SCIENCE IN PICTURES

Sands of the World

Oune of the most common elements on the earth’s
surface, sand is also one of the most various

by Walter N. Mack and Elizabeth A. Leistikow

Fort WaLtorn BEacH, FLomma
Quart sand, composed almost entirely of :
this single mineral, is so common that the
word “sand” is usually taken to mean this
type. Colorless quartz grains such as those
shown here make up most of the beaches
of northern Florida, but the compasition
changes gradually toward the south as more
calcareous matcrial is added. Because the
surface of the grains in this sample is not
clear and glasslike, it is evident that they
hawve been subjected to minor abrasion. But
they have avoided the severe weathering
that etched the grains in the next sample.
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TO SEE A WORLD IN A GRAIN OF SAND
AND A HEAVEN IN A WILD FLOWER,
HOLD INFINITY IN THE PALM OF YOUR HAND
AND ETERNITY IN AN HOUR.

hen we pick up a at last thev leave the mountains
handful of sand — Auguries of Innocence, William Blake by way of a river. Some of the
from the beach rvers sand reaches the shore;

and watch it sift through our fingers, we are secing the prod-
uct of millions of years of geologic history. Much of this his-
tory can be uncovered by examining the particles under mag-
nification, where they give up the secrets of their origin and
subsequent travels.

Most sand stares life in mountainows areas as continental
rock—primarily as quartz and feldspar. Mechanical break-
down (by the movement of glaciers; by cvcles of freezing and
thawing) produces boulders and pebbles. Then chemical as-
sault {by vegetation and rain) combines with mechanical dis-
integration to eat away at these boulders and pebbles, even-
tually giving birth to individual grains. Geologists define
sand as rock fragments having a diameter between 0.05 and
two millimeters; larger particles are classified as gravel,
smaller as silt.

Following birth, the grains are washed downhill into a
streambed. There they roll and bounce along the botrom, ac-
cumnulating now in an eddying pool, now in the lee of a boul-
der. Years may pass before the next step of their journey, but

SAHARA [DESERT, BETWEEN CARO AND ALEXANDHIA
This sand displays telltale signs of wind ero-
ston. The dull, opague surfaces reflect the
buffeting grains receive when they are trans-
ported by wind rather than by water. The
wind-bomne particles are roughed up more
because 'I:l'l.c}' lack the ]:ruu}ranqr and buffer- &

ing provided by a watery medium; their con- |
tact with other particles thus subjects them
to more abrasion. The speed of the wind also
exposes the grains to mere punishment. An-
'y other difference is evident as well: desert
! sands tend to have a wider assortment of
grain sizes. Water sifts its sediments more g
sclectively than air does, depositing parti-
cles of similar size close togethen

some is deposited along the way. A medium-size river will
take something like a million years to move its sandy de-
posits 100 miles downstream. In the process, chemicals in
the water polish many grains to a high gloss.

Wind as well as water plays a part in distributing sand.
Wherever vegetation is meager, wind sets the particles in mo-
tion. They bump and wiggle along, sometimes blown a foot
or so above the ground. Grains that are mansported by the
wind do not become polished but take on an opaque and
frosted appearance.

Mot all sandy beaches originate as rock fragments washed
and blown down from the mountains. Some beaches are com-
posed of particles of limestone that have formed in or near
the sea. And where the water is warm and the biological ac-
tivity is great, beaches may consist in part or entirely of frag-
ments of marine invertebrate animals. These are the calcare-
ous beaches, and their “sand” grains are, by far, the most in-
teresting to examine microscopically, because they represent
some of nature’s most colorful and delicate works of art.
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MonTH BeacH, HavrTon, New HAMPSHIRE

As the North American ice sheet receded, it dumped vast amounts of debris
along the rugged shoreline of the northeastern ULS. This specimen provides a
sampling of those deposits—a mixture of quartz |colorless gramns), feldspar

(prink and amber), and opaque Igneous minerals { black).
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SOUTH SHORE OF LAKE SUPERIOR, MICHIGAN

Purarou, Hawan
The sand of Hawair's
famous black beaches
is obsidian—volcanic
glass created h}' mag-
ma that flowed into
the sea, where it
cooled so rapidly that
it vitrihed. Water and
waves worked on bro-
ken hits of the glass,
eventually reducing it
to fine black sand.

Many beaches show intriguing black streaks at the waterline. The streaks appear to
be composed of organic debris or oil-soaked sand, but they are acmually made of par-
ticles of magneote. Heavier than the surrounding grains, these hard, magnetic parti-
cles are left at the water’s cdge as the waves toss the lighter quartz fragments higher
up on the beach. {In this sample, the quarte grains are pink; the decp red may be gar-
net.) Twelfth-century navigators placed magnetite, or lodestone, as they called it, in a
hollow reed; by carcfully floating the reed in a bowl of warer, they obained a north-

south l'x:an'ng with this crude form of compass,

MORTHERM LIGHT LAKE,

ONTARID, CANADA

Mot all black beaches are obsidian
or magnetic sand. The beach on
Morthern Light Lake, for example,
is a depaosit of fine crystals of homn-
blende {a complex silicate mineral).
Both the lake and its homblende
beach were left behind by the

Morth American ice sheet.

