlantic, has been
created as the ocean seafloor rides over the Great
Meteor Hotspot (Baab 2005). While identified
primarily with these seamounts, this hotspot once

Volume 11l Number 1 January 2019

powered volcanic activity in Canada under the
Monteregian Hills near Montreal 125 million years
ago, and later, under the White Mountains of New
Hampshire (Scheirer, 2005). In 2016, President
Barack Obama created the Northeast Canyons and
Seamounts Marine National Monument, the first
U.S. national marine monument in the Atlantic Ocean
(Proclamation 2016), which protects the northwest
section of the chain. The goal was the protection of an
important biodiversity hotspot characterized by
various rare and endangered species.

Other prominent examples revealing larger patterns
of plate tectonics are found in the South Atlantic and
Indian Oceans (Figure 8).

Page 7



Kilauea Eruptions and the Hawaiian Archipelago: The Geology of Plate Tectonics and Hotspots

HO°W T0rw o MIE

oy = e T
—— —— T—
HO°E O0'E 120°E 150°E

Figure 8. Major hotspot tracks in the Atlantic and Indian Oceans. Shaded dots mark the present locations
of hotspots assumed to be fixed in the Earth’s mantle; tracks are dotted at 5-million-year intervals. Tracks in
the Atlantic reveal the movement of the earth’s plates away from mid-ocean plate boundaries where mantle
lava pushing upward is forcing plates apart. North running tracks in the Indian Ocean and east of Australia
record the movement of the Indian plate from Pangea toward Asia 180 to 200 million years ago.

The primary mechanism occurs at mid-ocean plate
boundaries. Summarizing early discoveries, David
Olroyd (2006, 100) notes, “It became evident that
the ridges tended to have the same form as their
adjacent coasts”—the mid-Atlantic Ridge and the
facing coastlines providing the clearest illustration.
Additionally, “the ridges were found to have narrow
‘rift valleys’ running along their submarine summits,”
often marked by black smokers. These were clearly
the origination points for upwelling lava forcing
plates apart. The Mid-Atlantic Ridge provides one of
the most extended examples of seafloor spreading
from the Arctic Ocean to the South Atlantic. The Rio
Grande Rise records westward movement of the South
American Plate away from the Mid-Atlantic Ridge. Its

Journal of Big History

Source: Muller et al. Figure 1. Geology (March 1993).

mirror image, the Walris Ridge provides evidence not
only of the eastward movement of Africa away from
the ridge but also an apparent northeasterly movement
of the African craton from the more southerly location
of Pangea where both continents began their present
treks (Miller, Fig. 2).

In the Indian Ocean, north-south alignment of
island and seamount chains trace to the northward
movement of the Indian plate following the breakup
of Pangea (\Verzhbitsky 2003).

The Chagos-Laccadive Ridge (Figure 8), which
includes the Maldives, runs for 1,600 miles from the
present hotspot location at Réunion, with an apparent
tectonic discontinuity northeast of Madagascar.
Miiller’s north-end track extension beyond the Indian
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Ocean indicates this hotspot may have been the
eruptive source of the Deccan Traps of northwest
India, sometimes cited as an alternate cause of
dinosaur extinction 65 million years ago. The Ninety
East Ridge (Stein 1974, Weis 1993), so named because
it corresponds almost exactly with the ninetieth
meridian (Figure 8), runs north from Broken Ridge for
more than 2,000 miles; its age range, older at the north
end, indicates a hotspot at the southern end active
from 100 to 35 million years ago. East of Australia,
the Tasmantid hotspot track records 25 million years
of northward movement of the Australian plate.

Seafloor hotspots and seamount chains are often
of minor interest: they may rise several thousand feet
above the sea floor, but if their summits are hundreds
of feet below sea level, their importance is confined
to navigation hazards for submarines. Against this
largely invisible activity, the current eruption of
Kilauea presents a stunning view of island building
on a five-vent volcanic assembly already surpassing
most in elevation and extent. The flow of lava slowly
wending itself to the sea marks clear a process that
slowly extends island boundaries and broadens the
island foundation as newly deposited chunks of basalt
roll down its undersea slopes.

Hotspots on land are of much greater concern. The
discovery of a huge caldera at Yellowstone
provided the visible evidence that the park
straddles a sleeping supervolcano (Figure 9).

In 1903, John Muir introduced the outdoorsman
President Teddy Roosevelt to the magnificent
landscape of northwestern Wyoming, part natural, part
preternatural. Both recognized that it was a landscape
unique on the continent, perhaps in the world.
Consequently, Roosevelt took steps to preserve it, the
first such decision in American history. Yellowstone
thus became the flagship national park for a system
that has grown to millions of acres. But Yellowstone
remains unique, and today millions of visitors annually
are entertained by what the park offers rather than
recognizing it as the most dangerous supervolcano on
the planet.

Following half a

century of observation,

Volume 11l Number 1 January 2019
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Figure 9. National Geographic Cover, August 20009.
Public awareness of the Yellowstone supervolcano
dates to the popular press and videos such as the
Yellowstone episode in the History Channel series,
How the Earth Was Made, First Season (2009).

geophysicist Robert B. Smith (1979) published a
striking discovery: that surface uplift of 30 inches
had occurred at Yellowstone over the half century
since he began his research in the park in 1923. The
result was recognition that Yellowstone is situated
within an ancient caldera atop an enormous hotspot.
Neither Smith nor millions of visitors were aware
that this was a scene of a prehistoric eruption because
its calderas had been destroyed by erosion long
before historical times. Following his recognition,
however, Smith and other geologists have undertaken
study of crust beneath Yellowstone, revealing a huge
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Figure 10. The Snake River Hotspot Track. From Yellowstone National Park in the northwest corner of Wyoming,
a southwest movement of the North American plate across a stationary hotspot (now under the Yellowstone
Caldera) has generated a line of heavily eroded calderas across the Snake River Plain of Southern Idaho. Dating
indicates eruptions from the McDermitt Caldera 16 million years ago on the Oregon-Nevada border to the most
recent under the Yellowstone Caldera 600 thousand years ago. Source: Diagram sketched from Branney (2007),

Fig. 1.

chamber of magna. Its signs today are sulphur vents,
bubbling pools of water, hot mud flats, and rising
clouds of noxious fumes, along with phenomena like
the Old Faithful Geyser that seems particularly
designed to attract a crowd of spectators awaiting
its regular eruptions, which occur approximately
every ninety minutes. In addition swarms of deep-
origin earthquakes have been a regular occurrence,
suggesting that an eruption could break out in the next
several thousand years (Achenbach 2009).

More recent geological analysis dependent

Journal of Big History

on sophisticated aerial observation and ground-
penetrating technology, in combination with plate
tectonics (Branny et al. 2008), has revealed that the
westward movement of the North American plate
across the Yellowstone caldera has generated a line of
at least six earlier craters across the Snake River Plain
to the Oregon-Nevada border (Figure 10).

This hotspot track provides a geological record of 15
million years of plate movement over the Yellowstone
hotspot.

Slow-flowing basaltic lava is typical of hotspot
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eruptions; years of lava flow at Kilauea provide an
apt illustration of slow buildup thousands of feet in
elevation. “Hawaiian” is now the name for this kind
of low-volume, continuous, effusive volcanic type
(O’Meara 2008, 40). In contrast, subduction
volcanoes along plate margins in the well- known
Ring of Fire around the Pacific tend toward explosive
eruptions (Gilbert and Sparks 1998) like the 1981
explosion that blew out half the summit of Mount St.
Helens, and the 2018 eruption of Mount Mayon in
the Philippines. Here, water carried down with
subducting seafloor turns to steam at depth,
providing an engine for inland volcanoes like the
dozens of extinct volcanoes that run parallel to the
coast of California, Oregon, Washington, and British
Columbia. However, despite anxiety on the Big
Island fueled by a succession of new crevices and
continuous activity over 35 years, Kilauea seems less
likely to explode and more likely to continue pushing
out miles of slow-moving rivers of lava.

Meanwhile, as this drama continues, a new one is
rehearsing in the green room. Twenty miles off the
southeast coast of the Big Island, the thermal plume
is actively feeding a new seamount, Lo’ihi, which
is slowly rising from the flank of Mauna Loa, a
predecessor of Kilauea and the largest shield volcano
in the world. The evidence suggests that Lo’ihi will be
the next Hawaiian island. Its beginning is estimated at
400,000 years ago; itis already 12,320 feet in elevation
above the seafloor while its summit remains 3,200 feet
below sea level. It covers an elongated seafloor area 8
by 16 miles, the feature behind itsname Lo’ihi (“long”);
it is growing with 90% of ejected lava sliding down
the slopes, progressively enlarging its foundation. At
its present rate of growth, it is projected to reach the
ocean surface in approximately 50,000 years, by
which time the Big Island will have moved another
three miles to the northwest. If Lo’ihi continues to add
elevation and bulk, it could add a seventh volcano to
the Big Island’s six, enlarging its area and shoreline
by many miles.

Lo’ihi, which is now the 107" volcano in the
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3,600-mile Hawaiian-Emperor Archipelago, was first
thought to be an inactive volcano, but seismic
activity led to its recognition as an active seamount in
1955. For years it was studied remotely from undersea
cameras and samples dredged up from its summit.
Two decades from its discovery to the first descent to
its peak in 1987 provides an index of difficulties in
exploring ocean depths: in the 23-year interval, we put
humans into space, made seven landings on the Moon,
and lofted 14 Space Shuttles into orbit.

Lava ejected under water cools rapidly, cracking
into boulders and irregular rubble known as talus, not
unlike steep scree fields around eroding mountains.
Oceanographer Richard W. Grigg (2014, 17-19)
describes the preternatural scene he discovered on
his descent to Lo’ithi. Huge blocks of lava rest
on an unstable foundation, the result being constant
slippage detected by seismographs. Earthquakes are
frequent, instruments regularly register landslides.
Since records began in 1959, between two and ten
earthquakes per month have occurred near the summit.
In 1996, seismographs registered a swarm of 4,070
earthquakes in a three-week period, a record for any
Hawaiian volcano. The result was massive changes: a
crater six-tenths of a mile across and 1,000 feet deep
formed amidst the rubble, along with the collapse
of “Pele’s vents”—named for the Hawaiian goddess
of volcanoes—which had formerly been considered
stable. The crater has now been renamed “Pele’s Pit.”

Conditions around Lo’ihi’s vents at the summit
are toxic. The water temperature averages 196
degrees Fahrenheit (90 Celsius), though its ejection
temperature has been measured at 250 Celsius. Oxygen
Is missing from the seawater; carbon dioxide and iron
compounds prevail. The seamount is characterized
by at least eight hydrothermal vents, both at its summit
and down its flanks, around which non-oxidizing
microbes thrive (McMurtry, 1987). These resemble
microbial communities around black smokers along
mid-ocean ridges, now considered a likely location for
the first emergence of life nearly 4 billion years ago.
Grigg (2014, 19)) suggests that “the summit of Lo’ithi
may be the most naturally polluted place in Hawai’i,”
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adding that “the poisonous zone around the summit
of Lo’ithi does not extend to greater depths” where
various species of non-vertebrates and fish have been
catalogued.

Remarkable and unusual forms of life are typical
of the flanks of the Hawaiian islands, including the
hundreds of miles of seamounts to the northwest.
Grigg (1988, 2008) was instrumental in
establishing the importance of precious corals in the
Hawaiian seamount chain. This has maotivated
extraordinary efforts to protect the undersea ecology,
most recently the creation of a vast sea-bottom marine
preserve (Figure 11).

As the largest undersea preserve of several around
Pacific islands under American control—and in fact
in the world—it stretches across 1,350 miles of
Hawaiian islands and seamounts, protecting more
than 582 thousand square miles of ecologically rich
coral and sealife. Created in 2006 by President George

W. Bush, it was enlarged by President Barack
Obama in 2010 (Barnett 2016).

A BigHistorycourse presentation of Hawaii’sorigins
provides an incisive introduction to plate tectonics
and hotspots and their worldwide occurrence, along
with exploration of one of the most environmentally
rich regions on Earth. The National Geographic
video Wild Hawaii (2014) provides a spectacular
survey of both the islands and the undersea world of
the seamounts. Recognition of marine preservation
importance is evident in t he creation and
enlargement of the western seamount monument now
designated a World Heritage site by the United Nations
Educational, Scientific, and Cultural Organization
(UNESCO).

