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FOREWORD

Between December 
. |966 

and June 1967, the State Educat ion Department
convened severa l  meet ings  o f  an  Ear th  Sc ience Sy l labus  Rev is ion  Commi t tee .
The purpose of  th is commit tee was to develop guidel ines that cou' ld be used
as a basis for  revis ing the New York State earth science program.

The gu ide l ines  tha t  were  deve loped by  the  cornmi t tee  descr ibed a  ph i los -
ophy and approach for a new course of  study in earth science that would be:

l .  s tudent_  ac t iv i t y  o r ien ted  -  S tudents  shou ld  be  exposed to  a  learn-
f ig envi ionmenT-in-whlch-they would be act ive part ic ipants.  Labor-
a to ry  and f ie ld  exper ience shou ld  be  the  foca l  po in t  o f  th js  p rogram;

2 ,  inves t iga to ry  in  approach  -  The  lea rn ing  ac t i v i t i es  shou ld  be
f f in  Inqmry  approach,  p lac ing  the  s tudent  in  the
ro le  o f  i nves t iga to r ;

3 .  i n te rd isc jp l ina ry  in  con ten t  -  The  course  con ten t  o rgan iza t ion
@ traf f ional  earth science subjei t  areas.
Emphas is  shou ld  be  p laced on  the  ana lys is  o f  the  env i ronment ,
and the  processes  a f fec t ing  i t .

Under  the  d i rec t ion  o f  Roger  t , r l .  M ing ,  then Assoc ia te  in  the  Bureau o f
Sc ience Educat ion  now Superv isor ,  Educat ion  fo r  the  Gi f ted ,  and th rough the
ef fo r ts  o f  a  wr i t ing  team,  a  fo rmat ,  an  ou t l ine ,and imp lementa l  mater ia ls
evo lved  wh ich  were  cons is ten t  w i th  the  Rev is ion 's  Commi t tee 's  in ' i t i a l
gu ide l ines .

Dur ing  the  summer  o f  
. |967 ,  

a  f i rs t  ed i t ion  o f  the  exper imenta l  sy11a-
bus  was wr i t ten .  A  supp lement  conta in ing  suggested  learn ing  ac t iv i t ies  and
separate test  i tems for a terminal  exam' inat ion were developed concurrent ly.
Dur ing  the  

. |967-68  
schoo l  year ,75  teachers  used  the  f i r s t  ed i t i on .  These

teachers  were  organ ized in to  reg iona ' l  cen ters  wh ich  he ld  f requent  meet ings
to assemble feedback on the course of  study. The centers a ' lso provided
training for their  members and prepared inservice programs for teachers who
were  no t  ye t  us ' ing  the  exper imenta l  mater ia ls .

Dur ing  the  surmer  o f  
. |968 ,  

second ed i t ions  o f  the  exper imenta l  sy ' l labus
and supplement were developed ' incorporat ing changes suggested in the feed-
back  f rom the  par t i c ipa t ing  teachers .  A  second te rmina l  examinat ion  was
a lso  prepared.  Dur ing  the  

. l968-69 
schoo l  year ,  l l0  teachers  used the  second

ed i t ion  o f  the  sy l labus .  The reg iona l  cen ters  were  expanded in  number  and
more  spec i f i c  func t ions  and respons ib i l i t i es  were  assumed by  the  center
teachers .

A  th i rd  ed i t ion  o f  the  re f ined sy l labus  mater ia ls  and an  examinat ion
were  prepared dur ing  the  summer  o f  1969.  Th is  ed i t ion  was tes ted  by '110
teachers in the 

. |969-70 
schoo' l  year.

The f ina l  ed i t ions  o f  the  new ear th  sc ience sy l labus  and supp lement
were prepared dur ing the summer of  

. |970.

A total  of  
. |55 

teachers represent ing 96 school  d istr icts throughout
New York  S ta te  were  d i rec t ' l y  invo lved ' in  the  process  o f  deve lop ing  and
eva lua t ing  the  new course  o f  s tudy .  These,  a long w i th  o thers  who cont r ibu ted ,
are  l i s ted  on  page v i .

' i i i



The overall project was developed under the general direction of
Hugh B. Templeton, Chief ,  Bureau of  Science Educat ion.  Dur ing the 1967-69
per iod of  developrent and f ie ld- test ing,  Mr.  Ming was mainly responsible
for the steps taken that resulted in the extensive involvement of teachers
across the State.  Robert  F.  Zirmerman, Associate in Secondary Curr iculum,
was the curr iculum l ia ison person dur ing the total  per iod.

The f inal  edi t ion of  th is syl labus was prepared under the direct ion
of Douglas S. Reynolds,  Associate in Science Educat ion.  A special
acknowledgment is made to the leadership role on the writ ing teams played
by W. John Higham, Vestal  Central  School ,  and to the special  services that
his school  performed in publ ishing exper i rental  edi t ions of  the syl labus
and supplernent.
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INTRODUCTION TO TEACHERS

Student Schedul ing

Earth science is most f requent ly of fered to selected and able ninth
grade students who display an interest  in science.

by very high abi l i ty  students in the e
sen ior  h igh  schoo l  s tudents .  In  the  l
s t rong sc ience in te res t  and h igh  ab i ' l
j un io r  h igh  schoo l  may e lec t  to  enro l

Some schools have found that success in earth science can be achieved
ighth grade, and by Regents cal iber
I th or 

' l2th year some students wi th a
ty that  d id not have this course in
in  two sc iences  s imu l taneous ly .

teachers in the exper imental
the sequence of topi cs presented
complet ion of  the course

Time Requirement

The mLnirrun t ime required for th is course is s ix 4S-minute per iods per
week, al though seven per iods are recommended. The t ime al lotment should
include at  least  one double per iod for laboratory work each week.

Laboratory

One o f  the  requ i rements  o f  th is  course  is  tha t  the  pup i l  sha l l  have
success fu l l y  comple ted  a t  leas t  30  per iods  per fo rming  labora tory  work ,  and
shal l  have prepared a wr i t ten record ver i fy ing th is work.

S ta te  D ip loma Cred i t

Th is  course  may be  used aS one un i t  o f  the  group I I  ma ior  sc ience
sequence or for  group I I I  credi t  as an elect ive toward a State Dip ' loma.

Changes in  Sy l labus

Cor rec t ions  or  changes in  the  sy ' l labus  tha t  become necessary  w i l l -be
brought to the at tent ion-of  school  pr incipals by means of  supervisory let ters
from the Department.

Topi  c Sequence

Recommendat ions f rom the part ic ipat ing
program have resul ted in the development of
in  th is  sy l labus  tha t  leads  to  a  success fu l
objecti ves .

v l ' l



I N S T R U C T I O N A L O B J E C T I V E S

I f  t he  ob jec t i ves  o f  any  cou rse  o f  s tudy  a re  no t  c l ea r l y  de f i ned ,  i t  w i ' l l  be  d i f f i cu l t  t o  eva1ua te
what  has been learned.  l , l i thout  such c lear ly  def ined object ives,  there can be no sound basis  for  se lect -
i ng  app rop r j a te  cou rse  con ten t  o r  i ns t ruc t i ona l  me thods  and  ma te r i a l s .  C ' l ea r ' l y  de f i ned  ob jec t i ves  shou ld
p rov ide  the  s tuden t  w i t h  a  means  to  eva lua te  h i s  own  p rog ress  a t  any  t ime  and  to  he lp  h im  o rgan i ze  h i s
e f f o r t s  i n to  re levan t  ac t i v i t i es .

I n  t h i s  sy11abus ,  t he  f ocus ' i s  upon  the  j den t i f i ca t i on  and  fonnu la t i on  o f  app rop r i a te  ob jec t ' i ves
which have been behauiora l ized.  These are c lass i f ied in to two groups:  those re1ated to the process of
i nqu i r y  (P I0 ' s ) ,  and  those  re la ted  to  sub jec t  ma t te r  o r  cou rse  con ten t  (CC0 's ) .  Bo th  g roups  o f  ob jec -
t i ves  have  been  spec i f i ca l l y  re la ted  to  t he  unde rs tand ings  i n  each  top i c .

