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ABSTRACT

THE GEOLOGIC EVOLUTION OF ITALY: HIGHLIGHTING THE RELATIONSHIP
BETWEEN GEOLOGY AND CULTURE

Florence C. Katrivanos, M.A.
George Mason University, 2009

Project Director: Dr. Rosemary Jann

This project describes the geologic history and evolution of Italy over the past 250
million years. The geologic evolution of Italy has been distilled from scientific literature
and written in terms understandable for general audiences. The geology of Italy is
closely intertwined with Italian culture. Throughout the project this connection is
highlighted through a choice of interesting natural and cultural features. This project can
be a useful tool as general introductory material to Italy’s geologic history for geologists,
teachers, students especially for those attending field camps in Italy, amateur geologists

and the general public.



FOREWORD

This work is written as partial fulfililment of my Master’s degree requirements at
George Mason University. It is intended to provide the text for a geologic guide to Italy
highlighting the connection between geology, and the cultural monuments of Italy. |
have written it for general audiences after discovering that there is a void of simplified
literature on Italian geology. The realization became apparent while researching for a
similar work for myself as a basic introduction to Italian geology. | was a student
preparing to visit Italy’s volcanoes and | was looking for a synthesis of Italian geology to
give me a general framework with which I could understand their origin.

There exists an immense body of scientific literature that addresses the various
aspects of Italian geology. It spans from the micro scale of minerals that explain magma
composition to the macro scale concerning the drainage patterns of the Apennine
Mountains. The literature is technical, and it is directed at geologists and other
professionals in the scientific arena. | could have spent years trying to get a general
background to Italian geology by reading this literature. However, | had little time, and
all I wanted was a work that distilled the scientific information into an easily
understandable summary. The realization that a work like this was not available inspired

me to write this.



My passion for geology expanded into a passion to educate the public not only on
the field of geology but in particular to make known Italy’s geologic history that is
generally omitted from the general literature. | hope it is useful to novices, teachers,
students, particularly those attending geologic field camps in Italy, amateur geologists,
and anyone else who wants to expand their knowledge of the land where so much of

geologic theory, and discovery began.



INTRODUCTION

Geology and Italian culture are as intricately woven as the stitches in this lace.

Fig. 1.1 “Lace From Burano Museum.” Douglas Reay. 2004. Personal Web Page 4 Apr.
2008. <http://www.chiark.greenend.org.uk/~douglasr/venice/>.
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This piece is made on the Italian Island of Burano located near Venice. One can
appreciate the intricate pattern and how each stitch is connected to the one next to it.
Close up the individual stitches do not reveal the creation, but if we stand back we can
see the entire work laid out in all its beauty and intricacy. | observed women in Burano
making similar pieces and was told it takes a very long time to create the finished
product. I’d like to make the analogy that Italy’s geologic features are like the individual
stitches in the lace connected by Earth’s processes, and their sum total is the beautiful
landscape we know today as Italy. There is one major difference. Unlike the piece of
lace, Italy is not finished evolving.

Earth is constantly changing though it is not perceptible to us. Just as each stitch
changes the lace little by little, geologic processes have been ongoing for millions of
years constantly changing and forming the physical landscape we see today. | am
striving to take you on an Italian journey using a different perspective whether you are
actually visiting the country or reading this from afar. The information provided here is
not available in any other guide. This work is intended for those who have a natural
curiosity and an interest in Italy beyond just usual sight-seeing at the frequently visited
monuments. It is more than history and more than monuments. It is about how and why
Italy came to be, and the connection between the land and the people. Let us now
embark on a journey that will take us to the Italian land and will disclose how Earth’s
processes have shaped the Italian landscape over the millennia and how the Italian people

have integrated geology into their everyday lives.



I discovered my passion for geology after an established career in a very different
field. Returning to school | was faced with the challenge of studying science, an area that
previously held little interest for me. | had studied business some years earlier and had
been relieved that there was only a one year science requirement. But all that was to
change drastically once | discovered my new passion for understanding the Earth through
geology. Geologists love being out in the field, and | was no exception. As a geology
student the greatest gift you could give me was to send me in the field with a real
geologist who could explain the landforms | was observing. This desire took me on a
series of field trips in the United States and eventually to Italy. In August of 2001 Mt.
Etna on the Italian island of Sicily was erupting and was receiving a lot of media
attention. I set out for Italy to climb the volcano on my first journey to Italy. Apart from
the fact that | never made it to the volcano’s summit because it was closed due to the
danger, | discovered | had developed a passion for Italy, and the Italian people.

I did not know at the time that the Mediterranean region, and in particular Italy,
have played a leading role in shaping and advancing geologic theory more than any other
area in the world. It is the place where the earliest geologists developed theories based
on observations and deductions, and where geologists continue to come back to test their
models, and opinions. The Mediterranean is still at the forefront of geologic discovery in
part due to its active geologic processes. While studying Italian geology | was often
confronted with the discovery that the traditional plate tectonic model did not fit Italy. |
found that Italian Geology is often unexpected which makes it more interesting and

challenging.



Ideas regarding the observation of the natural world can be traced to the Greeks in
the lonian region around the sixth century BC who attributed the creation of the Earth to
their own observations and conclusions rejecting ideas of gods (Fischer and Garrison 7).
Italians were early contributors to the study of the Earth. Leonardo da Vinci made many
observations of the rocks in Tuscany. He drew formations summarizing his thoughts on
topics such how fossils are made, how sediment is carried by rivers, how strata correlate
to one another, even how strata are created in deep water (Fischer and Garrison 12).

He was followed by a Danish scientist who arrived in Florence in 1638, Nicolaus
Steno (Alvarez 75). Steno was a remarkable thinker. Studying the rocks of Tuscany he
made a significant contribution to geology by discovering the law of superposition and
formulated its principles. This law allows us to arrive at some order of the rock record,
by realizing that the rocks on top of a formation are youngest while those below get older
the farther down the order they occur. This was a remarkable conclusion that rocks have
a relative age and they were not formed all at the same time. It was also a tuning point in
understanding and deciphering Earth’s history. For the first time Earth’s history was
viewed in terms of the rocks’ relative order.

Ambrogio Soldani (1736-1808), an early Italian geologist, made another vital
contribution that furthered the understanding of Earth’s history. He spent many years
studying and cataloging the microfossils in the rocks of Tuscany giving geologists a way
to date rocks using tiny fossils called forams (Alvarez 86). In addition to these prominent
figures there have been many other modern Italian geologists who have shaped geologic

thought. 1 believe they have the advantage of living in a country that offers both a great



deal of landform diversity and active geologic processes. | am honored to have learned
from the writings of many great scientists in Italian geologic exploration. Without any
foresight, my first journey to Italy was well suited given my new passion for geology.

