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Foreword

This book stems from my own thoughts, which I have formed over the years, by asking myself many questions about life, and looking for answers in nature and in literature, and writings from researchers in the fields that interest me.

So many things on our planet made no sense to me from certain points of view, and again from others, so much meaningfulness. The beginning of it all, is something that surely fascinates a large part of humanity, an uncertainty of where we come from and where we are going.

The answers are not always easy, but the one thing that has influenced man’s approach to this aspect is his diversity. People think and reason differently about all aspects of life; they argue, they get angry, they get radical, and all this is to prove that their beliefs are actually, the right path.

So, over the centuries with all the conflicts, it is clear that a system in which everyone believes and will support, will never be globally agreed upon. Our diversity is based on genetics and epi-genetics, and also environmental factors, such as the ways in which our brains are modulated, to accept and believe certain things.

For me, it is a need that has accumulated over the years, to be able to reproduce my own way of thinking and my own thoughts. This book is in no way aimed at influencing anyone or changing their way of thinking. This book is to reflect my own thoughts about the world, and specifically, about our own country and the current state of affairs.

Africa has a very predictable future, precisely from history and the evidence from the past about Africa. Africa is unique in terms of its corruptness, and its abhorrent attitude to bring stability to the continent.

The evidence of the past cannot be ignored, and likewise, that which is predicted for the future. It’s an African thing and so it will stay. Africa is Africa and third world we will remain. It is not in the hands of the majority nor the minority, but in the hands of the power-obsessed leadership.

However, it is my experience that we have a beautiful country, more beautiful than many people think; and if we each find our happy niche in this country, we can be happy. Happiness is determined by ourselves, but it can be very difficult to achieve a state of constant happiness, because we are diverse, a diversity of personalities, and a diversity of how our brains interpret each day’s events. It is like a funnel, where all the different outlooks and the diversity of the people are gliding through the narrow spout, to hopefully find happiness on the other side.

This book is not written to initiate debate or arguments with me. However, if you want to argue or talk about my way of thinking with other people, you are most welcome to do so. If you feel the need, to express your irritation and disagreements about my way of thinking, talk to your friends or your pastor, or write your own book.

Do not regard what I say as criticism, see it as my personal view and not that of others. Read the book before judging.

My sources list are books and literature that have influenced my way of thinking. They do not serve as research guidelines. It only serves as a guide if the reader wants to read.





Part One





The Complexity of Being Human

Where does the complexity of our life begin? We are born, we grow up, we grow old, and we die.

There are multitudes of factors that play a role in this outcome, and very importantly, it is these factors that will determine the nature of the outcome. Simply put, for every human being, every Homo sapiens, there will be a diverse approach that will ultimately determine that individual’s future and outcome. These diverse factors can be broken down into the following:


	The epoch in which we live.


	The socio-economic conditions in which we grow up.


	The inherited indoctrination we are exposed to.


	Our genetic pool which determines our make-up.




Our own genetic aggregation and epi-genetic captures what we are experiencing.

Then, the more fluctuating factors are our partners, our friends, and our enemies.

Let’s go back to where we think, and sometimes argue about, it all started.

The universe is, according to estimates, based on scientific theories and formulas as well as a component of the unknown, that which we cannot explain as absolute.

The age of the universe is estimated to be about 13.8 billion years. Where did it all start? I don’t think anyone really knows, but there are many reputable scientists who can provide an explanation.

The estimated age of the universe is based and worked out, according to the measurements of the Hubble expansion. Meanwhile, the James Webb telescope formulated new theories about the universe. The age of the Earth is approximately 4.5 billion years, and there is evidence of bacteria-type organisms that lived on Earth 3.5 billion years ago. By the very nature of humanity’s diversity in thinking, there will certainly be a percentage who will doubt these assumptions.

Had it not been for our diversity in thinking, the dynamics of our planet would have been totally different. Had we all thought exactly the same and had the same affinities, it implies that we would all have the same clothes, the same cars, a single political system, a standard treatment for all diseases and so on.

It is as a result of the diversity in our thinking, that we all have different political views, different opinions on scientific approaches, fashion differences, different preferences and interests in cars, and so on, adds culture and this has a snowball effect.

