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Metamorphic Rocks

Metamorphic rocks are the third category of rocks. It seems
logical to explain them last because they develop from other
sedimentary, igneous, and even metamorphic rocks. Meta-
morphic rocks result when minerals in rocks are exposed to
heat and pressure, or hydrothermal solutions of mineral-rich
steam. In most cases, heat and pressure cause the mineral
atoms of existing rocks to rearrange, sometimes even producing
different minerals. In other cases, new chemical elements are
brought by very hot steam moving through existing rock, which
can alter the minerals in the rock to form new minerals.
Hydrothermal solutions often associated with metamorphic
processes penetrate surrounding rocks forming many of the
ore deposits found in the world.

Metamorphic rocks can be formed by contact with magma,
by heat and pressure associated with burial of sediments, or
by squeezing forces. Foliated, or layered, metamorphic rocks
generally form from existing rocks that have many different
mineral grains. For example, during metamorphisim, shale (a
sedimentary rock consisting of very tiny grains, including both
the primary sediment as well as grains of other minerals) can
reform into larger grains of the former minerals, giving the
rock a layered appearance. Depending on the degree of meta-
morphism, shale may be altered to form slate, schist, or gneiss,
all of which exhibit foliation but varying grain sizes. Even
igneous rocks can be altered by metamorphic conditions.
Granite is believed to form gneiss when exposed to metamor-
phic conditions.

Nonfoliated metamorphic rocks commonly form from
mononunerals—rocks largely coinposed of one mineral—that
are exposed to metamorphism. Limestone, which is largely
composed of calcite, becomes marble when exposed to
metamorphic conditions of heat and pressure. Sandstone,
composed of quartz with some feldspar, will be metamor-
phosed to form quartzite.

The word metamorphic means to change form.Think
of metamorphic rocks as rocks that have changed or
formed with heat and pressure from another rock.
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isting of common rocks and minerals, and where to find them

_RockorMinersl = CommonName Where to Obtain Them

Limestone Road aggregate or chat  Building supply store
Volcanic scoria or pumice Lava rock Landscaping supplies
Marble Marble chips Landscaping supplies

]

Use this chart to get started on requirement 3a of the mineral resources option.
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Everyday Uses of Rocks

Some geologists use rocks and minerals to give them clues
about earth processes and about the history of Earth. Other
geologists study rocks and minerals to find new ways to
use them.

Almost every city has a nearby source of earth materials
used in manufacturing, construction, energy production, agri-
culture, and even recreation. A rock quarry or sand-and-gravel
operation produces materials for construction of roads or
buildings. Can you think of one you have seen? Crushed lime-
stone is the most commonly mined or quarried material in the
United States. Millions of tons of limestone are used each vear
in the manufacturing of cement or crushed rock called aggre-
gate. This aggregate is used in road concrete, highway asphait,
and even loose gravel for driveways and roads. Other mining
operations range from coal, gypsum, ore, and salt, to oil pro-
duction and fertilizer manufacturing. Mining or mineral extrac-
tion is found throughout the United States.

If you examine where you live, your home, the sidewalks
and roads, your school, your place of worship, Scout camp,
sports fields, even silverware, nearly everything around you is
a product of mining or contains products derived from mining.
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Using relative dating, the geologist knows rock in layer C is older than layer B but
younger than layer D.
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GEOLOGY

Scientists also use absolute dating to compare and confirm
their relative dating methods. Absolute dating is measured by
calculating the radioactive decay, or degeneration of an element’s
atomic structure through time, as they phase from one element
form (isotope) to another (like potassium to argon, uranium to
lead, or the different isotopes of carbon). Using sophisticated
laboratorv equipment, scientists can estimate an element’s
half-life—the time needed for half of a sample to decay by
losing atomic particles.
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Geologic Time Scale Theory

Era

Period
and Approximate

Duration Characteristic Life

Cenozoic

Quarternary

(1 million years) &\\t

Recent
Pleistocene

Tertiary
(64 million years)

Miocene
Oligocene
FEocene
Paliocene -#!

Mesozoic

Cretaceous
(70 million years)

Jurassic
{45 million years}

Triassic

(50 million years) NM\\ -

o
By

Py

Paleozoic

Permian
(55 million years)

Pennsylvanian
(30 million years)

(35 million years)

Devonian
(55 million years)

Silurian
{20 million years)

Ordovician
(75 mitlion years)

Cambrian
(100 million years)

Precambrian Time

Proterozoic Era

)

Archeozoic Era
(3.2 billion years)

Approximate age of Earth: more than 4 b:

n 600 million years

GEOLOGY
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Fossils act like
time machines
for geologists,
allowing them a

peek into the past.

