July 27, 2026

News and notes

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

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

Comments
If anyone has comments on any of my postings, please leave a comment on the Linkedin page for the

posting or email me at raymondreichelt@gmail.com.
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Iran War

¢ Live updates on the Iran War from CNN.

¢ Red Sea Tanker Traffic Falls to Multi-Month Low After Houthi Threats.

» Saudi Aramco Targeted, Including Sprawling Abgaiq Facility, As Tehran-Aligned Militants Test
US-Iran 'Pause’.

*  Trump Pursues Diplomatic Off-Ramp As Omani Delegation Arrives In Tehran: Report.

e Physical oil prices jump with some nearing $110 as Iran, Ukraine wars hit supply.

¢ Saudi Red Sea Crude Exports Have Sank 41% Since March Peak.
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QOil Soars As Trump Warns Iran Will Pay For Future Houthi Shipping Attacks, Rubio Rules Out
Deal.

RBC Commodities Chief Warns "War Entering Dangerous Phase" As Chokepoint Chaos Risks
Oil Above 2008 Peak.

More ships change course in the Red Sea after Houthi threats, shipping data shows.

Interview: Global Oil Crisis Live on RT: Houthis Blockade, Strait Closures, and the Coming
Economic Catastrophe.

Saudi Arabia crude exports fall to 3.434 mln bpd in May.

Ukraine War

Russia Says Fuel Crisis Is Easing as Refineries Restart.

Russia's Biggest Black Sea Qil Port Goes Quiet as Drone Threat Grows.

Ukraine’s Drone Campaign Against The “Russian Amazon” Is Driven By Political Motives.

Kazakhstan’s oil output plummets after drone attacks forced exporting terminal closure, sources
say.

Other Geopolitics
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Japan finds heavy rare earths dominate seabed deposit.

US debt could drive gold price to $6,000, analyst says.

US signs landmark nuclear deal with Saudi Arabia that could pave the way for domestic nuclear
enrichment.
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Video: Oil Market Is 'Out of Buffers': McNally.

From Alexander Dugin: Lindsey Graham’s Liquidation and the War of Symbols.

Poland's Planned Megaport Is Part Of Its Regional Power Play.

Trump Greenlights Saudi Nuclear Deal, Uranium Enrichment In The Kingdom Possible.

China’s rare earth clampdown backfired: CSIS analyst.

Research and News

Detrital zircon U-Pb geochronology of the Mallowa Salt in the Canning Basin, Western
Australia.

New Terrestrial Native Iron Discovered on Earth's Surface.

Earth’s magnetic field remained weak for 40 million years after the Cambrian radiation.

Late Holocene subaqueous landslide activity within Horne Lake, Vancouver Island, British
Columbia, Canada.

Minimal Perturbation of the Global Mercury Cycle by the Parand-Etendeka Large Igneous
Province (PE-LIP) During the Onset of the Valanginian Weissert Event.

A first-principles investigation of water incorporation mechanisms in MgSiO; clinoenstatite; also
Clarifying the incorporation mechanisms of water in MgSiO; clinoenstatite: A comprehensive

NMR and vibrational spectroscopic study.

Radiation damage-controlled localized fluid-mediated alteration and element redistribution:
insights from tourmaline, apatite and allanite.

Multimethod geothermobarometry of eclogites reveals coherent 4.7°C/km subduction gradient in
the Western Gneiss Region, Scandinavian Caledonides.

Oceanography: Early Holocene vigorous Black Sea outflow and the onset of sluggish Aegean
deep-water convection.

Planetary Geology

Recent active rifting on Venus revealed by wide rift flank uplifts.

The bombardment history on the lunar farside revealed by “’Ar/*Ar geochronology of Chang’e-6
impact melt rocks.

Oldest known Mars rock offers glimpse of planet’s watery youth.

An Earth Shattering Kaboom: An 800 Myr-old Impact Shower on the Terrestrial Planets from the
Breakup of the Eulalia Parent Body; SciTechDaily summary here.
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Plate Tectonics

Post-Miocene Transtensional Opening of the Northern Red Sea.