The point is, we are different and we are diverse.

Still, it remains a nagging question—Where did it all start?





In the Beginning

Let’s pause at the BIG BANG THEORY for a while.

The scientific approach is complex, and has been studied and rationalised for centuries and decades. Still new discoveries and conclusions are being made in astrophysics.

Many important and genius scientists have dedicated their lives to explain the origin of the universe—just think of Einstein, Planck, Stephen Hawking, Hubble and many more. Currently with calculations and data, that have become more accurate and sophisticated over the years, and with the beginning of the BIG BANG THEORY, the universe’s size is estimated roughly as that of a teenage child. Ethan Seigel outlined a good explanation in Forbes magazine.

I am not an astrophysicist and find myself lost between all the formulas and theories, yet the study and current evidence that correlates with research, makes a lot of sense about the origin of the universe. The universe thus emerged as a singularity, until the actual ‘explosion’ that led to the perpetual expansion of the universe. Research in Astrophysics is still ongoing, to find more evidence and clues that can explain hypotheses.

What was before the ‘singularity’? Nothing—time and space did not exist. Only after the ‘big bang’ occurred, did time and space arise. I still don’t find a clear answer for why there was a ‘singularity’, and where did it come from? For everything and every event on our planet there is an explanation, and surely, there will also be such an explanation for the beginning of the universe.

Can something arise out of ‘nothing’? We’ll have to answer that question later. Singularity according to Einstein’s theories: the universe was trapped in a body of intense gravitational force and intense density; an infinite degree of gravitation and density.

So, there is a diversity of perceptions and acceptance about, how everything came about and where it originated from. The important theories can be broken down as follows:


	Evolution


	Creationism


	Mixture of Evolution and Creationism








Evolution

Evolution was formulated and worked out by Charles Darwin in 1859, and published in his book, ORIGIN OF SPECIES. Among evolutionists, Darwin’s theories were widely accepted, although over the years, certain questions arose regarding certain aspects in the evolutionary process, and in the archaeological timeline. As with everything involving people, there are differences, and certain evolutionists differed with Charles Darwin, but many later accepted his theories again.

In the 1940s, an amalgamation of Darwin’s mechanism of natural selection, and the mechanism of heredity took place. This brought an end to the debates and differences between the different schools of evolution. It went on to become known as the NEO-DARWINIAN SYNTHESIS.

In particular, the epoch in archaeology known as the Cambrian explosion has been debated. It was a period about 541 million years ago, when, over a relatively short period in terms of evolution which was about 20 million years, a multitude of Phyla 20 to 35 suddenly appeared, and it is seen as an important documented fossil record, for the emergence of the multitude of animals that will follow later. There are scientists who doubt the Evolution theory about the Cambrian explosion, over a fairly short period of 20 million years, and the other point that this group clings to is the lack of fossils, just before the Cambrian period.

However, this absence can be explained in terms of the fact that, most organisms in this period were unicellular and without a skeleton. Fossils would therefore have been undetectable, and there are also other periods where there were defects in the fossil record. It should also be understood that an extremely small percentage of organisms will fossilize, and a multitude of explanations can be given for this.

So, as Richard Dawkins has put it many times, absence of fossils does not mean that there is no evidence of the existence of an organism. However, what has been found in terms of fossils can start to create a good picture of how the puzzle fits together.

It would make no sense after all if there is clear fossil and skeletal evidence, where a transition process can be demonstrated, and we dismiss them as different species, which are extinct, without us noticing the evolution aspect—that is, the transition from one anatomical form to another anatomical form.


The Evolutionary Timeline

We find ourselves at a later stage of evolution where the primates came into play.

55 million years ago (MYA) – The first primitive primate developed.

8 to 6 MYA – Gorillas evolve, and later, chimpanzees and human timelines break up in different directions of evolution. To explain the split in timelines, there are theories, which by their very nature will be difficult to prove. One of the representations is that, chimpanzees who found a niche in the tree-lined parts of Africa were able to find enough food from the environment and habitat, and had no need to move from the environment at all, because what they had was sufficient for comfortable survival.

