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INTRODUCTION TO OCEANOGRAPHY TRANSPARENCIES

CONTENT: This is one of a series of transparenitidbe €iences designed to aid teachers in gr
4-8. The visuals and supporting information carubed as a stand-alone curriculomto illustrate
concepts introduced in textbooks and lectures. déseriptions and images are of the oceatheh-
features, the motions of the water, marine lifed arhat we can gain from themThe overheac
progress from the more basic principles to increglgicomplex concepts and theoridsach page «
information corresponds to one of the overheads:

1. The oceanghe compositior,-zonditions, and regians of theen—~f the oceans

2. The ocean floorthe variety of fi.a.ure. ¢tz focr of the ocei n

3. Tides and tidepoolghe causes of tides and how people and animalthase

4. Currents:the causes of the currents and descriptions ahtre significant ones

5. Waves, tsunamis al d sto m ax ¢ w ;es of vruves and 3xam)les ¢ 't e moreaticaones

6. Coral reefs and sea icthe origins and make-up of these ocean features

7. Marine animals:invertebrates, vertebrates, and food webs

8. Resourcesfish, oil, ges;irestrwater wid power forrad ¢

9. Research and explor tiorkn wledg : nainec ‘rom scund_di *ng, 2xploratiand satellites

10. Pollution and stewardshiftuman actions that pollute and affect the oceans

SOURCES: While some of the images were createdcedfy for this packet, most came from
internet. Almost allof the latter are in the public domain. For thbeos, permission was recei
from the photographer, artist, or agency. Credgiven along with the picture itself, and the in&d
addresses on the back pages list the locatiortsedftages and thaeformation used in preparing t
packet. (Especially helpful were the websitesh& National Oceanic and Atmospheric Associz
(NOAAA), Office of Naval Research (ONR), And Eaf@bservatory (of NASA).)

USE: There Is a coliection or images on ewamsparency. Tris arrangerent allows reiateat$ag
be conveniently grouped and allows costs to bermagd. (A simple way to display only a few of
Images at a time is to cover the other images wisheet of paper.) The descriptions arenuiée tc
assist teachers in presenting information...This ne of the ten sets in the science transpal
series,—Animals, Astronomy, Ecology, Energy Resources, Ggpl Human Body, Matte
Oceanography, Weather, and Work, Force, and Motibnhese and o#r offerings can be viewed
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. THE OCEANS

EA T UP OF SEA SALTS
Oceans; Earth;
water cycle; Oceang, s BQ Lh ide 55% Magnesium 4%

distribution of water; I laci 1.74%
composition of sea  'C€ €ap, glacier, snow  L1./4%0

Sodium 31% Calcium 1%

salts; chlorophyll Groundwater 1.7%

map; surface 0 ' 0
temperature map akes, rlvers etc. 0.06% _ Sulfate 8% Potassium 1%
Credits: Commander, Naval O I Y I O I E

Meteorology and

Oceanography Command,

U.S. Navy; NASA, GSFC,
NOAA, USGS; CNMOC, U.S.
Navy; data from P. H. Glerick,
Earth Observatory, NASA;
data from C. Holmden,

University of Saskatchewan;
SeaWiFS, GSFC, NASA;
MODIS, GSFC, NASA

Life zones;

a0 to Www.Kk8resources.com

biolumi-
nescence

Credits: Office of
Naval Research, U.
S. Navy; ONR, U. S.
Navy; Ocean
Explorer, NOAA; E.
Widder, HOBI, ONR,
U.S. Navy



1. THE OCEANS

The world’'s water: 75% of the Earth’s surface is covered by watégp by oceans.The Pacific Ocea
covering one third of the globe, is 11,000 milesoas and averages 13,000 feet in depth. The Ad
covers one fifth; the Indian Ocean reaches AntzactiOf all the water, 96.5% of it is in the oceans.sd
than 2 % of it is in solid form—ice caps, glacieasd permanent snowAbove 75 degrees North latitu
the Arctic Ocean is capped by year-round ice. (Dmthe height of an Ice Age, one third of the Earkinc
was covered. This accumulation of water in thenforf ice causeche oceans to be 400 feet lower, expc
now-submerged land. Native Americans probablysedsa therdry land bridge at the Bering Strait into
Americas. Conversely, if global warming continaessprojected, coastal regions will be submergedl)...
the rivers and lakes of the world make up less tramsixteenth or one percent of Earth’s water.