A Plate-Based Model for Reconciling Geodetic and Geologic Vertical Deformation Across
Taiwan.

The Effects of a Microplate on Plume-Ridge Interactions: Constraints From Comparing Easter
and Juan Fernandez Microplates in the Eastern Pacific Ocean.

Origin, Tectonic Processes, and Metasomatism of Serpentinite in the Shimanto Accretionary
Complex, SW Japan: Possible Diapiric Intrusion of Serpentinized Oceanic Lithosphere.

Late Campanian (74-71 Ma) Arabia—Eastern Anatolia Collision and Its Geodynamic
Implications.

Amphibole enrichment weakens the mid- to lower crust of southern Tibet.

Magma Mixing Processes in a Continental Collision Zone: Insights From Mineralogical and
Geochemical Constraints.

Vein network of ferroan olivine in mantle peridotites from the Hess Deep Rift: A record of
hydrothermal alteration at an early stage of ocean floor rifting.

Structure, composition and dynamics of divergent and convergent plate margins.

The Devonian—Carboniferous Boundary in western North America: Did tectonic inversion drive
Earth system change?

Paleontology

It looked like a cat and acted like a cat — but this cat was different. It was the first-ever cat on the

planet — the ancestor of all cats today...

Digging Sauropods: excavation behaviour or evidence for nest building? An example from the
Late Cretaceous El Molino Formation (Maragua, Bolivia).

Solenopsis (Hymenoptera, Formicidae) thief ants in Dominican amber and putative subfossil

resin.

New palaeontological remains from the early Permian Réalmont Basin (Tarn, France):

implications for late-Variscan palaeobiogeography and Progyrolepis taxonomy (Actinopterygii).

A revised anatomical and osteohistological description of ‘Erythrochampsa’ longipes (Broom,
1904) and its implications on early crocodyliform taxonomy and evolution.

New insights into the extinction and recovery of marine vertebrates across the Permian—Triassic
mass extinction event in the Dolomites, Southern Alps, Italy.

2,000 volunteers join a painstaking effort to restore massive skeleton of prehistoric predator.
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e New insights into the genus Byzantinia (Cricetodontinae, Rodentia) from the Late Miocene of
Lebanon.

* Reexamination of the conodont apparatus of Neostrachanognathus based on natural assemblages
from the Olenekian (upper Lower Triassic) “Toishi-type” siliceous claystone, Japan.

e Reassessing Concavicaris (Pancrustacea: Thylacocephala) from the Carboniferous of USA.

e Rates of passerine body plan evolution in time and space.

* An Early Miocene regurgitalite containing basking shark remains from Slovenia: insight into
cetorhinid paleoecology of the Central Paratethys.

* Climate-extreme-driven genesis of a Cretaceous dinosaur Lagerstdtte; summary in The
Conversation here.

Ore Deposit Geology
* In situ monazite isotopes reveal mantle fluids for giant Jiaodong gold mineralization.

e Lithological and Structural Control of the Gold Mineralization of the Souwa Prospect (Doropo),
Northeastern Cote d’Ivoire.

* Linking mantle plume contributions to magmatic Ni-Cu-(PGE) sulfide deposit formation.

*  Hydrothermal quartz as archive for the injection of pulsed magmatic fluids and tellurium-gold
mineralization of the Kochbulak epithermal deposit, Tien Shan, Uzbekistan.

Mining and Energy
*  Manhattan Uranium’s I-70 data reveals Utah uranium highway.

¢ Energia Costa Azul, Mexico’s second LNG terminal, shipped first cargo.

¢ New Pipelines Set To Ease Permian Natural Gas Glut.

¢ The Metals Selloff Is Creating New Winners And Losers.

*  Ghana gold mine changes hands in $66.5 million deal between South African and Australian

firms.