On the other hand, due to group battles, there would have been groups of chimpanzees, who had been driven out of their environment and found themselves in a different habitat, from tree-lined to savannas. Here the chimpanzees would have been compelled to look out above the grass, for the enemy and for food. This could have given rise to an evolutionary drive for division to an ape-man, who was trying to walk upright. Climate change has also played a role in influencing plant growth, and more savannas have emerged.

5.8 MYA – Orrorin tugenensis, ‘original man from the Tugen hills’, the oldest ancestor of man was found in 2000. However, it could never be proven whether this species could walk on two legs. Though it has been speculated that, there is indeed a possibility that Orrorin walked upright at times.

The discovery of the fossil was made by two Frenchmen, a geologist Martin Pickford (born in the United Kingdom) and a paleontologist Brigette Senut. The discovery was made in Kenya.

5.5 MYA – Ardipithecus, the early ‘proto human’, shared traits with the chimpanzee and gorilla, and also lived in forests. It has been proven that this species was able to walk on two legs. The discovery of the fossils was made in 1992. This would then have been the earliest branching from the chimpanzees, towards hominid development. Tim White, an American paleontologist and his team discovered the fossils of Ardipithecus in Ethiopia.

4 MYA – Australopithecus appears. Their brains are nothing larger than those of a chimpanzee 400 to 500 cm3. They walk upright on 2 legs. First human ancestors living on the Savanna.

3.2 MYA – Lucy, Australopithecus afarensis, lived near what is known today as Hadar in Ethiopia. Donald Johanson and his team made the discovery of Lucy in 1974. The discovery of the fossils brought about great excitement in the team, so much so that, back at their camp, they celebrated right through the night with the Beatles song, LUCY IN THE SKY WITH DIAMONDS. So, the next morning, the discovery’s name was coined as Lucy.

2.7 MYA – Paranthropus robustus, these fossils were discovered in the Kromdraai Region, by scientist Robert Broom in 1938. Upon study of the fossils, it was determined that this species lived in forests and grasslands, they had massive jaws for chewing roots and plant materials. They died out about 1.2 MYA. This was one of the parallel branches in evolution that did not lead to Homo sapiens.

[image: Timeline diagram of primate evolution over 12 million years, featuring hominin skulls, genus Pan, gorillas, and ancestral divergence points.]

2.5 MYA – Homo habilis, ‘handy man’, appears. Simple tools were also found where the fossils were. Their faces ejected less prominently. Still, there were many ape-like traits. Their brain volume was about 600 cm3. Louis and Mary Leakey, who were renowned paleontologists, along with their team found the fossils in Tanzania, more specifically in the Olduvai gorge. This was between 1960 and 1963.

The Hominins begin to make tools, dividing shells. It started the Oldowan tradition of tool making, and it continued for about 1 million years. The term Oldowan comes from Olduvai, a place in Tanzania where the first of the tool forms were found. The Leakeys—Louis and Mary Leakey, and later their son Richard Leakey—did world-renowned pioneering work in Africa and especially in Olduvai.

I often make mention of brain size. To put it into perspective, let’s look at the average brain sizes. Males 1260 cm3 and females 1130 cm3.

The Hominins paved the way for evolution into present-day Homo sapiens. These Hominins were known as the archaic man, meaning the ‘old’ man that transformed into the modern man; they were African fossils, and it was difficult to classify them because of appearances, and overlaps between archaic man and modern men. Several fossils have been found all over our planet, which could fit into this particular group of Hominins.

We can take a brief look at some of the important discoveries that have been made. The important point is that a group of Hominins have shown similarities in the group HOMO, e.g. Homo heidelbergensis, Homo erectus, Homo rudolfensis, Homo neanderthalensis and so on, and then, of course, finally, Homo sapiens.

MYA – Homo ergaster’s brain volume was around 850 cm3 and has been found in Africa.

1.8 to 1.5 MYA – Homo erectus was found in Asia. These were the first true ‘hunter-gatherer’ ancestors. They migrated out of Africa in large numbers. Brain volume 1000 cm3.