82 GEOLOGY

For example, today sharks live in the ocean. Shark teeth
are distinctive, not like vour teeth or the teeth of other mam-
mals. When paleontologists find a shark tooth in a rock layer,
they knew that the rock layer was deposited on an ocean tloor.
As palecntologists study the rock layer that held the shark
tooth. they may find more fossils and gather other geologic
informazion. Together the fossils and other information allow
the paleontologists to piece together an idea of the ocean
the sharx lived in. Also based on the size of the fossil tooth
compared to today’s shark teeth, the paleontologist can
closely estimate the shark’s size.

What other animals lived there? Was the water deep or
shallow: Was the bottom sandy or was it a hard reef made of
coral? If this was the ocean, where was the land? You can’t
go back in time, but you can use your knowledge of modern
oceans and modern life, with vour knowledge of fossils, to
compare ancient times with the present.

What makes an animal or plant turn into a fossil? If you
are at summer camp and a raccoon dies near your tent, it
probably won't turn into a fossil. As it lies on the ground,
vultures, beetles, flies, and other scavengers eat it. Even the
bones are destroyed. By the time you return to camp the next
summer, no trace of that raccoon will remain. It will never
become a fossil.

The key for any animal or plant to become a fossil is that it
must be buried soon after death. If a raccoon falls into a stream
or river. the river sands or mud will bury it quickly. Even if
the soft tissues of the animal are decayed, its bones may be
preserved and the layers of sand and mud covering the bones
protect it from being destroyed. Unfortunately, animals that
live on land have a poor chance of becoming fossils. There
are verv few situations where they are quickly buried. There
are places where animals have been buried in a river, as at
Dinosaur National Monument in Utah, or in a tar pit, as at
La Brea Tar Pits in Los Angeles. However, these places are
not common.

Only a fraction of plants and animals die and fall in a
place with the right conditions for fossils to form. Yet
even with the low chance of becoming a fossil there
are billions of fossils in the world, from big dinosaur
bones to tiny microfossils.
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Make a fossil with plaster of paris. Find an animal footprint in soft mud.
Pour plaster of paris over the footprint. When it hardens lift your “fossil”
out of the mud. This may be a part of a Scout nature study. Make a plant
fossil by pouring plaster of paris in a disposable tray, like an aluminum
baking tin, and then press a fern or other leaf into it.

GEOLOGY

Life Through Time in the Fossil Record

The fossil record suggests that life has changed through time.
You may find that none of the species in the fossils you collect
are alive today. Many plants and animals may have developed
and thrived under a specific set of environmental conditions.
This set of conditions is a paleoenvironment. When conditions
change the plant or animal is no longer able to compete for
food and dies off. If the conditions change across a wide enough
area the plant or animal may become extinct. One circumstance
that could have caused extinctions occurred during a time
when freezing temperatures killed plants. When plants die,
plant-eating animals starve and also die. The plant and animal
species alive today are only a fraction of all the species that
have been alive during Earth’s history.
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The fossil record suggests, despite what many people think, that all
dinosaurs did not live at the same time. The familiar Apatosaurus (for-
merly calied Brontosaurus) lived in the Late Jurassic period, which
many scientists believe ended about 140 million years ago.
Tyrannosaurus rex lived during the Late Cretaceous period, which these
scientists theorize ended about 70 million years ago. Accordingly, they
believe the last of the tyrannosaurs lived about 70 million years after
the extinction of Apatosaurus. In theory, there are as many years sepa-
rating Apatosaurus from Tyrannosaurus as the number of years
between Tyrannosaurus and you.

GEOLOGY

The final era is the Cenozoic Fra, which started at the
end of the Mesozoic and continues through today. The word
Cenozoic means recent life. The last 1.5 million years of the
Cenozoic Era include a distinctive paleoenvironmental feature,
known as the Ice Age. Scientists believe it was a time when
periods of extremely cold climate allowed the widespread
development of glaciers in the Northern Hemisphere (the north
half of the planet Earth). In North America, widespread sheets
of ice, measuring hundreds or thousands of miles across,
spread southward from the North Pole and filled the continent
from the Appalachian Mountains in the east to the Rocky
Mountains in the west. These sheets of ice extended as far
south as Kansas and the ice measured more than a mile thick
in some places. See the section in this pamphlet about glaciers.

According to theory, during this 1ce Age, many plants
and animals adapted to the new living conditions. Mammoths
and mastadons were common in North America and may have
been hunted for food. The climate south of the ice sheets was
rainy, and insects thrived. Bats and birds thrived by eating the
abundance of insects, and may have grown much larger than
they are today.