In a treatment of “deep time,” oceanographer
Grigg (2014, 24) has pointed to the imaginative
expansion the Hawaii story engenders. “How long
will it take Lo’ithi to break the ocean surface and

Figure 11. Papahanaumokuakea. This Marine National Monument, created by President George W. Bush,
enlarged by President Barack Obama, and designated a World Heritage Site by UNESCO, extends across
the entire western end of Ko Hawai’l Pae Aina (The Hawaiian Archipelago).
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become an island and then drift off the hot spot to
the end of the island change and then keep driving to
final subduction beneath Kamchatka? The answers are
about fifty thousand years, then thirty million years,
and finally about seventy million years. How can
human minds imagine such immensities?” Grigg’s
questions evoke the kind of response James Playfair
(1802, xiv) recorded more than two hundred years ago
on the view of deep time unfolded by James Hutton:
“The mind seemed to grow giddy by looking so far
into the abyss of time . . . how much farther reason
may sometimes go than imagination can venture to
follow.” Grigg refers to the same power of reason: “By
projecting one’s mind into the murky past or unknown
future of both geological and biological evolution, it
IS possible to imagine such things.” His perspective
provides a philosophical underpinning for the task of
Big History: “By mentally going there, we extend our
own mortality to a virtual immortality. . . . we must
continuously think about the huge amount of time that
it took” (Grigg 2014, 24-25).

Mention of Pele’s vents and Pele’s pit reminds us of
the pervasive mythology of Pele, Hawaii’s Goddess
of Fire and Volcanoes who dominates the lore of the
islands. Migrant settlers from islands to the south
who arrived at the Hawaiian Islands between 1,500
and 1,200 years ago imported a mythology that has
evolved within this new environment. In a startling
correlation between the real and the imaginary, Pele
is said to have settled first Ni’ithau, the oldest of the
Hawaiian islands, then migrated southeast to the
newest, the Big Island where she now resides. Her
migration means she has always been present where
volcanic island building was underway. But while Pele
is now considered resident around Mount Kilauea, her
vents, now collapsed into Pele’s Pit, suggests she may
make periodic visits to Lo’ihi.

In my version of Big History—the University of
Houston core-curriculum course Cosmic Narratives—I
refer to mythic stories as “ancient cosmic narratives,”
which defines the changes from prescientific to
scientific origin stories as an evolution rather than
repudiation. The mythology surrounding Pele is easily
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discovered in Martha Warren Beckwith’s Hawaiian
Mythology (1982) and well-illustrated with paintings,
prints, and illustrations by artists: Herb Kawanui
Kane, Dietrich Varez, and the still active artist
Wallace Kong.

Herb Kane (1928-2011), educated in the School of
Art Institute in Chicago, turned his interest and skill
in sailing to the design of a voyaging canoe—
undertaking a Kon Tiki-like demonstration of sailing
between Tahita and Hawaii, the route of the original
Polynesian settlers of the islands. Author of Pele:
Goddess of Hawaii’s Volcanoes (1987), an illustrated
retelling of the Pele legends, and Voyagers (1993)
on the marine background of Hawaii’s settlement,
Kane produced dozens of paintings that captured the
union of geology and mythic narrative. Seven Kane
commissioned paintings, undoubtedly the result
of Hawaii’s recent addition (1959) as the newest
American state, appeared in the December 1974 issue
of National Geographic.

Dietrich Varez (1939-2018), German by birth, settled
on the Big Island in an upland forested area where he
carved wooden images of Pele, illustrated more than
a dozen books, developed a line of handmade jewelry,
and produced hundreds of prints (See Figure 2).
Living a self-sufficient pioneering life in a home he
built near Kilauea, he and his family lived close to the
land, collected rainwater, and went without electricity
for thirty years, Varez symbolizes an environmental
idealism few today follow.

Wallace Kong, who continues to work in Honolulu,
has focused on the dramatic landscape of Hawaii,
its peaceful beaches, craggy mountains, and steeply
eroded cliffs. Among these spectacular scenes, his
painting, “Pele Rejoicing” (Fig. 11) captures the calm
of the supreme goddess with a reassuring gesture
against a lava-lit sky and towering clouds of eruption.

As a collector of god and goddess statues found
in China, Malaysia, Singapore, and Thailand, | was
interested in locating a sculpture of Pele to add to my
mantle collection. In talking to numerous residents
and shopkeepers in Honolulu, I discovered that statues
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of the goddess did not seem to exist; in fact, | was told
that Pele herself would be angered if anyone tried to
create such an artifact, though it is evident that some
have been carved. What emerged from conversations
were personal narratives with a common theme of
Pele’s vengeful influence over people who offended
her. According to stories heard several times, tourists
who had picked up and carried off pieces of Hawaiian
lava typically fell victim to bad luck, even personal
disaster. Warned by Hawaiian residents that Pele
would seek revenge for such looting of her territory,
| became the recipient of modern legends that it was
not uncommon for former tourists to mail back their
volcanic souvenirs in hopes of making peace with
Pele and restoring their lives to normal.

In retrospect, | am perhaps better off without Pele
on my mantle.

Figure 12. Pele Rejoicing. A painting by Hawaiian
artist Wallace Kong captures Pele as the benign
goddess of the Hawaiian land and people, unperturbed
by the background of an eruption-lit sky and towering
volcanic dust clouds. Image used by permission.

Journal of Big History

Acknowledgements

Wherever possible, maps and images are from open
access news agencies or government sites. Wallace
Kong’s copyrighted image, Pele Rejoicing (Fig. 12),
is used by permission. Special thanks are due to
geologist-reviewer Olga Garcia-Moreno for a
perceptive reading, helpful references, and careful
editing. Every attempt has been made to locate the
earliest copyrighted sources for illustrations, maps,
and other images.

References

Achenbach, Joel. 2009. “When Yellowstone Explodes.” National
Geographic 216 (2), August, 56-68.

Alvarez, Walter. 2017. AMost Improbable Journey: ABig History
of Our Planet and Ourselves. New York: W. W. Norton.

Babb, Ivar. 2005. “The New England Seamounts.” National
Oceanic and Atmospheric Administration. Washington D.C.:
U.S. Department of Commerce.

Barnett, Cynthia (August 26, 2016). “Hawaii Is Now Home
to an Ocean Reserve Twice the Size of Texas.” National
Geographic.  http://news.nationalgeographic.com/2016/08/
obama-creates-world-s-largest-park-off-hawaii.html.

Beckwith, Martha Warren. 1982. Hawaiian Mythology. Honolulu:
University of Hawaii Press.

Branney, M. J., and Graham Douglas Michael Andrews. 2008.
“*Snake River (SR)-type’ Volcanism at the Yellowstone
Hotspot Track: Distinctive Products from Unusual, High-
temperature Silicic Super-eruptions.” Bulletin of Volcanology
70 (3), 293-314.

Brown, Cynthia Stokes. 2007. Big History: From the Big Bang
to the Present. New York: The New Press.

Calder, Nigel. 1983. Timescale: An Atlas of the Fourth
Dimension. New York: Viking.

Christian, David. 2004. Maps of Time: An Introduction to Big
History. Berkeley: University of California Press.

Christian, David. 2018. Origin Story: A Big History of Everything.
New York: Little, Brown and Company.

Christian, David, Cynthia Stokes Brown, Craig Benjamin. 2014.
Big History: Between Nothing and Everything. New York:
McGraw Hill.

Page 14


http://news.nationalgeographic.com/2016/08/

Cloud, Preston. 1978. Cosmos, Earth, and Man. New Haven:
Yale University Press.

Dana, James Dwight. 1891. Characteristics of Volcanoes, With
Contributions of Facts and Principles from the Hawaiian
Islands. Palala Press. 2018.

Dietz, Robert S. 1961. “Continent and Ocean Basin Evolution
by Spreading of the Sea Floor.” Nature 190 (4779): 854-857.

Garcia-Moreno, Olga, et al. 2017. “A Little Big History of
Iberian Gold: How Earth Processes Concentrated the Precious
Metal that Played a Critical Role in the History of Spain
and Portugal.” Journal of Big History 1:1 40-58.

Gilbert, J. S. and R. S. J. Sparks. 1998. The Physics of Explosive
Volcanic Eruptions. New York: Geological Society.

Grigg, Richard W. 1988. “Paleoceanography of Coral Reefs in
the Hawaiian-Emperor Chain.” Science 240, No. 4860, 1737-
1743.

Grigg, Richard W. et al. 2008. “Biology of Coral Reefs in the
Northwestern Hawaiian Islands.” Coral Reefs of the USA 1.
573-594

Grigg, Richard W. 2014. In the Beginning: Archipelago: The
Origin and Discovery of the Hawaiian Islands. Waipahu,
Hawaii: Island Heritage.

Hess, Harry H. 1962. “The History of Ocean Basins.” Petrological
Studies: A Volume to Honor A.F. Buddington. Princeton:
Princeton University Press. 599-620.

History Channel. 2009. “Yellowstone” [DVD]. How the Earth
Was Made [First season]. A & E Television Networks.

Kane, Herb Kawainui. 1987. Pele: Goddess of Hawaii’s
Volcanoes. Captain Cook, Hawaii: The Kawainui Press.

MacDonald, Gordon A. and Agatin T. Abbott. 1970. Volcanoes
in the Sea: The Geology of Hawai’i. Honolulu: University of
Hawaii Press.

McMurtry, G.M. et al. 1987. “Chemistry and Microbiology
of Loihi Seamount Hydrothermal Vent fields.” EOS,
Transactions of the American Geophysical Union 68: 1553.

Morgan, W. Jason. 1968. “Rises, Trenches, Great Faults, and
Crustal locks.” Journal of Geophysical Research 73, No. 6,
1959-1982.

Morgan, W. J. 5 March 1971. “Convection Plumes in the Lower
Mantle.” Nature. 230 (5288): 42—43.

Morgan, W. Jason. 1972. “Deep Mantle Convection Plumes
and Plate Motions.” American Association of Petroleum

Volume 11l Number 1 January 2019

Barry Wood

Geologists Bulletin 56, No. 2: 203-213.

Muller, Dietmar, et al. 1993. “Revised Plate Motions Relative to
Hotspots for Combined Atlantic and Indian Ocean Hotspot
Tracks.” Geology 16: 275-278.

National Geographic. 2014. Wild Hawaii: Land of Fire and
Secrets from the Deep [Video]. Washington: NGC Networks,
LLC.

Norton, I. O. 1995. “Plate Motions in the North Pacific: the 43 Ma
Nonevent.” Tectonics 14, 1080-1094.

O’Meara. Donna. 2008. \olcano: Spectacular Images of a World
on Fire. Buffalo, NY: Firefly Books

Playfair, John. 1963 [1802]. Illustrations of the Huttonian Theory
of the Earth. New York: Dover.

Proclamation 9496. 2016. Northeast Canyons and Seamounts
Marine National Monument. U.S. Government: Federal
Register. 65159-65167.

Scheirer, Dan. 2005. A Hundred-Million Year History of the
Corner Rise and New England Seamounts. U.S.: National
Oceanic and Atmospheric ~ Administration ~ (NOAA).
https://oceanexplorer.noaa.gov/explorations/05stepstones/
background/geologic_history/geologic_history.html.
Accessed: 19 September 2018.

Smith, R.B. and J.R. Pelton. 1979. “Recent Crustal Uplift in
Yellowstone National Park.” Science 206, 1179-1182.

Spier, Fred. 1996. The Structure of Big History. Amsterdam:
Amsterdam University Press.

Stein, SW.A. Okal. 1974. “Seismicity and Tectonics of the
Ninetyeast Ridge Area: Evidence for Internal Deformation of
the Indian Plate.” Journal of Geophysical Research 83 (B5):
2233.

Swimme, Brian, and Thomas Berry. 1992. The Universe Story:
From the Primordial Flaring Forth to the Ecozoic Era—A
Celebration of the Unfolding of the Cosmos. San Francisco:
Harper.

Torsvik, Trond H., et al. 2017. “Pacific Plate Motion Change
Caused  the Hawaiian-Emperor ~ Bend.” Nature
Communications 8, (June). Article number: 15660.

Varez, Dietrich, and Pua Kanaka’ole Kanahele. 1991. Pele: The
Fire Goddess. Honolulu: Bishop Museum Press.

Verzhbitsky, E. V. 2003. “Geothermal Regime and Genesis of
the Ninety-East and Chagos-Laccadive Ridges.” Journal of
Geodynamics, Vol. 35, Issue 3, 289-302.

Page 15



Kilauea Eruptions and the Hawaiian Archipelago: The Geology of Plate Tectonics and Hotspots

Wegener, Alfred. 1915. The Origin of Continents and Oceans.
New York: Dover.

Weis, D. et al. 1993. “The Influence of Mantle Plumes
in Generation of Indian Oceanic Crust.” Geophysical
Monograph. 70: 57-89.

Wilson, John Tuzo. 1963a. “Evidence from Islands on the
Spreading of Seafloors.” Nature 197 (4837), 536-538.

Wilson, John Tuzo. 1963b. “A Possible Origin of the Hawaiian
Islands.” Canadian Journal of Physics 41 (6): 863-870.