The geologic connection is tightly woven in Italian culture and goes back to the
earliest inhabitants of the Italian land. It is the country’s geology more than any other
factor that has shaped Italian culture from the time of the Etruscans, who were the first
people to settle in what is now Italy. There is another story to Italy’s famous monuments
that is untold unless one understands the intricate relationship between Italian geology
and Italian culture. Traveling throughout Italy | formed many of these connections. |
recognized that presenting some introductory geologic information combined with a
general summary of Italy’s geologic history could change the way one experiences Italian
culture and cultural monuments. | am convinced that in telling Italy’s geologic story, the
reader will conceive new discoveries and acquire a better understanding of Italy’s people,
and their land. It is my hope that you too will experience the thrill of the discoveries |
made. A primary goal of this project is that the reader will gain a distinct, more profound
perspective and appreciation of Italy through understanding the country’s geologic
history.

This work can be read sequentially or in separate parts as it interests the reader.
The first chapter provides a geologic primer. It will explain the basic concepts necessary
to understand Earth’s processes. Geologic concepts covered in the primer will not be
explained in later chapters to reduce redundancy. | recommend that the primer be read

first, and then it can be coupled with any chapter of interest. Chapter two will describe a



short summary of Italy’s geologic history and evolution covering the last 250 million
years to the present. This chapter will give you an overall big picture of how Italy came
to be and can serve as a quick reference to the order of events.

The rest of the work is organized into Italy’s geographic regions. In each
subsequent chapter the format will be to introduce the geologic framework for that
region, take you to areas that will exemplify both geologic and cultural features, and
highlight their connections. | have spent considerable time to identify the most
interesting examples of both. Chapter three covers central Italy the regions of Latzio and
Abruzzo. In chapter four I cover north-central Italy, the regions of Tuscany, Umbria, and
Marche. Chapter five covers northern Italy the regions of Lombardia, Trentino-Alto
Adige, and Veneto, and the final chapter covers southern Italy the regions of Campania,
and Apulia.

As | have studied geology and came to view the Earth through a geologist’s eyes,
I have been impressed many times with the way Earth’s processes occur. Earth has an
arrangement of systems and processes that operate in accordance with the laws of
physics. Recently, global warming has made us aware of the interdependence between
these systems. Consider for example the relationship between the atmosphere and the
oceans. Increases in carbon dioxide CO; in the atmosphere directly impact Earth’s
temperature causing it to rise. A warmer atmosphere causes glaciers to melt. This in turn
causes sea level rise, which in turn causes local climate changes, and many other

phenomena.



Few people other than geologists understand Earth processes that have operated
over the millennia to shape the planet. To imagine Earth as just a vast ocean of molten
rock seems almost surreal. But this is our planet’s earliest origins. Since 4.6 billion
years ago it has changed form so dramatically that today it bears little resemblance to
those early beginnings. When geologists look at mountains we do not just see the
landforms, but we see their evolution over the many millions of years. It gives us a
unique perspective of the Earth just to think that a mountain was once sediment at the
bottom of an ocean, yet today that sediment might be thousands of meters high! The
Earth is a dynamic planet in constant motion to be able to accomplish this.

Yet to most people it appears that Earth is static. In our human life span we will
never see sediment become a mountain because humans live in terms of a human life
span while the Earth operates in terms of a geologic time span. Understanding Earth’s
dynamics and long history allows us to understand that humans can affect change on the
planet just in our short time on Earth. This is a startling realization, and one that should
make us stop and take notice of our actions. It means human kind whose relative position
in Earth’s long history is but a millisecond as compared to geologic time can change the
planet’s dynamics. Another goal of this project is that the reader will discover Earth’s
processes, and develop an appreciation of how geology relates to the human experience.

I hope it lead us to good stewardship of the Earth.



CHAPTER 1
A Geologic Primer

In this chapter, | will present a geologic primer. You will find basic terminology
and an explanation of Earth processes that will facilitate understanding the rest of the
chapters. The chapters have been written so that they can either be read in random or
sequential order. However, it is recommended that this chapter be read first then it can be
paired with any chapter if the reader has no background in geology.

What is Geology and How and Why do Geologists Study the Earth?

Formally the word geology comes from the Greek and has two parts yn (ge)
“Earth” and Aoyog (logos) “speech.” Thus geology means to speak about the Earth. The
modern definition is the study of the earth, its physical materials of rocks and minerals,
and the processes that operate both within it and on the surface. Geology is not a new
science. It dates to Theophrastus, the Greek student of Aristotle 372-287 BC, who wrote
Peri Lithon “About Stones.” Some of the specialties of geology are paleontology (the
study of fossils), mineralogy (the study of minerals), hydrology (the study of water
resources), geomorphology, (the study of landforms) stratigraphy/sedimentology, (the
study of layered rocks and sediments), and structural geology (the study of rock
structures/tectonics).

A lot of the Earth consists of minerals and rocks which form landscapes, and by

studying them, geologists unravel Earth’s history. Geologists do this by “interpreting”
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rocks meaning: determining the rocks’ origins, deciphering the environment in which
they were deposited, and reconstructing the history and Earth’s processes that formed
them. This knowledge allows us to learn about the Earth, and by extension about the
environment we live in today, in order to improve our lives. The rocks of Italy will tell
us the story of their creation. This is how we will understand how the Italian landscape
came to look as it does today and appreciate how the Italian people have integrated
geology into their lives.

For example, how did geologists determine that Leonardo da Vinci Airport in
Rome is located on a volcanic plateau? I’m certain the answer did not come overnight
but was the result of years of collaborative mapping and careful study of the region’s
geology. Certainly geologists mapped and analyzed the rocks in order to determine their
properties and origin. Studying the tuff (a volcanic rock that consists of volcanic ash and
glass) near the airport would have led geologists to expect its source (the volcano) to be
located somewhere in the region. Sometimes the volcanoes are no longer there, having
been destroyed by other processes, but in this case the volcanoes are in fact still near
Rome.

The tuff would also give some strong clues as to the type of volcano from which it
came and the type of eruption that occurred. There is technology to determine the
absolute age of rocks. The age of the tuff would be when the eruption took place. The
knowledge that it is a tuff gives additional clues as to what type of tectonic boundary
existed to produce this kind of rock. This is because different tectonic boundaries

produce very different rocks. In other words the identity of the rock gives
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geologists some basic information about the region’s past.

What I have described is a simple evaluation of one rock type found near the
Leonardo da Vinci airport in Rome. Real geologic inquiry requires a long time of area
investigation and systematic study, mapping of the region’s rocks, and laboratory
analysis of rock samples to draw conclusions about an area’s evolution. At the end of
these investigations geologists may be able to tell the story or at least pieces of the
region’s evolution. Like pieces of a large puzzle, scientific inquiry by others sometimes
years later comes together to tell the entire story.