P rocess -o f - I nqu i r y  Ob jec t i ves  (P i0 )

A t  t he  comp le t i on  o f  t he  cou rse ,  t he  s tuden t  shou ld  be  ab le  t o :

l .  d e m o n s t r a t e  t h e  f o l l o w i n q  s k i l l s  i n  m a t h e m a t i c s :

a .  de te rm ine  re la t i ve  e r ro r  i n  pe rcen t ,

b .  u s e  s c i e n t i f i c  n o t a t i o n  c o r r e c t l y ,

c .  so l ve  f o r  unknowns  j n  s jmp le

a l g e b r a i c  e q u a t i o n s  ( e . g . ,  O  =  
+ )

2 .  a )  read  the  sca les  on  s tanda rd  measu r i ng  appa ra tus ,  such  as  ru le rs ,  p ro t rac to rs ,  ba lances ,
graduated cy l inders,  barometers,  or  compasses,  to  an accuracy of  1/2 of  the smal lest
sca le  ca l i b ra t i on  o f  t he  appa ra tus ;

b )  demons t ra te  a  deg ree  o f  p rec i s i on  w i th  s tanda rd  measu r i ng  appa ra tus  by  co l l ec t i ng  3  t r { a l

.  measu remen ts  t ha t  va ry  no  more  than  t l /Z  o f  t he  sma l l es t  sca le  ca l ' i b ra t i ons  o f  t he  appa ra tus ;
c )  demons t ra te  an  ab j l i t y  t o  de te rm jne  map  measu remen ts ,  such  as  d i rec t i ons ,  l oca t i ons ,

d i s tances ,  and  o the r  quan t i t i es  des igna ted  on  spec ia l  maps ,  wh i ch  a re  app rop r i a te  t o  t he
l im i ta t i ons  o f  t he  map ;

3 .  a )  dev i se  a  c l ass i f i ca t i on  sys tem tha t  can  be  used  to  i n te rp re t  na tu ra l  phenomena ;
b)  create models that  can be used to in terpret  natura l  phenomena;

4 .  l i s t  poss ib le  sou rces  o f  e r ro r  i n  an  i nves t i ga t i on  when  g i ven  a  desc r i p t i on  o f  t he  da ta ,
procedure,  and j  nst rumentat ion;

c )  ex t rapo ' l a te  f r om and  i n te rpo la te  w i t h i n
a  se t  o f  da ta ;

d )  i n te rp re t  mode ls  wh i ch  have  been  c rea ted
to represent  natura l  phenomena.

d .  u s e  p r o p o r t i o n s  i n  e s t a b l i s h i n g  s c a 1 e ,

e .  measure  d imens ions  us ing  met r ic  sys tem
and convert  f rom one metr ic uni t  to
another metr l  c uni  t  ;

5 .  a )  co l  lec t  and organ ize  da ta ;
b )  cons t ruc t  g raphs  us ing  sca les  wh ich

are appropriate for the data;

Course-Content  Object ives (CCO)

_  A t  t he  comp le t i on  o f  t he  cou rse ,  t he  s tuden t  shou ld  be  ab le  t o  j den t i f y  examp les  f r om obse rva t i ons
o f  h i s  env i ronmen t  wh i ch  i l l us t ra te  t ha t :

l .  Change  i s  un i ve rsa l  and  resu l t s  f r om ene rgy  f l ow  ac ross  an  i n te r face .

2.  Mass-energy is  conserved as change occurs.

3.  The sun is  the major  source of  energy which dr ives ear th systems.

4.  Natura l  systems tend to move toward a state of  dynamic equi l ibr ium.

5.  Many ear th processes ref lect  cyc l  ica l  changes.

6 .  Changes  o r  even ts  re f l ec t  i n te rac t i ons  be tween  phys i ca l ,  chemica l ,  and  b io log i ca l  aspec ts  o f  an
envi ronment ,  and are descr ibed wi th in the f rames of  reference of  space and t ime.

7.  The propert ies of  the envi rorment  and the mater ia ls  of  which i t  is  composed indicate how they
were formed and how they may change.

8.  The study of  present  envi ronments may be used to predict  the future and to expla in the past .

9.  Data der ived f rom a microenv ' i ronment  may be used as a guide to the in terpretat ion of  a macro-
envi  ronment .

10.  0bservat ions occur  when one or  more of  the senses are focused on an aspect  of  the envi ronment .

l l .  Powers of  observat ion are l imi ted by the senses,  and can be extended by the use of  inst ruments.

12.  There is  a d i f ference between informat ion based on sensory percept ' ion and inferences made f rom
these observat i  ons

t ' lager ,  R.F.  Prepan)rry  rnst ruct ional  )b ieet iuu: : .  P. lo  A1to,  Cal i forn ia.  Fearon,1962,  pp.  3-4.
v l ' t  I



THE EARTH SCIENCE SYLLABUS FORi,IAT

The format has been des' igned to faci l i tate teaching by the invest igat ive nnthod. The mater ials
cons is t  o f  th ree  pub l ica t ions :

The Sy l labus

The main body of the syl labus consists of three columns:

co lumn l :  Top ' i c  0u t l ine
column 2: Major Understandings
co'lumn 3: Information to Teachers

The Topic Abstract of each topic'lists the Major Bebauioral objeetiues that are to be attained
as a result of the experiences gained during the topic and provides, in the Approach, general information
about the topic and i ts re ' lat ionship to other topics.

The Topic Outl ine (column l)  is a statef ipnt of  the course content in out] ine form. Each sect ion of
a topic begins with the signi f icant Seet ion Queetion which ini t iates the learning experience. I t  is
in tended tha t  the ' inves t iga t ions ,  ac t i v i t ies ,  and d iscuss ions  fo r  the  sec t ion  w i ' l l  p rov ide  the  s tudent
w i th  the  major  unders tand ings  l i s ted  in  the  sec t ion .

The Major Understandings (column 2) consist  of  concepts related to the sect ion quest ' ion. I t
includes concepts that can be derived direct ly from the suggested act iv i t ies as wel ' l  as ideas which
would be derived indirect ly.  l t  is not intended that this column l ist  aLL the understandings which can
be re la ted  to  the  ques t ion .

The Information to Teachers column contains suggest ions for approaching the mater ial  within a
topic,  appropriate cross references to understandings appearing in other topics, and the' l ist ing of
process-of- inquiry and course-content object ives which relate to the understand' ings.

The Supplement

The supplenent contains the invest igat ions indexed by topic and sect ion, and contains l ists of
mu l t imed ia  and o ther  re fe rence mater ia ls .

Each set of  topic invest igat ions is preceded by the Invest igat ions-Understandings Matr ix which is
des igned to  i l l us t ra te  the  re la t ionsh ip  o f  the  inves t iga t ion  to  the  major  unders tand ings .  I t  can  a lso
be used to  re la te  mul t imed ja  mater ia ls  to  the  top ic .

The descript ions of the student ' laboratory invest igat ions are presented in two forms:

l .  Teacher Laboratory Guide Sheet -  provides or ientat ion and approach for teacher use.

2. Student Laboratory Guide Sheet -  provides a structUred procedure for the student.
The sheet can be easi ly dupl icated at the discret ion of the teacher.

Some jnvest ' igat ions require special  maps, charts,  diagrams, or other i tems not readi ly avai lable
e lsewhere .  These appear  on  separa te  pages to  fac i l i ta te  dup l i ca t ion .

Long-Term Inves t iga t ions  (L .T . I . )  and F ie ld  Exper jences  (F .E. ) ,  have been grouped together in
topic I I  of  the suppiement even though many of these are used in other topics. The individual act iv i-
t ies are l isted in a special  matr ix sheet which shows the topics to which they apply.  In addit ion,
each ac t jv i t y  i s  l i s ted  in  the  mat r ix  sheet  fo r  the  spec i f i c  top ' i cs  where  the  ac t iv i t y  app l ies .

Both types of invest igat ions may be conducted by individual students or with an ent ire class.

The two categories of invest igat ions are not rnutual ly exc' lusive. Many of the long-term invest i-
gat ions are intended to be performed in the f ie1d, and many of the procedures described in the f ie ld
experiences may be treated as long-term invest igat ions.

Addit ional suggest ions for the long-term invest igat ions and f ield experiences appear in topic I I
of  the supplernnt.

i x



t , lh i le the invest igat ions have been placed in a "supplement,"  i t  shou' ld be clear ly understood that
they are zot supp'lementary - they are essential, otd conrprise the eore of the eounse.