Journal of Big History Page 16



Erupcdes do Kilauea e o arquipélago havaiano:

a geologia da tectdnica de placas e dos pontos quentes

Barry Wood, Universidade de Houston
Traducdo de Daniel Ribera Vainfas

Correspondence | Barry Wood, barrywood1940@yahoo.com

Citation | Wood, B. (2019) Kilauea Eruptions and the Hawaiian Archipelago: The Geology of Plate Tectonics and
Hotspots, Journal of Big History I11(1); 17- 31.

DOl | http://dx.doi.org/10.22339/jbh.v3i1.3115

Abstract

A four-month surge of Mount Kilauea eruptions (May to August 2018) on the Big Island reminds us that the
whole chain of Hawaiian islands has been built by volcanic activity. Kilauea is one of five volcanoes that built the
Big Island; a future island (Lo’ihi) is growing on the seafloor 20 miles to the southeast. A plume of rising magma
from deep inside the Earth’s mantle underlies a seafloor hotspot; lava is forced through vents in the Earth’s crust;
as the Pacific seafloor moves northwest from its origin at the East Pacific Rise, this stationary hotspot creates
a line of volcanic islands. To the northwest, submerged seamounts remain as remnants of former islands once
formed over this hotspot. A northward chain known as the Emperor Seamounts reveals that this same hotspot has
created more than 100 volcanoes over 70 million years. The Hawaiian and Emperor seamounts are not unique.
The New England Seamounts off the coast of Massachusetts, and similar lines in the South Atlantic record the
east-west spread of the Atlantic seafloor over mid-ocean hotspots. In the Indian Ocean, north-running seamount
chains record the northward movement of the Indian plate following the breakup of Pangea. In the United States,
a line of extinct craters west of Yellowstone across Idaho mark the westward movement of the North American
plate over the hotspot now under Yellowstone.

aumento

dramatico da
atividade wvulcénica na Ilha
Grande do Havai, comecando
em3demaiode 2018, éassunto
de fotografias na internet e
informes diérios, geralmente
como noticias isoladas: uma
nova fenda, um explosivo
show de fogos, um bloqueio
naestrada, lava caindo no mar,
casa destruidas, residentes
evacuados, espectadores
presos por escalar barricadas,

. ) .

gzdli?s;oéi%:\:'a‘ Rz?;r?eunc':z Figura 1. Fluxo de Lava do Kilauea. O Monte Kilauea, na Grande Ilha do Havai,

9 ' . estd em erupcdo silenciosa desde 1983, com impacto limitado nos habitantes da

encontramos  as  erupgoes jlha, Desde 3 de maio de 2018, um aumento dramatico de atividade vulcanica

do Kilauea no contexto afetou bairros e moradores, for¢ando as evacuagoes e enviando fluxos de lava
para a costa leste. Foto: NPR.
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Figura 2. Dietrich Varez ¢ um dos varios artistas
que criaram imagens do mito havaiano associado a
sempre presente atividade vulcanica. Aqui a capa de
Pelé: A Deusa do Fogo (1991) ilustra suas inovadoras
pinturas impressas que acompanham a histéria de
Pele de Pua Kanaka’ole Kanahele publicada pelo
Bishop Museum Press, Honolulu

mais amplo da criacdo de ilhas, plumas mantélicas,
tectdnica de placas, a evolucédo das ilhas em atdis e a
surpreendente linha de montes submarinos que corre
em sentido noroeste com um abrupto desvio para o
norte, evidente na cadeia de montes submarinos do
Imperador, que segue em direcdo as Aleutas, a 5800
km? de distancia.

Quase diariamente temos uma visdo dramatica
de mudanga geografica em um contexto atualmente
bem compreendido, um processo visivel, fotografado,
filmado e mostrado nos telejornais. Aqui o
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passado mora no presente, ndo apenas no continuo
deslocamento das ilhas havaianas pelo Pacifico, mas
também na construcdo de ilhas, incluindo um novo
vulcdo submerso a alguns quildmetros de distancia
destinado a se tornar outra ilha na cadeia havaiana.
O que esta acontecendo na Ilha Grande fornece uma
oportunidade educativa que cai como uma luva em
uma narrativa da Macro Histdria e é de fato melhor
entendida como um episédio excepcionalmente
dramatico na historia mais ampla da transformacéo
geoldgica. Os havaianos estdo intensamente cientes
do drama, ndo apenas pelos terremotos, erupcoes e
fluxos de lava mas também pelas historias seculares
de Pele, deusa dos vulcdes do Havai. Momentos de
quietude e subita violéncia vulcanica correspondem
a suas emocOes de amor e devocdo conforme ela
vive uma complexa existéncia mitica que algumas
vezes envolve traicGes e vingancas seculares. Como
professores de Macro Historia em busca de ilustractes
dramaéticas de mudangas geoldgicas em andamento,
nos compete aproveitar esses eventos para articular
um dos capitulos centrais neste épico da Terra — uma
das poucas narrativas da Macro Historia que podem
ser trazidas a vida no presente.

Mais de um século atras, o gedlogo James Dana
visitou as oito maiores ilhas do arquipélago havaiano.
Ele observou uma diferenca significativa em suas
idades: as ilhas mais a noroeste, Kaua’i e Ni’ihau eram
as mais velhas; as outras eram progressivamente mais
novas, com a llha Grande na ponta sudeste sendo a
mais nova. Em seu livro Characteristics of Volcanoes,
With Contributions of Facts and Principles from the
Hawaiian Islands (1891), Dana apontou que conforme
NnOS MOvemos rumo ao noroeste ao longo da cadeia
de ilhas, vemos que a erosdo esta progressivamente
mais avancgada, um sinal claro do aumento da idade.
Dana ndo foi capaz de fornecer uma explicacao e
nenhuma surgiu nos 60 anos seguintes. A teoria da
deriva continental proposta por Alfred Wegener
em The Origin of Continents and Oceans (1915)
impressionou apenas poucos geodlogos por falta de

Page 18



qualquer explicacdo de como o0s continentes poderiam
se mover. Mas, observacdes coletadas durante o Ano
Internacional da Geofisica (IGY, na sigla em inglés)
que durou de julho de 1957 a dezembro de 1958,
levaram a uma perspectiva geolégica nova e dramatica.
O oceandgrafo Robert Dietz, que trabalhou com a
Geodetic Survey® durante o IGY, publicou a teoria
da evolucéo da bacia oceénica e a expansao do fundo
oceanico. Seu colega de pesquisa, 0 gedlogo Harry
Hess, que havia servido na marinha norte-americana
estava preocupado com possiveis obstaculos no leito
maritimo que pudessem interferir com o movimento
de submarinos profundos; seu livro, The History
of Ocean Basins (1962), identificou dorsais
oceanicas e agregou fundamentos tedricos para

a teoria da expansdo oceanica.

Desseagregadode publicacfes nasceu ateoria
da tectonica de placas e os gedlogos comecaram
a examinar todas as partes do planeta, incluindo
0 arquipélago havaiano. O gedlogo canadense
John Tuzo Wilson (1963) sugeriu que a placa
tectonica sob o Oceano Pacifico poderia estar
se movendo sobre uma fonte estatica de lava
ascendente que ele chamou de “ponto de fluxo™:
dessa forma “cada ponto de fluxo d4 origem a
uma sucessao de vulcoes.” Chris Christofferson
recebe o crédito por cunhar o termo “ponto
quente” para o ponto de fluxo de Wilson, ao
qual o geologo de Princeton, W. Jason Morgan
(1971) adicionou a teoria das plumas térmicas,
que viriam das profundezas do manto terrestre,
como uma explicacdo para os pontos quentes. Em
uma Unica década, uma teoria geral de mudanca
geoldgica estava posta, fornecendo um alicerce para
0 entendimento do surgimento de montanhas, da
ocorrénciadeterremotos e daconcentracdo de atividade
vulcanica nas margens das placas tectdnicas. Para
nossos propositos, o reconhecimento do movimento
de placas e do imobilismo dos pontos quentes forneceu
uma explicagdo para a criacdo das ilhas havaianas e, na
realidade, consideravelmente mais.
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Esse pode ser o momento apropriado para fornecer
uma justificativa para esse trabalho. Observando
precursores da Macro Historia — Preston Cloud com
Cosmos, Earth, and Man (1978), Nigel Calder com
Timescale (1983), Brian Swimme e Thomas Berry
com Universe Story (1988) — notamos que o Havai ndo
recebeu nenhuma atencdo. Em nossos proeminentes
livros de Macro Historia — The Structure of Big
History (1996), Maps of Time (2004), Big History
from the Big Bang to the Present (2007), Big istory:
Between Nothing and Everything (2014), A Most
Improbable Journey (2017) e Origin Story (2018) —
menc¢Oes ao Havai sdo limitadas aos migrantes que

Figura 3. As fontes de lava das fissuras do Kilauea fluem em
direcdo ao oceano, alterando e estendendo o litoral. A lava
que chega a costa leva a um encontro explosivo - uma batalha
de fogo e 4gua. Desde maio de 2018, centenas de acres foram
adicionados a costa leste da Ilha Grande. Foto: USGS.

povoaram o arquipélago ha alguns séculos vindos
das ilhas do sul. Mesmo o livro Big History (2016),
que ilustra esquematicamente a tectdnica de placas,
ignora a criacao das ilhas havaianas. Ainda assim, essa
narrativa de 70 milhdes de anos representa um dos
capitulos mais dramaticos da parte da Terra da Grande
Narrativa.

Se comecgarmos com a Ilha Grande onde rios de lava
com profundidade de alguns metros se espalharam
por varios hectares nas Gltimas semanas, n6s vemos
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uma versao em miniatura de como a llha
Grande surgiu. O comec¢o foi ha 600
mil anos com Manukona, o primeiro de
seis vulcodes, que ficou em erupgdo por
aproximadamente 300 mil anos até que o
movimento da placa levou ao surgimento
de outro vulcdo, Kohala, quilémetros a
leste e que eventualmente se juntou ao
Manukona. Isso continuou comosvulcdes
subsequentes — Mauna Kea, Mauna Loa,
Huadlalai e finalmente Kilauea, cada
um subsumindo os anteriores, cada um
menor que o anterior, com Mauna Kea
atingindo 4.000 m acima do nivel do
mar. Esse resultado é uma ilha composta

de mais de 10.000 km2 com uma média Figura 4. A Ascensdo do Pacifico Leste. Esta cordilheira norte-sul

de 100 km de diametro. O terco exposto
da ilha esconde uma massa de terra

de montanhas submarinas, com uma altitude de 9000 pés ao sul da
Baixa California, marca um limite de placa, uma fratura crustal onde
o fundo do mar esta sendo criado, espalhando-se para o leste em uma

submersa de 6.000 m, 0 que, junto cOM &  srincheira de subduccdo sob a América do Sul e noroeste do Pacifico.
elevacdo da ilha forma uma montanha de passagem pelo hotspot do Kilauea, marcado por uma das mais longas
quase 10.000 m de altura, 1.000 metros Ccadeias de ilhas e montes submarinos do planeta.

maior que o Everest. O declive suave

da ilha espalha-se por mais de 75.0000

km? sob o mar. O material vulcanico suficiente para
criar uma ilha dessas dimensdes desafia a imaginacao
e sugere que episodios de erupgdo continua foram a
regra e nao a excecao.

O movimento dessa massa gigante é parte de uma
histéria muito maior. A ilha esta se movendo porque
a crosta oceanica na qual ela esta assentada esta se
movendo, seguindo para noroeste nas correntes de
conveccao do monto. Baseado em amostras do fundo
do oceano e no paleomagnetismo, o leito submarino
sob a Ilha Grande tem aproximadamente 80 milhdes de
anos. Como as crostas oceanicas ao redor do mundo,
foi criada em uma fronteira tectdnica onde a lava
ascendente separou lentamente as placas tectonicas,
no caso a do Pacifico Oriental que se afasta da Baixa
Califérnia e se mantém paralela a da América do Sul
a uma distancia de muitos milhares de quildmetros. O
leito submarino sob o Havai esta numa jornada que o
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https://homesecurity.press/quotes/emperor-seamount-on-a-map.html

levou a 5.500 km de seu ponto de origem.

Indo para o noroeste a partir da llha Grande ruma
as outras sete ilhas espalhadas por uma distancia de
570 km, chegamos ao muito mais antigo Ni’ihau,
originalmente com mais de 1.300 m de altitude, mas
agora reduzido a menos de 400 m. Como a crosta
oceanica abaixo, essas ilhas estdo se movendo para
noroeste a uma velocidade de 7 a 10 centimetros por
ano, o que, perfaz os 5 a 6 milhdes de anos de idade que
tém o Ni’ihau e Laua’l. Indo mais a noroeste, a 1.700
km, encontramos 10 ilhas menores, incluindo Midway
e Kure; o arquipélago havaiano todo se estende por
quase 2.300 km. Mas entre esses quilémetros e para
além deles, existem inumeros atois e ilhas submersas
conhecidas como montes submarinos, a cadeia inteira
chegando a 70 vulcbes criados ao longo de 50 milhdes
de anos.