1.6 MYA – First early possible evidence of the use of fire, in Koobi fora, Kenya. Even more convincing evidence of charcoal or burnt wood, as well as stone tools have been found in Israel and date to around 78,000 years ago. It was the more complex Acheulean stone tool, that remained the dominant technology until about 100,000 years ago.

600,000 YA – Homo heidelbergensis lives in Africa and in Europe. Brain capacity is the same as that of modern humans.

500,000 YA – Earliest evidence of self-built screens or huts in Japan (CHICHIBU).

335,000 YA to 236,000 YA – Homo naledi, discovered by two caving experts, Rick Hunter and Steven Tucker in 2013. They informed Professor Lee Berger of the University of the Witwatersrand, who had gathered a team to explore the Rising Star caves to the Dinaledi room, where the fossils were found. It is not yet entirely clear where Homo naledi fits into the classification heading towards Homo sapiens.

[image: Chart depicting human evolution over 4 million years, with skull illustrations and timelines for each species, including Homo sapiens and Australopithecus.]



[image: Illustration of human evolution as a tree. Skulls of different human ancestors are shown on branches. Background colors indicate time periods.]

[image: Four human ancestor skulls labeled: Homo habilis, Homo erectus, Homo floresiensis, and Homo naledi, depicting their unique features.]

325,000 YA – Oldest human footprints by 3 people that ran down the slopes of a volcano in Italy.

280,000 YA – First complex stone blades and grindstones are discovered. 230,000 YA – Neanderthal people appeared across Europe from the United Kingdom to Iran, and they died out about 28,000 YA. There are several theories as to why the Neanderthal became extinct. There were also considerable periods of time when Homo sapiens and the Neanderthal lived together; and there is also DNA evidence that interbreeding took place between the two groups. There is approximately 4% of DNA in Homo sapiens that comes from Neanderthal.

Why then, the extinction of the Neanderthals? The Neanderthal was designated to hunt large game and animals for survival. It was dangerous with the primitive weapons at their disposal. It was demonstrable from archaeological evidence that many Neanderthals suffered bone fractures and heavy injuries. It is reckoned that the average life expectancy of the Neanderthal was about 30 years.

The other reasons given for the extinction were climate change, Ice Age and the Neanderthal. Although they could use furs as clothing, they were not entirely up to the onslaughts of the cold, also in terms of their hunts. There was also an influx of Homo sapiens from Africa into Europe; and it is also claimed, according to the hypothesis, that the Neanderthal was also partially wiped out by the Homo sapiens, in battles for competition and survival. As Darwin put it, survival of the fittest.

195,000 YA – Homo sapiens appear on the scene. They begin to migrate across Asia and Europe. The oldest evidence of modern man is the two skulls that were found in Ethiopia. The average brain volume was 1350 cm3.

170,000 YA – ‘Mitochondrial Eve’. This is DNA that could have been traced back to the earliest, or ‘first’ female(s) responsible for the offspring of Homo sapiens that followed. The DNA in mitochondria can be traced back to the first female or females, from which the descendants of the Homo sapiens followed. This been said, several studies contradict the DNA hypothesis, to just a single pair which existed in the population.

Studies were more in favor of a modern human, that originated a 100,000 to 200,000 years ago, from Africa. Molecular research still continues to clarify the DNA hypothesis.

Interestingly, the trace led to a woman, or a small group of women in Botswana and northern South Africa, who would then be the origin of ‘Mitochondrial eve’. In Martin Meredith’s book, BORN IN AFRICA, he describes, how the San people migrated from South West Africa to the North East of Africa. The exact geography of ‘Mitochondrial eve’ may still be contentious.

150,000 YA – People may have developed speech.

100,000-year-old shell jewelry suggests that, the people began to develop complex speech and symbolism.

140,000 YA – Evidence is found for long-distance trading.

110,000 YA – Earliest evidence of beads made from ostrich shells and jewelry.

50,000 YA – Human culture is beginning to change faster. People begin to ritually bury their dead. They begin to make clothes from animal skins, and develop more complex hunting methods such as pit traps.

33,000 YA – Oldest cave art, good examples were found in France at Lascaux and Chauvet. Homo erectus went extinct in Asia and was being replaced by modern humans.