Interpreting the Past With Fossils

Every animal and plant species tends to be found within the
habitat in which they are best adapted to survive. Environ-
mental conditions vary from one habitat to the next. For exam-
ple, the forest floor of a tropical rainforest is usually humid from
frequent rain and has little sunlight. Many smaller plants grow
thickly and cover the forest floor. A plant adapted to survive
on a rainforest floor might not be able to survive at all in an
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Littoral animals live along the
shore line bounded by the levels of high
and low tide. This is called the intertidal

zone. Tide pools are littoral environments
where they are under water and out of water part
of the time.
Not all animals that live in water live in the
ocean. Those living in rivers live in a fluvial
environment, and animals living in lakes live in
a lacustrine environment.
Because animals tend to live in very spe-
cific environments, their fossil remains give us
a lot of information about the history of the area.
A coral reef tends to create a barrier between the shore and
the open sea, so frequently a quiet water lagoon is located
between the reef and the shore. Knowing this geologists can
predict in which direction rocks will be deposited in the open
ocean, versus rocks onshore. This will enable geologists to
draw a paleogeographic map, or a map showing the ancient
geography at the time of sediment deposition.

Suppose you discover fossils of animals that lived in the
ocean near your home. This suggests that the ocean once
extended over the land where you now live. Perhaps you might
find marine fossils from animals that lived in tropical waters.
This suggests that when the fossilized animals were alive your
home’s climate was warmer.

Field Trips Are for Learning About Geology

Geologists love to take field trips to see rock collections. A
museum or university geology department is the best place to
see how professional geologists organize and categorize their
collections, especially when these collections are used to
educate students or the general public.

To complete the requirements for the earth history option,
each Scout is encouraged to visit a museum or university
geology department. Remember to call ahead and make an
appointment with a curator or professor so that person can
set aside enough time to properly show the fossil and mineral
collections. The people who work in such places enjoy having
the public visit and most will happily take time for you. Be
sure to ask questions and have them show you how they clean
and prepare a freshly discovered fossil for display.



68

ADO103D

‘1019SUNOD INOA [Im SUol
-BAISSQO INOA SSNISIP PUE Y00(Q3l0U INOA Ul $1y3noyl oL
SMIAL "JUSWUOIIAUS JUSIDUE Y] 01 aN[D B ST duasald A1aa
II3) puP SJUWUOIIAUS03[Pd JO SPUTY UIPLIID Ul JAl} S[PWIUP
pue sjuepd Jo SpUTY UIPIAD 1P} 1IDQUWISWAI OS]y "Yoraq 10
WL3IIS B Ul SP *JUSLIND P S] 313] AI3UM INID0 SJUIWIPSS
19S1P0D SPAIAM ‘ISJEM IQWIED Ul INJD0 SIUSWIPAS Pauleld
19Uy 1PY) JaqUIaWSY $3001 asayl 1e Junjoo] woyy uonisodap
JO JudWUOIIAU03(ed 1) 9QUIDSIP NOA UP) “|1PIAP 191pald Ul
spiss0] aa1asald djay sute1d 1aurg -as1e0d J10W 10 Juy A1dA ale
sureld 3201 3} 19IdYM A1ISQO PUP *(AUOISIWIL] 10 JUOIS
-pues 11 s1) S[ISSOJ 843 Sureiuod eyl yool jo adAl ayy aal1asqQ g

"9A19SQ0 NOA 3s]9 BuryiAue pue [1ssoj ayl jo suondrosap
Ualilim yim joogqslou InoA ojur sojoyd adel pue wsy)
ydei3ojoyd 10 joogalou IMOA Ul s[1ss0j ulp[INg 3yl YoI1ays ‘I

'$3lIs SIp [1SSOJ YI[ WAy} 1eaq) pue sguIping
3SAY1 NSIA 'S9U0IS BUIP[ING Sb SHO01 SNOIJI[ISSO] pasn eyl sgul
-prng [e20[ JO $3sSaAIPpe apiaold 03 3[qe aq Abtu 10[3SUNOD INOA
‘AQIeau jusuntedap AJISISAIUN 10 WNISNW B JOU ST I3 J]

aaepang
penIavLy
sybeg oyl






16 A901039

"ABojoab ul
$8s1n09 aba|joo
alow 10 0M] 10
‘looyas ybiy ui
854N09 89UBI0S
yues ue axe}
ABojoab 1noge

alo0W uied| of

“S[RISUIW 19110 $sapiunod pur prod 1addod ‘alo
uoIl ‘[P0 ‘SPS PUP [I0 9] ‘$32IN0S3al [BINIRU Jo uondnpold ay)
lo/pur Jo uoneojdxa ay ur paA[oAUl a1 $)S180[0a8 AUPW

