A hands-on
and feet-on lesson

of Earth’s interior structures.
By Eric Muller

Original article is from

September 1995 issue of
“The Science Teacher”

Touring our planet’s
inner struciure
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HEN THE WEATHER IS NICE, |
I like to take my studenis on walks |

of science. These are handson, '

feet-onactivities that get people out- I
doors, moving, and learning. '

Oue watk I recently developed s called ~Farly |
Wk This exoarsion effectively hwelps stsdeots visoa
gy ontr plamet’s mumense sice and D0nLerons seeicl s
sethont hee weseal scale aned malio distoniiogs foond in
et texi ook, 16 alsoellows stadonts co compare their i
baciy's Dight te s seabed-don e,

Thye Earth coan be soaledd o any Convenicnt sadio VEHE
wish toowalk, | peeter asteoll of TR, ot iftme or spocee
is limide, o T00-m wenlk works just fioe ard can e done
an a schood’s football feld, Tiee cqumtion (0 derenming
thue sealed thickness of each of the Barth™s internal byvers |
fs A simple propotion wemed on oo plmeoay edivs of
approxinutely G400 ko

Thivkpess of liverinkm = _awm o wm
G kim Wiy

The Earth Walk requires a picce of chalk, o -kmdor
L0k sprsightwiy, o e measure, aond o good inngi-
mation. [ highly recommentd paciong ofT yoor distinees
bocatise this activity 5 based on mties and approxing-
tivns—ontreme peonmey should nor be a nkjos concerm.
Tor determine the Jeagth of an averge pace, ave si-
dlenes walk TOpaces, medsare e ot distance toovelod,
and divide by 10

Bigforre Bogdnming, i mighn hel)ps toseribie Gellowing
SCCTHITIE

frrtergfrre the fartl ras Beer recinced o slze GFckidnes
Cewr eF 0 fineees £ coalledneg DO sk annel sficed fo Sl
f vl encerincies nife. Yoo and yooe classsnates soie
Doree steepdved aared Boave foenced dfvectly Tn e comdor af
caares caf fhe e ordssSections. By weilling cifooard
frone fhe cerfer, por Wil e alde fn see (e pardoas
feogreers fineeld cierifarige IO Faetld's drfernial slirstolne,

Mo thal the sttwation has Deen sct, vou Can ko
your Fiest steps, Any straight direction vow proceced is
away rom the conter of the Earth and is 4 linesr path oal
toward the crust As vou walk along this radius, Dave
seuclents pace ofl the sealed dismnee foreach layer of the
Eartly's nternal steactore, Ciee Figiee T lor the appropr
ate dhistances.)

THRLMIMG THE WAHEH
During the walk, it holps to deseribae the chamcoterisiics
of each laver, The Eurth's dgnrer cove is 0 sphore that
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Toble of sealed distoncos.
SLE':;?;?E ap;;:;:l Ava:;ge Appro;_imatﬂ Appmx_nmalu
o | o sqenae ncon
kower limits)

Innar core GAC0-5200 km 1200 km 190 m 19m
Outor core 5200-2200 km 2300 km 360 m 36 m
Lower mantle 2900-7T00 km 2200 km 240 m 34 m
Upper manthe
ﬂ;ﬁ:szpn ore 700-6 km 700 km 108 m 10.9 m
and Ethosphera)
Amthonasphore 225-125 km 106 rm 16 m 1.6m
Lithosphero 125-0 km : 125 km 19.5m 1.95m
rual {ouker 350k 35 55m 0ssm
Totals — G400 km 1000 m 100m

extends about 1200 km from the centerof the Eartle, Even
thougeh the lemperiene of the inner Core is calimated 1o
be as hot as the Sun's surface (86007 1o 10 G C),
enormous prossures keep the Core in a solid smue. (The
surrounding ayers of the Earth cause pressunes o the
core in excess of 3 w4 million sumosphernes. ) This solid
core is believed to consist primarily of iron and mickel.

Th enafewr oo, like the innee core, is alsoe com:
prosed primanly of iron and nickel, bhut unlike the inner
core, the outer care is thought o be a shell of Houid
mictal. The Ouid motions of this melallic region arc
thomglin oo b thie ongin of the Earth's magnetic held.

