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Foreword 
It was the year 1996, and as I walked into my first University class it 
seemed as though everyone I spoke with had some type of plan and a 
career path designed since grade school. I was amazed as people told me 
in great detail how they mapped out their upcoming four years of 
courses and their future plans for graduate and professional schools. I 
nervously looked around the room at the 400 students ready for their 
first chemistry lecture and thought to myself ‘What am I doing here?’ It 
took me almost the entire year to figure out that it was okay that I didn’t 
have a predestined path and that my interests were broad.  As difficult 
as it may be to believe it was a textbook that made me understand the 
Earth Sciences were my calling. There was one geology book that I 
simply enjoyed reading and I eventually realized I was driving my friends 
crazy with interesting facts on glaciers, geomorphology and 
sedimentology.  It was from that realization that I decided that not only 
would I enjoy a career in the Earth Sciences, but that I would also like 
to help others understand the world around them. 
During my time as a PhD student I had my first opportunity to teach a 
class in the Earth Sciences, specifically a second year course in 
Geomorphology. Preparing for that first class made me the most 
nervous I have ever felt in my career. Trying to determine what aspects 
of the material was necessary to cover for the students to be successful 
moving forward with their studies, and how to incorporate current 
academic debates on geomorphic processes into the class in an engaging 
and interesting way, was a challenging task. My goal was to make the 
students as interested in the subject matter as I was through preparation 
and enthusiasm. I didn’t expect everyone to have the same passion for 
geomorphology that I had, but I strived for each student to have at least 
one moment where their interest exceeded their expectations and they 
walked away with an appreciation of the complexity of processes 
shaping our Earth. 
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This book helped me reconnect with those memories by so thoroughly 
illustrating how fascinating the History of The Earth is.  The classic 
photo of the Earth sent back from Voyager 1 at a point 6 billion miles 
from Earth sets the stage for just how big the universe is and the 
importance of being able to answer the questions of how our own planet 
formed. It helps me remember why I was drawn to the Earth Sciences. 
Reading through this book created by students from the award winning 
McMaster University Integrated Sciences Program made me think back 
to that first class where I tried to make sure everyone walked away with 
at least one moment where the material exceeded their expectations. 
Each chapter is rich with discussion ranging from philosophy through 
to physics and captures both the enthusiasm and the understanding of 
the authors. This is a wonderful contribution to the literature and I 
highly recommend it be read by anyone with an interest in the world 
around them. 
 

John Maclachlan, PhD 
 

Assistant Professor, Arts & Science Program  
and School of Geography and Earth Sciences 

Research Fellow, McMaster Institute for  
Innovation & Excellence in Teaching & Learning 

McMaster University 
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Modern Radiometrics 
Though the radiometric equations have been 
updated to allow ease of use, the core ideas 
which form the basis of radiometric dating 
have not changed. The ideas from 50 years 
ago are still relevant and due to the broad 
nature of radiometric dating as a dating 
technique, it is easily integrated into many 
different fields of study. 

Radiometrics in Space 

Researchers at Colgate University recently 
attempted to verify the age of the Zagami 
meteorite (Hays, 2011). Samples of basaltic 
shergottite from the Zagami meteorite were 
used with resonance ionization mass 
spectrometry (Figure 3.19). This technique 
allows for neutral atoms within the specimen 
to be emitted by laser 
ablation. These atoms 
are then ionized by 
photons and are then 
accelerated into a high 
transmission mass 
spectrometer. 
Rubidium-87 and 
strontium-87 have 
equivalent masses, 
requiring rubidium-87 
and strontium-87 to be 
separated prior to dating the specimen. After 
separation, thermal resonance ionization 
mass spectrometry was used to confirm the 
age of the Zagami meteorite to be about 
360Ma (Hays, 2011).  

While the rubidium-strontium technique is 
used to date meteorites, the potassium-argon 
method aids in dating a planet of immense 
interest – Mars. The current estimate of the 
general age of Mars is based around the 
number of its craters and the crater 
formation rate of the Moon (Farley et al., 
2013). Mars, unlike the moon, is geologically 
active and surface processes can remove 
traces of craters. Since Mar’s weather can 
reduce the number of visible craters, all of 
which are required for an accurate age 
estimate, scientists are aware that their 
current estimate is not accurate (Cassata, 
2014). In 2013, Farley et al. suggested an 
improvement to the existing potassium – 
argon method which allows scientists to 
determine the absolute age of key locations 

on Mars (Cassata, 2014).Through this 
information, they are able to estimate the age 
of the surrounding geologic features 
(Cassata, 2014). The successful 
implementation of this project would allow 
researchers to learn more about significant 
geological events related to aqueous and 
volcanic activity on Mars (Farley et al., 2013). 