Environmental Geology and Hydrogeology
¢ 'Tremendously Grave': The First US City Is on Track to Run Out of Water.

e 07/22 Can we better recycle the precious metals contained in our computers?

Glaciers and Climate Change
* Lots of recent papers on glaciers in The Cryosphere from the EGU.

¢ Drought, water shortages and crop failures: how does the medieval warm period compare with
today?
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* From Art Berman: Beyond the Global Average: A Different Way to Think About Global
Warming and A Climate for Civilization: What Was Special About the Holocene?

Bad Science
* Journal investigating apparent data mismatch in climate study.

Volcanoes, Earthquakes and Geohazards

W Casi 50 Diys Earthuakes

DISCOVERY

Seismic Monitor Active Volcano Map

Volcanoes
*  Smithsonian / USGS Weekly Volcanic Activity Report.

*  United States Geological Survey (USGS) Volcano Observatories:

o Yellowstone Caldera Chronicles: Are those volcanoes...or a volcanic field?

o Cascades Volcano Observatory Weekly Update.

©  Volcano Watch — Watching volcanoes move, one survey at a time.
* Coupling UV Camera-Derived SO2 Emission Rate and Thermal Output at Mount Etna: A

Decadal Analysis Across Eruptive Phases.

* NASA is watching in real-time for the birth of a new island in the southwestern Pacific Ocean.

Earthquakes
e The Role of Crustal Rheology and Mantle Fluids on the Interseismic Behavior of the Main
Marmara Fault.

¢ Reinterpreting the Recurrence Time—Moment Relation of Global Repeating Earthquakes: A
Scattered Data Cloud Bounded by Crack-Model Physics.

e The CRESCENT Generation 0 Cascadia Community Velocity Model: Constraints From the Joint

Inversion of Teleseismic Receiver Functions and Ambient Noise Data.



https://www.artberman.com/blog/beyond-the-global-average-a-different-way-to-think-about-global-warming/
https://www.artberman.com/blog/beyond-the-global-average-a-different-way-to-think-about-global-warming/
https://retractionwatch.com/2026/07/27/ecological-economics-journal-apparent-data-mismatch-climate-study/
https://www.usgs.gov/observatories/yvo/news/are-those-volcanoesor-a-volcanic-field
https://doi.org/10.1029/2025JB033216
https://doi.org/10.1029/2025JB033216
https://doi.org/10.1029/2025JB033433
https://doi.org/10.1029/2025JB033433
https://doi.org/10.1029/2025JB032574
https://doi.org/10.1029/2025JB032574
https://www.aol.com/articles/nasa-watching-real-time-birth-160109000.html
https://doi.org/10.1029/2025GC012808
https://doi.org/10.1029/2025GC012808
https://www.usgs.gov/observatories/hvo/news/volcano-watch-watching-volcanoes-move-one-survey-a-time
https://www.usgs.gov/programs/VHP/volcano-updates#cvo
https://volcano.si.edu/reports_weekly.cfm
https://www.volcanodiscovery.com/daily-map-of-active-volcanoes.html
https://www.iris.edu/app/seismic-monitor/map
https://www.artberman.com/blog/a-climate-for-civilization-what-was-special-about-the-holocene/
https://www.iris.edu/app/seismic-monitor/map
https://www.volcanodiscovery.com/daily-map-of-active-volcanoes.html

High-Rate GNSS Analysis of the Onset, Growth, and Termination of Slow Slip Events and Their

Along-Dip Variability Offshore the Boso Peninsula, Japan (2011-2024).

Geohazards

2026-07-14 01:30UTC,
Brown Carbon_ {rng/m?)

Credit: NASA Image of the day, July 22, 2026, public domain

Canadian wildfire map here, US wildfire map here.

Nearly 98,000 hectares burned in France, a 'historic record' says government.

Spain declares wildfire emergency, 10,000 evacuated near Madrid.

Canada’s aerial firefighting system is too slow, and front-line communities are paying the price.

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

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

The Groundwater Project has many groundwater geology books for free download together with

free online courses, listed here.
Free Groundwater Modeling Courses from the HydroGeoCenter.