The supplement also contains a glossary of some terms which are used throughout the syl labus. I t
is not intended that these terms be rnemorized by the student. Vocabulary testiig ,te not air appropriate
act iv i ty for this course. The glossary shou' ld be used by the student as another reference source.
Thus, the teacher can include terminology in discussions or laboratory act iv i t ies and not feel  obl igated
to  " teach"  de f in ' i t ions .

The Reference Tables

The re fe rence tab les ,  wh ich  are  ava i lab le  in  quant i t y ,  con ta in  use fu ' l  in fo rmat ion  such as  char ts ,
scales, tables of constants, and graphs, which can be used by the student at any t ine throughout the
year.

I t  is 'not intended that the informat ' ion in the table be memorized.

The tables are provided for use on the state-prepared examinat ion and may be used during classroom
test ing at teacher discret ion.
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A N N O T A T E D  F O R M A T  E X A M P L E
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A N N O T A T E D  F O R M A T  E X A I i ' I P L E

Invest i  gat ions-Understandings Matr ix

Inueetigation nwnber
(topie omLtteil found
at top of both teacher
qd. ehtd.ent Laboratory
guide eheet.

Eetinated time in 45-
nrLnute elaes periode.

The wtderstotd.inge
ee eoded direetly
to the syllabue,

roP lc  !  -  !NaRGr  I r '  t i I r  Pr ]c t55 l t
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etc. )

Nane of inoeeti,gati.on

The bloeko in a uerti.eal colurn desdgnate uhieh
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B-1.. L2.
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A N N O T A T E D  F O R M A T  E X A M P L E S

Teacher Laboratory Guide Sheet

Inuestlgation TLtLe

Topic runrbe" 
\

Inves t iqa t ion  V-A-2a

trzo"ii":,"i:ffil/J
Lohoratory nu^b", J

Student difficulty

Esti,mated nwnbey, of periods
required. This uiLL indi-
cate the depth of coue"age.
(+) as a cede, indicates
that a homeuoz.k assi.gnnent
uiLL expedite corrplet ion.

A general statement of
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AREA T iME EMPHASIS CHART

Time Emphas is

AREA I  INVESTIGATING PR0CESSES 0F CHANGE 10 days,(?
3 

'  Top ic  i  Observa t ' ion  and Env i ronment  5  days

L Top ' i c  I  I  The Chang i  ng  Env i  ronment  5  days

AREA 2 THE EARTH MODEL
, l

1 Top ic  I I I  Measur ing  the  Ear th
4  Top ic  IV  Ear th  Mot jons

20 days

10 days
1 0 days

AREA 3 THE EARTH'S ENERGY BUDGET 38 davs

5 Top jc  V  Energy  ' in  Ear th  Processes  7  days
J  Top ic  V I  Inso la t ion  and  the  Ear th ' s  5  days

Sur face

1 Top ic  V I I  Energy  Exchanges in  the  16  days
Atmosphere

{ Topic vrrr r.l;:,ffi,?H.5:;irfn3ll3.r. r0 davs

AREA 4 THE R0CK CYCLE 37 da-vs

3  Top ic  IX  The Eros iona l  Process  6  days
h_ Topi  c X The Deposi  t ional  Process 6 days
(  Top ic  X i  The Format ion  o f  Rocks  12  days
7 Top ic  X I I  The Dynam' ic  Crus t  13  days

AREA 5 THE HISTORY 0F THE EARTH 30 days

t  Top ic  X i I I  In te rp re t ing  Geo log ic  H is to ry  15  days

{  Top ic  X IV Landscape Deve lopment  and 15  days
Env' i  ronmental  Chanqe

Tota l  Ins t ruc t iona l  T ime 135 days
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T O P I C

AREA 1 INVESTIGATING PROCESSES OF CHANGE

TOPIC I  -  OBSERVATION AND MEASUREMENT

, 
OF THE ENVIRONMENT

A.  The  l oca l  env i ronmen t

A - l  0bse rva t i on
A- l  .  I  Sensory percept i  on
A- l  . 2  Senso ry  i im i t a t i ons
A- . | . 3  I n fe rences

A - 2  C l a s s i f i c a t i o n
A - 2 . . |  A  s y s t e m  o f  c l a s s i f j c a t j o n
A - 2 . 2  P u r p o s e

B .  P rope r t i es  o f  t he  env i ronmen t

B- l  Measurement
B - l  . l  D i m e n s i o n a l  q u a n t ' i t i e s
B-1  .2  Compar i  son
B - . l . 3  E r r o r

B -2  Dens  i  t y
B - 2 . . |  V a r i a t i o n s

TOPIC  I I  -  THE CHANGING ENVIRONMENT

A.  The  na tu re  o f  change

A- l  Cha rac te r j s t i cs  o f  change
A- l . l  0ccu r rence  o f  even ts
A- . l . 2  F rames  o f  r e fe rence
A - l . 3  R a t e  o f  c h a n g e
A-1  .4  Cyc les  i  noncyc les
A - , | . 5  P r e d i c t a b i l i t y  o f  c h a n g e
A- . l . 6  Occu r rence  o f  change

B .  Ene rgy  and  change

B- l  Re la t i onsh ip  be tween  ene rgy  and  chanqe
B-1 .1  Ene rgy  f l ow  and  exchange

C.  Env i ronmen ta l  change

C- l  l 4an ' s  i  n f l  uence  o i i  t he  env i  r onmen t
C - l . l  E n v i r o n m e n t a l  b a l a n c e
C- l  . 2  Env i ronmen ta l  po l l u t i on

AREA 2 THE EARTH MODEL

TOPIC I I I  -  MEASURING THE EARTH

A.  Ea r th  d imens ions

A-1  Shape
A - l . l  E v i d e n c e

A-2  S i ze
A-2. . |  Measurement  techniques
A-2 .2  Measu remen t  de te rm ina t i on

O U T L I N E

A-3 Extent  of  the atmosphere,  hydrosphere,
and I  i thosphere
A-3.1 Atmosphere
A-3.2 Hydrosphere
A-3 .3  L i t hosphe re

B .  Pos i t i ons  on  the  ea r th

B- l  Pos i t i on  de te rm ina t i on
B- l . l  Coo rd ina te  sys tems

B-2  Pos i t i on  desc r i o t i on
B-2 . . l  Vec to r - sca la r  p rope r t i es
B - 2 . 2  F i e l d s

TOPIC IV -  EARTH MOTIONS

A.  Ce les t i a l  obse rva t i ons

A- l  Mot ion of  objects in  the sky
A-  1  . 1  S ta r  pa ths
A- l  . 2  P lane ta ry  mo t i ons
A- . | . 3  Sa te l l i t e  mo t i on
A- . | . 4  Sun  mo t i on

B .  Te r res t r i a l  obse rva t i ons

B- l  Mo t i on  a t  t he  ea r th rs  su r face
B - l . l  F o u c a u l t  o e n d u l u m
B - . | . 2  C o r i o l i s  e f f e c t

C .  T i m e

C-l  Frames of  reference for  t ime
C - l . l  E a r t h  m o t i o n s

D .  So la r  sys tem mode ls

D- l  Geocen t r i c  and  he ] i ocen t r i c  mode ls
D- ' l  . l  Geocentr ic  model
D- l  .2  Hel  i  ocentr i  c  mode' l

D -2  S imn le  ce les t i a l  mode l
D-2. . |  Geometry of  orb i ts
D-2.2 Force and energy t ransformat ions

AREA 3 THE EARTH,S ENERGY BUDGETS

TOPIC V -  ENERGY IN EARTH PROCESSES

A. Electromagnet ic  energy and energy

A- l  E lect romagnet ic  energy
A- ' l  .1  Propert ies
A- . l . 2  So la r  ene rgy
A- . | . 3  Ea r th  ene rgy

A-2 Energy t ransfer
A-2.  