Radiometrics on Earth 

In an article published in 2010, researchers 
adopted the uranium–lead method to study 
the growth patterns of the deep sea coral: 
Enallopsammia rostrata (Houlbrèque et al., 
2010). This coral has distinct growth bands 
and by dating them researchers are able to 
calculate their growth rate. Additionally, by 
measuring the growth of this coral in a set 
amount of time and comparing this to their 
average growth rate, researchers were able to 

use these corals as a 
proxy to identify times 
when deep sea water 
was less favourable for 
growth (Houlbrèque et 
al., 2010).  

Apart from dating 
corals, other forms of 
radiometric dating such 
as carbon-14 dating has 
been used to determine 

the age of a late Pleistocene human skeleton, 
named Naia. The skeleton was found at the 
bottom of a submerged cave in the Yucatan 
Peninsula(Chatters et al., 2014). Though well 
preserved, her skeleton proved difficult to 
date because the usual carbon-14 method of 
dating requires collagen but her bone 
collagen had leached out into the 
surrounding water. Therefore, scientists were 
originally only able to date her by noting her 
relative position in the megafauna graveyard 
she was surrounded by (Chatters et al., 2014). 
Determined, researchers were eventually able 
to successfully perform carbon-14 dating on 
the enamel on one of her teeth; this method 
determined her age to be about 13 000 years 
old (Chatters et al., 2014). This discovery was 
important for radiometrics and paleontology. 
By dating the skeleton and by analysing her 
mitochondrial DNA, researchers confirmed 
that Paleoamericans were originally migrants 
from Beringia who would later develop into 
Native Americans.  

Figure 3.19:A basaltic 
shergottite of a Martian 
meteorite found in 2011, 
located in Morocco. 
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The History of Rock and 
Mineral Classification 

Humans have valued rocks and minerals for 
millennia. Since the earliest recorded ancient 
societies, humans have been interested in 
them for their many unique and aesthetically 
pleasing appearances, as well as their practical 
uses in a wide variety of applications. For that 
reason, people have been classifying and 
categorizing rocks for a very long time. Back 
in ancient Greek society, philosophers like 
Theophrastus (371-287 BCE)  and Pliny the 
Elder (23-79 CE) were keenly interested in 
how to distinguish different rocks and 
minerals. Theophrastus wrote about the 
subject in great length in his treatise, On Stones. 
Pliny the Elder had more of a passing interest. 
He sought to bring together the scientific 
knowledge of his time and collect it into a 
book, which he named Naturalis Historia  
(Natural History). However, he did  little 
original research himself and mostly just used 
Theophrastus’ research. In somewhat more 
recent times, Freidrich Mohs came up with a 
convenient system of classifying rocks based 
on their relative hardness, a method that is still 
used today in situations where modern 
analytical techniques, such as x-ray diffraction 
and x-ray fluorescence, are unavailable.  

Theophrastus and Ancient Greek 
Classification 
One of the earliest known collections of 
information on the classification of rocks is 

the treatise On Stones, 
written by the 
Ancient Greek 

philosopher 
Theophrastus (Caley 
and Richards 1956).

 Theophrastus 
lived in Athens and 
studied under the 
infamous Aristotle. 
He was one of his 

few students to fully embrace Aristotle's 
interdisciplinary nature. Theophrastus was 
known to have studied physics, politics, 

