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Crystallography—-Crystallography is
the study of the internal (for exam-
ple, atomic structures) and external
geometry of crystals. Crystallogra-
phers study the growth, shape, and
geometric characteristics of crystals.

Physical mineralogy—Physical min-
eralogy is the study of the physical
properties of minerals.

Chemical mineralogy—Chemical min-
eralogy i1s the study of the chemical
properties and structures of minerals.

What is some of the history behind
the study of minerals?

The Greeks were one of the first to write
about minerals as early as 300 B.C.E. But,
as with so many other scientific disci-
plines, after the fall of the Greek and
Roman empires, there was a huge gap
before minerals were studied again. It took

A freshly washed crystal found at the Colemans

Crystal mine near Hot Springs, Arkansas. People from _ .
around the country come to the area to dig in the until the mid-1500s—when the German

mines for the popular crystal. APWide World Photos. phyﬁi{:ian GEDngUS ﬁgl’iﬂﬂl a (1494-1555)

focused his writings on minerals and min-
ing lore before mineralogy once again came under scientific scrutiny. Agricola is often
thought of as the person who built the foundation for mineralogy as a science.

By 1669, Danish scientist Nicolas Steno (1638-1686) had demonstrated that
angles between crystal faces of certain minerals were always similar, an observation
known as Steno’s law. In 1768, Carolus Linnaeus (1707-1778), also known as Carl
von Linné, presented one of the first classifications of minerals based on their
external forms. (Linnaeus was also responsible for one of the first comprehensive
classifications of living organisms). Around the mid-19th century, crystallography
rapidly developed, with German scientist Johann Friedrick Christian Hessel's
(1796-1872) discovery that certain geometric conditions restrict the number of
crystal classes to exactly 32, and only two-, three-, four-, and six-fold axes of rota-
tion symmetry in minerals are possible (for more information about mineral axes,
see below).

From that time on, technology improved our knowledge of minerals. For exam-
ple, the invention of the polarizing microscope in 1870 and the discovery of X-rays in
1895, along with the first crystal structure determined by 1913, all increased our
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Bladed—These minerals are usually broad and flat. They are called bladed
because they resemble a knife blade. Gypsum is an example of a bladed crys-
tal.

Dendritic—These minerals have a dendritic (fingerlike or treelike) branching
pattern. An example is the mineral copper.

FEquant or equidimensional—These minerals are approximately the same
diameter in ever direction. Garnets are often seen as equant crystals.

Fibrous—These minerals resemble long fibers that are often easy to pull off
like threads. Serpentine is a good example of this mineral habit.

Prismatic—These minerals are elongated in one direction. Good examples are
tourmaline and manganite crystals.

Striated—These minerals have evidence of striations (parallel grooves) on the
crystal face. Pyrite crystals often exhibit striation.

Tabular—These minerals exhibit thick, flat plates of crystals. Good examples
are orange, tabular plates of wulfenite.

Scientists don't use just a single crystalline habit to identify minerals. They also
use aggregates of crystals, or a collection of crystals that form together in a “habit.”
For example, some crystals form outward in a wagon wheel-spoke type of pattern
internally, while outwardly the crystal aggregate may be rounded and nodular. Such a
collection of crystals resembles a bunch of grapes—called botryoidal—and includes
the minerals hematite and psilomelene. Larger and more rounded shapes are called
mamillated, and include chalcedony (a form of quartz) and goethite. Mineral aggre-
gates that form flat sheets easily separated like pages of a book are said to be foliated—
for example, the mineral muscovite mica.

What is the softest crystal?

The softest crystal is the same as the softest mineral—talc. While most talc is com-
monly found in granular or fibrous chunks, it also is found (though rarely) in crys-
talline form (it belongs to the monoclinic crystal system).