' l  
Conduct i  on

A-2 .2  Convec t i on
A - 2 . 3  R a d i a t i o n

t rans fer



B. Energy transformation

B-l  Transformation in earth processes
B- l . l  La ten t  heat
B-1.2 Movement of matter
B-1.3 } lavelength absorpt ion and

radi at ion
B-' l  .4 Fr i  ct i  on

C. Energy relat ionships in earth processes

C-l  Conservat ion of energy
C- l . l  C losed sys tem

TOPIC VI -  INSOLATION AND THE EARTH'S
SURFACE

A.  Inso la t ion  a t  the  ear th 's  sur face

A- l  Inso la t ion  fac to rs
A - 1  . 1  A n 9 1 e
A - . | . 2  D u r a t i o n
A - 1 . 3  A b s o r p t i o n
A - l . 4  R e f l e c t i o n
A-1  ,5  Scat te r ing
A-1  .6  Energy  convers ion

B .  T e r r e s t r i a l  r a d i a t i o n

B- l  Rad ia t ion  fac to rs
B - l .  l  M a t e r i a l  r a d i a t i o n
B - . | . 2  G a s e s
B - l  . 3  B a l  a n c e

TOPIC VII  -  ENERGY EXCHAI' IGES IN THE
ATIIOSPHE RE

A.  A tmospher ic  var iab les

A- l  Loca l  a tmosoher ic  var iab les
A- l . l  Probab i1 i ty  o f  occur rence
A-l  .2 Temperature var iat ions
A- l  .3  Pressure  var ia t ions
A- . | .4  Mo is tu re  var ia t ions
A-1 .5  A i r  movement
A-l  .6 Atmospheric transparency
A - 1 . 7  0 t h e r  v a r i a b l e s

B. Synopt i  c weather data

B-1  Synopt ic  ana lys is
B- l . l  A i rmass  charac ter is t i cs
B- . | .2  A i rmass  source  reg ions
B-l  .3 Ai rmass tracks

C. Atmospheric energy exchanges

C-' l  Input of moisture and energy
C-1 .1  Evapora t ion  and t ransp i ra t ion
C-1 .2  Vapor  p ressure
C-1 .3  Satura t ion  vapor  p ressure
C-. |  .4 0therinput energy

C-2 Moisture and energy transfer
C-2. 1 Density di f ferences
C-2.2 | ' l ind speed and direct ion
C-2 .3  Ad iabat ' i c  changes

C-3 Release of moisture and energy within
the atmosphere
C-3.. l  Condensat ion and subl imation
C-3.2 Cloud formation

C-4 Release of moisture and energy from the
atmosphere
C-4 .1  Prec ip i ta t ion
C-4.2 Wind-water interact ion

TOPIC VII I  -  MOISTURE AND ENERGY BUDGETS AND
ENVIRONMENT CHANGE

A.  Ear th 's  water

A-l Ground water
A - l . l  I n f i l t r a t i o n
A- . | .2  Permeab i l i t y
A- ' l  .3 Porosi ty
A - 1 . 4  C a p i l l a r i t y

A-2 Surface water
A-2.. |  Runoff

A-3  Po l lu t ion  o f  the  ear th 's  water
A-3.I  Sources of oo' l  

' l  utants
A-3 .2  Types  o f  po1 ' l  u tan ts
A-3 .3  Concent ra t ion  o f  oo l lu tan ts
A-3.4 Long-range effects

B. The Iocal water budget

B-l  Water budget var iab' les
B - l . l  P r e c i p i t a t i o n  ( P )
B- . | .2  Poten t ia l  evapot ransp i ra t ion  (EO)
B-1 .3  Mois tu re  s to rage
B - l  . 4  M o i s t u r e  u t i l i z a t i o n
B- ]  .5  Mo i  s tu re  de f  i  c i  t
B- . | .6  Mo is tu re  recharge
B - ] . 7  M o i s t u r e  s u r o l u s

B-2 Streams
B-2.. |  Stream discharge and the water

budget
B-3 Cl imates and the local water budqet

B - 3 . . |  C l i m a t i c  r e g i o n s

C. Cl imate Dattern factors

C-l  Factors
C - l . l  L a t i t u d e
C - . | . 2  E l e v a t i o n
C-1 .3  Large bod ies  o f  water  and ocean

currents
C- . | .4  Mounta in  bar r ie rs
C- I .5  t , J ind  be l ts
C- I .6  S torm t racks

xv'l



AREA 4

TOPIC IX -  THE EROSIONAL PROCESS

A.  Wea the r i ng

A- l  Evjdence of  weather ing
A- l . l  Wea the r i ng  p rocesses
A- l . 2  t Jea the r i ng  ra tes
A- . l . 3  So i l  f o rma t i on
A - l  . 4  S o i  I  s o l u t i o n

B .  E r o s i o n

B- l  Ev idence  o f  e ros ion
B- l  .  l  Di  sp l  aced sed' iments
B- '1.2 Propert ies of  t ransported

mater i  a l  s
B-2 Factors af fect ing t ransportat ion

B-2 .  I  G rav i t y
B-2,2 Water  eros ion
B - 2 . 3  W i n d  a n d  i c e  e r o s i o n
B-2 .4  E f fec t  o f  e ros iona l  agen ts
B-2 .5  E f fec t  o f  man
B-2 .6  P redominan t  aqen t

TOPIC X - THE DEPOSITIONAL PROCESS

A . ' D e p o s i t i o n

A-l  Factors
A - l . l  S i z e
A- l  .2  Shaoe
A-1  .3  Dens i  ty
A - 1 . 4  V e l o c i t y

B.  Eros jona l -depos i t iona l  sys tem

B-l  Character i  st i  cs
B- l  . l  Eros jona l -depos i t iona l  change
B- l .2 .Oomi  nant  p rocess
B- l  .3  Eros iona l  -depos i t iona l  in te r face
B-l  .4 Dynami c equi I  i  br j  um
B - 1 . 5  E n e r g y  r e l a t i o n s h i p s

TOPIX XI  -  THE FORMATION OF ROCKS

A. Rocks and sediments

A-1 Comparat ive propert ies
A - l  .  I  S i m i  l a r i  t i e s
A- . | . 2  D i f f e rences

B .  M i n e r a l s

B - l  Re la t i on  t o  rocks
B - 1 . 1  C o m p o s j t i o n

B-2  Charac te r i s t i cs
B - 2 . 1  P h y s i c a l ,  c h e m i c a 1  p r o p e r t i e s
B-2 .2  Chemica l  compos i t i on
B-2 .3  S t ruc tu re

C. Rock format ion

C- l  Sedimentary rocks
C- l  . l  Compression cementat ion
C-1 .2  Chemica l  p rocesses
C- . | . 3  B io log i ca l  p rocesses

C-2 Nonsedirnentary rocks
C-2 . . |  So l i d i f i ca t i on  D rocess
C-2 .2  Rec rys ta l  I  i za t j on  p rocess

C-3 Envi ronrnent  of  format ion
C-3 . . |  I n fe r red  cha rac te r i s t i cs
C - 3 . 2  D i s t r i b u t i o n

D .  Rock  cyc le

D- l  Ev idence
D- ' l  . 1  T rans i t i on  zones
D- l  . 2  Rock  compos i  t i on

TOPIC  X I I  -  THE DYNAMIC CRUST

A. Evidence for  crusta l  movement

A-2

Mino r  c rus ta l  changes
A- ] . ' l  De fo rmed  rock  s t ra ta
A - 1  . 2  D i s p l a c e d  f o s s i  l s
A - . | . 3  D i s n l a c e d  s t r a t a
Ma jo r  c rus ta l  changes
A - 2 . . l  Z o n e s  o f  c r u s t a l  a c t i v i t v
A -2 .2  Geosync l  i nes
A-2 .3  Ve r t i  ca l  movemen ts
A-2 .4  Ocean  f l oo r  sp read ing
A - 2 . 5  C o n t i n e n t a l  d r i f t
A -2  . 6  l 4bgne t i  c  po l  es

B .  Ea r thquakes

B- l  Wave  p rope r t i es
B - l . 1  T y p e s  o f  w a v e s
B - l . 2  V e l o c i t i e s
B - l . 3  T r a n s m i s s i o n

B-2  Loca t i on  o f  an  ep i cen te r
B -2 . . |  Eo i cen te r
B - 2 . 2  O r i g i n  t i m e

C.  Mode l  o f  t he  ea r th ' s  c rus t  and  i n te r i o r

C -1  P rope r t i es
C - l . l  S o l i d  a n d  l i o u i d  z o n e s
C - ' l . 2  C r u s t a l  t h i c k n e s s
C- . l . 3  C rus ta l  comoos i t i on
C- l . 4  Dens i t y ,  t empera tu re ,  and  p ressu re
C- l  . 5  I n te r i o r  comoos i t i on