-Buisde((od moyim J[Ing 9Q Ued s[@uun) alaym

10 ‘SUOTIPPUNOJ PI[OS SAPY [[Im SBUIP|INQ 1aym “A[a1es 1[INq 3¢

Aew s1a1d pue sjusunnge IZprLiq alaym ‘Wep e prng ol alaym

ISIAPP $133UBUS [BII30[035) 1IN0 U JOU [[IM NOL 0S 3sn 01

yonuw oy uepd ues pue punosdispun slem puy day 181301093
-OIPAH "$32101]) 1931e) AUPWL M P[BY oplm b ST £30[099

‘Aep A19Ad

ISN NOA SZULYT SYI INPLU O Pasn aIp 1Py} WO} WO S[plauil
A1 JI3M PUE ‘B3IS 3} 0} AbMm SIT UO SAPMIP SI PUP[ 3] JO

1ed moy Jarem pue ‘sed ‘10 ALIRD pUe D0l PIOS P aq [[IM
Abpallos pues moy ‘pues ANQUISIP PUp 1108 1joPaq P U0 SIAPA
Y} MOY ‘PaULIO} SAI[[eA PUP S[[IY ) MO pue Aym mouy

NOA JE unj 210W St 3ALP 10 Y[eam Y "SUNSIIIIUL 310W UIAD (1T
saELW A30[0a3 JO adpajmouy "Y1ILF N0 1IN0 AI0W Uiea] O)
pood s1 11 ‘A30[033 UL 19aI8D P UJ PIIsaI3IUL 10U 3Ie NOA JI U3

A301099) Ul S1931P))



92

GEOLOGY

A professional geologist must earn at least a four-vear
college degree (bachelor’s degree) in geology, geophysics,
environmental geology. or geological engineering. In many
fields a master’s degree (two vears bevond a bachelor's degree)
may be necessary. To teach at a college or university, or to do
researcl, a doctorate is required (three to seven years beyond
a bache.or’s degree).

Aside from geology courses, all geologists should take
fundamental science courses such as chemistry and physics,
and also mathematics. Some fields will require specialized
courses. Writing skills are always important, as geotogists must
write reports about their discoveries and tell others what they
have found. Virtually all geologists use computers extensively
in their work.

Geology is fun. Geologists enjoy their profession and like
the challenge and adventure. Geologists were the first environ-
mentalists. They enjoy working outdoors and in out-of-the-way
places that are hard to reach and where it is difficult to live,
Geologists like to solve puzzles and like to grapple with geo-
logical problems, using evidence you may—or may not—be
able to see.

For more information on careers in geology, or to
find what schools offer geology or geology related
degrees, contact the American Geological Institute.
Many professional societies also have career infor-
mation. See the resources section at the end of
this pamphlet.
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Geology Resources

Scouting Literature

Archaeology, Chemistry, Collections, Drafting, Energy,

Engineering, Environmental Science, Landseape Architecture,
Nuclear Science, Oceanography, Orienteering, Soil and Water
Conservation, Surveying and Weather merit badge pamphlets

Books

Altman. Linda Jacobs. The California Gold Rush in American
History. Enslow Publishers Inc., 1997,

Dixon, Dougal. The Practical Geologist. Simon & Schuster
Inc., 1992,

Erickson, Jon. Historical Geology. Facts On File Inc. 2002.

Gaines, R., H. Skinner, E. Foord, B. Mason, and A. Rosenzweig.
Dana’s New Mineralogy. Wiley-Interscience, 1997.

Hyne, Norman J., Ph.D. Nontechnical Guide to Petroleum
Geology, Exploration, Drilling, and Production. PennWell
Corp., 2001.

Johnson, Carl. Fire on the Mountain. Chronicle Books, 1994.

Lamb, Simon, and David Sington. Earth Story: The Forces That
Have Shaped Our Planet. Princeton University Press, 1998.

Lambert, David, and the Diagram Group. The Field Guide to
Geology. Facts On File, 1998,

Luhr, James F, editor-in-chief. Earth. DK Publishing, 2003.

Pough, Frederick H. Rocks and Minerals. Houghton Mifflin
Co., 1996.

Stalker, Geoffrey, project editor. The Visual Dictionary of the
Earth. DK Publishing, 1995.

Redfern, Martin. Planer Earth. Kingfisher Publications, 1999.
Symes, R. F. Rocks and Minerals. DK Publishing, 2004.
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