How is talc used’

Talc is used in many ways because of its softness and “perfect” cleavage in one direc-
tion, For example, it is used as a lubricant (where there is not too much pressure or
stress), as so-called talcum powder, and for use in cosmetics. Some impurities in cer-
tain varieties of talc cause a more slippery, greasy feel to the stone, and is therefore
called “soapstone.” Often found in large masses, some soapstone is much “stronger”
thanks to impurities, and it is used for woodstoves or in carving (although a statue of
talc 1s much more fragile than marble).
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This cushion-shaped 200-carat “ultimate blue” sapphire is worth more than a quarter of a million dollars.
AP/Wide World Photos.

Opal—In France, opals are said to bring bad luck; in English-speaking coun-
tries, it brings good luck. Overall, opal helps to uncover buried emotions and
symbolizes confidence, purity, and serenity. It also is thought by some cul-
tures to cause tempers to flare and fits of passion, while others believe it helps
the wearer to reach the highest spiritual levels and increase internal vision.

Turquoise—Turquoise has been found in ancient Egyptian tombs. Native
Americans also placed the stones in tombs to guard the dead, while warriors
tied the gem to their bow to ensure an accurate shot. Its attributes include
the gaining of money, love, protection, healing, courage, friendship, and luck,
and it eases mental tension.

Pear{—Pearls are actually organic gemstones, the natural ones forming in
the shells of oysters on the ocean bed. Because pearls have been known for
centuries, there is a great deal of folklore surrounding these gems: An ancient
Chinese myth included pearls falling from the sky when dragons fought; the
Greeks believed that wearing pearls promoted marital bliss. Overall, pearls are
thought to give wisdom through experience, protect children, and to hold
together engagements and love relationships. Even cultured pearls (those
caused by human interference when a foreign tissue is inserted into a live oys-
ter shell) have certain traditional influences: They are thought to offer the
102 power of love, money, protection, and luck.
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orthoclase), quartz (a glassy mineral), mica (sparkling as blackish flakes), and
traces of other minerals, such as iron ore. Granites can differ, depending on
the chemical nature of the feldspars. For example, a feldspar rich in potassi-
um tends to give the granite more of a white color; a feldspar rich in sodium
and calcium would give the rock a pinkish color. (Feldspars, incidentally, rep-
resent 60 percent of the Earth’s crust.) If the entire continental crust were
melted down, mixed, and cooled, the resulting rock would be granite. Two
famous landmarks made of granite are El Capitan in Yosemite National Park
and the Mt. Rushmore carvings of four presidents in South Dakota.

Basalt—Basalts are fine-grained, extrusive igneous rocks that form from lava
flows. They are made up of olivine, pyroxene, and some feldspar, mica, and
apatite. Most basalts have a ropy texture on the outside and have a brittle, cin-
der-like interior. They include aa and pahoehoe lavas, as well as volcanic
bombs. (For more information about volcanic materials, see “Volcanic Erup-
tions”). Many basalts also contain minute bubble holes (called vesicular
basalt), in which gases failed to escape before the lava solidified; if the basalts
are millions of years old, these holes may be filled with minerals such as cal-
cite. Some of the best places to see basalt include the Hawaiian Islands, Ice-
land, and the Galapagos Islands. One of the largest ancient basalt flows known
(except those on the Moon) were created in west-central India about 65 mil-
lion vears ago: The Deccan Traps covers more than 250,000 square miles
(650,000 square kilometers) and is more than 6,500 feet (more than 2,000
meters) thick.

Rhyolite—Rhyolite is an extrusive volcanic igneous rock related to granite. It
has the same minerals as granite, but the grains are much smaller. The
majority of these rocks are formed in lava flows.

Diorite—Diorite contains equal amounts of dark and light minerals, giving it
what is called a salt-and-pepper appearance. The minerals are mostly plagio-
clase feldspar and hornblende; biotite and quartz may also be present. It is
often found in dikes (dykes).

Andesite—Andesite is also related to granite and is named after the Andes
Mountains in South America, where it was first studied. It has the same min-
erals as granite, but contains less silica and no quartz.

Pumice—Pumice forms when lava cools too fast to allow gases to escape, cre-
ating a rock filled with holes. If the rock is a light color, it is called pumice; if
it is darker, it is called scoria. Pumice is known for its ability to float.

