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INTRODUCTION

| ove tri ed to organi ze t he
sense to this audience.

However, today 0 sreathmq it i€ dsfficut r
to encapsulate all subjects in the time allowed.

Let 0s get started!




https://upload.wikimedia.org/wikipedia/commons/c/c7/Transition facies GR (4).|pg

Green River Formation, Utah, Colordo, Wyoming

Transition facies, unnamed upper member of the Green River Formation, along U.S.
Highway 191, lower Indian Canyon, Duschesne County, Utah

The Green River Formation contains the largest oil shale deposit in the world . Estimates are that the
oil shale reserves could equal up to 3 trillion barrels (480 billion M**3) of shale oil, up to half of which
may be recoverable by shale oil extraction technologies (pyrolysis, hydrogenation, or thermal dissolution of
kerogen in oil shale) (More on the Green River Formation , later)


https://upload.wikimedia.org/wikipedia/commons/c/c7/Transition_facies_GR_(4).jpg

Atmospheric CO:2 concentration Our World

in Data
Global average long-term atmospheric concentration of carbon dioxide (COz),
measured in parts per million (ppm). Long-term trends in CO: concentrations can be
measured at high-resolution using preserved air samples from ice cores.
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https://notalotofpeopleknowthat.wordpress.com/2021/03/29/richard-betts-gloomy-milestone

World population living in extreme poverty, 1820-2015
Extreme poverty is defined as living on less than 1.90 international-$ per day. -

International-$ are adjusted for price differences between countries and for price changes over time (inflation).
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Note: See OurWorldInData.org/extreme-history-methods for the strengths and limitations of this data and how historians arrive at these estimates.
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https://climate.qgov/news-features/climate-qa/whats-hottest-earths-ever-been

Estimated global temperature over the last 500 million years Published February 26, 2025
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Preliminary results from a Smithsonian Institution project led by Scott Wing and Brian Huber, showing Earth's
average surface temperature over the past 500 million years. For most of the time, global temperatures appear
to have been too warm (red portions of line) for persistent polar ice caps. The most recent 50 million years are
an exception. Image adapted from Smithsonian National Museum of Natural History.
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600 million years of CO2 data reveals current CO, starvation
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https://nhm.org/site/sites/default/files/rancho _la brea/pdf/ward,%20harris%20publicatio
%20PNAS.pdf

From my course,

Carbon starvation in glacial trees recovered from the
AiWeat her, CHli roaBrea tar pits, southern California

and Climate Change 6 Joy K. Ward*™, John M. Harris®, Thure E. Cerling™, Alex Wiedenhoeft', Michael J. Lott", Maria-Denise Dearing”,
Joan B. Coltrain™*, and James R. Ehleringer"

W h a t t h e D a ".a -I::ep]'-lmgt -:u‘IE -:::ul-:lgg.- B E“.-nkn-lL-r‘&I Elggy. Unkeersity of Kansas, 1200 Sunmyside Avenue, Lawrence, K5 66045; *Department of Blology, University

of Utah, 257 South 1400 East, Salt Lake City, UT 84112-0840; 5The George C. Page MUSEUm of La Brea Discoverias, SE01 Wilshire Eoulevarn,
’ Los Angeles, CA 90036 WDepartment of Geology and Geophysics, University of Utah, 135 South 1460 East, Salt Lake Cty, UT 84112 IForest Products
Laboratory, U.5. Department of Agriculture Forest Service, One Gifford Pinchot Drive, Madison, Wi 53726-2298: and **Department of Anthropalogy,
- Unheersity of Utah, Z70 South 1400 East, Salt Lake City, UT 84112

taught in 2019 The Rancho La Brea tar pit fossil collection includes Juniperus (C3) wood
specimens that 14C date between 7.7 and 55 thousand years(  kyr) B.P., providing
a constrained record of plant response for southern California during the last
gl aci al periodeé

Week Two: ] _ _
€ At mospheric CO2 concentration ([ Ga2])
during glacial periods, rose to 280 ppm before the industrial period, and is
currently approaching380 ppmi n t he modern at mosphere

€ As a result, gl aci alglacialitreesseé undergbinogc at i n
carbon starvation

emphasis added
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Atmospheric CO: concentration

Global average long-term atmospheric concentration of carbon dioxide (CO2),
measured in parts per million (ppm). Long-term trends in CO: concentrations can be
measured at high-resolution using preserved air samples from ice cores.
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Global primary energy consumption by source i Data
Primary energy is calculated based on the 'substitution method’ which takes account of the inefficiencies in fossil
fuel production by converting non-fossil energy into the energy inputs required if they had the same conversion
losses as fossil fuels.
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https://realclimatescience.com/wp-content/uploads/2021/04/annual-co2-emissions-per-country-1.png

Annual CO2 emissions

Carbon dioxide (CO.) emissions from the burning of fossil fuels for energy and cement production. Land use change is not

included.
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Source: Global Carbon Project; Carbon Dioxide Information Analysis Centre (CDIAC) OurWorldInData.org/co2-and-other-greenhouse-gas-emissions/ « CC BY