The water cycle: H,O can exist as a/:22 (wat>r'vi pc i), nqu d (we @argolid (ice or snow)Water enter
the ocean via precipitation or raioff from the land/ater primaiiyieavcs the ocean by evaporation a
surface; some may leave in spray; a small amouet®iracks in the ocean floor (and may returnugjno
hydrothermal vents). (In the air the cycle incles@®ndensation and precipitatio®©n land, the comple
cycle also includes storage in liquid or solid esaievaporation, sublimation (the change from dolia gas
infiltration into the ground, groundwater dischargad transpiration (water released by plants).

Seawater: Of the oc 2ar 's wa 2r 55 | ar s per tiousandsa =."-SHdium cl !zrGe (table salt) is the n
common, followed L/ su'nhzies meoyn sivm, calciang pc assiul....mne 2 ai’o some trace elements-
manganese, lead, goid, iron, and iodine. Moshefdalts come from weathering and erosion on |amuiie
enter from hydrothermal vents (openings in the ncikaor); some come in precipitation (includirige
dissolved and suspended emissions from volcano8sjinity, the concentration of salts, is higlaérthe
surface because of evaporation thehe the northern Pacific the water is less salty/precipitation excee
evaporation, leaving the cza re'ctivaly (iluto€ases-are nico-dissolred i the oceanwarily nitrogen
oxygen, carbon dioxide, and ny droc :n along vitk.es¢ -ac e 0ase s ear he surface, there is less ca
dioxide as photosynthes s is pe fonaec by phyt ¥.am an | some 1.or com dlex plant lifé@he plant lifi
IS more concentrated in shallow waters near thetdoacause of the nutni, there, and satellite ima
show higher levels of chlorophyll there.

Conditions: The temperature of the ocean ranges from nead&@fees in shallow tropiceegions to jus
above the freezing point of salt water (28.4 degjr@epolar areas. The temperature depends uodait,
solar radiation, seasonal variations, and the rgixdaused by currents and tide$he Sun’s warming
strongest near the Edoa and weakest at higher latitudes. The surfagmast directly heated; the mid
thermocline’s temperature decreases with depthjp deater temperatures are stable at aroun
degrees...Pressure increases by the force of onesph@ae every 33 feet do...\Water is a good conduc
of sound, and at a mid-level depth a “channel”’texisat carries low frequency waves hundreds oésnil

Zones: The-reritc zone contans much of the glent-lileus the erimais that feed cff those producer
generally there, as are the predators that feethotfe smaller marine animald:he amount of light vari
with depth: The first 50 metefshe euphotic zone) receives enough sunlight fat@synthesis to occl
from 50 to 1,000 meters there is enough light fumels to see; beneath that (aphotic) there isumtight
Many animals there create their own light, bioluesicence, with the Anglerfish having a glowing “lure
attract prey. To achieve camouflage, fish in deépeels may be transparent or dark; thosar the surfa
blue; those near shallow bottoms cream-coloredterOtheir bellies are lighteas predators looking frc
below will be looking into the light. (The colorf ®he ocean is blue, as$ scatters the sky’s shor
wavelengths (blues) and absorbs the longer wavitier{(geds). Near the coast, small organisms, entsj
and sediments create a green tinge.)



2. THE OCEAN FLOOR

SAMPLE
(ONLY FOR

Ocean floor; continental margin; shelf and slope with canyons; seafloor $preading; ridge; subduction
Credits: CNMOC, U. S. Navy; CNMOC, U. S. Navy; Visible Earth, USGS, NASA; Visible Earth, NASA; NGDC, NOAA; USGS, National Park Service

Go to www.k8resources.com

Hawaiian hotspot; volcano; Bear Seamount; black smoker; white smoker; vent community; tubeworms
Credits: Ocean Explorer, NOAA: O.E., NOAA; O.E., NOAA: Office of Naval Research, U. S. Navy; O.E., NOAA; O.E., NOAA; O.E., NOAA



2. THE OCEAN FLOOR

The Ocean Floor: The floor of the oceans is hardly a flat, smos¢h of sand. Like the continentise
ocean floor has diverse and changing features.