Gabbro—Gabbro is a coarse-grained, dark rock often used as building materi-
al. The coarse-grained minerals include mostly plagioclase feldspar and
quartz; it is usually found in sills and dikes.















































































































Death Valley National Park, California and Nevada

Delaware Water Gap National Recreation Area, Pennsylvania and New Jersey
Dinosaur National Monument, Colorado and Utah

Florissant Fossil Beds National Monument, Colorado

Fossil Butte National Monument, Wyoming

Grand Canyon National Recreation Area, Arizona and Utah
Grand Canyon National Park, Arizona

Guadeloupe Mountains National Park, New Mexico and Texas
Hagerman Fossil Beds National Monument, Idaho

John Day Fossil Beds National Monument, Oregon

Petrified Forest National Park, Arizona

Theodore Roosevelt National Park, North Dakota
Yellowstone National Park, Montana, Idaho and Wyoming
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The Trans-Alaska Oil Pipeline snakes across the Alaska tundra under the Brooks Range about 150 miles from
Prodhoe Bay, Alaska, carrving crude oil about 800 mile to Valdez, Alaska. AP/Wide World Photos.

eastern Venezuela basin.) Drillers often use methods such as steam injection to
recover this oil.

How does crude oil (petroleum) form?

Although still highly debated, most scientists believe in the organic theory of oil for-
mation: Petroleum is formed from the remains of marine organisms—probably phyto-
plankton—that died millions of years ago. (Others believe terrestrial plants also
formed oil.) This is because certain carbon-containing substances are found in oil that
could only have come from such organisms.

After the organisms died, their remains settled to the bottom of the ocean. The
organic matter was subsequently buried in mud, and over hundreds of thousands of
years, layer upon layer of sediment increased heat and pressure on the deposit. Mil-
lions of years later, microscopic globules of oil (and natural gas) were created, with the
oil occupying from 5 to 25 percent of the rock volume. These crude oil-saturated
rocks were most often a sedimentary rock called shale, which is why rocks containing
large amounts of oil are often referred to as oil shales.

A larger petroleum reservoir (or trap) forms when the oil and gas from the shale
moves into a porous and permeable rock, such as sandstone or limestone. It is
thought that oil can migrate to the trap in several ways: Seawater (more dense than
oil) in the rock pushes the oil upward through nearby rock layers, eventually becom-
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A resident stands in front of her oceanfront house in Bodega Bay, California, where El Nifio-driven storms eroded the
cliffs below, threatening to send her house and several others plunging into the Pacific Ocean. APWide World Photos.

Physical weathering—The agents responsible for physical weathering include
gravity, wind, tumbling rocks, and moving water, all of which mechanically
affect rock. They are responsible for the development of fractures in rocks,
generating fragments of rocks, and creating sediment. The development of
rock fragments and sediment is most often caused by abrasion, which is the
grinding of rock by friction and impact as fragments are transported in rivers
and streams, under and around glaciers, and the movement of sand by winds.

Chemical weathering—Chemical weathering takes place when rocks react
with chemicals in solution, essentially decomposing the rocks and soil by a
chemical reaction. This usually occurs in water that is rich in carbon dioxide,
which is, in turn, produced mainly by the decomposition of plants. For exam-
ple, limestone caves are weathered in this way. (For more information about
cave formation, see “Exploring Caves”).

Biological weathering—Biological weathering is caused by organisms and
other vegetation that break down rock either physically or chemically. It
includes a large range of organisms—from bacteria to plants to animals. For
example, lichens play an important part in weathering because they are rich
in chelating agents, which trap the metallic elements of the decomposing
rock. Some lichens live on rock surfaces (epilithic), some actively bore into
the rock’s surface (endolithic), and still others live in the hollows and cracks
184 in the rock (chasmolithic).
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The following lists just a few significant floods to date in the United States (as

compiled by the United States Geological Survey):
Location Date Description Fatalities/Costs
Ohio, statewide = March-April 1913 Excessive regional 467 deaths/$143