Geology and Earth processes affect everyone around the globe. Earthquakes,
volcanic eruptions, floods, landslides, tsunamis, tidal waves are all earth processes in
action. Society depends on oil as the fuel that powers virtually everything, but did you
know that the formation of crude oil is also the result of geologic processes? Crude oil is
called a fossil fuel because it is derived from the remains of ancient fossils like
zooplankton and algae that settled at the bottom of a body of water. Geologic processes
then buried, heated it, and over many millions of years the organic matter changed into
oil. Next time you drive your car or fly in an airplane you can thank the ancient animals
and the geologic processes that made the fuel for our use. You might be wondering why
oil is found in places where there’s no longer a body of water, for example in Saudi
Arabia. Again, the answer lies in the geologic processes that have changed that region
from a vast ocean to a desert. The Earth also supplies us with many raw materials

necessary to our everyday lives. Quartz, the most abundant mineral on Earth, has many
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uses including in computer components, as an ingredient in toothpaste, and even in
clocks. These are but a few examples of how geology is relevant to our everyday lives.

Geologic Time — How Change in Earth’s History is Measured.

Geologic time is a key concept to understanding Earth’s history, and it is unique
to the study of the Earth. As geology students we were required to memorize it because it
puts everything we learned into context. | mentioned that Earth has been evolving over
millions of years since its beginning 4.6 billion years ago. This means Earth is evolving
in terms of geologic time which is measured in terms of millions of years (my). Thisis a
difficult concept to understand because most people understand the world in terms of
human time: years, days, hours etc. The geologic time scale in figure 1.1 has been
developed over the last two hundred years. This was achieved by piecing together
information from numerous rock exposures and constructing a sequence of time based on
changes in the Earth’s biota (plants and animals) through time (Monroe and Wicander
16).

Notice that the units in the geologic time scale have a name and two numbers by
each unit. For example next to the Pliocene it says 5.3 — 1.8 mya. This means that the
period of time from 5.3 million to 1.8 million years ago is called the Pliocene Epoch.
Having a name for the unit of time makes it easier for geologists to communicate about
Earth’s history like days of the week or months of a year. You might also notice a couple
of other things about the geologic time scale. First, that the Holocene covers the most
recent time from 10,000 years ago to the present, and that the oldest time in the past is 4.5

billion years ago (though some put it at 4.6 billion years ago). It is by most accounts the
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Phanerozoic Eon Cenozoic Era Quaternary (1.8 mya to today)

(543 mya to present) | (65 mya to today) Holocene (10,000 years to today)
Pleistocene (1.8 mya to 10,000 yrs)

Tertiary (65 to 1.8 mya)
Pliocene (5.3 to 1.8 mya)
Miocene (23.8 to 5.3 mya)
Oligocene (33.7 to 23.8 mya)
Eocene (54.8 to 33.7 mya)
Paleocene (65 to 54.8 mya)

Mesozoic Era Cretaceous (144 to 65 mya)
(248 to 65 mya) Jurassic (206 to 144 mya)
Triassic (248 to 206 mya)

Paleozoic Era Permian (290 to 248 mya)

(543 to 248 mya) Carboniferous (354 to 290 mya)
Pennsylvanian (323 to 290 mya)
Mississippian (354 to 323 mya)

Devonian (417 to 354 mya)

Silurian (443 to 417 mya)

Ordovician (490 to 443 mya)

Cambrian (543 to 490 mya)
Tommotian (530 to 527 mya)

Precambrian Time | Proterozoic Era Neoproterozoic (900 to 543 mya)
(4,500 to 543 mya) (2500 to 543 mya) Vendian (650 to 543 mya)

Mesoproterozoic (1600 to 900 mya)

Paleoproterozoic (2500 to 1600 mya)

Archaean
(3800 to 2500 mya)

Hadean
(4500 to 3800 mya)

Fig. 1.1. “Geologic Time Scale.” Palmer, A.R. and J. Geissman. Geological Society of
America. 1999. University of California Museum of Paleontology. 7 Mar. 20009.
<http://www.ucmp.berkeley.edu/help/timeform.htmi>.

genesis of the Earth.
The middle column subdivides the first column on the right into larger sections of
time and the last column on the left subdivides those into even larger sections of time. |

will be referring to the time periods of the Mesozoic through the Quaternary frequently
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throughout the discussions in this work. In a human life span it is not possible to observe
most Earth processes such as formation of continents, the opening or closing of an ocean,
or building mountain belts because these take millions of years. We may, however, see
some rapidly-occurring processes such as a volcanic eruption or experience earthquakes.

An analogy to help put geologic time in perspective is to think of Earth’s entire
history as one calendar year. The time of Earth’s formation (4.6 billion years ago)
corresponds to January 1, 12:00 a.m. March 13 the oldest fossils appear. The first land
plants appear around November 27, and dinosaurs appear around December 11. Humans
come into the scene December 31, just a few hours before the end of the year. In other
words humans are very recent to Earth’s history, but we’ve made a large impact. Here
are a few other facts to put geologic time in perspective: Italy is about 60 million years
old; Mt. Vesuvius is approximately 400,000 years old; The Atlantic Ocean is 200 million
years old, and humans have walked the Earth for about 200,000 — 300,000 years (Monroe
& Wicander 705).

Determining the Age of Rocks.

If we could not tell the age of a rock we would have no context of the order of
events to relate it to Earth’s history. Early on in the field of geology the theory of
superposition was formulated. It states that if a rock is on top it is younger that the rocks
beneath it unless some other process has intervened such as compression to overturn it.
This was key to unraveling Earth’s history, but without some other marker how could we
understand the order of events? Geologists then discovered that by using fossils, a

correlation of sediments could be made. This is possible because certain fossils only
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existed during certain periods in Earth’s history, and they do not appear in some
sediments but they do in others. But armed with only this, it would only be possible to
put events into order nothing more. The final key that allowed geologists to unravel
Earth’s chronology was the law of faunal and floral succession. According to this
principle fossil types succeed each other through time in a predictable and recurring
manner. The law is based on three key points: (1) life forms have differed over time, (2)
fossils are different from one another, and (3) it is possible to determine the relative age
of fossils (Wicander & Monroe 436). This law made it possible to pull events of Earth’s
history together in terms of a chronological or relative time order. There are several other
ways to get what is called the absolute age of rocks including using argon gas and carbon.

The Founding Principle of Geology - Uniformitarianism.

This long word has a rather simple meaning, but it is a powerful tool and essential
to understanding how the Earth works. Uniformitarianism is based on the assumption
that Earth’s processes are operating today in the same way they have operated in the past.
Therefore, we can get clues to how Earth’s features were formed by studying Earth
processes operating today in modern day analogs. This means we must first understand
present day processes and their results, and then we can understand and interpret the rock
record (Monroe & Wicander 16). James Hutton, an eighteenth century naturalist and a
geologist, is credited with the principle of uniformitarianism. He drew his conclusions
after many observations of the surrounding countryside near his farm in Edinburgh,

Scotland. Grasping this cornerstone principle is a first step to understanding geology.
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What is Inside the Earth? Can we Drill to the Center of the Earth?