Continental Shelf: Extending out from the shoreline is a shelf &ilgg the inland features. The Uni
States’ Atlantic continental shelf is broad and;fthe Pacific, narrow and mountainous. Near aor
river, the shelf containa fan of deposited sediments (as at the Missis&iper delta). The sedimel
there, and along the coasts in general, suppoplémtiful plant and animal life found there.

Continental Slope: A quick ‘rropoff 7t the ~dg¢ of the ccntinel tal shelf marks libginning of th
continental slope. This is the sic2p 29 e Hf thd te .o M rgin 1 uroidity currents carry sedime
down the Vshaped canyons caividwnto ti.e slepe. /s the woiam.caithe true floor of the ocean,
accumulate at the continental rise, a taperiny@fsteep slope.

Abyssal Plain: Abyssal plains are wide, flat areas of the ocaor. The sediments from cldike
particles and the remains of plants and animalercand smooth over the slight features of the pl
(The layer of sedime!it Fas Lrelr foud to be thir.ligkahed ries o” mo. 2 ¢ ncieat oceans Ipadicter
thicker sediment layers..

Mid-ocean Ridge: The nature of midcean ridges is the second body of evidence thdslsupport i
the plate theory (tectonics). This 30,000 mileglarhain of mountains shows that the tectonic p|
slabs of the Earth’s crust, are shifting. In thiaAtic, the plates are spreading apare inch per yee
and this has allowed magma to rise to the surfadee two lines of mountains being formed along «
side of the rift are of roc . incch young 1 miar tho' tl e ununints. T!.e ridge rivals the Roclaed
reaches the surface in Ic2'2:d = Azccs) Taealtern g scipirgy Of t e magneck support th
theory of seafloor spread ng, as ove. th>ecnga " n’'s naretic fitld I as clianged its polarity.

Trenches: As the Atlantic seafloor expands, there must berapression elsewhere. The converg
of plates in the Pacific forces some of the crastreé down (subduction). This occurs alohg teef
steep trenches which dwarf the continental vallyd canyons. Of the 22 trenchdentified, 18 are i
the Pacific—including the Mariana Trench, whichldeeper than 35,000 feet (over six miles). Thigis
deeper than Mount Everest is tall.

Seamounts: Underwater volcanoes can grow over hotspatseas where hot, molten magma penet
the ocean floor. If they persist, islands are fedm Whentectonic plates move along over the hots|
chains, such as the Hawaiian Islands, are forni&dce the volcano ceases to erupt, erosion can avear
island awey or zan tiarisform a subimarine voicatwai'ai-topni2c (uyct:

Smokers: Smaller openings in the crust can create hydrothevents. Near ocedioor spreading
seawater seeps in at openings, is heated by magmdajses back into the oceaMinerals which ha
dissolved in the superheated water then precipaten the much colder water, formicgimneys. Th
hotter black smokers get their color from iron sldf thewhite smokers get theirs from barium, calci
and silicon. The heat at these vents enables emuarine communities to thrive—deep downcaid,
dark environs. In the Pacific, tubeworms and gigdatns thrive; in the Atlantic, eyeless shrimp. o
deep for the Sun’s powering of photosynthesis, adsymihesis occurs wheracteria convert sulfide
(providing “food” for the organisms there).



3. TIDES AND TIDEPOOLS

SAMPLE
el ONLY..EOR.......

Credits: National Ocean Servic€;"NOAA; R. Sivron, Baker University (2); Office of Naval Research, U. S. Navy (2); National Map, USGS

PREVIEW)

Tidal bore; tidal barrage; twin rotor tidal turbine; tidal turbine farm; tidal fence

=GO TOWWwwW. R8resources com--

Sandy tidepool; rocky tidepool; tidepool community; sea lemon and sea urchin; sunflower star
Credits: NOAA; Acadia National Park; Olympic National Park; Olympic National Park; Olympic National Park