The next Lver, the mrerertfer is approsimately 25900
ken thick andextends fromthe topof the innercore torke
pottom of the Barnh's crust, Composed of hot, dense
rock, the mantle comnstitutes the majonty of the Eamth's
volume. The main components of this rock in order of
abundance are silican, oxveen, won, and magnesinm

The scctionhosest b core isthe fooeer mranile,
The interlace Detween the core and the mangde Is s
prorounced as the interface berween the Eanth's surlace
and the atmosphicre. Rock at this depeh is under substan.
tial pressure and is relagively solid—30 to 100 times the
visCesily of the upper mantle,

Above the lower mantle s e sgier mannile, The
pressure and heiat i this zone allows molien ook (o
slowly flow In what 15 Known as a plastic manner,
Conmvection Currénts Cause molten rock o rise, cool, and

sink o this laver, These cuerents are belicved to be the
dreiving meclumisi for plare recronics. AL the top of te
uppes mantle s an imporant laver known as the as-
fhrewrfivere, an area of viscous roCk that cnables the
lithospheric plates above o slide aeownd,

Riding over the top of the asthenospherne is the
Ebaspbere. This laver consists of huge plates that mi-
grate over the surface of the globe, The lower portion of
this laver, though solid, is still considered part of the
mantle, Firmly joincd above this lower postion of plate is
the laver wo Bive on, the oreest, The crust o the thinnesy,
brintlest, and most buovant of all the lavers, During this
portion of your talk, i is helplul o have an apple in your
Tl When discussing the ruio ol average crustal thick-
ness o the plinet’™s size, prrintout that the Crastis actually
thinner in comparizan than an apgibe poel is 1o an apple.
At this point, curt the apple for ¢fliect,

As viu progeess farther autward. vou finally reach
the surface of the crust, At this point, deaw a line on the
grovnd with vourchalk, Thisline represents the crust on
vour D00 scele Earth, Have ¢ach student plzce one
grain of sand on the ine 2and el them that the sand
represerts their height.

Acrangge students andfor e scaled oljects lisied in
Figure 2 a1 various distances above and below the line,
such as 5.5 m below (o indicate the bottom of the crust,
2.5 m below o show humankind's decpest subtermancan
prrobing G Russian rescarch bore holed, 6.9 cm above 1o




Depth and height of various objech and locations from the Earth's surface
Anlugl Height or Heaght ar Reprasaniilive FegaEeniat v
Qibgpact or lecation halght chizply Scaled dipth soasad ohjest far 1.0m oinjact {0
W for 1= walk for 100 walk walh 100-m walk
Dangst ciell hoola )
sl 1% bk 2.3 -2 —
Marana Tranch =11 hin 1.7 M 17 i R
D B9 et . .
South Afhea) 1.8 km bEm -E Em —
O .77 m 03 mm 000 w;:ﬂ;w dlst st
Talkgst bruiding
1Sears Towar, adim .4 am BN T amall amek piri néedls
Chicage)
Takast mountaln .
A ——— B.8% m 1.4m LR ]
Space shuftle's
[ " smal g sard gran
avarae orbifed 200 km I m lm .
n&igm (0.4 em) [ frri}
Mpon's dislancs .
fesm Emrih 204 000 km B0 ke & K . I
1. The Earth is not o perfect sphere. Becauss the Earth bulges ot the equator, Chimberaze [6.31 km) could be considersd the
tallest mauntain because its summil is about 2.2 km farther from the center of the Earth,

seference the Sears Tower, 14 m above o demonstrate
the lofrviwighits of Mount Everest, or 31 mabove woshow
where the space shuttle orbits (see Figure 2 for other size
comparsons). This is a great way o illustrite the relative
depths and heights of lavers and objects with respect 1o
the Earth's thin crust,

OTHER WALKS

| A great walk to do when studying our local group of

plancts is the solar system walk (see “A Stroll through the

| Solar System,"” Science Seope, Kenneth M. Uslabar, Oct

0% 41-43) This i= a verv popular wakk that tikes an
interplanetary joumey over several kilometers. Beach
balls, marbles, and pin heads ¢an be used as props 1o
compare relative planetary sizes and orbital distances.

The Earth's geologic time scale can also be demone

strated via walking. A relation can be made between the

immense time span of the Eirth and a school's running
mack. Eras, epochs, and signilicant evolubonary events

| can be pointed out by designating spots along a track’s

perimeer [0 represent points in time. Numcrous fun and

| pedagogically useful walks can be concocted 1o convey

i variety of fcts and concepts, Take a step in the right
direction and create your own walls of science, 4
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Earth Walk Addendum

For 100 meter scaled Ear

More Facts about Earthly depths and heights:

Crust - Oceanic

Moon's Radius compared

to a 100 m earth

Height of atmosphere
with less than .1 %
sea level air pressure

Average ocean depth

Approximate
Height or depth S»Cale?ntzll 00m
(in Km)
~6.5 10
1750 27
50 8
-3.8 .06

Circumference related facts for a 100 m radius scaled planet:

One Kilometer

Earth Circumference

Shanghai to San Francisco

San Francisco
to New York

New York
to London

Across the state
of Rhode Island

Another interesting fact:

The entire surface area of the city and county of San Francisco, ~120 sq. km [45 sq. mi.],

Distance (in Km) |Scaled to 100m (in m)

64 1
40, 075 626
10,238 160
4,200 66
5,700 89
~40 .6

would be a little larger then the palms of your hands held together.