A elevacdo geralmente decrescente das ilhas
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Figura 5. As llhas Havaianas e Seamounts. As ilhas principais podem ser vistas na extremidade direita (sudeste)
da cadeia. A medida que as ilhas se movem para noroeste, elas deslizam abaixo do nivel do mar, formando uma

linha de 1400 milhas de montes submarinos.

Ilustration: https://oceanexplorer.noaa.gov/okeanos/explorations/ex1504/background/mpas/media/pmnm-hires.jpg.

conforme elas se movem para noroeste e sua
eventual descida abaixo do nivel do mar responde a
configuracao do manto terrestre. Gedlogos suspeitam
que um a protuberancia ascendente associada com o
ponto quente encontra-se abaixo das ilhas principais,
criada talvez por um bolsdo de magma perto do
limiar entre 0 manto e a crosta. Isso pode explicar a
profundidade oceanica reduzida a 1.000 m. Conforme
a crosta terrestre se aproxima do ponto quente, ela
sobe a protuberancia; conforme ela atravessa o ponto
quente ela atinge sua elevacdo maxima durante varias
centenas de milhares de anos de erupgdo continua.
A evidéncia de multiplas fendas e aberturas ao redor
do Kilauea indica que a pluma térmica sobe através
de varias ramificagdes que podem variar em forga
de erupcdo conforme a crosta se move, algumas
chaminés sdo fechadas enquanto outros canais de
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lava sdo abertos. Durante dois ou trés milhdes de
anos, cada ilha fica por cima dessa protuberancia até
que, algumas centenas de quildmetros para noroeste,
comeca a descer o declive, perdendo assim 1.000 m
de elevacdo. Na maioria dos casos, isso, combinado
com a erosao da paisagem montanhosa resulta no
desaparecimento da ilha abaixo do nivel do mar, onde
permanece como um monte submarino.

A uma distancia de 3.200 km da Ilha Grande, uma
anomalia impressionante acontece. A linha de montes
submarinos muda abruptamente de direcdo, indo rumo
ao norte, em direcdo a peninsula russa de Kamtchatka,
onde 0s montes submarinos entram em uma zona de
subduccdo de 10.500 m de profundidade na fossa
das Curilas-Kamtchatka. A cadeia submersa contém
outras 40 ilhas submersas conhecidas como a cadeia
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Figura 6. A Serra do Havai e Seamounts Imperador. O mapeamento do
fundo do oceano comecou durante o Ano Geofisico Internacional (1957-
1958). Os nacleos do fundo do mar estabeleceram datas para as ilhas e
montes submarinos. Subsequentemente, os mapas de relevo do fundo do mar  gye
publicados pela National Geographic do Indico (outubro de 1967), do Atlantico
(junho de 1968) e do Pacifico (outubro de 1969), combinados em um mapa do

deriva de mudancas na direcédo
e de colisdes em diversas outras
placas adjacentes.

Essa narrativa da evolucédo
do arquipélago  havaiano
¢ particularmente rica de
detalhes. Os  movimentos
continentais séo mais
frequentemente ilustrados
com mapas que mostram a
divisdo de Pangeia, com o
movimento do fundo do mar
como causa, a subduccdo ao
redor das placas como efeito e
0s terremotos como corolarios.
A conjuncdo de movimentos
de placas, erupcdes dos pontos
quentes e a criacao de cadeias
de ilhas tem sido uma narrativa
negligenciada e notavelmente
omitida de apresentacOes
de Macro Historia. Mas as
dramaticas erupc¢des do Kilauea
destacam processos geoldgicos
- algumas vezes catastroficos-
impactam o0 bem-estar
humano.

fundo oceanico mundial (dezembro de 1981). O Atlas do Mundo do Times (7a.

Ed., 1985) comecou a rotular cordilheiras submarinas e cadeias de montes

submarinos em seus mapas de superficie oceanica.

dos montes submarinos do Imperador em homenagem
ao geodlogo japonés que primeiro as identificou. Elas
foram criadas ao longo de um periodo de 30 milhdes
de anos, somando-se a cadeia que corre no sentido
noroeste, o arquipélago havaiano inteiro, com seus 106
vulcdes, foi criado em um periodo de 70 milhGes de
anos. A mudanca na direcdo indica que o movimento
da placa do Pacifico foi quase diretamente em sentido
norte, embora as causas desse movimento e da
abrupta mudanca de direcdo 50 milhdes de anos atras
permanecam um mistério. A resposta provavelmente
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De maneira mais ampla, a
cadeia de montes submarinos
do arquipélago  havaiano
destaca um processo geoldgico mais disseminado.
Wilson (1963) fornece um rascunho do Pacifico
mostrando seis linhas de ilhas e montes submarinos
se movendo, grosso modo, na mesma direcdo que o
arquipélago havaiano - essas cadeias incluem as bem
conhecidas Marquesas e Samoa - todas aparentemente
dirigidas pelo deslocamento do fundo oceénico abaixo
da Subida do Pacifico Oriental, todas fornecendo
evidéncia de pontos quentes. Para leste da Subida,
duas outras cadeias com movimento em direcédo
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fornecendo um registro do movimento da placa norte-americana para longe da cordilheira Mid Atlantic. A
criacdo de montes submarinos tem origem no ponto 6timo do Grande Meteor a nordeste das Bermudas.

Imagem: De Baab (2005).

a Leste, indo rumo a América do Sul, sdo a Ilha da
Pascoa e as Ilhas Galapagos.

Mais distantes, duas sequéncias de elevacdes no
oceano indico permanecem como tragos de um rapido
movimento em direcao ao norte da placa Indiana apds
0 rompimento de Pangeia. A sequéncia de montes
Chagos-Laccadive, que inclui as Maldivas, segue por
2.500 km desde o ponto quente vulcéanico de Reunido,
que esta ativo ha 66 milhdes de anos. A sequéncia de
montes do Meridiano Noventa Leste correspondendo
quase exatamente o 90° meridiano, segue para o norte
por quase 5.000 km; as idades relativas, mais velhas
ao norte, indica um ponto quente ativo na extremidade
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sul entre 82 e 43 milhdes de anos atras.

Qualquer discussdo sobre pontos quentes e placas
tectonicas inevitavelmente dirige a atencdo para
outros locais ao redor do mundo. A exploracdo do
fundo do mar ao redor do planeta nos anos 1950
e 1960 levou a descoberta de duzias de cadeias de
ilhas e montes submarinos. Frequentemente elas sdo
de pequeno interesse: podem subir algumas centenas
de metros acima do fundo do mar, mas se seus picos
estdo a centenas de metros abaixo do nivel do mar,
sua importancia fica restrita a riscos de navegacao
para submarinos. Na contramao dessa atividade pouco
visivel, a erupcdo atual do Kilauea apresenta uma visao
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Figura 8. Principais faixas de pontos criticos nos oceanos Atlantico e Indico. Pontos sombreados marcam
os locais atuais de pontos de acesso considerados presos no manto da Terra; faixas sdo pontilhadas em
intervalos de 5 milhdes de anos. Faixas no Atlantico revelam o movimento dos pratos da Terra longe das
fronteiras das placas do meio do oceano, onde a lava do manto empurrando para cima esta for¢ando
as placas a se separarem. Pistas de corrida do norte do Oceano Indico e leste da Australia registram o
movimento da placa indiana da Pangéia em direcdo a Asia de 180 a 200 milhdes de anos atras.

Fonte: Muller et al. Figure 1. Geology (March 1993).

dramatica do surgimento de ilhas em uma ilha que ja
ultrapassa muitas em elevagao e superficie. O fluxo de
lava que se dirige lentamente para o mar esclarece um
processo que expande pouco a pouco os limites da ilha
e alarga sua fundacdo conforme novos fragmentos de
basalto rolam seus declives submarinos.

Enquanto os rastros de pontos quentes sdo
numerosos no oceano- talvez porque a crosta
ocednica seja mais fina que a crosta continental - sua
configuracdo e efeitos na populagdo humana apontam
para exemplos terrestres notaveis. Ndo estamos tdo
cientes desses porque a erosdo destroi as chaminés e
caldeiras em alguns milhdes de anos. O ponto quente
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mais dramatico do planeta esta sob o Parque Nacional
de Yellowstone, no noroeste de Wyoming. Sua Ultima
erupcéo foi ha mais de 600 mil anos; sua caldeira foi
tdo erodida nesse interim que nao foi reconhecida até
que fotografias aéreas e radares capazes de penetrar o
solo expuseram seus contornos. Seus sinais hoje séo as
atracdes turisticas dos géiseres, chaminés de enxofre
e vapores toxicos, mas o0s terremotos ocasionais nos
lembram da presséo subterranea de um imenso bolsao
de magma que pode romper nos préximos milhares de
anos. Ainda mais erodidas e detectaveis apenas com
avancado escaneamento aéreo sao as sete caldeiras que
tracam uma linha ao longo da Planicie do Rio Snake,
do sul de Idaho até a divisa com Oregon- um registro
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geoldgico de 15 milhdes de anos de movimento de
placas sobre o ponto quente de Yellowstone.

Lava basaltica de movimento lento é tipica de
erupgdes de pontos quentes anos de fluxo de lava
no Kilauea fornecem uma adequada ilustracdo. Em
contraste a isso, vulcdes de subducgdo proximos as
margens das placas tectdnicas - caso tipico do famoso
Circulo de Fogo ao redor do Pacifico - tendem a
erupcdes explosivas como a explosdao de 1981 que
derrubou metade do pico do Monte Santa Helena e a
erupcéo do vulcdo Mayon nas Filipinas em Janeiro de
2018. Aqui a agua que desce com o fundo do mar em
subduccdo vira vapor nas profundezas, o que fornece
combustivel para vulcdes terrestres como as duzias que
seguem paralelas a costa na Califérnia, em Oregon,
em Washington e na Colimbia Britanica. Contudo,
apesar da ansiedade na llha Grande, alimentada por
uma sucessédo de fendas e uma atividade continua nos
ltimos 35 anos, o Kilauea parece menos propenso
a explodir e mais disposto a continuar expelindo
quildbmetros de rios de lava lenta.

Enquanto esse drama continua, um novo esta sendo
ensaiado no camarim. A 32 km da costa sudeste da Ilha
Grande, uma nova pluma térmica esta trabalhando,
provavelmente uma ramificagdo da chaminé principal
do ponto quente. Um novo monte submarino, Lo’ihi,
esta lentamente subindo pelo flanco do Mauna Loa,
um predecessor do Kilauea e o maior vulcdo em
escudo do mundo. A evidéncia sugere que Lo’ihi sera
a proxima ilha havaiana. Seu inicio esta estimado em
400 mil anos atras; a elevacdo ja atinge 3.750 m acima
do fundo do mar enquanto seu topo permanece a975m
abaixo do nivel do mar. Ela cobre uma area alongada
de chdo marinho com 12 por 25 km de dimensoes, 0
que lhe da o nome de Lo"ihi (“longo”); esta crescendo
com 90% da lava ejetada que desce por seu declive,
progressivamente aumentando sua base. No atual
ritmo de crescimento, a previsdo é de que alcance a
superficie do oceano em aproximadamente 50 mil
anos, tempo no qual a Ilha Grande tera se deslocado
mais 4,8 km para noroeste. Se Lo'ihi continuar a
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Figura 9. National Geographic Cover, Agosto de 2009.
A conscientizacdo do publico sobre o supervulcéo
de Yellowstone remonta a imprensa popular e a
videos como o episodio de Yellowstone na série
History Channel, How the Earth has made, Primeira
Temporada (2009).

aumentar de elevacdo e tamanho, podera agregar
um sétimo vulcdo aos seis existentes na Ilha Grande,
aumentando em muitos quilémetros sua area e costa.

Lo’ihi, que é o 107° vulcdo no arquipélago do
Havai e do Imperador, foi tido primeiramente como
um vulcdo inativo, mas a atividade sismica levou a
seu reconhecimento como um monte submarino ativo
em 1955. Por anos, foi estudado remotamente com
cameras submarinas e amostras extraidas de seu topo.
O intervalo de tempo até a primeira descida a seu
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Figura 10. A trilha Hotspot do Snake River. Do Parque Nacional de Yellowstone, no canto noroeste de Wyoming,
um movimento sudoeste da placa norte-americana sobre um ponto fixo (agora sob a Caldeira de Yellowstone)
gerou uma linha de caldeiras pesadamente erodidas através da Planicie do Rio Snake no sul de Idaho. O namoro
indica erupcbes do McDermitt Caldera ha 16 milhdes de anos na fronteira entre Oregon e Nevada e 0 mais

recente sob a Caldeira de Yellowstone ha 600 mil anos.

cume em 1987 oferece um indicativo das dificuldades
em exploraras profundezas oceanicas: nos 23 anos
entre as datas, ja haviamos posto pessoas no espaco,
feito 7 pousos na lua e colocado 14 dnibus espaciais
em Orbita.