rains caused million

regional flooding
Galveston, Texas September 1900  Storm surge flood 6,000 deaths/costs

unknown

Northeastern September 1938  Storm surge flood 494 deaths/$306
United States million (estimated)
Gulf Coast, August 1969 Hurricane Camille, 259 deaths/
Mississippi, and one of the most deadly $1.4 billion
Louisiana and damaging

hurricanes in the history

of the United States,

created a storm surge

flood
Buffalo Creek, February 2, 1972  Torrential rainstorm 125 deaths/
West Virginia caused a dam to burst  $60 million
Willow Creek, June 14, 1903 Flash flood destroyed 225 deaths
Oregon the entire city of
Rapid City, June 9-10, 1972  The city experienced 237 deaths/
South Dakota 15 inches of rain in $160 million

5 hours, causing a

flash flood
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Just like the major ice ages, no one really knows what caused the Little Ice Age.
Some scientists attribute the cooling down to volcanic eruptions, variations in the
sun’s energy output, changes in the ocean circulation, changes in the Earth’s orbit,
the wobbling of the Earth’s axis, or even our planet’s passage through clouds of inter-
stellar dust.
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Deepest cave in the world—Currently, the deepest cave is the Voronya (Kru-
bera) Cave in Abkhazia, Georgia (near Russia), with a depth of 5,610 feet
(1,710 meters). At one time, the Lamprechtsofen Cave in Austria was thought
to be the deepest cave, measuring in at 5,354 feet (1,632 meters). But in 2001,
new discoveries in the Voronya Cave system showed that Lamprechtsofen was
number two.

Biggest single chamber in a cave—The Sarawak Chamber in the Gunung
Mulu National Park, Sarawak, Malaysia, has the largest single chamber in the
world. This huge chamber (also called a cavern) is about 2,297 feet (700
meters) long, 984 feet (300 meters) wide, and 230 feet (70 meters) high.

Deepest and longest lava tube in the world—The deepest and longest lava
tube happens to be the same one: the Kazumura Cave located along the east
flank of the Mt. Kilauea volcano, Hawaii. It seems to go on forever, measuring
about 214,895 feet (65,500 meters) in length and with a height difference (the
distance from the deepest part of the volcano to its highest point) of 3,612 feet
(1,101 meters).


































































global warming was caused by continental collisions, events that released
large amounts of this greenhouse gas into the atmosphere. (This also shows
how the rock cycle and tectonic processes can affect atmospheric conditions.)
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Niagara Falls as seen from the Canadian side. The massive volume of water that pours over the falls, which span
bwo countries, causes the water to appear green. AP/Wide World Photos,

Ontario and Lake Erie, forming a portion of the border between the United States and
Canada. The falls are located on the international line between the cities of Niagara
Falls, New York, and Niagara Falls, Ontario. Goat Island splits the cataract into the
American Falls, which are 167 feet (51 meters) high and 1,060 feet (323 meters) wide),
and the Horseshoe, or Canadian, Falls, which are 158 feet (48 meters) high and 2,600
feet (792 meters) wide.

The falls are relatively young, in geologic terms, forming about 10,000 years ago
as the retreating Ice Age glaciers exposed the Niagara escarpment—the 600 mile (966
kilometer), cliff-like ridge that runs west and north from Rochester, New York, into
Canada. This allowed the waters of Lake Erie to flow north over the scarp and into
Lake Ontario, creating Niagara Falls; at the same time, it started the erosional process
that has caused the falls to move upstream to its present location.

The rate of erosion of the falls depends on the rock, which includes shales, sand-
stones, and limestones (including dolomite). The edge of the Niagara escarpment is
made of more resistant dolomite. As the softer shales and sandstones underlying the
dolomite are eroded, chunks of the dolomite capping rock fall, which is why the falls
continue to erode today.