Lectures on groundwater from the IAH, on YouTube.

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

The Geology of Indonesia: Volume 1 and Volume 2.
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Brett Davis’ book on veins in a deforming rock mass: “The Veining Bible”; also at this site.

From the Mineralogical Society of America: Handbook of Mineralogy.

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

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

Online app: Australia’s full national topographic library at your fingertips.

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

Upcoming Events

August 16 — 19, 2026, PEG2026: 11th International Symposium on Granitic Pegmatites; Perth,
Western Australia.

August 23 — 28, 2026, 24th Annual Conference of the International Association for Mathematical

Geosciences, Montreal, Canada.

14-18 September 2026 , IAH 2026, 53rd Congress of the International Association of
Hydrogeologists; Budapest Congress Center.

September 24, 2026, 25 years of Extraordinary, Oakridges Moraine Groundwater Program, The
Village of Black Creek, 1000 Murray Ross Pkwy, Toronto, ON.

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

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

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

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

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

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

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

Society of Petroleum Engineers Distinguished Lecturer Schedule.
American Geophysical Union List of Upcoming Meetings.

The Geological Society: Events & Courses.

Upcoming Distinguished Geoscience Australia Lectures (DGALS).
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Figure 1 — Saudi Arabia
Credit: Mapsland, Creative Commons Attribution-Share Alike 3.0 Licence

The Kingdom of Saudi Arabia (a.k.a The Kingdom) is a country of 35,939,806 people on the Arabian
Peninsula. The country has an area of 2,149,690 square kilometres and borders on: the Red Sea to the
west; Jordan, Irag, and Kuwait to the north; the Persian Gulf, Bahrain, Qatar and the United Arab
Emirates to the east; Oman to the southeast; and Yemen to the south. The Gulf of Agaba in the northwest
separates Saudi Arabia from Egypt and Israel.

The Kingdom is a wealthy country with a per capita GDP (PPP) of $78,815 and a very high Human
Development Index of 0.900. The economy of Saudi Arabia is dominated by the production of oil and
natural gas, accounting for approximately 22.3% of Saudi GDP and 55% of government revenue. As of
April 2026, the top exports of Saudi Arabia were by crude and refined petroleum, ethylene polymers,
telephones, and propylene polymers; the most common destinations of the exports of Saudi Arabia are
China, South Korea, India, Japan, and United Arab Emirates. The top imports were: automobiles, refined
petroleum, gold, telephones, and medications; the most common origins of the Kingdom’s imports were
China, United States, India, United Arab Emirates, and Germany.

For more details on the country, check out the Wikipedia and Grokipedia articles on The Kingdom.
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Figure 2 - Tectonic and Structural Features of the Arabian Plate
Credit: Figure 3 in Pollastro, 2003, USGS Bulletin 2202-H, public domain

Tectonically, Saudi Arabia sits on the Arabian Plate. The Arabian Plate of the shield is separated from the
Nubian Plate by the Red Sea Rift, to the west. The Arabia Plate is separated from the Somalian Plate by

the Gulf of Aden Rift, to the south. To the southeast and east, across the Owen Transform Belt, is the

Indian Plate. To the northeast, the Arabian Plate meets the Eurasian Plate in a convergent boundary
marked by the Makran Fold Belt and the Zagros Fold Zone.

As a general description, the geology of Saudi Arabia can be divided into two main divisions:

1. Proterozoic aged basement rock that outcrops in the west of the country; and

2. Overlying the basement are Phanerozoic age sedimentary platform deposits.

The basement rocks exposed in the western part of The Kingdom include:

Ultramafic and ophiolitic rocks, such as the Darb Zubaydah ophiolite.

The Baish-Bahah Group composed of metamorphosed basalt, tuff, and greywacke together with
sedimentary and volcaniclastic rocks cut by igneous dykes.