D .  Theo r i es  o f  c rus ta l  change

D- l  In ferred processes
D - I . l  M a n t l e  c o n v e c t i o n  c e l l s
D- l  .2  Geosync ' l  ina ' l  deveiopment
D - 1 . 3  I s o s t a s y
D- l  . 4  P rocess  re la t i onsh ips

THE ROCK CYCLE

A-t
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AREA 5 THE HISIORY OF THE EARTH D. The fossi ]  record

D- l  Anc ien t  l i fe
T0PIC XIII - INTERPRETING GE0LOGIC HIST0RY D-l.' l Variety of life forms

D-'l .2 Evolutionary development
A. Geologic events

A-1 Sequence of geologic events ToPIC XIV - LANDSCAPE DEVELoPMENT AND ENVIRoN-
A-1.'l Chronology of layers MEIITAL CHANGE
A-1.2 Igneous intrusions and extrusions
A-1.3 Faults,  jo ints,  and folds A. Landscape character ist ics
A-1.4 Interna' l  character ist ics

B. corre'rarion rechniques 
o-t 

fli:ltfilti:i;::"vations
A-.| .2 Stream patterns

B- l  Cor re la t ion  A-1 .3  So i l  assoc ia t ions
B-l . l  Cont inui ty A-2 Relat ionship of character ist ics
B-1.2 Simi lar l ty of rock A-2.1 Landscape regions
B-1 .3  Foss i l  ev idence
B-1.4 Volcanic t im markers B. Landscape developrnnt
B-1.5 Anomalies to correlat ion

B-l  Environrpntal  factors
C.  Determin ing  geo log ic  ages  B- l . l  Up l i f t ing  and leve l ing  fo rce

B - 1 . 2  C l i m a t e
C-l  Rock record B-1.3 Bedrock

C- l . l  Foss l l  ev idence B- ] .4  T ime
C-.| .2 Scale of geologic t i re B-1.5 Dynamic equi l ibr ium
C-1.3  Eros iona l  record  8-1 .6  Man
C-I.4 Geologlc history of an area

C-2 Radioactive decay
C-2.1 Decay rates
C-2 .2  Ha l f - l i ves
C-2.3 Decay product ratios

x v t l l



AREA 1

,NVESTtGATf lrfG

PROCESSES OF CHAtTf GE

AREA TIME EMPHASIS TOPIC TITLE TIME

l0 DAYS I  Observat ion and Measurenent 5 days
of the Environment

I I  The Changing Environment 5 daYs



TOPIC I - OBSERVATION AND MEASUREMENT OF THE ENVIRONMENT

TOPIC ABSIRACI
Time Emphasis:  5 days

envi  ronment .
level  of  Derformance descr ibed

ttltoR
At the

A .
B .

comp le t i on  o f  t h i s  t op i c ,  t he  s tuden t  shou ld  be  ab le  t o :-O" i . i i ue  
and  c lass j f v  h i s  own  obse rva t i ons  o f  t he  l oca l

ffiffi-some oi tFE-Froperties of his environment at a
i-n tne "Process of Inqu i  ry Object i  ves. "

Approoch

x

TOPIC  OUTL INE RSTAN DI NGS

*

TION TO TEACHERS

Jloru ea* ilro ha4i/ratnt2rtf Bo hatn'ltay'te/?

EtffAv|onAt oBJtclfvts

Trea tmen t  o f  t op i c  I  shou ld  be  b r i e f .  The  amoun t  o f  t ime  spen t  w i l l  depend  upon .  p rev ious_s tuden t
exoer ience wi th observat ion and-f rEE-surement .  The student  should be made aware that  casual
obse rva t i ons  mus t  be  s tanda rd i zed  and  c lass i f i ed  i n  o rde r  t o  f o rm  a  bas i s  f o r  sc ien t i f i c
. i nves t i ga t i on .  He  shou ld  a l so  become aware  o f  t he  p rob lems  wh ich  accompany  any  t ype  o f  sc ien t i f i c
meas u rement .

An important  aspect  of  the study of  densi ty  should be to prov ide the vehic le for  an examinat ion
o f  t h e  s k i l l s  o f  s c ' i e n t i f i c  m e a s u r e m e n t .

\ .  The  l oca l  env i ronmen t

A-l 0bservation A-l Jlorrt un l/p lunl eruawmeat lp alnu/?

A - 1 . 1  S e n s o r y  A - l . l l  0 b s e r v a t i o n s  i n v o l v e  t h e  i n t e r a c t j o n  o f
pe rcep t i on  '  t he  senses  w i th  t he  env i ronmen t '

A -1 .2  Senso ry  A - . l . 2 . l  Powers  o f  obse rva t i on  a re  l im i t ed  by  t he
I  i  m i  t a t i  ons  senses  .

A-1.22 Powers of  observat ion can be extended by
the  use  o f  i ns t rumen ts .

A - . l . 3  I n fe rences  A - l ' 3 . l  I n fe rences  a re  i n te rp re ta t i ons  based  upon
'  obse rva t i ons .

l'A'l
cc0- I 0

U L U -  I  I

P I 0 - l ;  C C 0 - l  I

ccO- I  2

P I 0 - 5 ;  C C 0 - I 0 ,  l 2

P IO .3

A - 2  C l a s s i f i c a t i o n

A-2 . . l  A  sys tem
o f  c l  ass i  -
f i  cat i  on

A-2 .2  Pu rpose

A-2 Jloat u..t al4"sr&lnnt, ol llo enuiteunat ln clau^a/,ad Z t-A-2

A-2 . . l . l  A  c l ass i f i ca t i on  sys tem i s  based  on
'  obse rvab le  p rope r t i es .

A -2 .21  A  c lass i f i ca t i on  sys tem e r ' ab les  an  i nves t i -
ga to r  t o  o rgan i ze  obse rva t i ons  i n  a
mean ing fu l  way .



TOPIC MAJOR UNDERSTANDINGS INFORMATION TEACHERS

B. Propert ies of the
envi ronment

B-l Measurement

B- l  .  I  D imen-
s iona l
quant i  t i  es

B-1 .2  Compar ison

B-] .3 Error

B-2 Density

PIO- i

P IO- I

P I 0 - 1 ,  2

P I 0 - l  ,  2 ,  3

P I 0 - l ,
l 1

cco-1 0,

P I 0 - l ,'t ' l
PI0 - l  ,
l 1

t-B-2

2 , 4 , 5 i  C C 0 - 1 0 ,

cco-7,

cco-7,

B-2.1 var iat ions B-2. ' | l  The density of a uniform mater ia 'r  is
independent of the size and shape of the
mater ia l .

8-2.12 The density of a gas var ies with pressure
and temperature.

B-2. ' l  3 The maximum density of most mater ia. l  s
occurs  in  the  so l id  phase.

8-2.14 The maximum density bf water occurs in
the  l iqu id  phase.

l l

2 , 5 i

2 1  5 i

t 0 ,

10 ,

B-l Aaan ca.t ,pryrtbr. al ll" Ito ntuarr&

B- l . l l  A l l  measu remen ts  con ta in  a t  l eas t  one
bas i c  d imens iona l  quan t i t y  ( t ime ,' length 

,  or  mass )  .
B-1.12 Some propert ies of  mat ter  are descr ibed

by the mathemat ica l  combinat ion of  the
b a s i c  d i m e n s i o n a l  q u a n t i t i e s  ( e . g . ,
dens i t y ,  p ressu re ,  vo lume ,  o r
acce le ra t i on ) .

B- '1 .21 Measurements of  some propert ies of  mat ter
are made by a d i rect  compar ison wi th
s t a n d a r d s  ( e . g . ,  I e n g t h ,  m a s s ,  v o ' l u m e ) .

B-1.31 Any measurement  is  an approximat ion of
an absolute value and must  be considered
to conta in some error .

8-2 Ulol oD tatsoe.laaa.tnatelr"t of tt
ol lL eauaouoeat?

t-8-l



TOPIC I I  -  THE CHANGING ENVIRONMENT

Jlarrt e/"a-g2nltlo !t. Oan Sattlauo*a,t?

Time Emphasis:  5 days

TOP'C ABSTRACI

llo'1ot 8eftovioruf Obieaires

At the conplet ion of this topic,  the student should be able to:
A. Describe the nature of changes occurr ing in his environment from observat ions of the

erwTFffient.
B. Draw inferences about the relat ionship of energy to change frqn direct observat ions.
C. Draw T[frrences about man's abi l i ty tb modify 6is enviroiment from direct observat ions.