A lava expelida debaixo d’agua esfria rapidamente,
quebrando-se em pedregulhos e fragmentos
irregulares conhecidos como talus, ndo muito
diferentes do material acumulado na base de uma
encosta rochosa erodida. Os declives do Lo’ihi sédo
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Source: Diagram sketched from Branney (2007), Fig. 1.

majoritariamente construidos nessas bases, o resultado
sdo os constantes deslizamentos detectados pelos
sismografos. Terremotos sdo frequentes, instrumentos
registram deslizamentos regularmente. Desde que 0s
registros comecaram em 1959, uma média de dois a
dez terremotos por més ocorreu perto do topo. Em
1996, sismografos registraram um total de 4.070
terremotos em um periodo de trés semanas, um
recorde para qualquer vulcdo havaiano. O resultado
foram mudancas substanciais: uma cratera de 1 km de
diametro e 300 m de profundidade se formou no meio
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dos detritos, juntamente com o colapso da “Chaminé
de Pele” - nomeada em honra a deusa havaiana dos
vulcdes - que era tida como estavel. A cratera foi entdo
renomeada como “Poco de Pele”

As condicdes ao redor das chaminés no topo de
Lo’ihi sdo toxicas. A temperatura da dgua fica em
média a 90° Celsius (196° Fahrenheit), as temperaturas
de suas ejecbes chegaram a 250° Celsius. Ndo ha
oxigénio na agua; os niveis de dioxido de carbono e
de compostos de ferro sdo altos. O monte submarino
é caracterizado por numerosas chaminés hidrotermais,
tanto no topo quanto nos flancos, ao redor das
quais micrébios ndo oxidantes prosperam. Elas se
parecem com comunidades microbioticas ao redor
das fumarolas negras ao longo das dorsais oceanicas
agora consideradas como a provavel localizacdo das
primeiras formas de vida. Mais ao longo dos flancos,
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onde a toxicidade € minima, vérias espécies de
invertebrados e peixes foram catalogadas.

Uma apresentacdo das origens do Havai em
um curso de Macro Historia oferece uma incisiva
introducdo sobre a tectdnica de placas, 0s pontos
quentes e sua presenca no mundo inteiro, juntamente
com a exploracdo de uma das mais ricas regides da
Terra. O video Wild Hawaii oferece uma investigacao
espetacular tanto das ilhas quanto do mundo dos
montes submarinos. O reconhecimento da importancia
dos montes submarinos é evidente na criacdo de um
parque dedicado a eles pelo presidente George W.
Bush, parque que foi expandido em 800.000 km?
pelo presidente Barack Obama, constituindo uma das
maiores reservas submarinas do planeta.

A menc¢do a Chaminé de Pele e ao Poco de Pele

Figura 11. Papahanaumokuakea. Este Monumento Nacional Marinho, criado pelo presidente George W. Bush e
ampliado pelo presidente Barack Obama, se estende pelo extremo oeste de Ko Hawai’l Pae Aina (o arquipélago

havaiano).
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introduz outra dimensdo da historia havaiana. Os
migrantes colonizadores que vieram das ilhas do Sul e
chegaram nas ilhas havaianas entre 1.500 e 1.200 anos
atras importaram uma mitologia que evoluiu com seu
novo ambiente. Em uma surpreendente correlagédo
entre o real e 0 imaginario, diz-se que Pele assentou-se
primeiro em Ni’ihau, a mais antiga das ilhas havaianas,
depois migrou para o sudeste, para a mais nova das
ilhas, a Ilha Grande, onde ela reside atualmente
Parece que ela sempre esteve presente onde as ilhas
vulcanicas estavam sendo criadas. Mas, enquanto Pele
é considerada como residente nas chaminés do Monte
Kilauea, a Chaminé de Pele, que entrou em colapso e
transformou-se no Poco de Pele, sugere que ela talvez
faca visitas periddicas ao Lo ihi.

Na minha versdo da Macro Historia - na disciplina
de Narrativas Cosmicas da Universidade de Houston
- eu me refiro as histérias miticas como ‘“‘narrativas
cOsmicas arcaicas”, o que define a mudanga de
narrativas de origem pré-cientificas para as narrativas
de origem cientificas como uma evolugdo ¢ nao uma
negacdo. A mitologia que cerca Pele é facilmente
descoberta na obra de Martha Warren Beckwith,
Mitologia Havaiana (1982) mas € dramaticamente
ilustrada pelo artista havaiano Herb Kawanui Kane
em Pele: Deusa dos VulcGes do Havai (1987). O
livro de Kane encontra-se esgotado, embora meus
alunos sejam capazes de encontra-lo em sebos ou na
biblioteca da Universidade de Houston.

As pinturas de Kane capturam, como nenhuma
outra, a unido entre a geologia e a narrativa mitica;
0s originais, agora Vvistos como as obras de arte mais
importantes do Havai, estdo guardadas no Bishop
Museum, em Honolulu; sete das pinturas de Kane,
encomendadas pela National Geographic, sem duvida
resultado da recente incorporacdo do Havai como o
mais novo estado americano apareceram na edicdo de
dezembro de 1974.

Como um colecionador de estatuas de deuses
e deusas encontradas na China, na Malésia, em
Singapura e na Tailandia, eu estava interessado em
localizar uma escultura de Pele. Ao falar com diversos
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residentes e lojistas em Honolulu, descobri que
estadtuas da deusa parecem ndo existir: na verdade,
fui informado que a propria Pele ficaria irritada se
alguém tentasse criar tal artefato. O que apareceu nas
conversas foram narrativas pessoais com um tema
comum, a influéncia vingativa de Pele sobre aqueles
que a ofenderam. Turistas que levaram pedacos de lava
do Havai frequentemente foram vitimas de ma sorte,
mesmo de alguns desastres pessoais. Avisados por
residentes locais que Pele buscaria vinganca por esse
saque a seu territorio, ndo era incomum para antigos
turistas enviarem de volta seus souvenires vulcanicos
na esperanca de fazer as pazes com Pele e restaurar a
normalidade de suas vidas.

Em retrospectiva, talvez eu esteja melhor sem uma
estatua de Pele.

Figure 12. Pele Rejoicing. A painting by Hawaiian
artist Wallace Kong captures Pele as the benign
goddess of the Hawaiian land and people, unperturbed
by the background of an eruption-lit sky and towering
volcanic dust clouds.

Image used by permission.
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Endnotes

1 Agéncia Federal de Gestdo de Emergéncias
(Federal Emergency Management Agency no
original em inglés) — 6rgdo norte-americano
responsavel por organizar a resposta a desastres
naturais

2 No original, 3.600 milhas. Todas as unidades
relevantes foram convertidas para o Sistema
Internacional de Medidas.

3 Geodetic Survey é uma agéncia federal norte-
americana responsavel pelo mapeamento das
coordenadas dos EUA. Desde 1970 faz parte do
Departamento de Comércio dos EUA.
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To quote the psychologist Jerome Bruner, “Schooling is only one small part of how culture inducts the young into
its canonical ways.” This “small part” has become much smaller in recent decades. In fact, scholastic curriculum
has embraced only a small part of the enormous and complex changes that scientific and technological research
has generated in everyday life and in the way people view the world. A new culture is now spreading through a
multiplicity of media forms that scholastic institutions have struggled to catch on to and understand. The formation
of global citizens is an emerging problem. OPPI is a small teacher training institute that for more than 50 years,
in cooperation with schools and universities, has been keeping teachers aware that technological innovations
are changing people’s consciousness and that education must adapt to these changes. OPPI has identified Big
History as an important means to adapt scholastic instruction to youths’ consciousness and has begun to study
how to implement it. Its activities begin with a questionnaire investigating the spontaneous ideas that students
have acquired about the universe, not only from previous school studies, but also from social networks, the media,
and their family environment. Discussion of this questionnaire is the main topic of this article. The second topic
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ntroduction tools used by humankind. By the Old Stone Age they
were equipped with “axes, knives, saws, spokeshaves,
and scrapers of chipped stone, mallets, awls and
piercing tools, needles of ivory, spears and harpoons.
They also had tools for making tools.” He notes that in
the “Mesolithic (Middle Stone)” Age they used adzes,
gouges, and chisels to produce canoes and paddles.
Lilley thus retraces the long path of inventions up to
his day, assigning each a score based on their social
impact. Thus he constructs a curve that he calls the
“relative invention rate index,” shown in figure 1.
This quantitatively documents the enormous
growth of inventions that began with the industrial
revolution. It is interesting to note that in 1966 Lilley

Scientific and technological advances have
been able to curb, in much of the world, problems
that have weighed heavily on human life up until
the last century: famine, epidemics, lawlessness, and
our relationship with death (Harari 2015). Yet the
people who benefit most from this new condition
are increasingly concerned about their future, and
many consider the networked world produced by
the development of sciences and technologies to be
a danger. Indeed, the speed of this development is
completely new in human history. By the middle of
the century, a meticulous study of the technological

advances in the history of mankind had already been . o . )
published (Lilley 1946). The author examined the edited a second edition of his book, casting doubt on a

Journal of Big History ~ Volume Il Number 1 January 2019



Towards a Big History Model for Italian Schools: The Convergence of Knowledge from Many Disciplines

Fig. 1: Lilley’s relative invention rate index

quantitative analysis of the innovations: “The extension
of my relative invention rate index to the post-war
period would have presented formidable difficulties”!
In those same years, to understand Lilley’s difficulties,
innovations and amazing discoveries took place one
after the other and touched every field of knowledge:
in 1953, Rosalind Franklin, James Watson, Francis
Crick, and Maurice Wilkins had discovered DNA,
and all the consequences of that discovery were
developing; in 1957, M. and G. Burbidge, William
Fowler, and Fred Hoyle had documented the role
of stars in the formation of all the atoms in the
Mendeleev table; in 1962, Harry Hess had formulated
the theory of Sea Floor Spreading, and in 1965 Tuzo
Wilson’s discoveries about transform faults and hot
spots had led to the birth of Plate Tectonics. In 1969,
a few years after the publication of the second edition
of Lilley’s book, Neil Armstrong and Buzz Aldrin
would set foot on the moon, and in 1971, Ted Hoff,
Federico Faggi, and Stan Mazor would build the first
microprocessor. Conditions were being created that

Fig. 2: Christian 2005, 209
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would lead Lilley’s index of inventions, if calculated,
to enormous values, growing exponentially year after
year. It’s not surprising that this index resembles,
down to the details, the population, shown in figure 2.

The link between technological development and
population growth has been extensively studied since
Lilley’s time (Meadow 1973), and we know that the
“rapid and sustained population growth must imply
an acceleration in rates of innovation” (Christian
2005, 352). Let us now examine the equally new and
dramatic problems that technological development
poses to institutions and especially to those dedicated
to the reproduction of knowledge.

For some time we have been aware that the devices
invented by humankind in their history, from the axe
to the mobile phone, are prostheses for human organs
that modify their skills and perceptions (McLuhan
1964). Just as traditional prostheses replace diseased
body parts, all the devices available to humans weaken
the organs that they amplify. Mechanical tools weaken
the use of muscular strength; calculators, calculation
skills; media, personal relationships. The devices that
increasingly crowd the humanenvironmentthenchange
the behaviors thatcharacterize social life. The collective
consciousness (that is, the set of representations,
norms, and values shared by the members of a
society) also changes as the tools, the machines, and
the available media change. Institutions are adapting
to the evolution of the collective consciousness with a
growing delay. This problem is emerging strongly in
all institutions, including scholastic ones (Reguzzoni
2010). Assuming that the complexity of social
institutions grows like the invention index, one could
make a mathematical model that measures the delay
with which institutions adapt to the changes brought
about by new inventions. One could thus calculate the
evolution of the distance between social institutions
and the collective consciousness over time. However,
today an extrapolation from Lilley’s curve, whose last
significant point refers to 1943 (atomic energy), would
probably be arbitrary. For us it is enough to know that,
considering the exponential trend of this evolution,
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the delay with which institutions adapt to the changes
brought about by technological development grows
year after year with respect to the material needs and
to the consciousness of contemporary humankind. In
the globalized world, we see every day the inadequacy
of countries founded on the concept of nation affirmed
at the time of the French revolution. The institutions
built on this concept have increasing difficulties
adapting to new needs such as mobility or satisfying
old ones such as social safety. More generally they
fail to address and manage global problems such as
climate change.