The Jiddah Group made up of metamorphosed andesite and andesite porphyry and including
some diabase, slate, conglomerate, dacite, and marble; a granodiorite body intrudes the group.



https://www.mindat.org/min-48163.html
https://www.mindat.org/min-9507.html
https://www.mindat.org/min-48447.html
https://www.mindat.org/min-49436.html
https://www.mindat.org/min-48638.html
https://www.mindat.org/min-48432.html
https://www.mindat.org/min-48434.html
https://www.mindat.org/min-48484.html
https://pubs.usgs.gov/pp/0560a/report.pdf
https://www.mindat.org/glossary/dike
https://www.mindat.org/glossary/volcaniclastic
https://www.mindat.org/min-49126.html
https://www.mindat.org/min-48591.html
https://www.mindat.org/min-48492.html
https://pubs.usgs.gov/of/1982/0668/report.pdf
https://doi.org/10.1130/0016-7606(1990)102%3C1007:GAOOTL%3E2.3.CO;2
https://pure.kfupm.edu.sa/en/publications/magnetic-geophysical-modeling-of-ophiolitic-bodies-in-northwest-s/
https://www.usgs.gov/publications/geology-arabian-peninsula-sedimentary-geology-saudi-arabia
https://en.wikipedia.org/wiki/Phanerozoic
https://doi.org/10.1016/B0-12-369396-9/00419-6
https://pubs.usgs.gov/pp/0560a/report.pdf
https://en.wikipedia.org/wiki/Basement_(geology)
https://en.wikipedia.org/wiki/Proterozoic
https://link.springer.com/article/10.1007/s42990-024-00118-6
https://doi.org/10.1016/j.earscirev.2018.09.011
https://geo.libretexts.org/Bookshelves/Geology/Book%3A_An_Introduction_to_Geology_(Johnson_Affolter_Inkenbrandt_and_Mosher)/02%3A_Plate_Tectonics/2.03%3A_Convergent_Boundaries
https://en.wikipedia.org/wiki/Eurasian_plate
https://doi.org/10.1016/S0040-1951(00)00295-X
https://en.wikipedia.org/wiki/Somali_plate
https://doi.org/10.1016/j.tecto.2023.229728
https://en.wikipedia.org/wiki/African_plate
https://en.wikipedia.org/wiki/Arabian_plate
https://en.wikipedia.org/wiki/public_domain
https://pubs.usgs.gov/bul/b2202-h/b2202-h.pdf
https://commons.wikimedia.org/wiki/File:Arabian_Plate_showing_general_tectonic_and_structural_features,_Infracambrian_rift_salt_basins,_and_oil_and_gas_fields_of_Central_Arabia_and_North_Gulf_area.svg

T
36°E 38" 40° A2 44°
y JORDAN
4.0
}J (020 ic Coy e,
MIDYAN 2™ ®
AN O,{,
+ Q - 28" NH
Approximate
Edge of exposed outline of //—,’7—\\
Jebel Arabian Shieid Shammar ) ﬁ N
: =< o basin
Tawlah D Qs e S o o
X 3 3 HAIL TERRANE )
Thalbah —_ . 3 _:I
basin i km
_26° e [\\ - 26°
\ i Maraghan \
Baladiya f.z. basin AD DAWADIMI
B Y TERRANE
b L p
i k.
\
b /\" AR RAYN
Yanbu suture o | "N\ _ TERRANE
e Furayah and NS \
| 240 1 . \ Ghamr basins NYx r 247
3
L
Bi'r Umg
Suture zone - |
" Ria L%sah %
AFRICA  \__ e hasin
A JIDBAH
. Tharwah — | TERRANE
2 ophiolite ) e
22 Alkalinefperalkaline | + N/ 22
. granite \
dee [ s
b TERRANE
Molasse basins
Murdama and 4
equivalent 4
..
,‘ Qutline of
* Shammar basin %
-20° ¢= =, (approximate) i g 20°
Darb Zhublaydah
\ Jibalah basins opRioiife
P a \
uaternal
/’{fe pp- Suture zone esediment[sy S( \‘\’\
gl of Red Sea — \, .‘
277 Nabitah suture o coastal plain )
@Q/ zone \L (
-1ee | 7 + g + 18° |
‘ Ophiolite \\
Major faults basin h @ an .4
(f.z. = fault zone) \ ] i
Terrane boundaries \L__ A_\\ { YEMEN
(faulted) \ - !
L 7
\ 1
36° E 36° | a0 42° 1 440
| L