Font Warron Beack Sanana Deserr MNortH BEacH
Florida betweon Cairo and Alex andnia Hampton, New Hampshire
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PurmaaLuw
Haw aii

Sands of the Worl:

Hawesnnl Cay, Exusma, Baranas
Some of the most photogenic, glistening white beaches lie along the Gulf
of Mexico and on the islands of the Bahamas. Their sand is made of
smooth, porcelain-hard particles of limestone called oolite. The name
comes from the Greek, meaning “egg stone.™ The exact method by
which these tiny “eggs” are formed iz unknown. One essential ele-
ment is shallow water that contains precipitating amounts of
calcium and magnesium carbonate, Another is ripple marks
on the sea bottom, which enable wave action to rotate a
particle of clay or fine sand, on which concentric layers
of carbonates then form.

WALTEN K. W ATK

InsET: Seen under a scanning clectron microscope, a
fractured grain of oolite discloses the lamination around
the core of the particle {which is i=elf not visible)l—layer

after layer of calcium and magnesium carbonate.

SIVER SANDS BEACH, GRAND BAHAMA

The “sand™ shown here is almost exclusively coral rubble from the nearby reefs.
There are, in addition, two cgar-shaped spicules, a cross section of & marine worm
tube, a gastropod shell and two large, round red foraminifers.

IMmaan Key, FLorDA

All the coral and shells in this
sample have lost their gloss,
leaving the exteriors dull,
chalky and pitted. This condi-
tion is sometimes seen on the
whitc beaches of the tropical
Florida Keys, attesting to the
decay of calcareous beach
material. Warmm seawater, di-
rect sunlight and abundant
freshwater from rain can con-
spire to take back into the sea
the carbonates of the dead
plant and animal skeletons.
We see here four fusiform
and one globular gastropod
shell and the remains of at
least two bivalve shells, all in
the process of being re-
claimed by the ocean.
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SoUTH SHORE OF LAKE SUPERIOR MNorTHERN LicHT Lake Hawrsm Cay Siver Sanns Beacn
Michigan Ontario, Canada Exuma, Bahamas Grand Bahama
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SAINT-TROTEZ, FRENCH RDVIERA

Just off Saint-Tropez the reefs support many interesting
animals whose shells are tossed onto the beach by the
waves, In this sample, the conical gastropod shells display
their complex beauty. One has had holes drilled through
it by a hungry predator; others reveal debns firmly
wedged into the aperture. The long, curved tubular shell
belonged to a mollusk in the genus Caecuerr. This crea-
ture begins life as 2 miniature, normal coiled snail but
then grows in a single direction only. Below it lies the
white, slightly abraded hom of 2 marine ram (Skeneopsis
plamorbis). Near the center is a large black and gold mica
crystal; the reddish brown rod above it is a sponge or sea-
urchin spine.

Seven Mg BeacH, DoNGARA, AUSTRALLA

Just off Seven Mile Beach, in the Geelvink Channel, lies a shallow coni-
nental shelf eeming with life from the Indian Ocean. Many small
corals and shells are evident in this photograph; however, the miost
prominent objects are the three-axial, iaclelike sponge spicules and the
very immature globular and discoid gastropod and bivalve shells.
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Liruka [spamn, Hasara GrROUE,
Tomea, SourTawesT Pacirc

The remams of crinoids make up
part of the sand on some islands of
the South Pacific. ﬂrigina'ﬂ}' thought
to be plants (their common name is

TakETOM SHIMA,
Ryusyys Isiamps, Japan
Some of the southemn Japancse is-
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sca lily), these animals have a long
stem that consists of a series of cal-
cified, wheellike plates. After the an-
imal dics and the soft tissuc decays,
the stem becomes separated, and the
stony disks fall in large numbers to
the ocean bottom. Some find their
way into the calcarcous deposits of
a beach. The disks vary in shape,
depending on the species from
which they come. The periphery of
several pictured here has been erod-
ed, disclosing the complex compart-
mentation of the interior structure.

lands are known for their beauti-
ful sear sand. Star sand grains are
the shells, called tests, of foramini-
fers, microscopic, single-celled an-
imals that abound in the worlds
oceans. The shells are the only
means of classifying the animals.
This sample contains primarily
Baculompsing sphasrulata. There
is also a single round foraminifer
test, from Amrphisteging madagas-
cariensis (pper right), and a sin-
gle glass spiral gastropod shell

SEaroRD, ENGLAND

The city of Seaford is in southerm England, on the English
Channel, where tidal currents are strong and the water
quite cold. Nevertheless, a sample of the beach sand dis-
closes a surprsing amount of animal life and several oth-
er noteworthy features. The flat bluc and brown objeces
are hivalve f:ag'rm:nts:_ a :i':ngk' white g.{xrrnpc:d shell { bot-
towm laft) exhibits the growth of two body whords, The
three aggregations of sand grains are all neaty cemented
together | far left, just above center and far right ). The
usual quartz grains are froseed, yet one grain | far right ) is
angular and the surface unscratched, as if it were recently
added to the more weathered bits.

(left of center).
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