We will limit our discussion to educational
institutions, to places where in modern times young
people are taught to share information and symbols
and practice collective learning, “so the knowledge
and skills can accumulate non-genetically from
generation to generation, and each individual has
access to the stored knowledge of many previous
generations” (Christian 2004, 146). In a globalized
world, educational institutions face the challenge of
the iceberg of cultures (Katan 1999, 29) and the global
ICT (information and communication technologies)
network. Collective learning is a fundamental
characteristic of our species, and our survival relies
on its effectiveness. There is an enormous imbalance
between investments in communication technologies
and investments in making sure that all young people,
not only the elite, are able to use those technologies
consciously. The disinterest displayed by governments
as well as the public in this imbalance is truly
concerning. “Ultimately, despite a rapid growth in
education and Internet access for much of the world,
most people on our planet are still disconnected from
global platforms of knowledge sharing. Even amongst
those two billion that are now online, a significant
proportion of those that are connected are still left out
of global networks, debates and conversations. Digital
divisions cannotbe simply bridged through connections
and open platforms, and much more work needs to be
done to overcome inequalities in visibility, voice and
power in an increasingly networked world. In other

Volume I11 Number 1 January 2019

words, while connectivity is clearly a pre-requisite for
participation in 21st century platforms of knowledge
sharing and participation, connectivity and access
are by no means a determinant of knowledge access,
creation and sharing” (Graham 2014). In schools,
the informed use of ICT requires interdisciplinary
approaches that challenge the traditional forms of
scholastic transmission ofknowledge. “Ineducation the
conventional division of the curriculum into subjects
is already as outdated as the medieval trivium and
quadrivium after the Renaissance. Any subject taken
in depth at once relates to other subjects. Arithmetic in
grade three or nine, when taught in terms of number
theory, symbolic logic, and cultural history, ceases
to be mere practice in problems. Continued in their
present patterns of fragmented unrelation, our school
curricula will insure a citizenry unable to understand
the cybernated world in which they live” (McLuhan
1964, 347). For more than 50 years there has been
awareness of the inadequacy of school curricula for
the consciousness of the younger generation, and for
some time educational research has made significant
indications of renewal (Bruner 1960, 1996; Morin
1999). They should have been implemented some
time ago, but the widespread lack of interest in this
problem has not allowed for the formulation of
projects of adequate scale. The indications of renewal
are collected and tested only locally when favorable
circumstances are achieved. Overall, educational
institutions are losing the role of the integration and
reworking of cultures gained from distant generations
with those of recent generations. These are chaotically
transmitted through the multiplicity of media, and
young people try to interpret them more often than
not without the help of the school system. Uncertainty
and worries about the future, which in the countries
most benefiting from technological innovations also
manifest themselves politically, can also be attributed
to the inability of the educational institutions to
culturally prepare young people to understand and use
them consciously.
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Big History for an Agenda of Global Citizenship

To help schools adapt to the cultural changes
brought about by academic and industrial research,
OPPI, as a teacher training organization, plays a role
as an interface between research and teaching (Codetta
and Peroni 1998). In this role, they identified the Big
History movement as a very important resource for
promoting innovation in schools. “Big History can be
the basis for a new understanding in today’s global
era, where change is exceptionally fast. Such macro
studies can help solve global problems by supplying
information for an agenda of global citizenship” (Kim
2016, 31). This new form of citizenship is promoted
by sharing with young people the global networks
through which the transmission of much knowledge
is carried out chaotically today. If schools were able
to recognize and appreciate the role of many forms
of media, they could focus only partly on the direct
transmission of knowledge. They could become the
center of a reworking of and critical reflection on the
direction taken by new educational agencies. This is
a completely new undertaking for teachers who are
used to offering students courses of study within
individual subject matters. They do not care how
much students learn outside school; in fact, they often
consider it a hindrance to their studies. Instead, today
it is necessary to start scholastic studies of the most
important topics with surveys on knowledge, beliefs,
and ideas acquired by the students through institutions
outside the school, through daily life, and through the
family. These constitute the starting point for critically
reorganizing this knowledge and setting the premise
for further elaboration. This activity is also important
because some ideas and beliefs may conflict with
what is canonically taught in school, and this cannot
be ignored. Over many years, OPPI has developed
an appropriate questionnaire for this purpose. The
general form of the questionnaire has been based on
the idea that humans have a plurality of intelligences
(Gardner 1986): people use a mix of different kinds
of intelligence, generally epitomizing only one
particular form. We organized a questionnaire
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to meet our goals, involving the area of feelings and
emotions of the interviewee and their consciousness
about their own feelings and emotions; space and
interpersonal intelligence should be also involved.
Questionnaires of this type have been used with
students of all school levels, from grades 6 to 12, to
investigate the ideas they had spontaneously acquired
on many subjects before they were studied at school
(Cappucci 2001). Like every living being, we too form
spontaneous representations of the universe in which
we live. The conflicts between these representations
and those developed by the scientific community
are part of our history. With the exponential growth
of the technological innovations discussed in the
introduction, these representations are now fed and

Fig. 3: The questionnaire
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enriched by a huge variety of messages and stimuli
that cross all forms of media. The questionnaire
already used in the past to learn the spontaneous ideas
of students on important concepts such as zero, lends
itself very well to starting a Big History course of
study. The questionnaire shown in figure 3 is the latest

version of the questionnaires of this type tested in the
last three years.

The students’ answers shown in figure 4 are very
different and indicate not only the cognitive and
expressive skills and styles, but also the students’
social environment.

Fig. 4: The great variety of responses reflects the variety and complexity of intelligences.

Many responses (figure 5) refer to stereotypical representations, others reproduce images from telescopes, others

are personal elaborations.

Volume I11 Number 1 January 2019
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Fig. 5: Frequent representations of the universe

In the answers there are references to symbols, as in figure 6.
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Fig. 6: Infinity as a symbol for the universe

The answers that try to express a position in respect to the universe are very interesting (figure 7).

Fig. 7: Our position in the universe

The universe is inside and outside of us, as in figure 8.
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Fig. 8: The universe appears distant, or in our eyes, or all that is around us.

The questionnaire also investigates the universe/school relationship (figures 9, 10).
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Fig. 9: Student as an observer or spectator but also a prisoner

Fig. 10: The limits of fragmented studies
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It could be useful to use the questionnaire to compare
with other cultures and other educational traditions.
Is the organizational rigidity and the fragmentation
of knowledge that emerge from many only found in
[talian schools?

The analysis of the answers offers a wide variety of

interpretations with psychological tools as well. This
variety is well suited to gathering the complexity of
the topic in relation to students’ perceptions. After
completing the questionnaire, they are invited to
rework them and to construct, starting from the key
words they use, a conceptual map representing their
ideas about universe (figure 11).

Fig. 11: The map of a student’s idea about the Universe written at the beginning of a Big History class

Journal of Big History
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Figure 12: Greater prominence is given to words that appear more frequently in the questionnaires.

Conceptual maps are used to represent their and helps its consolidation. These reflections can start
previously held knowledge about the universe. In fact, with a comparison between the words used by each
the constructivist approach (Novak 1984) shows how student and the words that were used most by all the
using conceptual maps leads to a reflection on learning interviewees (figure 12).
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Fig. 13: Organization and planning of the activities

These maps are used to form five groups with
similar interests. Each group is assigned a threshold
of complexity in the history of the universe: the
origins of the universe, the formation of the solar
system, life, humans, and modernity. As can be seen
from figure 13, the logarithmic scale of time is a
guiding tool for locating and interpreting events and
jumps of complexity in the history of the universe.
The jumps of complexity “can only emerge when
the circumstances are right. This includes, in the first
place, the availability of suitable building blocks and
energy flows and, in the second place, a great many
limiting conditions such as temperatures, pressures and
radiation. Complexity cannot emerge, or is destroyed,

Journal of Big History

when the circumstances are not right” (Spier 2010,
36).

The groups study the assigned themes using many
resources: teachers’ lessons, textbooks, web resources,
and especially online lessons from the public course
the “Big History Project.”” The English subtitles
that are provided for each lesson were a great help
in overcoming the language barrier and encouraged
a deeper comprehension. In the model that has
been perfected in the past years working with more
classes between the ages of 16 and 17, students work
in groups two hours a week, assisted by a different
teacher from the same class board. The involvement
of teachers of all subjects is very important so that the
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activities that the students perform in their study of
Big History are recognized and appreciated in the final
course evaluations of each student. This involvement
takes place at the beginning of the activities, through
meetings of experienced tutors of Big History with
the teachers. The tutors present the main content
elaborated by the Big History movement to them,
highlighting that in the school curriculum, this content
is presented to the students separately at different
times and with different aims. They can be tied back
together, connecting to each other in order to construct
a unitary vision of the history of the universe and of
man in it. The tutors then open a discussion with the
teachers on the contributions that each subject can give
to this vision. Even literature teachers can be involved
by identifying “concepts from each of the nine Big
History thresholds. Selected works of literature,
including plays, poetry, short stories, essays, and
novels, are used to exemplify and re-examine these
concepts” (Rogoff 2014, 5-6). The students work
two hours a week for about twenty hours, followed
by their teachers in the classroom and by the tutors
remotely through an e-learning platform. They refer to
the action research methods (Elliot 1991) in governing
the cooperative relationships between tutors, teachers,
and students, always keeping in mind that each of the
three groups has different motivations and objectives.
At the end of this first phase, the groups are mixed
using the Jigsaw method, which promotes “autonomy,
competence, and social relatedness as posited by
self-determination theory of learning” (Hadnze 2007).
Thus new working groups are formed in which all the
knowledge about the history of the universe accrued
in the previous phase is present. These groups, with
the same schedule and organization as the first phase,
must create a product that illustrates the vision of the
universe reached through the study of Big History.
During the process, the care and thought that the
students put into choosing the media with which
to share their acquired vision was striking. They
produced, or at least designed, documentaries, video
clips, e-books, comics, murals, computer applications,
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and even songs, although essays and conceptual maps
were also proposed. Their works were evaluated for
the conscious and justified inclusion of the content
belonging to the subjects of the school curriculum. In
this sense, students are encouraged to find, with the
help of their teachers, a convergence of the subjects
studied.

In the following year the activity continues with the
study of a geographic territory through the lens of Big
History. The work is planned following the approach of
Little Big History (Quaedeker 2015), which, through
the application of the Big History threshold concepts
to a specific territory, allows students to bridge the gap
between the large scale and universal concepts of Big
History and everyday life experiences. Earth sciences
are the core of the Little Big History second-year work
as they share with Big History a time scale that spans
billions of years. The geologic evolution of a territory
is also the starting point to study the most recent Big
History thresholds, related to human biological and
cultural evolution, up to the present day modernity
threshold, as “civilization exists by geological consent,
subject to change without notice” (Durant 1946).

Each group of students receives the task of studying
a specific time span in the history of the selected
territory, with time intervals based on a ten-based
logarithmic scale. The geologic time and space
evolution of the area works as the common thread for
the work and facilitates connections between groups.

A pilot test for the second-year approach was
focused on Ossola Valley in the Italian Alps, as the
complex history of this mountain range offers the best
opportunities for diverse applications of Big History.
This valley is one of the longest within the Alps
and hosts a great geodiversity, which offers the best
conditions for the project. In particular, Ossola was
chosen because of the following advantages:

- It crosses the entire southern side of the Alps and
offers a perfect cross section of the geologic history
that led to the formation of this range.

Page 45



Towards a Big History Model for Italian Schools: The Convergence of Knowledge from Many Disciplines

- It hosts several outcrops of rocks much older than
the Alps, covering the last 400 million years of Earth’s
evolution.

- It was profoundly shaped by glaciers during the
last glacial eras, providing a framework on the scale
of hundreds of thousands of years.

- It hosts important archeological sites showing
the relationships between man and the geologic and
geomorphologic evolution on the scale of thousands
of years.

- It has been a major quarrying and mining site since
the Middle Ages, providing a framework on the scale
of hundreds of years till the present.

- It hosts a UNESCO Global Geopark, providing a
framework of environmental protection on the scale
of years to decades.

Two other specific aspects of Ossola Valley are
an important plus for the application of Big History.
Firstly, Candoglia and other minor quarries in the
valley are the places from which marble was taken
for the construction of the renowned Milan Cathedral
and other monuments, thus providing an important
link with history and the arts. Secondly, the valley is
crossed by the “Frontiera Nord,” a fortified line built at
the beginning of the twentieth century as a defensive
system with the beginning of World War I in sight.

The pragmatic approach to the second-year work
is enhanced by a preliminary guided excursion to
the selected Little Big History area focused on the
close relationship between geological, biological, and
cultural evolution and thresholds.

The result of the second-year work is the creation,
by collaborative work among groups, of a conceptual
model of the complex space- and time-based network
of relationships that permeates the studied territory.
Thresholds fade into a more comprehensive view that
enables students to read the territory with modern eyes
where geological, biological, and cultural aspects are
closely interrelated. As factual evidence of the newly
acquired competence, students elaborate a final
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product (a smartphone app in the pilot study on the
Ossola Valley) for the dissemination and divulgation
of their work.