Figure 3 - Simplified geologic map of the Arabian Shield in Saudi Arabia
Credit: Figure 1 in Gahlan et al, 2023

The Ablah Group which consists of clastic rocks, limestone, dolomitic limestone and marble
together with peralkaline granite, and syenite with interbedded volcanic rock.

The Fatimah Group consisting of: a) a lower clastic unit of sandstones and siltstones; b) a middle

carbonate unit of limestones, sandy limestones and marbles; and c) an upper clastic unit of
siltstone overlain by upper pyroclastic deposits.

The Al Ays Group, a sequence of volcanic and sedimentary rocks: conglomerate, minor marble,

basalt, greywacke and some silicic tuffs.
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The Silasia Formation, a succession of metamorphosed volcanic and sedimentary rocks; mostly
shale with thin-bedded limestone and thin alternate beds of jasper and hematite.

The Halaban Group, mostly andesite and fine-grained diorite, with gabbro, basalt, and basalt
porphyry.

The Murdama Group, clastic sedimentary rocks and small amounts of limestone and volcanic
rocks.

Shammar Group, rhyolite and tuff intruded by fine grained granite in sills and dykes.

J'Balah Gr, mostly volcanic rocks with some clastic rocks and limestone.

There are also many granite and diorite intrusions in the Proterozoic rocks.
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The sedimentary sequence in the eastern part of Saudi Arabia is fairly complex. Here is a brief summary:
Paleozoic Formations

* Cambrian to Ordovician periods: Qasim Formation, sandstone and claystone; and Saq Formation,
sandstone.

e  Silurian Period: Qalibah Formation, shale coarsening-upward to sandstone; and Tawil Formation,
coarse-grained sandstone

*  Devonian Period: Jauf Formation, shallow marine sandstones; and Jubah Formation, sandstone.

*  Permian Period: Unayzah Formation, coarse-grained sandstone; and Khuff Formation, sandy
limestone.

Mesozoic Formations

e Triassic Period: Sudair Formation, sandy claystone; Jilh Formation, sandy limestone; and Minjur
Formation, clayey sandstone.

*  Jurassic Period: Marrat Formation, limestone; Dhruma Formation, clayey limestone; Tuwaiq
Mountain Limestone, clayey limestone; Hanifa Formation, reef limestone; Jubaila Formation,
limestone; Arab Formation; oolitic limestone; Hith Anhydrite Formation, anhydrite.

e Cretaceous Period: Sulaiy Formation, limestone; Yamama Formation, oolitic limestone; Ratawi
Formation, claystone; Kharaib Formation, including the Hawar Member, reef limestone; Shu'aiba
Formation, oolitic limestone; Nahr Umr Formation, claystone; Mauddud Formation, dolomitic
limestone; Wara Formation, sand, shaley sand and shale; Ahmadi Formation, claystone; Rumalia
Formation, limestone; Mishrif Formation, reef limestone; Aruma Formation, clayey limestone.

Cenozoic Formations

» Paleogene Period: Umm er Radhuma Formation, Rus Formation, gypsum and anhydrite; and
Dammam Formation, clayey limestone.

* Neogene and Quaternary periods: undifferentiated formations including active sand dunes and
coastal sabkha deposits.

This is a very limited look at the geology of Saudi Arabia. For more reading on the geology, you can
follow up on the links above. You can also look into the USGS file on The Kingdom, here — there are 22
pages of links.

Paleontology
With its complex geology, Saudi Arabia also has many fossils. Here are a couple of examples.