18,000 YA – Homo floresiensis, ‘Hobbits’. Fossils were found on the Indonesian islands of Flores. They were about one meter high and had the same brain volume as that of a chimpanzee. However, they used advanced stone tools. It was agreed among scientists that this species was confined to the island,in this case, Java, and for reasons which I am not going to discuss now. They were short in stature, but the smaller brain volume was proportional to their stature. Thus, they would fit in more with the Homo erectus, and the type of intelligence they revealed.

12,000 YA – Modern man arrives in the Americas. The theory is that the Bering Strait was still traversable by foot at that time.

10,000 YA – Agriculture developed, the first settlements emerged and possible domestication of dogs.

5,500 YA – The stone age ends, and the Bronze Age begins. People melt copper and tin and use them instead of stone for implements.

4,000 to 3,500 YA – The Sumerians of Mesopotamia developed the world’s first civilization.

This is just a brief summary, to get behind the hood of the axe, regarding development and evolution into the modern era. Many books can be written about fossils and evolution; and there are already many books written, with fantastic archaeological data, with years of research by many expert scientists, and which makes it possible for me to summarize this briefly for the reader.



[image: Illustration of the human lineage showing five species: Australopithecus afarensis, Homo habilis, Homo erectus, Homo neanderthalensis, and Homo sapiens.]



Geographic Periods

Jurassic Period:

I don’t want to say too much about the Jurassic Era. This era stretched from approximately 199.6 MYA until 145 MYA. This was the time during which many dinosaur species appeared. The cretaceous period subsequently followed, during which even more dinosaurs flourished. The era was from 145 MYA until 66 MYA, when the dinosaurs went into extinction.

23 to 5.3 MYA – Miocene epoch, mammals grazing, first major Antarctic glacierisation, ‘glaciations’ begin to occur. There are experts who date the latter back to around 33 MYA. Primates begin to diverge into different species. Chimpanzees and other hominids begin to diverge from a common ancestor, 5 to 7 MYA.

Elizabeth Vrba, a South African paleontologist, announced her turnover pulse hypothesis in 1985, during which she introduced the importance of climate change on species extinction, or the accelerating effect of evolution due to climate change.

As is typical of our humanity, there were critics, who differed from her, but the consensus was that radical climate change gives rise to massive extinction of species. Vrba reasoned that; the evolution of species was driven by the changes in the world around them. Speciation, she concluded, is only forced by changes in the physical environment.

Charles Darwin agreed that climate change accelerated evolution. However, he saw climate change as a subordinate mechanism to natural selection, only to tighten the screws on competition. In his book ‘Origin of species’, he writes, “As climate chiefly acts in reducing food, it brings about the most severe struggle between individuals.”

A schematic summary of the evolution process to Homo sapiens follows:

[image: ][image: ] [image: Infographic depicting hominid evolution, showcasing various species, skulls, and evolutionary features from past to present.]

Homo naledi



Dating Methods




	Name of Method
	Age Range of Application
	Material Dated
	Methodology





	Radiocarbon
	1 – 70,000 years
	Organic material such as bones, wood, charcoal, shells
	Radioactive decay of 14C in organic matter after removal from biosphere



	K-Ar dating
	1,000 – billion of years
	Po tassium-bearing minerals and glasses
	Radioactive decay of 40K in rocks and minerals



	Uranium Lead
	0,000 – billions of years
	Uranium-bearing minerals
	Radioactive decay of uranium to lead via two separate decay chains



	Uranium series
	1,000 – 500,000

years

	Uranium-bearing minerals, corals, shells, teeth, CaCO3
	Radioactive decay of 234U to 230Th



	Fission track
	1,000 – billion of years
	Uranium-bearing minerals and glasses
	Measurement of damage tracks in glass and minerals from the radioactive decay of 238U



	L uminescence (optically or thermally stimulated)
	1,000 – 1,000,000

years

	Quartz, feldspar, stone tools, pottery
	Burial or heating age based on the accumulation of radiation-induced damage to electron sitting in mineral lattices



	