When the falls were flowing naturally, it is estimated that they moved back about
J feet (1 meter) per year, meaning they are at least 1,000 feet (305 meters) further
upstream now than they were in 1678, when they were first discovered by French
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Earthwatch Institute

Earthwatch International

3 Clock Tower Place, Suite 100

Box 75

Maynard, MA 01754

Phone (United States/Canada): 1-800-776-0188

A wide range of international expeditions where tour members actively assist
scientists doing research in the field.

Himalayan Folkways & Chandertal Tours
20, The Fridays

East Dean

Near Eastbourn

East Sussex BN20 0DH

England

Phone: 00 44 (0)1323 422213

Geology tours of the Himalayas with guest lecturers; 15 days exploring the
Chandra and Upper Spiti valleys in the mountains, or at the western edge of
the Tibetan Plateau.

Mineral Search Safaris
Walter S. Bowser
4884 Agate St.

Las Cruces, NM 88012
Phone: 505-382-9018

Collecting tours for geologists and rockhounds in remote areas of Mexico,
China, Tanzania, and the Peruvian Andes.

Sterra Club

National Headquarters
85 Second St., 2nd Floor
San Francisco, CA 94105
Phone: 415-977-5500

Over 60 international excursions ranging from volcanoes in Ecuador to
trekking in the shadow of Mt. Everest.

Western Paleo Safaris
P.O. Box 1042
Laramie, WY 82073
Phone: 307-742-4651

Week-long outings into the American West in search of fossils, including
dinosaur fossils.

$3024N0S34 AD0103D
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The sphere of the Hayden Planetarium sits within the Rose Center for Earth and Science at New York's American
Museum ot Natural History, AP/Wide World Photos.

Delaware

Mineralogical Museum
University of Delaware
114 Old College
Newark, DE 19716
Phone: 302-831-8242

This mineral collection numbers over 5,000 specimens—~600 on display in the
Irénée du Pont Mineral Room (her personal collection forms the core of the
museum).

New Jersey

Rutgers University Geology Museum
Geology Hall, Old Queens Section
College Avenue Campus

New Brunswick, NJ 08901

Phone: 732-932-7243

This museum emphasizes New Jersey geology and anthropology. The muse-
um includes a 30-foot (10-meter) geologic cross section of New Jersey (from
the Delaware Water Gap to the southern New Jersey coastal plain), mineral
exhibits, and a small rock shop.



New Mexico

Mineralogical Museum

New Mexico Bureau of Geology and Mineral Resources
New Mexico Tech

801 Leroy Place

Socorro, NM 87801

Phone: 505-835-5140

The main exhibit hall highlights minerals from New Mexico, with over 2,000
specimens on display. There are also minerals from around the southwestern
United States and the world, in addition to mining memorabilia, fossils, and
an ultraviolet mineral exhibit.

$3024N0S34 AD0103D

Oregon

Rice Northwest Museum of Rocks and Minerals
26385 NW Groveland Dr.

Hillsboro, OR 97124

Phone: 503-647-2418

This museum collection includes thousands of specimens from around the
world, one of the two finest red rhodochrosite specimens in the world, and
rare and beautiful gem crystals.

Pennsylvania

Earth & Mineral Sciences Museum and Art Gallery
Penn State University

112 Steidle Bldg.

Pollock Road

University Park, PA 16802

Phone: 814-865-6427

The museum has more than 22,000 specimens of rocks, minerals, and fossils,
and the world’'s most extensive collection of mineral properties exhibits.

South Carolina

Bob Campbell Geology Museum
Clemson University

103 Garden Trail

Clemson, SC 29634-0130
Phone: §64-656-4600

There are over 5,000 specimens in this museum’s collection, along with fos-
sils from around the world, meteorites, a display of fluorescent minerals,
“hands-on” specimens, a 2,000-volume library, and displays of historic mining
artifacts. 459
























¢ This Is Mining (a good resource written by the United States Bureau of Mines
before it was closed down around 1998): http://imcg.wr.usgs.gov/ushmalk/
thisis. html.

e United States Department of Energy’s Office of Fossil Energy: http:/www.
fe.doe.gov.

e United States Department of Energy’s Energy Information Administration
(energy statistics): http://www.eia.doe.gov.
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