Arsinoitherium

A large herbivore that lived during the Eocene and Oligocene epochs, Arsinoitherium is related to modern

day elephants, sirenians, and hyraxes. Arsinoitherium ranged in size from 500 kg to almost 2,000 kg.
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Figure 5 — Reconstruction of Arsinoitherium
Credit: Creative Commons Attribution 3.0 Unported license

Arsinoitherium fossils have been found in the Shumaysi Formation of Saudi Arabia.

Nummulites

Figure 7 — Nummuilites fossils
Credit: Wilson44691, public domain

A large foram, fossils of Nummulites are widespread in the deposits from the former Tethys Ocean. With
numerous species, Nummulites are important index fossils in petroleum exploration. Nummulites fossils
have been found in the Dammam Formation.

Other interesting things about Nummulites:
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* In 1913, naturalist Randolph Kirkpatrick published a book, The Nummulosphere: an account of
the Organic Origin of so-called Igneous Rocks and Abyssal Red Clays. In the book, Kirkpatrick
proposed the hypotheses that all rocks had been produced through the accumulation of forams
such as Nummulites.

* Inthe Runescape game, Nummulites are a form of currency used on Fossil Island.

Mineral Resources

e

Figure 7 — Oil Rig in the Desert
Credit: Paul Palmer, public domain

minerals. Rather than go into all these various commodities, I am going to focus on three examples. You
can look into the most current production statistics and production locations in this document from the
USGS.

Ghawar Oil Field
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The Ghawar Qil Field is the world’s largest oil field and produces substantial volumes of associated
natural gas alongside crude oil. Here are some important features of the Ghawar field’s geology

*  The structure that hosts the Ghawar field is a regional anticline, a drape fold over a basement
horst, which grew initially during the Carboniferous Hercynian deformation and was reactivated
episodically, particularly during the Late Cretaceous.
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Figure 9 — Cross Section showing the Ghawar Field
Credit: Figure 8 in Afifi, 2005

*  The source rock for the hydrocarbons in the Ghawar Field is the Jurassic aged Tuwaiq Mountain
Formation.

*  The primary reservoirs for natural gas are the sandstones of the Permian aged Unayzah Formation
and the limestones of the Khuff Formation together with the shallow marine sandstones of the
Devonian aged Jauf Formation.

*  The main reservoir for petroleum is the Jurassic aged Arab-D Limestone.

* At the top of the Arab-D series is a cap rock made up of evaporites.

*  Water flooding has been used to enhance oil production in the Ghawar Field since 1965.

*  There are concerns with the possible near future collapse of production from the Ghawar field, as
outlined by the late Matthew Simmons in his 2005 book Twilight in the Desert: The Coming
Saudi Oil Shock and the World Economy. I’ve read the book and he has made a strong case that
the field is going to be depleted soon. But it’s a big field and there is still a lot of oil left in it.
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Gold in Saudi Arabia

Figure 10 — Gold Specimen from Saudi Arabia
Credit: Meshari Alawfi, Creative Commons Attribution 4.0 International license

Before oil, Arabia was known as a source of gold. This has been true since ancient times. Currently there
are a few gold mines in operation:

*  Mahd adh-Dhahab Mine, an ancient deposit, the current mine opened in 1988. An underground
mine, its shafts reach a depth of three hundred metres below surface. In addition to gold it
produces silver and copper.

*  The Al-Duwayhi Mine is the largest gold mine in the Kingdom. Production began in 2016.

*  The Al-Amar Mine commenced production in 2009. It also produces copper and zinc sulfide
concentrates for sale to external smelters.

*  The Bulghah Mine is an open-pit mine that began operation in 2002.

*  The Al-Sukhaybarat Mine is also an open-pit mine.

The Al-Suq Mine is another open-pit mine. It began production in 2014.