To understand how Earth functions we must understand how it is constructed.

What lies immediately beneath our feet is not the same material that lies 500 m (1640 ft)

Atmosphere

Crust

Mamie h‘[ﬂﬂ EIE

L0ome

Chater core o
molten meta
S-‘Jiid metal

inner core

Fig. 1.2. “Earth Cutaway.” Rose, Collin & Dorling Kindersley. 2000. ThinkQuest. 17

Mar. 2009. <http://mediatheek.thinkquest.nl/~11125/en/volcano.htm>.

below or even 1000 km (621 mi)down. Earth is made of three concentric layers of

material, the core, the mantle, and the crust (fig. 1.2). Each of these subdivisions is

because the layers have different densities, as a function of variations in
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composition, temperature, and pressure (Monroe and Wicander 7). You can think of
Earth’s layers like a hard boiled egg. The outer most layer is the crust. It is composed of
both continental and oceanic crust, and in our egg analogy it would be the shell. Earth’s
middle layer is called the mantle and would be the egg white, and the inner most layer is
called the core which would be the yolk of the egg. You can see from the diagram that
the crust is the smallest part of the Earth, almost superficial compared to the size of the
mantle, and core. This size analogy between Earth and crust also holds true for the egg
and egg shell in that it is the smallest part of the egg.

Humans live on the crust. The crust is attached to the upper mantle, and together
they make up the lithosphere from the Greek words lithos (rocky) and sphera (sphere).
The lithosphere is broken into a number of pieces called tectonic plates. Some tectonic
plates contain continental crust; some are made of oceanic crust. Continental crust
consists of a variety of sedimentary, igneous, and metamorphic rocks. Oceanic crust is
comprised mainly of basalt covered with sediment. Continuing the hard boiled egg
example, if we cracked the shell but left it intact around the egg, it would be similar to the
way Earth’s plates fit next to each other (like puzzle pieces) around the Earth. The plates
move, interacting with each other in a process we call plate tectonics. Italy is located on
a tectonic plate of continental crust that travelled northward and collided with Europe,
which is located on another continental plate.

The mantle is the largest constituent of Earth’s layers comprising approximately
83% of Earth’s total volume. The mantle has three parts. The upper and lower mantle is

solid and surrounds the asthenosphere from the Greek asthenos (without strength).
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Composed of the same material as the upper and lower mantle it is neither solid nor
liquid. Its semi solid state (think of silly putty) is a key characteristic because it allows
the tectonic lithospheric plates to easily slide over it. The innermost part of the Earth
holds the core and that has two parts. The outer core is liquid while the inner core is
solid. The solid core is very dense, comprised of iron alloys, nickel, silicon and sulfur. It
is very dense and solid due to the fact that located at the center of the Earth it is under the
influence of all Earth’s weight and accompanying pressures.

Earth’s radius, that is the distance from a point on the surface to its center, is
approximately 6.4 million km (almost 4 million mi). The deepest we have been able to
drill is only 12 km (7.5 mi) by the Russian Kola Superdeep Corehole Project, which was
a Russian project that attempted to drill as deep as possible into the earth’s crust. In other
words we’ve only scratched the surface. This is due to the extreme temperatures and
pressures found inside the Earth the deeper we go. Historically, people thought of hell as
a place inside the Earth where it was very hot. Although we’ll leave speculation about
hell’s location for others, a portion of this idea is actually true. We know that Earth
harnesses a great deal of heat. The deeper we drill the higher the temperatures and
pressures we will encounter. Earth’s interior is an inhospitable place where humans
cannot survive. Miners who work only 3.5 km (about 2 mi) below the surface suffer
from temperatures reaching 53° C (127° F). Consider that the core at the center of the
earth may reach temperatures exceeding 6,500° C, close to the estimated temperature of
the Sun’s surface, and the pressure is equivalent to about 3.5 million times normal

atmospheric pressure (Monroe and Wicander 178-181).
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What is known about the Earth’s interior is not a result of direct access. Scientists
realized that earthquakes produce seismic waves that travel through the Earth. They
measured the time it takes seismic waves to travel from one point to another, and it was
apparent that something was causing the waves to slow down or speed up in certain
regions. This led to the conclusion that the density and compressibility of material within
the Earth must change to cause the waves’ different travel times. There must be material
of different composition causing the varying travel times. This is how Earth’s three
layers were identified.

Continental Drift Hypothesis.

The idea that Earth’s geography was different in the past is not new. Almost four
hundred years ago, Leonardo da Vinci noticed that Earth’s geography was different in the
past. He noted that “above the plains of Italy where flocks of birds are flying today fishes
were once moving in large schools” (quoted in Wicander and Monroe 209). Following
Leonardo, others made observations that the coastlines between continents on opposite
sides of the Atlantic seemed to fit together. Still others noted the trends of mountain
ranges such as the Appalachian Mountains of North America that seemed to end at the
coastline of one continent and continue on another across the Atlantic Ocean. If you look
a globe can you see what they observed? Like four giant puzzle pieces the North and
South American continents, look like they fit right next to the European and African
continent if we did away with the Atlantic Ocean. Others studied both plant and animal
fossils appearing on all five continents which would not otherwise be plausible unless the

continents had at one time been joined. They concluded that by some mechanism the
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continents had somehow been united into one supercontinent called Pangaea from the
Greek word meaning “all land.” But if all the continents had been joined at one time how
did they move thousands of miles to where they are today? They had to move or drift,
thus the continental drift hypothesis.

Plate Tectonic Theory - The Unifying Theory.

Although Earth appears to be static to us, in fact it is a very dynamic planet that is
constantly changing. It has changed dramatically from its formation 4.6 billion years
ago. At that time it did not have any land masses, oceans, and continents like today.
Scientists believe it was one vast sea of lava which was constantly bombarded by
thousands of meteors from space. The reason the Earth received so many meteors is
mainly due to the material traveling in space trying to coalesce into planets during the
early formation of the solar system and to the lack of a protective atmosphere around the
Earth. Scientists believe that slowly tectonic processes such as divergence and
convergence began as Earth began to differentiate into the different layers of varying
density | described earlier. It is not clear what steps occurred in Earth’s early history to
create plate interactions, but at some point tectonic plates did form and began interacting.
Figure 1.3 indicates Earth’s major plates as they exist today and their relative movement.
The discovery that Earth’s plates are not static is probably the most important discovery
to the study of geology. Scientists today know that the tectonic plates are either moving
toward each other, away from each other, or sliding past each other, all
driven by convection cells (heat) in the mantle. The semi-solid asthenosphere allows the

plates to slide. Initially it was not known what drove plate movement.
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Fig. 1.3. “Plate Tectonics.” Wikipedia, The Free Encyclopedia. 13 Mar. 2009, 14:47.
Wikimedia Foundation, Inc. 14 Mar. 2004.
<http://en.wikipedia.org/wiki/Plate_tectonics>.