Approoch

Throughout th ' is topic the student 's attent ion should be focused on changes in his environment.
The student should develop an awareness that the phenomenon of change is the prevai l ing condit ion
in  na ture .

In this topic i t  is desirable to start  scrne long-term invest igat ions of the "watch" type wh' ich
wi l l  be  conc luded and summar ized a t  var ious  po in ts  in  la te r  top ics .  Spec i f i c  suggest ions  fo r
these invest igat ions are included in the supplementary mater ials.

Long-term uatches should be initiated with enthusiaan otd students should be frequently encouraged
so that they uiLL feel the neeessity for eontinuing their uork. SpesLfic end points foz, these
lnuestr)gations should be detezmined in aduotce, otd plols ehould be eetablished foz, the
incorporation of the acewruLated data into the appnopriate topics.

The re lat ionship between energy and change should be in t roduced in th is  topic .  Fur ther  develop-
ment  wi  l  

' l  
occur  i  n  tooi  c  V.

TOPIC OUTLINE MAJOR UNDERSTANDINGS

*

INFORMATION TO TEACHERS

A. The nature of  change

A- l  Cha rac te r i s t i cs
of  change

A-. l .  I  0ccurrence
of events

A-1.2  Frames o f
reference

A- ] .3  Rate  o f
change

l-t 4orrn 
"un 

&,-7tt tto daoolbAZ

A-l . l l  Change can be described as the occurrence
of an event.

A-. | .12 An event occurs i f  the propert ies of
matter are al tered.

A-1. '13 An event occurs i f  the propert ies of a
system are al tered.

A-'1.2.| Time and space are frames of reference
through which change can be described.

A-1.31 A change can be described by measuring
the rate at which i t  occurs.

A-1.32 The rates of change of some earth
processes are di f f icul t  to measure.

IH-l

c c o - l  ,  2 ,  4 ,  6 ,  7

P I 0 - 4 ,  5 ;  C C 0 - ' l  ,  2 ,  4 ,
6 , 7
P I 0 - 4 ,  5 ;  C C 0 - l  ,  2 ,  4 ,
6 1  7

P I 0 - 3 ,  4 ,  5 ;  C C 0 - l ,  2 ,'10 ,  
l ' 1  ,  12

P I 0 - 2 ,  4 ;  C C O - I  '  2 ,  6 ,
7
P I 0 - 2 ;  C C O - 1 0 ,  

' l l



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A - 1 . 4  C y c l e s -
noncycl es

A- l  .5  Predi  c t -
a b i l i t y  o f
change

A-1 .6  0ccu r rence
of  change

B. Energy and change

B- ' l  Relat ' ionship
between energy
and change

B- l  .1  Energy
f low and
exch an ge

C. Environmental  Change

C- l  Man 's  ln f luence
on the
envi ronmen t

C - l . l  E n v i r o n -
men tal
bal  ance

C-l  .2 Envi ron-
men ta I
p o l I u t i o n

A-. | .4 . |  Cycl ic  change is  an order ly  manner of
events in  t ' ime and space which repeats.

A -1 .42  Mos t  changes  i n  t he  env i ronmen t  a re  cyc l i c .

A- . | .5 . |  The scope and d i rect ' ion of  change js  of ten
,  predictable when evidence of  the nature of

the change i  s  avai  
' l  
ab l  e .

A - . | . 61  Change  j s  a  na tu ra l  s ta te  o f  t he  env i ronmen t .

cc0-6

cc0-s

cco - l ,  2 ,  4 ,  5 ,  6 ,  7 ,. | 0 ,  l 2

tf-B-t

cc0 -1 ,  4

cc0-1,  2 ,  4

il.c-l

cc0-4

L L U - b

PI0 -2 ,  5 ;  CC0-8 ,  9

cc0- 7

cco- I

Pl } -? ;  CC0- ]  ,  2 ,  4 ,  5

8-l Uhaf d tlp aelattotuluf' ol errory 14 &a.+o?

B-1 . . | . |  Change  occu rs  s imu l taneous l y  i n  t he  pa r t
o f  t he  env j ronmen t  wh j ch  l oses  ene rgy
and  i n  t he  pa r t  o f  t he  env i ronmen t  wh i ch
ga ins  ene rgy .

B- . | . . l2  The exchange of  energy in  processes of
change occurs at  the in ter face between
oarts  of  the envi ronment .

C-l Aout Aut' rnot. -o/rlf lJe eatrlrtou*e.rn

C - l . l l  T h e  e n v i r o n m e n t  i s  i n  a  s t a t e  o f  e o u i -
l i b r j um wh ich  can  be  a l t e red  eas i  l y  on
a  s m a l l  s c a l e .

C - l . 12  Man ' s  t echno logy  has  enab led  h im  to
d i s rup t  t he  equ ' i l i b r i um o f  l a rge
po r t i ons  o f  h i s  env j ronmen t .

C-1.21 The envi ronment  is  considered to be
po ' l I u ted  when  the  concen t ra t i on  o f  any
substance or  form of  energy reaches a
proport ion that  adversely af fects man,
h i s  p rope r t y ,  o r  t he  p ' l an t  and  an ima l
l i f e  on  wh ich  he  depends .

C- l , 22  Env i ronmen ta l  po l l u tan ts  i nc lude  such
d i v e r s e  m a t e r i a l s  a s  s o l i d s ,  l i q u i d s ,
gases ,  b io log i c  o rgan i sms ,  and  fo rms
of  energy such as heat ,  sound,  and
n u c l e a r  r a d i a t i o n .

C - l . 23  Po l l u tan ts  a re  be ing  added  to  t he  env i ron -
men t  by  na tu ra l  p rocesses ,  t he  ac t i v i t ' i es
o f  i n d i  v i d u a l s ,  c o m m u n i t i e s ,  a n d  j n d u s -
t r i a l  p rocesses .

C-1 .24  The  add i t i on  o f  some  po l l u tan ts  t o  t he
env ' i r onmen t  va r i es  w i t h  such  fac to rs  as
the seasons or  the t ime of  day.
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TOPIC  OUTL INE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-2.2  Measure-
men f,
de te r-
m'i nat'i on

A-3 Extent  of  the
atmosphere,
hydrosphere,
and I  i  thosphere

A-3 .1  A tmosphe re

A-2 .  I  3  The  ea r th ' s  d i  ame te r ,  vo l  ume  ,  and
su r face  a rea  can  be  ca l cu la ted  once  the
c i r cumfe rence  i s  known .

A-2.21 The ear th 's  c i rcumference through the
po ies  i s  l ess  t han  the  measu remen t  a long
the equator .

A -2 .?2  The  ea r th  i s  nea r l y  sphe r i ca l ,  be ing  on l y
s i i g h t l y  o b l a t e .

A.3 Ulal ir lla als'l ol ll'o
A.rd^oqa/nro, aA Ulotp/otzl

A-3 .1 . l  Nea r i y  a i l  o f  t he  a tmosphe re  i s  con -
,  f j ned  to  a  t h i n  she i l  su r round ing  the

earth.  However,  the atmosphere extends
seve ra l  hund red  k i l ome te rs  i n to  space .

A - 3 . . l 2  T h e  a t m o s p h e r e  i s  s t r a t i f i e d ,  w i t h  e a c h
l a y e r  p o s s e s s i n g  d i s t i n c t  c h a r a c t e r i s t i c s .

A -3 .2 . |  The  ma jo r i t y  o f  t he  ea r th ' s  su r face  i s
cove red  w i th  wa te r  t ha t  i s  l a rge i y  con -
f i n e d  t o  a  r e l a t i v e l y  t h i n  f j  l m .