Water Resources — Surface Water, Groundwater, and Unconventional Sources

Water resources are precious in most countries, especially so in a desert land like Saudi Arabia. All water
resources - surface water, groundwater sources, and unconventional sources - are carefully managed.
Here are a few highlights of the resource management.
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»  Surface water is harnessed in some 522 dams. These dams have a capacity to stopre
approximately 2.3 billion cubic metres (BCM) to facilitate the storage and recharge of surface
runoff and about 1.6 BCM/yr of the surface water is used.
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Figure 11 - Principal Aquifers in Saudi Arabia
Credit: ©Fanack Water, Water Resources in KSA

¢ Shallow aquifers with renewable groundwater sources, are found in the Khuff, Tuwaiq Mountain,
Aruma, Jauf, Sakaka, Jilh and Jubaila formations. The total renewable groundwater is estimated
to be 2.8 BCM/yr.

*  Deep aquifers, storing so-called fossil water, are found in the Saq, Wajid, Tabuk, Minjur-
Dhurma, Wasia-Biyadh, Umm er Radhuma and Dammam formations. The average annual
groundwater withdrawal rate is 20 BCM, while the annual recharge is only 2.8 BCM, so these
aquifers have become gradually depleted.

» Unconventional water sources include water recovered from desalination plants and treated waste
water. The total capacity from desalination plants was estimated at 7.4 BCM/d in 2020. Water
from desalination plants meets approximately 70% of the water needs in the Kingdom. The
current Iran War could target these plants.

e Waste water is also recycled in The Kingdom. The amount of treated wastewater reused in 2019
amounted to 4.9 million cubic metres per day.
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Summary

Figure 12 — Sand Dunes near Riyadh
Credit: Meshari Alawfi, Creative Commons Attribution 4.0 International license

That wraps up this all too short look at the geology of Saudi Arabia. People have spent their whole lives
trying to understand it and this short essay only scratches the surface. Follow the links for more
information, there is a lot to read.

When it comes to mineral wealth, in many ways Saudi Arabia hit the jackpot, for example with gold and
oil. No doubt they praise Allah for their good fortune. But good fortune comes with it own set of
concerns.

Gold is an interesting example where it is in great demand among the people of The Kingdom, so much
so that domestic production cannot meet the demand and they import gold, to the tune of approximately
$8.08B in the last year. The desire for gold may just be cultural, a traditional store of family wealth, or
may betray a deep anxiety about the future.

This is where the story about oil comes in. On one hand there is no doubt that oil wealth enabled The
Kingdom to build a modern, prosperous, society. But, some day the oil wealth will dry up. Then what?
Back to herding goats? Having gold in the bank might help ease the transition to a post-petroleum
economy. So will developing nuclear power, as in the recent agreement on uranium enrichment.

As it is, present day Saudi Arabia is at the mercy of international petroleum markets. Rises and falls of
the price of oil affects not only government revenues, but also the livelihood of ordinary people in The
Kingdom, both citizens and foreign guest workers. It also profoundly affects Saudi Arabia’s geopolitical
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situation. Current day events, like the war in Iran add to their problems - it’s hard to sell oil when
someone is cutting off oil transport routes. Things could get interesting in The Kingdom.

All things considered, I am optimistic for Saudi Arabia. They have been blessed with good leadership on
top of their natural wealth. Good leadership is vital to survive in what is, in fact, a dangerous part of the
world. T doubt that the House of Saud have forgotten how they took power in Arabia and how vulnerable
they are if their leadership becomes lax. Nor can they ignore the many wars that have been fought in the
neighbourhood. The Kingdom is deeply involved in the Iran War as an American ally and facilites in The
Kingdom are targets. These are the things that keeps the leaders of The Kingdom up at night; they
probably wish it was just the ladies of their harem that kept them awake at night.

For geoscientists, The Kingdom has many opportunities. They will be exploring for more mineral wealth
— oil, gold, phosphates, and other industrial minerals. If you have a love of desert landscapes and a
tolerance for living under Sharia Law, Saudi Arabia could be the place for you.

Standard Caveat
J. Robert Oppenheimer on freedom and scientific inquiry

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

In science, the only authority is the evidence.
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