3. TIDES AND TIDEPOOLS

The Moon and the Sun: Tides, the rhythmic rising and falling of the anés surface, are caused by gra
and inertia, and modified by the features of theamc The Moon exergravitational pull on the Earth,
air, and its water. In line with Newton’s formutats, the gravitational pull isroportional to the mass of 1
objects and inversely related to the square efdiktance. Thus the Moon pulls water horizontiyard it
creating a bulge on the side of the Bdecing the Moon (high tide) and a diminished antdurther awa
(low tide). (The high tide on the opposite sidetlud Earth results from the inertia of that wated &he
reduced gravitational pull at the greater distgnddere would be preciselwbd high tides and two low tid
each day, if the Moon did not revolve around thetliEance each 29 daydAs it takes the Earth an extra
minutes each day to catch up to the circling Maibe, time between high tides is a bit greater thee
expectedwelve hours...The Suiraico ercorts - pull. E sen thcbg Sirniis far more massive, its distanc
93 million miles (compared to uic-Moun’s ¥ roilloile =)x2du ces it 5 paull. Nonetheless, whiea Sun i
aligned with the Moon and Eath ~ur.ng fell ar nxons, th 2. hig r.enring tides occur; when the £
Mon, and Earth form a right angle during first aihdrd quarter moons, counteracting putisoduce th
lower neap tides...The variations in the orbits &lave some effects: When the Moon is closestsioibr
(perigee), tides are greater; when furthest (apodewer. Similarly, the Sun’s pull is stronger during
Earth’s perihelion (January’®, and weakest during aphelion (Jul§)2 The declination, or tilt of tt
Moon’s orbit relative t E=Lic.eqratorn the shene ¢ the continents, a2 drgudre ocean also affect
timing and size of tid:'s. ' The / tlinic o st ¢ L'r.ted State : has sediiti 1e tide s (two equal high tic
and two equal low tices »ach/day); w2 ‘’acific,e dikdes (vc highs of d'.fe 2nt heights and two lows
different depths); the Gulf of Mexico, diurnal tgje(only one high an@ne low tide each day)...Loc
geographical features can also have profound sffacthe tidal range: In mid-ocean, tides are thdwot;
at mid-ocean islands, about 3 feet. The equator exp&sesmaller tidal fluctuations than the hic
latitudes. Where a narrow inlet allows ocean wattr a wide bay or lagoon, tides are smaller. Whhe
land forms a funnel-shaped.inlet the tides arggamted. Prime examglare the Bay of Fundy, with tic
of 50 feet, and an island ¢ ff th': ¢ bast of -rahbe.t Suin -V chel.

Tidal power: The twice daily flow ot ocean waters has been hesee to cre ate electricity. Given cer
coastal contours, the effects of the movement demean be quite pronounced.idal bores result whe
water actually moves upstream when the incoming éidters some river mouths... The inflowing water
be contained by a dam across an inlet to a baystoialey. Later the water allowed to pass througlr
turbine when the tide is out. In 1966 such a lggrnaas built in France(Some hydroelectric power pla
on rivers produce electricity in a similar fashjorNova Scotia and Russia offer other potdrsites wher
the coastal tidal range at inlets is sufficientteate electric powerIndividual subsurface units can alsc
used to produce electricity. Marine current tudsirare turned by the tidal flows to power genesatdrhe
proposed placenm¢ of an array of these turbines in farms wouldapar existing wind farms...Akin i
turnstiles, vertical axis turbines can also be usegenerate power. Aligned in a row, construcbdsuch .
“tidal fence”.is planned for the Philippines...Eachtleese methods are reliable and malluting but ar
costly to builé.

Tidepools: Whether sandy or rocky, the regiaeng the coast that are exposed at low tide ahohsrge:
at high tide can host a diversity of marine lifEhe nutrients brought in by thigles support the simple pl:
life and plankton that are eaten by jellyfish, ceamqmussels, and fish. Thaseturn may be eaten by starfi
sea birds, marine mammals, and humans. The glgae barnacles, and stickleback fish survive the hi
intertidal zone—tolerating saltwater, freshwaterinly rains, and dryness during evaporatiddussels an
periwinkles thrive in the mid-intertidal zone. sl moss, red algae, sea anemones live in thantastida
zone. Kelp, sponges, sea stars, sehins¢cand sea cucumbers are some of the inhabivérke subtide
zone, below the low-tide mark.