Electron Spin
Resonance
(ESR)
	1,000 –
3,000,000
years
	Uranium-bearing
materials in which
uranium has been
absorbed from
outside sources
	Burial age based on
abundance of radiation-
induced paramagnetic
centers in mineral
lattices



	Cosmogenic Nuclides
	1,000 – 5,000,000

years

	Typically, quartz or olivine from volcanic or sedimentary rocks
	Radioactive decay of cosmic ray generated nuclides in surficial environments



	Magneto s tratigraphy
	20,000 – billion of years
	Sedimentary and volcanic rocks
	Measurement of ancient polarity of the earth’s magnetic field recorded in a stratigraphic succession



	Tephr ochronology
	100 – billions of years
	Volcanic ejecta
	Uses chemistry and the age of volcanic deposits to establish links between distant stratigraphic successions





Table 1. Comparison of commonly used dating methods

Radiation, which is a byproduct of radioactive decay, causes electrons to dislodge from their normal position in atoms, and become trapped in imperfections in the crystal structure of the material.

Dating methods like thermoluminescence, optical stimulating luminescence and electron spin resonance, measure the accumulation of electrons in these imperfections, or ‘traps’, in the crystal structure of the material. If the amount of radiation to which an object is exposed remains constant, the number of electrons trapped in the imperfections, in the crystal structure of the material will be proportional to the age of the material.

These methods are applicable to materials that are up to about 100,000 years old. However, once rocks or fossils become much older than that, all of the ‘traps’ in the crystal structures become full, and no more electrons can accumulate, even if they are dislodged.



Using Paleomagnetism to Date Rocks and Fossils

The Earth is like a gigantic magnet. It has a magnetic north and south pole, and its magnetic field is everywhere (Figure 6a). Just as the magnetic needle in a compass will point towards magnetic north, small magnetic minerals that occur naturally in rocks point towards magnetic north, approximately parallel to theearth’s magnetic field. Because of this, magnetic minerals in rock are excellent recorders of the orientation, or polarity of the earth’s magnetic field.

[image: Diagram of Earth's magnetic field with lines from the North to South Pole. Adjacent is a geomagnetic polarity time scale, showing polarity changes over 5 million years.]

Figure 6: The earth’s magnetic field can be measured to determine the polarity of a rock sample.


	The earth is surrounded by a magnetic field, generated by the magnetism in the core of the earth. Small magnetic grains in rocks will orient themselves to be parallel, to the direction of the magnetic field pointing towards the north pole.


	The geomagnetic polarity time scale shows, how the polarity of the earth’s magnetic field has changed through time. Black bands indicate times of normal polarity, and white bands indicate times of reversed polarity.




© 2013 Nature Education All rights reserved.

Through geologic time, the polarity of the Earth’s magnetic field has switched, causing reversals in polarity. The Earth’s magnetic field is generated by electrical currents, that are produced by convection in the Earth’s core. During magnetic reversals, there are probably changes in convection in the Earth’s core, leading to changes in the magnetic field.

The Earth’s magnetic field has reversed many times during its history. When the magnetic north pole is close to the geographic north pole (as it is today), it is called normal polarity. Reversed polarity is when the magnetic ‘north’ is near the geographic south pole.

Using radiometric dates and measurements of the ancient magnetic polarity, in volcanic and sedimentary rocks (termed paleomagnetism), geologists have been able to determine precisely when magnetic reversals occurred in the past. Combined observations of this type, have led to the development of the geomagnetic polarity time scale (GPTS) (Figure 6b). The GPTS is divided into periods of normal polarity and reversed polarity.

Geologists can measure the paleomagnetism of rocks at a site, to reveal its record of ancient magnetic reversals. Every reversal looks the same in the rock record, so other lines of evidence are needed to correlate the site to the GPTS. Information such as index fossils or radiometric dates, can be used to correlate a particular palaeomagnetic reversal to a known reversal in the GPTS. Once one reversal has been related to the GPTS, the numerical age of the entire sequence can be determined.



Summary

Using a variety of methods, geologists are able to determine the age of geological materials, to answer the question: “How old is this fossil?” Relative dating methods are used to describe a sequence of events. These methods use the principles of stratigraphy to place events recorded in rocks from oldest to youngest.