Note: CO: emissions are measured on a production basis, meaning they do not correct for emissions embedded in traded goods.
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https://www.climatedepot.com/2019/12/23/shock-epic-fails-the-decade-that-blew-up-enerqgy-predictions-usa-energy
-boom-defied-every-prediction-see-the-charts/
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Ten Countries With The Largest Reductions and Increases in CO2 Emissions, 2005-2020
(Million Metric Tons)
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SOME PETROLEUM GEOLOGY
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https://www.alamy.com/stock-photo/rock-erosion-diagram.html

regressive Facies Sequence
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https://www.ela.gov/energyexplained/natural-gas/where-our-natural-qgas-comes-from.php

Schematic geology of natural gas resources

é é land surface
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directional drilling directly into the source rock.

Data source: Adapted from United States Geological Survey factsheet 01123-07 (public domain)
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(a)

Coal formation sequence: peat, lignite,
bituminous, then anthracite coal.

Stagnant water

Organic matter and peat

(b)

Compressed peat

(c)

ignite coal

(d)

oituminous coal

Formation of Coal. (a) Accumulation of organic matter within a swampy area, (b) the organic matter is covered
and compressed by deposition of a new layer of clastic sediments, (c) with greater burial lignite coal is formed,
and (d) at even greater depths bituminous (and eventually anthracite) coal are formed.
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https://earthathome.org/hoe/sc/energy-cp/ 3

Areas of oil and gas production in the south
central states of the U.S. Map by Wade
Greenberg-Brand (adapted from image by Peter
Nester), originally published in The Teacher-
Friendly Guide to the Earth Science of the
South Central US, modified for Earth@Home
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The Permian Basin is a large sedimentary basin
In the southwestern part of the United States. It is
the highest-producing oll field in the US,
producing an average of 4.2 million barrels of
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SIDEBAR: The Louann Salt

and plate tectonics of Pangea.



https://www.aapg.org/distinguished-lectures/abstract/articleid/64423

The Louann Salt & Plate Tectonics of Pangea

/MPG—\ About Membership Events News & Media Resources

Around 170 million years ago, the Gulf of Mexico basin flooded catastrophically, and the pre-existing
landscape, which had been a very rugged, arid, semi-desert world, was drowned beneath an inland sea
of salt water. The drowned landscape was then buried under kilometers of salt, perfectly preserving the
older topography. Now, with high-quality 3D seismic data, the salt appears as a transparent layer, and
the details of the drowned world can be seen in exquisite detail, providing a unique snapshot of the
world on the eve of the flooding event. We can map out hills and valleys, and a system of river gullies
and a large, meandering river system. These rivers in turn fed into a deep central lake, whose surface
was about 750m below global sea level. This new knowledge also reveals how the Louann Salt was
deposited. In contrast to published models, the salt was deposited in a deep water, hypersaline sea. We
can estimate the rate of deposition, and it was very fast; we believe that the entire thickness of several
kilometers of salt was laid down in a few tens of thousands of years, making it possibly the fastest
sustained deposition seen so far in the geological record.
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The Louann Salt Formation extends under the surface of the Coastal Plain to the blue line. Black

"blobs" are known salt structures where the salt layer has been deformed. Image modified from
original by Peter Nester for the Earth@Home project.
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Diagram -- formation of a salt dome.

Caprock

/ https://earthathome.org/hoe/sc/energy-cp/
Oil traps

In images 1 to 3, a salt layer deforms, pushing upward through the rock layers above it until it is impeded by a caprock
(a hard or dense rock layer). In image 4, the deformation of overlying layers by the salt has formed gaps where oil or
gas has accumulated. Image modified from original by Wade Greenberg-Brand (after an image by Britannica online
for kids) for the Earth@Home project.



Locati on of t hhe Louann Sal

column.

https://upload.wikimedia.org/wikipedia/commons/5/59/

Louann Salt stratigraphic column for Texas.png

Tan shading: fossil fuel source rock.

Louann Salt, 170 million years ago
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North-South Cross section of East Texas showing the deformation of the Jurassic salt < Js> into
domes, structures which act as traps for oil.
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https://commons.wikimedia.org/wiki/File:East Texas Basin cross section.pnq

East Texas Basin cross section, where PM is Pennsylvanian-Mississippian, J TR are Triassic "red beds" and volcanics,
Js is Middle Jurassic salt , Ju is Upper Jurassic, Kl is Lower Cretaceous, Ku is Upper Cretaceous, Tp is Paleogene,
<Paleocene, Eocene and Oligocene> and Tn is Neogene <Pliocene, Miocene>.
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Geology of Avery Island, Louisiana
https://www.aapg.org/news-and-media/details/explorer/articleid/

19750/geology-spices-avery-island
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https://en.wikipedia.org/wiki/Tight_oil

https://en.wikipedia.org/wiki/Tight_oll

Tight oil (also known as shale oil, shale-hosted oil or light tight oil, abbreviated LTO) is
light crude oll contained in unconventional petroleum-bearing formations of low
permeability, often shale or tight sandstone.