4. CURRENTS

SAMPLE
ONLY FOR

Currents; the effects of the continents; temperature and currents; Coriolis effect; Gulf Stream
Credits: Office of Naval Research, U. S. Navy; CNMOC, U. S. Navy; CNMOC, U. S. Navy; NASA; U. S. Geological Survey
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Riptide; upwelling; upwelling model; El Nino shift; EI Nino temperature effects

Credits: Dennis Decker, National Weather Service; CNMOC, U. S. Navy; David Salmon, PWS Science, U. S. Geological Survey;
ESE Kids NASA; NESDIS, NOAA



4. CURRENTS

Causes of currents: There are a variety of persistent patterns innlo@ement of ocean waters he
relatively stable currents include the trade wimdghe lower latitudes, the West wind drift in px
regions, and the circular currents in the middalgs. While deepwater currenten be traced
differences in temperature and salinity, the s@faarrents are powered by the prevailing winds the
daily tides (due to the Moon’s gravitational pulll.here are several causes of thess/ements of lar¢
“rivers” of water in the oceans. The shapes ofdbitinentsalter the directiof the moving channels
water. _Temperature differencest water in motion, as colder water, being densgk sink. Thus th
cold waters at the Aatctic continental shelf work their way down thep# and across the ocean fl
Likewise, the more saltthe wa*ci's, tha derser it is \Vhile_ wing'zziwater, itglirection is altered [
the spinning of the Earth(Witi.»2ater heate . mo st at th2 atpr, he.air above it is heated, rises,
moves toward the middle lati*udes.. The er coao 3 inks ¢ abo it 30 degrees north or south, @
return to refill the space at the Equator. As ¢hé#smde winds” move along the surface, the Eapiins
underneath it toward the east, and this causewititeto be bent to the right in the Northern Herhis@
and to the left in the Southern Hemisphere. Threeots then are also shiftedcording to the Coriol
effect. Deflections also occur in the currentshgasby the prevailing westerlies at middle latiigdle

The Gulf Stream: 'Vhie se:nirglh criginatiry from th> Gu' of Nei_the Gulf Stream is o
segment of a conne itec.net.vo k ¢ currents i1 theiNAtl intic. "Mov.nc 60 miles per day, theuls
Stream transports mare water than one hundred tiheexombined volume of all the Earth’s riv
From the Yucatan, it moves along Florida, and wgpdbutheast United States, before turning out s
the Atlantic. It brings heated water and air tadv&reat Britain, moderating its climat®empared t
regions at the same latitude. Cornwall, Englanqmbrts palm trees, buteavy snows fall upon Ne
England and eastern Canaan.

Riptides: Small, dange ous clrreits :an watt sw m nersoi:a. ' The se riptides can fomhere
longshore currents cause waves to strike a beaah angle instead of head-ofransported sedime
and sandaan build up sandbars. The waters which move aloaghoreline eventually exit at a low p
or breach in the sandh This outward flow can reach eight miles peuhdaster than the speed of
most able swimmers. If caught in a riptide, oneudth first swim parallel to the shore to get out of
current, and only then swim back toward shore.

Upwelling: Upward movement of water brings withtlite rich nutrients that support phytoplankton
marine life. Winds that move parallel ®o away from the coast push the surface water ®uiedl. Tha
water is replaced by the colder water from benedfthe risingwater brings with it the organic mal
from the decay and wastes of plants and animahesd support seaweed, phytoplankton, and the ¢
life that depencs on them: The featuras and coatcltihe continerial shzif can aise-vedireatrents
bringing coid; nutrient-rich wa.erso'a ceasdine.