geology, history, and many subfields of 
biology. Partly due to his diverse interests,  he 
was made the head of Aristotle's university, 
Lyceum, when the older philosopher retired 
in 323 BCE. Under Theophrastus' leadership, 
Lyceum received its highest student 
enrolment rate until the eventual fall of the 
Ancient Greek society.  
In order to actually classify rocks and 
minerals, Theophrastus examined a wide 
number of characteristics. One of the 
characteristics that he used was colour, which 
is now known not to be the most reliable 
method of classification (Theophrastus 325-
301 BCE) (Mange and Maurer 2012). Some 
minerals like quartz can come in several 
different colours (Figure 3.20). A more 
historical example is how Theophrastus used 
the term anthrax to refer to red garnets, red 
spinels, and rubies which all look similar but 
have very different chemical compositions. 
This was not detrimental to his classifcation 
though, as spinels and garnets do have some 
similar properties. They look alike and are 
fairly close in hardness with garnet tending to 
score between 6.5 and 7.5 on Mohs Hardness 
Scale, and spinel falling between 7.5 and 8. 
They also react similarly to fire (provided they 
are not heated to too high of a temperature). 
The ruby on the other hand is much harder 
with a rating of 9. Note  that the values of 
Mohs scale are non-linear; the nature of it will 
be more precisely looked at in the section on 
Freidrich Mohs(1773-1839). 
Theophrastus also looked at density, however 
he does not mention it very often, with On 
Stones only containing four references to 
density. He may have found density less useful 
or more tedious to calculate than other more 
qualitative methods. He could have had a 
difficult time calculating density since stones 
generally have irregular shapes and he likely 
did not know about the Archimedes Principle 
since Archimedes was born in the year 
Theophrastus died (287 BCE) (Hasan 2005). 
Theophrastus made note of the hardness of 
rocks. Referring to it as the “power of not 
submitting to treatment” according to Caley, 
an English translator of On Stones. 
Theophrastus found that some stones were 
very soft and could be scratched very easily 
(likening them to solid earth). He seemed very 
confused that some stones could not be 
scratched by iron tools, but could be 
scratched by other stones. Unfortunately a lot 

Figure 3.20: Three specimens of quartz with different 
colours 
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History of Metallurgy in 
Europe 

The towering pagodas of China, expansive 
temples of Greece, and monumental 
pyramids of Egypt all showcase the ingenuity 
of humankind when it comes to harnessing 
materials from the Earth. Metals have been 
the most important substance in advancing 
structures, agriculture, warfare, and transport 
throughout human history. The process of 
extracting and refining metals is known as 
metallurgy, a process that has changed 
tremendously over time. Before the 18th 
century, metallurgy was defined as the 
melting, smelting, and working of metals, and 
the spread of this knowledge varied greatly 
between civilizations (Tylecote, 2002). 

The Opening of the Doors 
Given the immense value associated with 
acquiring and refining metals, techniques 
associated with metallurgy have long been 
kept hidden from the masses. For much of 
European history, ruling families engaged 
with these industries constituted part of a 
tight-knit community that tended to pass 
down information and skills discreetly from 
one generation to the next (Aitchison, 1960). 
Over time, a few individuals have 
documented these secretive trades. As 
“outsiders” of the industrial families, these 
writers have opened the eyes of much of the 
world to the knowledge and techniques of 
metallurgy (Aitchison, 1960). 

Ancient Rome  
Metal working in Ancient Rome (c.8th century 
BCE-4th century CE) is notable for its 
compilation and dissemination of the best 
techniques throughout the Roman Empire, 
which allowed for the successful development 
of the metal industry (Tylecote, 2002). 
Considerable military and civil demands for 
metals led to substantial increases in 
production. Lead, which had little use in pre-
Roman times, was required in large quantities 
for plumbing (Habashi, 1997). In addition, 
copper-based alloys and gold were used 

extensively in coinage. One of the main 
requirements from both a civil and military 
point of view was for iron, which was used to 
create swords, tools, and structural 
foundations. Knowledge of precious metals 
extraction and refinement was also explored 
by the Romans (Williams, 2012, Tylecote, 
2002). 

Pliny the Elder 
One of the first written records of metallurgy 
comes from the ancient Roman Scholar Gaius 
Plinius Secundus (Pliny the Elder, 23-79 CE) 
(Figure 3.22).   

Born into an elite family, he was afforded the 
opportunity to gain military experience and a 
well-rounded education. After the revolt 
against Emperor Nero in 65 CE, Rome was 
plunged into civil strife (Brunt, 1959). Pliny 
successfully allied himself with the new 
emperor, Vespasian (Healy, 1999, p.2), and 
was rewarded with a series of procuratorships 
(Maxwell-Stuart, 1995) that provided him 
with the opportunity to govern over a number 
of Rome’s provinces. Although the exact 
locations of these positions are subject to 
some scholarly debate, Pliny’s role as 
procurator was instrumental in allowing him 
to observe and collect information for 
inclusion in his seminal work Naturalis Historia 
(Morello, 2011), a detailed collection of 
botany, philosophy, and the physical sciences, 
including a thorough overview of Roman 
metallurgy.  
Among many other subjects, Pliny presents a 
view into the world of gold mining in deep 

Figure 3.22: (right) 
Illustration of Pliny the Elder 
(23-79 CE, a Roman scholar 
and author of Naturalis 
Historia, which included a 
thorough overview of Roman 
metallurgy (Morello, 2011). 