The Model

In Italy there are many attempts underway to adapt
educational institutions to the changes in the collective
consciousness brought about by the evolution of
knowledge and technology. They are fragmented but
widespread, relying on the initiative of individual
teachers. Among these, the experiments with Big
History, despite still being in the pilot stage and thus not
having been able to make use of external evaluations,
are very promising. The Big History movement is
still little known in Italy, and these trials have spread
awareness of it through pedagogical journals (Codetta
2017, 2018). The experiments in introducing the
Big History approach during the final two years of
secondary school in Italy have provided an abundance
of content, encouragement, and methodological
indications. Thus it was possible to identify a model
that can be adapted for many secondary schools.

- The model does not necessitate modifying the
school curricula, which dictates approximately one
thousand hours of lessons annually, divided between
twelve or more subjects. It requires dedicating to the
study of Big History only eighty hours spread out over
two years for students ages 16—17.

- To introduce Big History in secondary schools, a
tutor experienced in Big History is needed. The tutor
proposes to teachers a reflection on the contribution
that the subjects they teach can make to the construction
of a unitary vision of the universe and its history. In
this interdisciplinary activity, all the disciplines of the
school curriculum are called together to converge on
a single objective.

- From this reflection comes a two-year project
in which the students, divided into working groups,
conduct investigations into the materials elaborated
by the Big History movement. The surveys are carried
out by consulting the knowledge platforms on the web

Page 46



Adalberto Codetta Raiteri, Marina Porta, Giovanni Grieco, Renza Cambini

and, in particular, courses such as the “Big History
Project.”

- The students’ research takes place during the
school day for two hours a week. All the teachers of
the grade are involved in rotation. Their purpose is to
assist the working groups, leaving the students to lead
the research, as well as observing the group dynamics
of the students through observation charts.

- The course begins with a questionnaire about the
students’ preexisting ideas about the universe. Their
answers are used to identify the words that students
associate with the universe. They also help in the
formation of groups of students with similar interests,
and finally they serve as a tool for reflection through
the development of conceptual maps.

- The tutor assists teachers and students remotely
through an e-learning platform, comments on the
journals turned in weekly by the working groups,
and encourages the convergence of the disciplines to
connect events of the history of the universe that are
usually studied separately.

- At the end of the first year, through appropriate
shuffling of the initial groups, all students must
become familiar with the characteristics of the main
complexity thresholds in the history of the universe
and of the conditions that caused them to emerge.

- The products created by the students at the end
of the first year—documentaries, video clips, e-books,
comics, murals, computer applications, concept maps,
reports—are evaluated mainly on the presence of the
disciplinary contents incorporated in the products and
how the students connect them.

- In the second year, students use the same work
methods, enriched by educational field trips. They
explore a geographic territory through the lens of Big
History. In many parts of Italy, it is possible to directly
observe archaeological, geological, and historical
finds that tell the stories of at least half a billion years
(Alvarez 2009).

- At the end of the course, the students reflect on
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the conceptual map of the universe that they created
two years before and identify new concepts acquired
during their research.

This experience shows that the convergence of
multiple subjects in dealing with a complex topic such
as Big History generates a highly interactive dynamic
among the students in which the determining factor
is digital technology. The students create different
products, some of which stand out for their nearly
professional quality, such as a documentary and an
Android app. During the preliminary studies and
product creation, a learning process is generated that
brings out human qualities that cannot be substituted:
creativity, adaptability, inventiveness, the ability to
relate to others. In particular, the eight key competences
recommended by the European Community are
promoted (Enestam 2006): Communication in the
mother tongue, communication in foreign languages;
mathematical competence and basic competences in
science and technology, digital competence, learning
to learn, social and civic competences, sense of
initiative and entrepreneurship, and cultural awareness
and expression.
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Was there a Big Bang?
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Abstract

The idea that our Universe emerged as a result of the extraordinary power of the Big Bang from singularity
(i.e., a state of an infinitely small quantity and infinitely high concentration of matter) is still very popular today.
It was one of the main postulates of the Big Bang theory that completely formed in the 1960s-1970s. However,
at present this idea as well as the Big Bang theory is outdated, although it is still shared by many scientists.
Being widespread since the end of the 1970s the Inflation theory appears more modern. The main reason for the
emergence of the Inflation theory was that the Big Bang theory could not satisfactorily explain a number of the
contemporary parameters of the Universe.

The Inflation theory makes still widespread views of the Big Bang theory archaic, in particular as regards
the following points: 1) the history of the Universe started with the Big Bang; 2) it started with the singularity.
According to the Inflation theory, the Big Bang was not the beginning and the moment of the origin of the
Universe, but it was preceded by at least two epochs: inflation and post-inflationary heating. That is, the Big Bang
or precisely the hot Big Bang is just a phase transition from the state of cold inflation to the hot phase. Since the
Inflation theory does not consider the Big Bang as the initial phase there emerges an intricate problem of the role
of the Big Bang in the process of the formation the Universe as a whole. The paper considers the confusion with
the Big Bang notion, a number and sequence of ‘bangs’ and why the theory can dispense easily without the notion
the Big Bang. We will also discuss some advantages and disadvantages of the Inflation theory.
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the initial stages of the history of the Universe.

ntroduction: Big Bang Theory’s Limitations  Completely formed in the 1960s-1970s the Big Bang

~ and the Emergence of Inflation Theory theory has been popular long enough (about history of

It is supposed that our Universe emerged about e torm “Big Bang’ see Wood 2018: 1-4). At present
13.82 billion years ago from the unknown state and j; js qutdated in its certain aspects, although it is still
substance. The history of the Universe, particularly its shared by many scientists. Being widespread since the

initial stages, is a scientific reconstruction whose most late 1970s the Inflation theory appears more modern
points are still considered to be scientific hypotheses. The main reason for the emergence of the Inflation

The latter sometimes may seem unbelievable ones. theory was that the Big Bang theory could not

It is not surprising that there is no agreement among  garisfactorily explain a number of the contemporary
physicists and cosmologists about many issues of  arameters of the Universe, in particular why the
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Universe is so homogeneous, isotropic, ‘large’
(spatially flat) and hot (Gorbunov and Rubakov 2010:
341; Guth 1997, 2002, 2004).

Due to the emergence of the Inflation theory many
problems of the Big Bang theory can be eliminated. The
Inflation theory makes still widespread views of the
Big Bang theory archaic. For our topic the following
points of this theory are more important: 1) the history
of the Universe started with the Big Bang; 2) it started
with the singularity (i.e., a state of an infinitely small
quantity and infinitely high concentration of matter).
Below we will consider the main ideas of the Inflation
theory. At present one should note that according to
this theory the Big Bang was not the beginning and
the moment of the origin of the Universe, but it was
preceded by at least two epochs: inflation and post-
inflationary heating. That is, the Big Bang or precisely
the hot Big Bang is just a phase transition from the
state of cold inflation to the hot phase. Furthermore,
due to the fact that the Inflation theory does not regard
the Big Bang as the initial phase there emerges an
intricate problem of the role of the hot Big Bang as a
whole. In the words of Alan Guth, it is not explained
what ‘exploded’, how it ‘exploded’” and what caused
the ‘explosion’ (Guth 1997). Thus, it is not surprising
that (as we will see below) as a rule there is no clear
description of the phase of the Big Bang in the modern
research.

In this introduction we find it is necessary to give
a detailed explanation of our goals with respect to
important subject of this article.

1. The article is written for the Big Historians
and the Big History proponents. For them the article
may be important since it allows defining important
peculiarities that may often escape attention. With
respect to the physical theory there will be nothing
new for astronomers and astrophysicists, but in terms
of the evolutionary theory and philosophy they may
find something interesting.

2. The article is devoted to the analysis of
whether one can consider the Big Bang as a certain real
phenomenon or such a view is just a heritage of what
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was previously established in science. | am convinced
that Big Bang is nothing more but a metaphor (just as
Barry Wood [2018] and other scientist [see below]).

3. 1 would like to point out the aspects of the
inflation theory which often escape attention. If one
cannot speak about the Big Bang as a real event then it
is important to define in what way one should interpret
this notion within the inflation theory framework.
Among the proponents of the inflation theory there
exist disunity and different approaches often slightly
manifested. I consider any clarification of this problem
to be of vital importance for the development of Big
History as a discipline and as a subject taught. And
| think they provide insight into these complicated
issues.

It is worth adding that when I define the Big Bang
theory as outdated I mean in the first place its classical
form, i.e. the Big Bang theory of the 1970s which is still
popular. It is just like saying that classical Newtonian
mechanics became outdated after the elaboration of
Einstein’s theory. It is really so. But at the same time
under certain conditions it is valid and is incorporated
as an individual case in the theory of relativity. The
same happens with the Big Bang theory.

So today the Big Bang theory is firmly integrated
within the inflation theory?®. Thus, on the whole, it is
probably unreasonable to speak about a dichotomy
between the two theories which are mostly unified
today. However with respect to the issue under study,
they significantly diverge since the place of the Big
Bang within the modern cosmological theory is
unclear and undefined. While recognizing that the
inflation theory forms a comprehensive theory with
Big Bang theory, at the same time | argue that their
merging has generated a number of problems and
actually provokes an internal contradiction within the

1 Itis possible to meet both statements: that the inflation theory
incorporates the Big Bang theory and the opposite view that
it is the inflation theory that is incorporated into the Big Bang
theory. | prefer the former approach but actually, it is not so
important how to express this idea since the two theories have
actually merged into one. Nevertheless, these discrepancies
just show that there is much confusion about the big bangs
(which I tried to show in the article).
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inflation theory itself. And that is what I will try to
prove in what follows.

Main Ideas of Inflation Theories

Historically, Alexei Starobinsky’s model of inflation
(1979) was the first model developed in detail. But the
best-known Inflation theory was first formulated in the
famous article by Alan Guth in 1981, which continues
to promote it extensively. Within the framework
of this theory ‘the fundamental properties of our
Universe (i.e., it is homogeneous, isotropic, spatially
flat and hot) appear as the consequences of extremely
unnatural initial conditions’ (Gorbunov and Rubakov
2010: 341).

The Universe before the hot Big Bang. The
inflationary stage. According to the Inflation theory
our Universe’s origin was the result of gquantum
Sfluctuation (i.e., negligible small fluctuation but still
having certain spatial parameters?). This fluctuation has
put the forces of the so-called false vacuum in motion.
A false vacuum is a hypothetical state of matter, in
which, matter is repulsed and space is expanded due to
negative pressure. That is why this stage is called the
inflationary stage (i.e., inflation of the Universe). The
Universe has reached enormous proportions in the
smallest fractions of the second. One should mention
that a false vacuum had constant temperature. That is
why the inflation is defined as cold. The heating had
begun due to the processes described below. Vacuum-
like energy as well as false vacuum itself is now often
called the inflaton.

Completion of the inflationary stage, post-
inflationary heating. The false vacuum is an unstable
state of matter, so it started to decay quickly. On
the whole, the inflationary period (as well as all the
initial stages of the early Universe) was very short.
Nevertheless it is important for the theory that it must
not be smaller than an extremely short period of time,
measured in the smallest units, so-called Planck units
(from 70 to 100 such units within the smallest fraction

2 It differs much from the Big Bang theory which regards the
starting point of the Universe with the singularity (see above).
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of a second)?. This duration in terms of the Inflation
theory was called the slow-roll of a scalar (inflaton)
field. During this process the potential energy of this
field decreased, transforming into the kinetic one. It
is supposed that this leads to the formation of the so-
called boson condensate. Eventually, the potential
energy of the inflaton (inflaton field) reaches a
minimum at a certain moment. This means that the
conditions necessary for exponential increase are
violated and the inflationary stage ends.

Thus, this leads to a rather rapid heating of the
Universe. There comes the stage of post-inflationary
heating, in which the boson condensate decays due
to the vibrations (oscillations) of the inflaton field,
which has reached its minimum energy. During the
oscillation of the inflaton field one can observe the
beginning of the formation of different particles about
the nature of which there are different assumptions.
The energy of the inflaton transforms into the energy
of the emerging particles as a result of their interaction
with the rapidly changing inflaton field. Figuratively
speaking, one can observe ‘pumping out’ of the energy
that led to the rapid heating of the Universe and the
formation of elementary particles of ordinary matter.
In other words, the entropy that was previously low
in the false vacuum increased sharply. At the same
time there was a rapid expansion of the Universe. And
the inflationary equation of state of matter transforms
into the powdered one. And later, when the heating
had reached its peak, the powdered equation of state
transformed into a radiation dominated equation. In
other words, when reaching an ultrahigh temperature,
the matter passed into the state of ‘super-hot plasma
consisting of free quarks, gluons, leptons and high-
energy quanta of electromagnetic radiation’ (Levin
2010)*. Hence, within a fraction of a second there took
place successively equations of state of a false vacuum

3 100 Planck times is something like a period of time from 5 X
10 -5 % 10*s.