By the early 1960’s another great theory emerged that resolved how continents
move. It is called the sea-floor spreading theory. When magma cools the magnetic iron-
bearing minerals align themselves with the Earth’s magnetic field. In other words the
rocks record the orientation of Earth’s north magnetic pole (Wicander and Monroe 217).
After scientists studied remnant magnetism in lava flows at the Mid-Atlantic Ridge it
became apparent that Earth’s magnetic field reverses over time. The reasons for this are
not well understood. Dating the rocks indicated that the youngest rocks are directly at the
oceanic ridge where upwelling (new magma rising from the mantle reaches the ocean

floor) creates new crust while the oldest material would be located the farthest away from
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the oceanic ridge. The rocks farthest from the oceanic ridge located at the eastern and
western margins of the Atlantic Ocean are indeed oldest (about 200 million years old).
This is a bit like two conveyor belts of freshly made donuts each moving away from the
donut maker. The freshest (youngest ones) are those dropped on the conveyor first, and
as they move away they become older.

This discovery in the early 1960’s was labeled the sea-floor spreading theory.
Data derived from the sea floor indicated that continents and even sections of oceanic
crust move as single units away from the Mid-Atlantic Ridge and all oceanic ridges. This
provided the mechanism to explain how continents could have travelled thousands of
miles from where they are today. Plate tectonics is accepted by geologists today as the
unifying theory that adds to the knowledge about the locations of continents, oceans,
mountains, and other geologic features. Both the sea floor spreading theory and plate
tectonics were revolutionary to the study of geology.

Major Earth Processes: Divergence and Convergence their Interactions and the Resultant

Features.

The discussion of plate tectonic theory leads us now to discuss the type of land
features formed by tectonic plate interactions. Plate interactions determine where
landforms. There are three main types of plate boundaries, those that are converging,
those that are diverging, and those that are sliding past each other. Figure 1.4
summarizes all three boundaries. You can see by the black arrows plates are moving
towards each other or away from each other. Plates that are converging close up oceans

through a process called subduction, and they form mountains, while plates that are
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Fig. 1.4. “Plate Tectonics.” Wikipedia, The Free Encyclopedia. 13 Mar. 2009, 14:47.

Wikimedia Foundation, Inc. 14 Mar. 2004.
<http://en.wikipedia.org/wiki/Plate_tectonics>.

diverging form oceans. In divergence zones new ocean crust is formed while in
convergent zones ocean crust is destroyed. Through these processes the quantity of
Earth’s crust remains constant.

To visualize divergence and subduction you might think of a conveyor belt at
your local grocer as representing oceanic crust. The divergent zone is the area of the belt
that comes up from beneath the belt and moves away from you bringing the groceries to
the cashier. The belt itself is like the new crust forming at the oceanic ridge. The
subduction zone is where the belt meets the counter top close to the cashier. This is
analogous to the oceanic crust colliding with another crust. The subduction zone is the

area where the conveyor belt goes below and disappears. This is analogous to a
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subducting oceanic crust beneath continental crust.

The third possibility of plate movement is laterally past each other. This is called
a transform boundary. This is occurring in the western United States with the Pacific
plate and the North American plates. The result of this is many earthquakes along the
San Andreas Fault in California. For purposes of this discussion I will focus on the first
two plate interactions: divergent and convergent margins.

Converging plates. This process is currently on-going in several areas on the

globe including the Alps involving the European and the African plates. There are three
types of plate combinations at converging plate margins. Two pieces of continental crust
coming together is called continental-continental convergence, two pieces of oceanic
crust coming together is called oceanic-oceanic convergence, and when an oceanic and a
continental plate are converging it is called oceanic-continental convergence.

Continental-continental convergence. What happens when two continental crusts

come together, and what are the resultant land forms? When two pieces of continental
crust come together usually neither will subduct (go beneath the other) because they are
of similar density. This compression results in the blocks of continental crust being
deformed, and over millions of years they rise to form mountains (fig. 1.5). This in fact
is how the Alps were formed. The continental crust of Africa was moving towards the
European continental crust of Europe since about 100 million years ago. This movement
continued until the two plates collided having consumed the oceanic crust that separated

them. As compression continued neither plate would go under the other. The only place
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Fig. 1.5. “Continental-Continental Convergence.” USGS. 1999. 11 Mar. 2009.
<http://pubs.usgs.gov/gip/dynamic/understanding.html>.

for the continents to go was upward. This resulted in folding and deforming huge rock
masses and began the mountain belt known as the Alps. Even today compression
between the two landmasses is continuing. You would be correct to draw the conclusion
that the Alps are still getting higher.

Oceanic-oceanic convergence. In cases when two tectonic plates of oceanic crust

are converging together it is called oceanic-oceanic convergence (fig. 1.6). In this case
one of the plates subducts under the other. The subducting plate bends downward, moves
to depth, melts, and the rising magma forms submarine volcanoes. Then over millions of
years the submarine volcano may grow above the ocean to form what is known as a
volcanic island. After several islands are formed they are collectively known as volcanic
island arcs. An example of a convergent plate boundary where two oceanic plates are
moving toward each other is the east side of the Philippine Oceanic Plate converging with
the west side of the Pacific Plate. The Pacific Oceanic Plate is subducting beneath the

Philippine Plate. The resultant landforms are many islands like the Philippines.
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Fig. 1.6. “Oceanic-Oceanic Plate Convergence.” USGS. 1999.11 Mar. 2009.
<http://pubs.usgs.gov/gip/dynamic/understanding.html>.

Oceanic-continental convergence. The last case of convergence is when an

oceanic and a continental plate converge (fig. 1.7). In this scenario the oceanic crust is
denser than the continental crust so it subducts under the continental plate. The wet
oceanic crust is assisted in its downward motion using water as a lubricant. Once again
the subducting plate melts forming volcanoes. A classic example of this is in the western
U.S. The Cascades Range of volcanoes including Mt. St. Helen’s are the result of the
Pacific oceanic Plate moving eastward towards the North American Plate and subducting
beneath it.