Absolute dating methods determine how much time has passed since rocks formed, by measuring the radioactive decay of isotopes, or the effects of radiation on the crystal structure of minerals. Paleomagnetism measures the ancient orientation of the Earth’s magnetic field, to help determine the age of rocks.



Glossary

Absolute dating: Determining the number of years that have elapsed since an event occurred, or the specific time when that event occurred.

Atomic mass: The mass of an isotope of an electron, based on the number of protons and neutrons.

Atomic nucleus: The assemblage of protons and neutrons at the core of an atom, containing almost all of the mass of the atom and its positive charge.

Daughter isotope: The isotope that forms as a result of radioactive decay.

Electrons: Negatively charged subatomic particles with very little mass; found outside the atomic nucleus.

Electron spin resonance: Method of measuring the change in the magnetic field, or spin, of atoms; the change in the spin of atoms is caused by the movement and accumulation of electrons, from their normal position to positions in imperfections on the crystal structure of a mineral, as a result of radiation.

Elements: Chemical substances that cannot be split into a simpler substance.

Fault: A fracture in a rock along which movement occurs.

Geomagnetic polarity time scale: A record of the multiple episodes of reversals of the Earth’s magnetic polarity, that can be used to help determine the age of rocks.

Half-life: The amount of time it takes for half of the parent isotopes, to radioactively decay to daughter isotopes.

Index fossil: A fossil that can be used to determine the age of the strata in which it is found, and to help correlate between rock units.

Isotopes: Varieties of the same element that have the same number of protons, but different numbers of neutrons.

Magnetic field: A region where lines of force move electrically charged particles, such as around a magnet, through a wire conducting an electric current, or the magnetic lines of force surrounding the earth.

Magnetism: The force causing materials, particularly those made of iron and other certain metals, to attract or repel each other; a property of materials that respond to the presence of a magnetic field.

Normal polarity: Interval of time when the earth’s magnetic field is oriented, so that the magnetic north pole is approximately in the same position as the geographic north pole.

Neutrons: A subatomic particle found in the atomic nucleus, with a neutral charge and a mass approximately equal to a proton.

Optical stimulating luminescence: Dating method that uses light to measure the amount of radioactivity, accumulated by crystals in sand grains or bones, since the time they were buried.

Paleomagnetism: Remanent magnetization in ancient rocks, that records the orientation of the earth’s magnetic field, and can be used to determine the location of the magnetic poles and the latitude of the rocks, at the time the rocks were formed.

Parent isotope: The atomic nucleus that undergoes radioactive decay.

Polarity (magnetic polarity): The direction of the earth’s magnetic field, which can be normal polarity or reversed polarity.

Potassium-argon (K-Ar) method: Radiometric dating technique, that uses the decay of 39K and 40Ar in potassium-bearing minerals, to determine the absolute age.

Principle of cross-cutting relationships: Any geologic feature that cross- cuts across strata, must have formed after the rocks they cut through were deposited.

Principle of faunal succession: Fossil species succeed each other in a definitive, recognizable order, and once a species goes extinct, it disappears and cannot reappear in younger rocks.

Principle of original horizontality: Layers of strata are deposited horizontally or nearly horizontally, and parallel or nearly parallel to the earth’s surface.

Principle of superposition: In an undeformed sequence, the oldest rocks are at the bottom and the youngest rocks are at the top.

Protons: Positively charged subatomic particles found in the nucleus of an atom.

Radioactivity (radioactive): An unstable isotope spontaneously emits radiation from its atomic nucleus.

Radioactive decay: The process by which, unstable isotopes transform to stable isotopes of the same or different elements, by a change in the number of protons and neutrons in the atomic nucleus.

Radiocarbon dating: Radiometric dating technique that uses the decay of 14C in organic material, such as wood or bones, to determine the absolute age of the material.

Radiometric dating: Determination of the absolute age of rocks and minerals, using certain radioactive isotopes.

Relative dating: Rocks and structures are placed into chronological order, establishing the age of one thing as older or younger than another.
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