A -3 .3 ]  The  rock  nea r  t he  ea r th ' s  su r face  fo rms
a . c o n t i n u o u s  s o l i d  s h e l l  a r o u n d  t h e
ea r th  .

pos i t i on  and  exchang ing
the data wi  th  another
s c h o o l .
P I 0 - 1 ,  2 ,  3 ,  4 ,  5 ;
c c O - i l ,  l 2
P I 0 - i ,  5 ;  C C 0 - l l

P I 0 - 1 ,  2 ,  3 ,  4 ,  5 ;
cc0-  I  I

A - 2 . 2 2  T h e  o b j e c t i v e  i n  t h i s
unde rs tand ing  i s  t o  pu t
t h e  e a r t h ' s  s h a p e  i n
proper perspect i  ve
rega rd ing  sca le .  The
"ou t  o f  r oundness "
s h o u l d .  n o t  b e  o v e r -
emphas' i  zed.  0thenrr i  se,
students may develop an
exaggerated mentai  model
o f  t h e  e a r t h ' s  s h a p e .
P I 0 - l  ,  3 ;  C C 0 - l l ,  l 2

ilt-A-3

A - 3 . . l . l  T h e  o b j e c t i v e  i n  t h i s
unde rs tand ing  i s  t o  pu t
the extent  of  the atmo-
sphe re  i n  p rope r  pe r -
s p e c t i v e  r e g a r d i n g  s c a i e .
P I 0 - l ,  3 ;  C C 0 - 7 ,  l l
P I 0 - 5 ;  C C 0 - 7 ,  9 ,  l l

P I 0 - l ,  3 ;  C C O - 7 ,  l l

A - 3 . 3 i  R e l a t e  t o  t o p i c  X I I .
P I 0 - l ,  3 ;  C C 0 - 7 ,  t t

A -3 .2  Hyd ro -
sphere

A - 3 . 3  L i t h o -
s pnere

B . P o s i t i o n s  o n
the ear th

B- l  Posi  t i  on
dete rmi n ati on

B - l . l  C o o r d i -
nate
sys tems

8-l Aoat @t o
tr^&co la "a4flfo- 

ut l/p rallo't fff'B'l

B - 1 .  l l  T h e  s t u d e n t s  s h o u l d
become aware that  many
reference systems can
be  used  to  de te rm ine
pos i  t i  ons on the ear th .
P I 0 - 2 ,  3 ,  5
P I 0 - 2 ,  3 ,  5 ;  C C 0 - l  l

B - l . l ' l  A  c o o r d i n a t e  s y s t e m  o f  i m a g i n a r y  l i n e s ,
an  ea r th  g r i d ,  can  be  deve loped  to
de te rm ine  a  pos i t i on  on  the  ea r th ' s
s ur face .

B - . | . . | 2  The  l a t i t ude - l ong i t ude  sys tem i s  based
on  ce les t i a l  obse rva t i ons .



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMTION TO TEACHERS

B-2 Position B'2 Aoat wt t/n oJo pUtlo" lt
description M a-/ &und,e

ilt',.2

B-2.1  Vec tor -  8 -2 .11  The phys ica l  charac ter is t i cs  o f  a  po in t  P I0-3 ,  5
sca la r  '  may be  e i ther  vec tor  o r  sca la r  quant i t ies .
propert i  es

B - 2 . 2  F i e l d s  8 - 2 . 2 . |  A  f j e l d  i s  a  r e g i o n  o f  s p a c e  w h i c h  c o n -  P I 0 - 3 , 5
ta ins  a  measurab le  quant i t y  a t  every  po in t .

B-2'22 
5:l::i:"?lt,l3o?l'Jioli;:lllH,:'"'o 

PI0-3' 5
B-2.23  Iso-sur faces  are  mode ls  represent ing  PI0-3 '  5

f ie ld  charac ter is t i cs  in  th ree  d imens ions
( e . 9 . ,  c o n t o u r  m a p  o r  m a g n e t i c  f i e l d )

B-2 .24  The charac ter is t i cs  o f  a  f ie ld  f requent ly  B-2 .24  A f ie ' ld  shou ld  be
change with the passage of t ime. studied in which change

can be noted. Do not
create the impression
tha t  f ie lds  a re  s ta t i c

3io:l:n3:nllni,o- ' , ,,. | 0 ,  
l l

8 -2 .25  Grad ien ts  w i th in  the  f ie ld  express  the  PI0-5 ;  CC0-7
degree of change of the f ie ld quant i ty
f rom p lace  to  p lace .

l 0



TOPIC IV -  EARTH MOTIONS

Uhaf 4ao tle ltalianL al llo Sdrlh?

TOPiC ABSIRACT
Time Emphasis:  l0 days

llopr BefioYioruf 0iieaires
At the complet ion of  th is  topic ,  the student  shou' ld  be able to:

A.  Col lect  data on the mot ions of  objects in  the sky.
B. DlW-Tfr-ferences about earth motions frqn evidencb such as the Corio]is effect and the

Foffii-t1e-n'ilillum.
C. Draw inferences from celestial and temestrial observations re'lating frames of reference

To'rffirth motion.
D. Analyze models of the solar system using local ' ly obtained data to synthesize a simple

mode ' l ,and eva lua te  the  mode l  fo r  i t s  app l i cab i l i t y .

Approadr

Topic IV cont inues the development of a general  model of  the planet earth by the examinat ion of
terrestr ial ,  lunar,  and planetary observat jons. These observat ions shou' ld be used to construct
a model for earth motions.

The geocentr ic and he' l iocentr ic models should be introduced and the observat ions used to
support  or refute these models.

TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A. Celest ial  observat ions

t-l Ul*l albruohutt' wt lro rn,/o ol c.l4lral altich? tv-i.lA-l  Motions of
ob jec ts  in
the sky

A - l . l  S t a r
paths

A-l  .2 P1 anetary
motions

A-l  .3 Satel  I  i  te
motion

A- ]  .4  Sun
motion

A- l . I l  The spp6rgnt  da i l y  mot ion  o f  s ta rs  i s  a'  c i  rcul  ar path.
A- . | .12  The da i l y  ra te  o f  mot ion  o f  s ta rs  i s

constant.

A-1.2. |  The novement of planets through the
star f ie ld is not uni fonn.

A-1.22 The apparent diameter of each planet
var ies  in  a  cyc l i c  manner .

A-1.23 The observat ion of planets indicates that
many rotate.

A-1.31 The moon's motion creates a cycle of
phases.

A-1.32 The moon's apparent diameter var ies in
a cycl ic manner.

A- . | .4 . |  The sun 's  apparent  da i l y  pa th  th rough
the  sky  is  an  arc .

A-1,42 The sun's apparent path var ies with the
seasons.

PI0-5 ;  CC0-4 ,  6 ,  8

PI0-5 ;  CC0-6 ,  8

PI0-5 ;  CC0-4 ,  6 ,  8

PI0-5 ;  CC0-5 ,  6 ,  8

PI0-5 ;  CC0-4 ,  6 ,  8

PI0-5 ;  CC0-4 ,  5 ,  6 ,  8

PI0-5 ;  CC0-4 ,  5 ,  6 ,  8

PI0-5 ;  CC0-4 ,  6 ,  8

cc0-5 ,  6 ,  8

t ' l



TOPIC  OUTL INE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

B.  Ter res t r ia l
observat i  ons

B-1 Motion at the
ear th 's  sur face

C.  T ime

C-l Frames of
reference for
t ime

B - l . l  F o u c a u l t  B - l . l l  T h e  p l a n e  o f  v i b r a t i o n  o f  a  f r e e l l r  p I 0 - 5 ;  c c 0 - 6 , 9
pendu lu rn  sw ing ing  nendu lum apnea rs  t o  chanqe

d i rec t i on  i n  a  manner  t ha t  i s
p red  i  c tab l  e .

B - 1 . 2  C o r i o l j s  B - . l . . l 2  T h e  p a t h  o f  a  f l u i d  a t  t h e  s u r f a c e  p t 0 - 5 ;  C C 0 - 6 , 9
e f fec t  ,  o f  t he  ea r th  appea rs  t o  unde rqo  a

p red i c tab le  ho r i zon ta l  de f l ec t i on .

4 - . | . 4 3  T h e  h i g h  n o o n  p o s i t i o n  i s  n e v e r  d i r e c t l y  C C 0 - 5 ,  6 ,  I
overhead far ther  nor th than 231'  N.
I  a t i  tude .

A -1 .44  The  po in t s  o f  sun r i se  and  sunse t  va ry  CC0-5 ,  6 ,  8
w i t h  t h e  s e a s o n s .

4 - 1 . 4 5  T h e  l e n g t h  o f  d a y  v a r i e s  w i t h  t h e  C C 0 - 5 , 6 , 8
s e a s o n s .

A - ] . 4 6  T h e  a p p a r e n t  s o l a r  d i a m e t e r  v a r i e s  i n  P I 0 - 5 ;  C C 0 - 4 , 5 , 6 , 8
a  c y c l j c  m a n n e r  d u r i n g  t h e  y e a r .