Diverging plates. Diverging plate boundaries are doing the opposite motion of

convergence, they move away from each other. This process creates oceans, a very
different kind of feature than the ones 1 just described. Figure eight shows four steps to
the progression of an oceanic opening. The process starts with rifting due to swelling of
the ocean basin because of heat rising from the mantle and continues with the production

of magma due to the decompression of the upper mantle figure 1.8 (step one). This
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Fig. 1.7. “Oceanic-Continental Plate Convergence.” USGS. 1999. 11 Mar. 20009.
<http://pubs.usgs.gov/gip/dynamic/understanding.html>.

process forms volcanoes and rift eruptions at the mid-ocean ridge. There are continuous
volcanoes on the ocean floor bisecting the Atlantic, Pacific and other Oceans around the
globe. These features are all below the sea except in one case. Iceland is a portion of the
mid Atlantic ridge that is exposed allowing scientists to study what is actually going on in
the submerged portions of the ridge (fig. 1.9). Figure 1.8, step 2 in the rifting process
creates normal faults and rift valleys. The crust moves away from the volcano. As it
moves away from the heat source it cools. In turn, more magma reaches the surface and
solidifies to fill in the gap and form new oceanic crust and the process continues figure
1.8, step 3. Eventually a deep rift valley is formed in an ocean figure 1.8, step 4. The
rock produced at spreading centers is called basalt. Figure 1.10 is a side view of this

process.
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Fig. 1.8. “Divergent Plate Boundary Sequence.” Moorland School. 15 Mar. 20009.
<http://www.moorlandschool.co.uk/earth/tectonic.htm>.

Over millions of years these processes, also known as sea floor spreading,
continue forming an ocean. Sea floor spreading is how the Atlantic and Pacific Oceans
were formed. It takes roughly 200 million years to form an ocean like the Atlantic. It is

hard to imagine the Atlantic Ocean at its early stage as a small inlet separating the
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Fig. 1.9. “Mid-Atlantic Ridge.” Wikipedia, The Free Encyclopedia. 26 May 2009, 22:37.
Wikimedia Foundation, Inc. 3 June 2009. < http://en.wikipedia.org/wiki/Mid-
Atlantic_Ridge>.

continents of Europe, Africa, and the Americas. The rates of plate motion average
between 2.5 cm/yr to more than 15 cm/yr. Just thinking about how long it would take to

form an ocean at 15 cm/yr (6 in/yr) gives us a sense of the vast period of time Earth

processes have been ongoing!

Fig. 1.10. “Mid-Ocean Ridge.” Wikipedia, The Free Encyclopedia. 15 Mar. 2009, 16:31.
Wikipedia, Foundation Inc. 15 Mar. 2009.
<http://en.wikipedia.org/wiki/Mid-ocean_ridge>.
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Faults and Earthquakes.

Faults and Earthquakes go together because at plate boundaries there are many
earthquakes due to plate motions. Faults are fractures of Earth’s crust along which

movement has occurred. An earthquake is the result of movement along a fault.

Fig. 1.11. “Normal Fault.” USGS Western Region East Surface Process Team. 2004.
15 Mar. 2009. < http://geomaps.wr.usgs.gov/parks/deform/gfaults.html>.

Faults are classified in terms of the direction of movement along the rock blocks.
There are three types of faults, normal, reverse, and strike-slip. Let’s begin with normal
faults (fig. 1.11). These occur in areas where crustal extension is taking place. | just
mentioned there are normal faults at rift zones. You can see in figure twelve that the left
side has moved down relative to the right. The block on the right is called the footwall
while the block on the left is the hanging wall. The name normal comes from the fact
that if we held the foot wall stationary gravity would cause the hanging wall to move
downwards. It moves in a manner you would normally expect.

Reverse faults behave just the opposite of normal faults (fig. 1.12). In this case
the left side or hanging wall of the block has moved up relative to the right side. Reverse

faults occur where the crust is shortened (pushed together) at convergent plate
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boundaries. A special type of reverse fault is a thrust fault where the angle of the fault

plane dips less than 45°. We have many of these in the Apennine Mountains of Italy.

Fig. 1.12. “Reverse Fault.” USGS Western Region East Surface Process Team. 2004.
15 Mar. 2009. <http://geomaps.wr.usgs.gov/parks/deform/gfaults.html>.

Finally, there are the strike-slip faults where the movement is different than
either the normal or the reverse faults (fig. 1.13). In this case, there is no sliding up or

down but there is a horizontal movement along the blocks. A prime example of this is

Fig. 1.13. “Strike-Slip Fault.” USGS Western Region East Surface Process Team. 2004.
15 Mar. 2009. <http://geomaps.wr.usgs.gov/parks/deform/gfaults.html>.

32


http://geomaps.wr.usgs.gov/parks/deform/greverse.html�

Fig. 1.14. “San Andreas Fault.” Wikipedia, The Free Encyclopedia.14 Mar. 2009, 20:57.
Wikimedia Foundation, Inc. 15 Mar. 2009.
<http://en.wikipedia.org/wiki/San_Andreas_Fault>.

the San Andreas fault in California. There, the North American plate is moving laterally
(grinding) past the Pacific Plate (fig. 1.14). The plate motions and faults are described in
a simple way; however in real life movement between plates may go on for many miles
and may not be so well defined. For example, there can be two large plates and a
microplate (a fragment of a plate) caught up in the deformation zone interacting in a
normal and strike-slip direction at various parts of the boundary. In the Mediterranean
region involving convergence of the African and Eurasian plates and Italy, there are
several microplates that play a role in the region’s evolution. Complex areas of the world
like these tend to exemplify complicated plate relationships, and this is reflected in the
geologic features and earthquake patterns.
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Most earthquakes correspond with plate boundaries where stresses accumulate as
plates interact. Plate motions cause stresses and strains to build up between the blocks.

At particular points the material cannot take any more stress and therefore it strains by

Fig. 1.15. “Earthquake Along a Reverse Fault.” USGS Western Region East Surface
Process Team. 2004. 15 Mar. 2009.
<http://geomaps.wr.usgs.gov/parks/deform/gfaults.html>.

suddenly releasing the energy resulting in earthquakes. Figure 1.15 is of an earthquake
along a reverse fault. The circles emanating from the quake are known as “P” and “S”
waves. They propagate from the earthquake through the Earth. The epicenter of an
earthquake is the point on Earth’s surface right above the focus of the earthquake. It is
where most of the energy is released and which experiences the most damage. Most
people are aware that earthquakes can be devastating depending on their magnitude (the
total energy released). Italy suffers from many earthquakes due to the tectonic boundary

interactions in the Mediterranean region.
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What on Earth is Earth Made of and What is a Rock?

Now that you have a general framework of Earth’s basic processes it’s time to
discuss the stuff Earth is made of, rocks. Earth is made of rocks and minerals and
geologists love them. They are the key to geologic exploration because they hold secrets
about the Earth’s past. 1’m sure everyone who reads this has picked up a rock at one
point or time in their lives. But did you know that a rock is comprised of one or more
minerals? Granite is a very common rock on Earth’s surface. It is composed of four
main minerals of potassium feldspar, lesser amounts of plagioclase feldspar, quartz, and
muscovite mica. Quartz is a very common mineral on Earth’s crust. Most beach sand is
made entirely of quartz. Chances are if you pick up a rock it will probably have quartz in
it. The three main categories of rocks are igneous, sedimentary, and metamorphic. | will
present each of these separately. The Italian landscape is dominated by sedimentary

rocks, but there are also igneous and metamorphic rocks in Italy.