4 An ordinary matter that had appeared as a result of boiled
vacuum and then a hot ‘bang’ had been remaining in a state of
hot plasma for hundreds of thousands years (until the process
of hydrogen recombination).
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— powdered — radiation dominant (for more details see
Grinin 2013).

Was there the hot Big Bang Phase? There are
discussions about the temperature which the post-
inflation Universe achieves as a result of these
processes. In any case, it was very high, although,
most likely, it was lower than it was expected in
the Big Bang theory®. According to cosmologists
and physicists, this leads to a kind of ‘boiling up’ of
the vacuum, which, it should be noted, has already
occupied plenty of space by that time. Postnov (2001)
notes that during the period of 103* s. the stage of
inflation ‘prepares’ the primary very hot substance in
a very small area, and it expands by inertia.

Thus, in the previous description one can see a phase
transition from the state of cold inflation to the hot
phase. Just in this point of the Inflation theory there
emerges a problem of identification of the place, role,
and even reality of the Big Bang. The Inflation theory
does not give any definition of this concept. On the
one hand, they maintain that heating had resulted in a
hot Big Bang which further dispersed the expansion
of the Universe. One cannot find any great explosion
in the hot Big Bang phase unlike the picture drawn
in the classical Big Bang’s scenario. Of course, one
can call heating of the Universe the Big Bang, but the
heating is a process, it was not momentary as a sudden
explosion assumed by the Big Bang theory. We will
return to the problem of the Big Bang concept below.

Comments on the Inflation Theory

The advantages of the Inflation theory from a
philosophical point of view in comparison with the
Big Bang theory are as follows: 1) the existence of
matter and the Universe before the phase of inflation
is supposed; 2) anyway, the process of the formation
of the Universe looks exactly like a process (although
very fast), but not as an act of creation from nothing;
3) the original size of the Universe, although small,

5 Although there are no direct experimental indications that
there were temperatures above several MeV in the Universe
(i.e., several tens of billions of degrees) (Gorbunov and
Rubakov 2012).
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but it is still more verisimilar than the singularity
(the latter is an artifact of outdated cosmology); 4)
the introduced hypothetical substance — the inflaton
field — explains the processes as a whole with the help
of physics, and not simply by the assumption of an
explosion.

In the Big Bang theory, as the beginning of
everything which emerged from the singularity, it
was believed that the classical space-time started
to form immediately in the course of explosion,
because the Universe began to expand at once after
the hypothetical state of singularity and also acquire
the related characteristics. As Hawking (2001) wrote,
Einstein’s general relativity theory concludes that
space-time arose at the singular point of the Big Bang.
However, we proceed from the fact that the hot Big
Bang was preceded by the inflationary phase, during
which the Universe significantly expanded. Thus, a
very rapid expansion of the Universe during the given
period leads to the origin of classical space and time.

Disadvantages of the Inflation theory and its
Physical fatalism

Now let us consider the disadvantages of the
Inflation theory. They are as follows: 1) Introduction
of the hypothetical substance. Inflation requires the
introduction of some powerful repulsive force for its
explanation (i.e., the inflaton field or a false vacuum
with negative pressure), the nature of which is not
clear in many respects (see May et al. 2007: 38-39).
In the inflaton field the laws of ordinary gravitational
physics change, because ‘matter becomes not a source
of attraction, but a source of repulsion’ (Sazhin 2002:
38).

Filling gaps with hypothetical kinds of matter is a
form of science development. In this case it seems as
a too bold idea.

2) The assumption that initially the Universe had
very small (almost Planck) size and a huge Universe
could arise from that size. We have no example of
evolutionary processes when something very large
would have turned out from one tiny unit. The
process always proceeds as either the coexistence
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of the mass of small units, which then form a new
macrosubstance (system), or the gradual acquisition
by a certain number of small units of the ability to
grow and, as a result, the emergence of large units.®
3) The Universe’s origin time is too short. In the end,
although the Inflation theory significantly withdrew
from the concept of the ‘act of creation’, as opposed
to the Big Bang theory, but the generic features of
this approach are still visible. 4) As in the case with
the Big Bang theory an issue about the origin of the
Universe which appeared to be ‘almost from nothing’
raises many questions (Rubin 2004). It is also unclear,
‘where does the material come from in the first state of
the world” (Cherepashchuk and Chernin 2004: 278)".
5) In general, both the Big Bang theory and the
Inflation theory proceed from the fact that they must
explain the present observed states of the Universe,
including Hubble’s law, the spatial homogeneity
of the Universe, its flatness, etc. How far is such
predeterminancy possible in terms of evolution?®
Why should these states be explained by the very
initial conditions? Why could not they arise later
under the influence of any factors? Apparently, this
is connected both with the desire of cosmologists
and physicists to see a complete picture that would
explain everything, and that otherwise, if the theory of

6 To a certain extent the assumption of multiple of multi-faceted
universes also implies such a variant of gaining the ability to
grow, but the idea of multitude of universes is too speculative
to be associated with evolutionary processes.

7 Postnov (2001) points out that the exponential growth in the
sizes of the area with constant density means the growth of
mass (energy) inside the area ‘out of nothing’, which might
seem strange at first sight. However, there is no violation of
energy conservation law — the growth of the positive energy
is exactly compensated by the negative energy of the gravity
field, which is created by the ‘emerging’ positive energy inside
the expanding area. Therefore, the total energy remains the
same in the course of inflationary expansion (see also Sazhin
2002).

8 Even the proponents of such views have to admit that
‘according to modern ideas, space-time in the Planck scale is a
fantastic figure, more like a monster from horror films than the
object of physical research. Future research will show whether
this picture is correct’ (Sazhin 2002: 81). About evolutionary
approaches in respect of Cosmic phase of the Big History see
Grinin 2014; 2018.
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the origin of the Universe does not explain the present
observed circumstances, then it is easily refuted and,
in fact, not even considered. As a result, the emergence
of Hubble’s law is included in the Inflation theory,
although why should not this expansion (if the redshift
would not be later explained in another way) emerge
later? The expansion of the Universe having arisen at
the very first moment does not change by inertia. It
looks rather fatalistic®. Moreover, the entire subsequent
large-scale structure of the Universe was therefore
predetermined by the smallest density fluctuations,
which already appeared at the inflationary stage within
extremely short fractions of milliseconds. It is very sad
to realize that everything was decided in such a short
period and in such a small amount (from the Planck
size to 1 cm?®) of matter. Although the Inflation theory
aims to withdraw from the concept of singularity with
its full uncertainty in the physical realm, nevertheless
the original dimensions are difficult to perceive.

One should mention that quantum dimensions of the
original Universe in comparison with the singularity
from the point of view of physics is a principally
different state, since it allows using already known
or at least formulated hypothetical laws and forces.
But from the perspective of the ideas of evolution
the differences between singularity and quantum
dimensions are not considerable.

Confusion and Problems with Big Bangs

As we have seen from the above discussion,
the stage of the hot Big Bang succeeded the post-
inflationary heating stage. However, there are still a
number of scientists who, just as before, consider the
Big Bang as the moment of the origin of the Universe
followed by inflation. However, this disagreement can
be explained not only by differences in points of view
but also by the confusion in terminology. The question
is that when speaking about the Big Bang as an event
preceding the beginning of inflation, it is often meant
not the hot Big Bang (i.e., classical Big Bang), but

9 Not to mention the fact that this contradicts the fact according
to which the speed of the receding galaxies not only decreases
but increases.
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another one, i.e. the pre-inflation Big Bang.

Thus, today speaking about the Big Bang, it is
necessary to specify which explosion is mentioned.
The fact is that there is no common terminology
concerning the Big Bang in physics and cosmology,
which study the early Universe: there is considerable
confusion here.

Sometimes the followers of the Inflation theory
mention the Bang that preceded the inflation stage.
They might regard this bang as above mentioned
quantum fluctuation or another hypothetical event of
uncertain origin. Sometimes they talk about such Big
Bang as aspecial phase of early history of the Universe.
Unfortunately they do not clarify whether this Big
Bang was the trigger for the quantum fluctuation, or
it is just the beginning of the inflationary stage. In
any case this Big Bang was definitely cold but not hot.
However, some researchers do not identify the pre-
inflation cold Big Bang or do not mark it out as a special
stage because such a variety in approaches implicitly
creates a great confusion in our understanding of the
notion of the Big Bang. Were there two Big Bangs
or was only one or none at all? And after what stage
it occurred? The confusion is growing because the
Big Bang theory also implies the inflationary stage.
But the sequence of stages differs from that of the
Inflation theory. According to the Big Bang theory,
the Big Bang was the first to occur and led to great
inflation. And the Inflation theory suggests that the hot
Big Bang resulted from the inflation. As we will see
below, such a shift of the processes’ order makes the
Big Bang unnecessary stage in the sequence of events
that occurred in the Universe. One should also note
that not all researchers distinguish the stage of post-
inflationary heating.

As a result this situation seems paradoxical. On
the one hand, practically, there are no scientists who
would definitely reject the Big Bang. On the other
hand, a number of researchers who use this concept
as something conventional, but indefinite, increases.
It appears that implicitly or even explicitly they
understand that the theory can easily avoid using the
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Big Bang notion. However, because the direct negation
of the Big Bang may cause difficulties, probably
they think that the best way to avoid problems is the
indistinct mentioning of this moment. Thus, one should
mention that the Big Bang seems to become a kind of
metaphor, an indicator of fidelity to the mainstream,
playing a role similar to that of the incomprehensible
god in deism philosophy?°. We recall that the situation
is greatly complicated.

Among many followers of the Inflation theory there
is an implicit assumption that there could be two
trigger events which can be described as ‘bangs’,
one of which preceded the inflation, and the other —
followed it.

But the description and characteristics of the pre-
inflation Big Bang are even more obscure than those
of the hot Big Bang. It also does not have any common
term; there are references to the Planck era of the Big
Bang, the early Big Bang stage, the real Big Bang, etc.
One should mention that due to this terminological
and theoretical confusion it is extremely difficult to
understand whether one or two explosions are meant,
as well as to describe the real sequence of stages''.
If there were two Big Bangs then the origin of the
Universe would schematically look like this: the pre-
inflationary Big Bang — inflation (expansion of the
Universe) — post-inflationary heating of the Universe
— the hot Big Bang. But such a reconstruction is not
presented anywhere because perhaps as was mentioned
above it is easier to avoid difficulties. Most commonly
mentioning of the Big Bang among physicists simply
looks like atribute to a tradition they dare not to violate,
and therefore such mentions are rather ritual than
filled with specific content®. In general, it appears that

10

11 It is difficult to understand also from Guth’s article with the
title “Was Cosmic Inflation the ‘Bang’ of the Big Bang?’
which is relative to our topic.

12 Though one can find the following arguments. It is shown that
such an event as the hot Big Bang is not a necessary stage
in the Inflation theory. Now it is clear that the inflationary
stage played a role of the ‘bang’ (Postnov 2001). The moment
when the Universe is heated up is now called the Big Bang
(Ibid.). The boundaries between inflating and thermalized
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the early history of the Universe may well do without
using the concept of the Big Bang, using the scheme:
fluctuation (whatever it may have been caused by) —
inflation — post-inflationary heating.

Thus, among a large number of astrophysicists the
very idea of the Big Bang has been losing not only
its substantiality and uniqueness, but the need in
general. However, at the same time among others and
especially among those who popularizes the early
history of the Universe one can observe dominating
desire to see something extremely real and apocalyptic
in the Big Bang. Perhaps, it would be too strong to
call the Big Bang ‘a misleading, ugly and trivializing
name’. (as Timothy Ferris did; see Wood 2018: 2).
Nevertheless in the light of modern points of view it
is very necessary to regard the Big Bang not as a real
huge explosion but rather as a metaphor that still exists
due to tradition®*. The matter is that ‘the Big Bang,
just as we imagined it traditionally, most likely did
not occur at all” (Mukhanov and Orlova 2006). At the
same time, most initial conditions that determine the
most important characteristics of the modern Universe
are also referred to the inflationary stage, rather than
the hot Big Bang.

Conclusion
The importance of the Inflation theory. The
theory of the Big Bang could not explain very much,

regions play the role of the Big Bang for the corresponding
thermalized regions (Garriga and Vilenkin 2001; Vilenkin
2006, 2010; in all cases, emphasis added by me. - L. G.).

13 Perhaps, it also has some sense from pedagogical point of
view. Inthe paper by Wood (2018) one can see a discussion on
possibilities of using the notion of Big Bang for pedagogical
and other purposes as well as the author’s suggestion to
use as synonym of ‘Big Bang’ term ‘the big beginning “ as
beginning of TIME, SPACE, MATTER and ENERGY as well
as other initial substances. He clarifies his goal: ‘Assuming
“big beginning” as a non-contentious synonym for big bang,
the task of communication must be redefined: How can this
incomprehensible event when time began, space unfolded,
matter appeared, and energy bifurcated into various forces
be formulated as im