El Nino: The upwelling along the Peruvian coastkes it a prime fishing region, except during E
Nino periods. The normal easts@st winds push the warm equatorial waters actosg acific. Thi
temperatures, the precipitation, and even the levéhefocean in the western Pacific are higher. \
the winds subside (or reverse), the waters off Heroome warmer and higher than usual.
suppresses upwelling. With less nutrients risthg, fihing deteriorates. This, however, is not a m¢
regional phenomenon: EI Nino events affect weaghelally, as the upper plains of the United St
become hotter and droughts occur in southern Africa



5. WAVES, TIDAL WAVES, AND STORMS

SAMPLE
(ONLY FOR
EVIE

ing waves near the

, U. S. Navy; NDBC, NOAA,;
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Stages of a tsunami; aerial view of tsunami destruction; hurricane in the Caribbean; waterspout
Credits: Office of Naval Research, U. S. Navy (4); International Tsunami Information Center, NOAA; NOAA, APOD, NASA; Joseph Golden, NOAA



5. WAVES, TSUNAMIS, AND STORMS

Waves: Most waves are caused by wind. The friction leetvthe air and water molecules resul
the transfer of energy from wind to water. Witledzes, ripples result from the disturbance of \
molecules. Rather than moving forward with the dyithey move up, atmd, down, and back
again—ina circular motion. In open waters it is not thei@vabut the energy that moves along !
the wind. With the ripples providing an unevenface, the greater force ofsé&ronger wind can pu
up more water, which catches more wind, etc. Ripphn grow to whitecaps, and perhaps to bre
waves (with foam). The high point of the wavetssdrest; its low point, its trough. The distafiaanm
one crest to the next (or one trough to the nexthe wave’s lengtithe vertical distance from trou
to crest, it's height. A wave i. descrit.ed b stre. gt 1 of he winc, how far it travedser open wat
(its fetch), and how long it blows (it:-2.raicn'as a ruugh ruleof thumb, a wave’s height (in fe
will equal about half the wina's speed (in miieg peur). lirain niense storm, waves can reac
feet. Waves traveling out from storms are called sweltsl a set of swells traveling a great distar
called a wave train. A dangerous storm surge can ht the leading edge of a hurrican@uring the
day, the land and the air above it warm up fast@n the water and the air above it. The risingpa
a beach is replaced by the air over the water.s@lnakore breezes increase the height of the da
waves there.

Breakers: The shaliow uepths change uie suwucture waae as 10 approacnes shore: The v
becomes slower and taller, but not as long. Ascthst moves faster than the rest of the wawvigpd
forward or “breaks.” Spilhg breakers form farther out over a gradually sigpgbottom. Plungir
breakers, best for surfing, break over a moderadgp bottom and camurl to form “tunnels.” (Th
north beaches on the Hawaiian Islands offaxcysurfing hecause of their. shape and the opemss
over which the winds can Hush the waves —trair f§ icBurg ng oreakors form over very st
bottoms and can be dar gerous ar.1 ¢ \n caus 2/ nu br :opow 2 ec ly a stormWhen waves pa
over a reef, the water may be snallow enough tatertoilers.”

Tsunamis: Waves can also be created by disturbances frermndban floor—earthquakes, landsk

or volcanoes. Near Pacific Ocean trenches, thispdadements cause upward thrustperhaps onl

a foot, but the resulting waves move at 600 miles Ipour These powerful waves can tre
thousands of miles, crossing the Pacific in less th day. As they near the shore, the shallowr
slows down the wave, but makes it much taller. fitreup leights can approach 100 feet, depen
on the force of the disturbance, the distance filmenepicenter, and the shape of the shoreline fnotto
The damage to the coast can be devastating. Boredson, Pacific areas have devised early we
systems based on spreading alerts of underseaisaesents. ‘(Tsunami” is Japanese for harl
wave. The nickname “tidal wave” is misle ad'n)'meytare nat.caused by the tides.)

Cyclones and waterspouts:Vigorous activity above the ocean can also hanng effects. Tropici
cyclones are called hurricanes in the Atlantic @¢caad typhoons in the western Pacific. Theglve
over the warm ocean waters of tropical regions—fi@mweaker depression, to a tropical storna to
hurricane (typhoon) as the wind strengthens. Tieegy derives from water that evaporates, tiez:
and cools and condenses, releadnegit energy. This heating of the air reducesatmeospheri
pressure which results in air rushing in toward ¢tkeater...\Waterspouts can be eithemgatic (the
continuation of a tornado that had formed over Jaord'fair weather”. Thedtter form when cold ¢
passes over warmer water whose spiraling spraydenglops into a mature vortex.




The remaining pages include:

6. Coral Reefs and Sea Ice

7. Marine Animals

8. Ocean Resources

9. Research and Exploration

10. Pollution and Stewardship

11. References list