Igneous rocks. Rocks are organized based on their origin. Igneous rocks are
formed when magma (molten rock), cools. When cooling takes place below the surface
they are called intrusive plutonic rocks, and when it takes place on the surface they are
called extrusive volcanic rocks. All magma is not of the same mineral composition.
Therefore, the type of rocks formed from a particular magma depends on several factors
including mineral composition of the magma, its texture or crystal size. The latter
depends on how fast the magma cools. This is just like making a chocolate cake depends
on using chocolate powder while making a vanilla cake depends on using vanilla. An

example of igneous extrusive rock found in Italy is tuff in figure 1.16. The word tuff
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Fig. 1.16. “Welded Tuff.” David Schumaker. 2001. Geology News. 15 Mar. 2009.
<http://geology.rockbandit.net/tag/photos/page/2>.

comes from the Italian word tufo. The rock is comprised of volcanic ash and glass; it is
also called an ignimbrite. It is the product of volcanic explosive activity. In fact, when
you look at it you can easily imagine it as consolidated ash and crystals because the

crystals are visible to the naked eye.

Tuff mounds are a result of volcanoes spewing into the atmosphere tons of loose
material including ash and lapilli (pea size particles) that settle on Earth’s surface and
solidify. With the passing of time and subsequent eruptions the volcanic tuff layers built
up. Over the centuries, Italian civilizations have built their towns on them and many
buildings all around Italy are made from ignimbrite. Tuff is found in Northern Italy, in
Tuscany, around Rome and in Southern Italy. Tuff is also used extensively as building
material because although it is rather soft it is also very strong. Some of the most scenic

and charming towns in Italy are perched on tuff deposits.
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Fig. 1.17. “Basalt.” Alden, Andrew. 2006. About.com. 22 Mar. 2009.
<http://geology.about.com/od/rocks/ig/igrockindex/rocpicbasalt.ntm>.

Another igneous rock is basalt. Unlike the tuff above, it is extruded as a flow
from volcanoes mostly at spreading centers but in crustal regions as well. Basalt is a hard
igneous grayish-black volcanic rock produced typically when the crust stretches initiating

the opening of an ocean (fig. 1.17).

Sedimentary Rocks. Another category of rocks is called sedimentary rocks.

These rocks originate not from volcanoes but as their name implies from sediments.
Sediment is weathered material that comes from preexisting rocks. What is weathering,

and how does it happen? All rocks on Earth’s surface undergo a process called
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weathering. They break down into their mineral constituents or they are chemically
changed with the passing of time, and the effects of water, and/or exposure to the
elements. It’s as though we could break down our previous cake example into its
constituents of flour, eggs, water, etc. Of course we can’t do it with a cake, but with
rocks through weathering processes it’s possible. Sometimes rivers will carry sediment
far from their source such as at the delta of a river. There they might be deposited layer
upon layer. Over the millennia a set of processes facilitated by the weight of the
sediments themselves and the presence of trapped water and other fluid material will

form sedimentary rocks.

Some sediments are formed by plants or animals. An example of such a
sedimentary rock in Italy which is found in great abundance is limestone (fig. 1.18).
Limestone is formed from the chemical alteration of the skeletal remains of tiny
organisms that swam in warm shallow seas millions of years ago. These organisms in the
sea secrete skeletal shells that fall to the bottom of the ocean floor when the organisms
die. The main constituent of limestone is a mineral called calcite. Limestone is called
calcium carbonate. Sounds close to calcium right? That’s because it’s actually calcium
and salt combined. These are both crucial constituents to the development of most living
organisms, particularly for humans. Our bones are made of calcium phosphate.
Limestone has many uses: for example, it is a major component in making of cement, as
building stone, and it is also chalk used in classrooms. Who could ever imagine that your
grade school teacher was able to write on the chalkboard because of the existence of

these tiny organisms on the sea floor millions of years before humans ever inhabited the
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Fig. 1.18. “Limestone.” Wikipedia, The Free Encyclopedia. 1 Mar. 2008, 4:08.
Wikimedia Foundation, Inc. 16 Mar. 2009. <http://en.wikipedia.org/wiki/Limestone.>

Earth?

The Apennine Mountains of Italy are dominated by limestone. When geologists
see these rocks in the field they can be sure that the paleoenvironment was one of a warm
shallow sea, similar to the type of seas in today’s Bahamas. How do we know these
things? We revisit James’s Hutton’s theory of uniformatarianism. This law allows us to
find examples where limestone is forming today, and reason that the limestone we find
today in the Apennines must have come from a similar environment, and presumably by
similar processes. Hutton’s principle is very powerful in helping us piece together clues
about Earth’s history so that we can understand Earth processes ongoing today. Another
question is why is the limestone, remnants of warm shallow seas, found on top of a

mountain today? This is a result of plate interactions discussed earlier such as subduction
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and compression that are responsible for both burying rocks and raising them to great
heights, although there can be other contributing processes. A discussion about how the
Apennines were raised will follow in later sections.

A special type of limestone very abundant in Italy is called travertine (fig. 1.19).
Travertine is a rock that is made through a chemical process and is used extensively in

Italy as building material. The story of travertine begins with the fact that Italy has an

Fig. 1.19. “Travertine in 400 Year Old Building in Rome.” Wikipedia, The Free
Encyclopedia. 3 Mar. 2009, 6:51. Wikimedia Foundation, Inc. 22 Mar. 2009.
<http://en.wikipedia.org/wiki/Travertine>.

abundance of limestone from ancient basins that closed millions if years ago. When
groundwater makes contact with limestone, a chemical reaction takes place that causes
the limestone to dissolve releasing the carbon dioxide (CO,) as gas into the atmosphere
much like opening a bottle of soda releases gas. The calcium then recrystallizes forming
the travertine. Living biotic organisms such as moss, algae and cyanobacteria can
become incorporated into the travertine as it continues to form and increase in size. Itisa
porous material as can be seen in the picture above making it relatively light in weight as
compared to other rocks.
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Metamorphic Rocks. The last category of rocks is called metamorphic. This is
from the Greek word meta = change and morphosis = form. It means to transform the
character, function, condition or appearance of something. In a biologic sense when a
tadpole becomes a frog we call that process metamorphosis. In a geologic context certain
types of rocks such as sedimentary can change form and become metamorphic rocks.
How do rocks change form? Rocks are often subjected to burial deep into the Earth’s
crust as a result of tectonic plate interactions. This could occur at a subduction plate
boundary as the subducting plate moves to greater depths. Often when rocks are buried
they are subjected to tremendous pressures and temperatures. Sometimes the result is
that rocks will melt, becoming magma and mixing in with the mantle material. Other
times the rocks may be subjected to just enough heat and pressure to undergo a
transformation. During metamorphism the minerals in the rock deform and recrystallize
in response to pressure and temperature to form other minerals. The resulting rock takes

another form becoming a different rock altogether.