Economic production from tight oil formations requires the same hydraulic fracturing and
often uses the same horizontal well technology used in the production of shale gas. While
sometimes called "shale oil ", tight oil should not be confused with oil shale (shale rich in

kerogen ) or shale oil (oil produced from oil shales).
(ea complex fossilized organic material, fo
Insoluble in common organic solvents and yields petroleum products on distillation.)

Therefore, the International Energy Agency recommends using the term "light tight oil" for
oll produced from shales or other very low permeability formations, while the World
Energy Resources 2013 report by the World Energy Council uses the terms "tight oil"
and "shale-hosted oll".
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https://en.wikipedia.orag/wiki/History of coal mining
#/media/File:Tiangong Kaiwu Coal Mining.gif

Chinese coal miners in an
llustration of the Tiangong Kaiwu
Ming Dynasty encyclopedia,
published in 1637 by

Song Yingxing
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Global coal consumption by region, 2000-2024
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amazon | sustainability

The Climate Pledge

Join the world’s top companies—and take
action now to reach net-zero carbon by 2040.
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Annual CO2 emissions from coal
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September 3, 2016 https://br.usembassy.qgov/u-s-china-climate-change-cooperation-outcomes

NPresi dent Barack Obama and Presid
partnership between the United States and China to lead in combatting
climate change. From the Sunnylands meeting in 2013, to the landmark
November 2014 Joint Announcement on Climate Change and the
September 2015 and March 2016 Joint Presidential Statements on Climate
Change, leadership by the United States and China has galvanized global
action to build a green, low-carbon, and climate-resilient world and was a
mayjor contributor to achieving the historic Paris Agreement. Climate change
has formed a central pillar of the bilateral relationship between the two
countries. Both sides are committed to implementing the three presidential
joint statements on climate change and will continue to deepen and broaden
nilateral climate change cooperation, building on the concrete progress and
oroducti ve outcomes achieved t hus

COMMENT: The notion that humans can n
ngr een, | ow carbon and cli mate resililile
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cLIMATE (&) CENTRAL

China's Skyrocketing Coal Power

- From 2005-2009, China added the equivalent
of the entire U.S. coal fleef

- From 2010-2013 it added half thq coal
generation of the entire U.S. agaih.

- China burns 4 billion tons of
coal a year; the U.S. burns
less than 1 billion; the
EU about 0.6 billion.
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CLIMATE €he New Hork Eimes
As Beiljing Joins Climate Fight, Chinese Companies Build Coal Plants
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2.500 new coal
https://www.thetimes.co.uk/article p|antS WI” thwart any

[2500-new-coal-plants-will-thwart-

any-paris-pledges-ctx3t7thnf7 P a rl S p I ed g es

The new plants will emit 6.5 billion tonnes of carbon dioxide a yea



https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf

7 & Global
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BRIEFING: JUNE 2020

A New Coal Boom in China

NEW COAL PLANT PERMITTING AND PROPOSALS ACCELERATE

Summary

After years of the government putting the brakes on coal plants, indicating that the surge in new projects
the amount of coal plants newly proposed and is happening mainly on paper, for now.

permitted for construction, Chinese coal industry is

trying to step on the gas again, according to a survey Even China’s state-owned holding company SDIC,
of coal plant development in China from January 1 which said in 2019 that it planned to exit the coal

to June 15, 2020, by Global Energy Monitor and the industry, sponsored 3.2 GW of new coal plants in
Centre for Research on Energy and Clean Air. 2020 - in what appears to be an unstated reversal in

policy.


https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf
https://globalenergymonitor.org/wp-content/uploads/2020/06/China-coal-plant-brief-June-2020v2.pdf

https://notalotofpeopleknowthat.wordpress.com/2021/08/24/china-to-build-43-new-coal-fired-power-plants/

TIME

WORLD « CHINA

China Is Planning to Build 43 New Coal-Fired
Power Plants. Can It Still Keep Its Promises to
Cut Emissions?
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https://www.bloomberg.com/news/articles/2021-08-05/china-to-restart-coal-mines-amid-climate-versus-growth-debate

Bloomberg

Markets

China Will Restart Coal Mines Including in
Xinjiang as Power Demand Surges

Bloomberg News
August 4, 2021, 10:15 PM MDT

» Operations to resume at 53 sites in latest restart approvals LIVE ON BLOOMBERG

Watch Live TV

Listen to Live Radio >

» Move follows Politburo’s call to relax push to cut emissions

LISTEN TO ARTICLE China’s top planning authority authorized more shuttered coal mines to

restart production as key policymakers seek to balance progress on climate
1:25 goals against still surging power demand.
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HOW COALS STILL KINGIN CHINA
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3 days before COP 26 in Glasgow,
Scotland, 1 Nov 2021
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COP26 aims to banish coal.
Asia is building hundreds of
power plants to burn it

By Sudarshan Varadhan and Aaron Sheldrick
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