An example of rock metamorphosis is what can happen to limestone. When it is
subjected to burial accompanied by the right pressures and temperatures it becomes
something you’re probably familiar with: marble. There is an abundance of marble in
Italy, and it is used frequently as building material. Some of the most beautiful marble in
the world is Italian. Many statues are made of marble and the interior of buildings are
often decorated with marble in Italy. If we stop and reflect for a moment we realize there
is a strong connection between geology and culture in what I’ve just said. Even Michael

Angelo’s famous marble statute of David owes its very existence to the skeletal remains
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of tiny organisms and the plate tectonic processes that transformed them into marble.
Moreover, did the marble as a material with specific hardness and fracture tendency lend
itself to the sculpting processes that resulted in such a life like figure? I’ll leave this
question for pondering, but it is an alternative way to contemplate Italian statues. |
believe there may also be a connection between the type of building material and the art

forms of a culture.

The fact that there are an abundance of marble works in Italy is reflective of the
fact that the material is readily available and plentiful. We see a similar connection
between building material and culture in other parts of the world besides Italy. One of
the simplest ways to see this is to look at the type of building material used for houses in
different countries. For example, if you see stone dwellings chances are that’s the readily
available material. Similarly, if you see brick dwellings, chances are there’s plentiful

clay in the region. People generally use the material available to them.

All About Volcanoes.

Let’s turn our attention now to volcanoes and learn how they fit into Earth’s
processes. | mentioned volcanoes already in the plate tectonics section. In this section
I’ll define the main types of volcanoes, why and where they exist. Volcanoes are an
important component to this work about Italy because Italy has many. This is not a well
known fact. Figure 1.20 is a map of the major volcanoes in Italy. There are several more

that are not active, therefore they are not noted on the map.
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Some mountains are made of deformed rock layers and have nothing to do with
volcanoes. They are a product of folding and thrusting of Earth’s crust causing it to
buckle, fold and deform as compressional forces are exerted upon it. Other mountains
are volcanoes because they are formed as a result of volcanic material that comes from
conduits or channels within the Earth where it is extruded onto the surface. In general
when observing a mountain it’s more likely to be a volcano if it’s more of an isolated
feature as opposed to a chain of aligned mountain ranges though there are some

exceptions to this rule.

It is appropriate to note that the word *“volcano” is of Italian origin and comes from the
word Vulcan the Roman god of fire. There are three main types of volcanoes: shield
volcanoes, composite volcanoes, and cinder cones. They are categorized based on their
eruptive pattern and general form. In a prior section I covered the interactions between
Earth’s plates and the types of tectonic boundaries. Volcanoes are formed at tectonic
plate boundaries whether plates are converging or rifting. The melting crust magma is
lighter than the material surrounding it, therefore it begins to rise through the Earth,
forming conduits called vents and fissures that lead onto Earth’s surface. The contents of
an eruption are called magma while inside the volcano, but once the magma erupts onto

the surface it is referred to as lava.

Some volcanoes are characterized by a crater at their summit. Calderas are much
larger than craters. A collapsed caldera forms after a volcanic eruption due to the fact
that the eruption blows out a large volume of material leaving behind a void that has no
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Major Volcanoes of Italy
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Fig. 1.20. * Map of Major Volcanoes in Italy.” USGS. 2000. 2 June 2009.
<http://vulcan.wr.usgs.gov/Volcanoes/Italy/description_italy_volcanics.html>. From
Tom Simkin and Lee Siebert. Volcanoes of the World. Geoscience: Tucson, 1994.

support and it collapses. In figure 1.21 the steps of a volcanic caldera’s evolution are

numbered. If you’ve ever boiled oats or cream of wheat you’ve watched a similar

process take place as each bubble rises beneath the oats, bursts, and collapses, forming a

concave depression. In time calderas can become lakes like several located near Rome.
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Fig. 1.21. “How Calderas Form.” Steven Dutch. University of Wisconsin-Green Bay.
2007. 22 Mar. 2009. <http://www.uwgb.edu/DutchS/EarthSC202Notes/igneous.htm>.

Shield volcanoes. As their name implies these volcanoes are shaped like a

warrior’s shield (the curved side up) or the shape of a turtle’s shell (fig. 1.22). Hawaiian
volcanoes are shield type as is Italy’s Mt. Etna in Sicily. Shield volcanoes have effusive
mafic type lava. Mafic lava has a composition that allows it to flow slowly with little
explosive activity, forming a layer over the expanse of the volcano. Think of maple
syrup flowing over a stack of pancakes. An effusive type eruption is an outpouring of
lava onto the surface as opposed to violent explosive eruption. One reason for the low

explosive nature of these volcanoes is because the lava is fluid, allowing gasses to escape
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Fig. 1.22. “Shield Volcano.” USGS. 1997. 17 Mar. 2009.
<http://pubs.usgs.gov/gip/volc/nature.html>.

slowly. Due to the slow nature of these eruptions they are not usually a hazard to humans
since they often allow plenty of time for humans to clear the area. We don’t hear of
people dying in Hawaii due of volcanic eruptions even though Kilauea has been erupting

continuously since 1983.

Composite volcanoes. On the opposite spectrum we have composite volcanoes.

They are shaped very differently than shield volcanoes. They are shaped like a cone with
steep sides (fig. 1.23). Composite volcanoes erupt two types of material: pyroclastic
flows (explosive ejecta) and lava flows. The different types of flows create alternating
layers along the flanks of the volcano. Think of Mount St. Helen’s or its Italian
counterpart Mt. Vesuvius. The eruption of Mount St. Helen’s in 1980 was a pyroclastic
one. Similarly, the eruption of Mt. Vesuvius in Italy in 79 AD was also a pyroclastic

flow. Pyroclastic eruptions of composite volcanoes are violent, explosive, and happen
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Fig. 1.23. “Composite Volcano.” USGS. 1997. 17 Mar. 2009.
<http://pubs.usgs.gov/gip/volc/nature.html>.

quickly, posing a great danger to humans. It is similar to what happens when you open a
bottle of soda that has been shaken. Both of these volcanoes have also had a history of

erupting quieter lava flows.

Cinder Cones. Lastly, there are volcanoes known as cinder cones. These are very
steep conical shape volcanoes composed of cinders (fig. 1.24). They often have a bowl-
shaped crater at the summit. The cinders are ejected into the atmosphere and fall back
onto the volcano’s flanks together wit