B-l Ulaf lmbaal ktf.tl4 &4lL aolaut? ty-8-t

C-l Jlot, er txn'a. al a.lastez /aa taoZ fY'C'l

C- l . l  Ea r th  C - l . l l  The  f rames  o f  r e fe rence  fo r  t i n re  a re  CC0-5 .  6
mo t i ons  based  upon  the  rno t i ons  o f  t he  ea r th .

C - | . . | 2  M e a n  t i m e  d i f f e r s  f r o m  a n o a r e n t  s o l a r  C C 0 - 5 .  6
t ime by an amount  which var ies r , r i th
t h e  s e a s o n s .

D. Sol ar sys tem mode'l s

D-l Geocentrjc and D-l Ulal n4/21l, eaflor, llo oluur,lAu. o/ ,V-D-l
hel  i  ocentr i  c
modets oa/ lzanltulal anlioa.t?

D - l . l  G e o c e n t r i c  D - l . l l  T h e  a p p a r e n t  m o t i o n s  o f  c e l e s t j a l  o b j e c t s  P I 0 - 3 ,  4 ;  C C 0 - 5 ,  l l ,  l 2
mode l  a re  exp la ined  by  a  qeocen t r i c  mode l .

D - ] . . | 2  The  appa ren t  t e r res t r j a l  mo t i ons  o f  ob jec t s  P I0 -3 ,  4 ;  CC0- l l
,  a re  no t  exp la ined  by  a  geocen t r i c  mode l .

D - l . 2  H e l i o -  D - l . 2 . l  T h e  a p p a r e n t  m o t i o n s  o f  c e l e s t i a l  o b j e c t s  P I 0 - 3 ;  C C 0 - 6 ,  1 2
cen t r i c  a re  exp la ined  by  a  he l i ocen t r i c  i node l .
mode ' l  D -1 .22  The  appa ren t  t e r res t r i a l  mo t i ons  o f  ob jec t s  P I0 -3 ;  CC0-6 ,  12

a re  ex .p la ined  by  a  he l i ocen t r i c  mode l .
D - 1 . 2 3  C o m p a r e d  t o  t h e  g e o c e n t r i c  m o d e l ,  t h e  P I 0 - 3 , 4 ;  C C 0 - 5 , 6 , 8

h e l i o c e n t r i c  m o d e l  o f  c e l e s t i a l  m o t i o n  i s
l ess  comp lex .

1?



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORI4ATION TO TEACHERS

D-2 Simple ce'les- 0.2 Ulaf th"lo ,t4/al cot b
tial model 

!n* ottlinutto.tl

D-2.1  Geomet ry  D-2 .1 ]  The ear th 's  o rb i t  a round the  sun is  an  PI0-3 ;  CC0-3 ,5 ,6 ,  12
of orbi ts el l ipse with the sun at one of the foci .

D-2 .12  The orb i ts  o f  the  o ther  p lanets  a lso  PI0-3 ;  CC0-5 ,  6 ,  12
descr ibe  e l l ipses  w i th  the  sun a t  a
focus .

D-2 . '13  The areas  swept  ou t  by  an  imag inary  l ine  PI0-3 ;  CC0-5 ,8
connect ing the sun and a planet are equal
for equal intervals of t ime.

D-2'1411"rfl:";::,'l.llil,nl;'l.3t8ffihl' rerated PIc-3i cc0-5' 8

[ t "  o F' ]

D-2.2 Force and D-2.21 The gravi tat ional force between objects PI0-3; CC0-2, 6,  9
energy is attract ive.
transfor- D-2.22 The gravi tat ional force is proport ional to
mations the product of the masses of the objects

and inversely proport ional to the distance
between their  centers squared.

F MrMzl

I 'o l- l
D'2'?3i,f{!ll'.fitT{Jl?li',:ruUim$i:.] !10;1,,"0- 1, 2, s, 4,

.  as  the  ear th  moves,  resu l t ing  in  a
change in  the  ear th 's  speed.

D-2.24 The length of the day var ies because of CC0-5, 6,  9
the change in speed of the earth in i ts
orb i  t .

N',-2
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TOPIC V -  ENERGY IN EARTH PROCESSES

Uh.J lt tl* RoL al 8-e'ry2 ia. Santh Pam,tte.t?

Time Emphasis:  7 days
TOPIC ABSIRACT

flopr Behovbrul 0lietlires

At  t he  comp le t i on  o f  t h i s  t op i c ,  t he  s tuden t  shou ld  be  ab le  t o :
A.  Ident i fy .and analyze processes of  energy t ransfer .
B.  Descr ibe_ energy t ransformat ions that  have been observed in the envi ronment .
C.  AnI fEe envi roh 'menta l  processes,and draw jnferences about  the conservat ion of  energy.

Approart

This topic  in t roduces the basic  concepts of  thermal  and e lect romagnet ic  energy essent ja l  to
unde rs tand jng  the  ea r th  p rocesses  i nves t i ga ted  i n  subsequen t  t op i cs .  App l i ca t i on  o f  t he  bas i c
concep ts  w i l l  be  expanded  i n  g rea te r  de ta i l  du r i ng  subsequen t  t op i cs .

The  dep th  o f  t r ea tmen t  o f  t op i c  V ,  i nc lud ing  the  se lec t i on  o f  s tuden t  ac t i v j t i es ,  shou ld
u t i l i ze  t he  p r i o r  expe r i ences  and  know ledge  o f  t he  s tuden ts .

TOPIC  OUTL INE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A.  E lec t romagne t i c  ene rgy
and energy t ransfer

A - l  E lec t romagne t i  c
energy

A-l Ulal a,n t/e ol elr.l^aar,+eela eanql? V-A-l

A-1.1  Proper t ies  A-1 . . l . |  A l1  ob jec ts  no t  a t  a  tempera ture  o f
abso lu te  zero  rad ia te  e lec t romagnet ic
ene rgy .

A-1 . . |2  E lec t romagnet ic  energy  has  t ransverse  PI0-2 ,  3 ,  5 ;  CC0-1 ,  7 ,
wave proper t ies .

A - 1 . 1 3  E l e c t r o m a g n e t i c  e n e r g y  c a n  b e  r e f r a c t e d ,  P I 0 - 2 ,  3 ;  C C 0 - 1 , 7 , 9 ,
re f l ec ted ,  sca t te red ,  and  abso rbed . il

A -1 . . l 4  A  good  abso rbe r  o f  e l ec t romagne t i c  ene rgy  CC0-7 ,  l l ,  12
is  a good radiator  of  e lect romagnet ic
energy.

A -1 .2  So la r  A -1 .21  The  sun  i s  t he  ma jo r  sou rce  o f  ene rgy  CC0-3 ,  12
energy for  the ear th.

A -1 .22  The  so la r  e lec t romagne t i c  spec t rum P I0 -2 ,  3 ,  5 ;  CC0-7 ,  l l ,
,  i nc ludes  a  w ide  range  o f  wave leng ths  .  j z

The maxjmum intensi ty  occurs in  the
v i s i b l e  r e g i o n .

A - l ' 3  Ea r th  A - . l . 31  The  na tu ra l  decay  o f  r ad ioac t i ve  ma t te r  A - . l . 3 . |  Re la te  t o  t op i c  X I I I .
energy is  a secondary source of  energy for  CCO-l l ,  lz

ear th processes.

cco- t  I  ,  l2

l 6



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-2 Energy
tran s fe r

B . Energy transformati  on

B-l  Transfomtat ion
i  n earth
pr0ces ses

B- l  .  I  La ten t
heat

B- ' l  .2 Movement
of matter

B - 1 . 3  W a v e l e n g t h
absorpt i  on
and rad' ia-
t i  on

B - . | . 4  F r i c t ' i o n

Energy  re la t ionsh ips
in earth processes

C- l  Conserva t ion  o f
energy

C - l . l  C l o s e d
sys tem

B-l Ulaf a4e to.ne %afi tnrad&n nahfurt
llal cao lre o,lt4ehrre/ .rt er.all] farcal^el}

B - l . l l  C h a n g e s  o f  p h a s e  a r e  c o n t i n g e n t  u p o n  t h e
loss  or  ga in  o f  energy

B- . l . . l2  As  energy  is  added to  mat te r ,  caus ing  a
change o f  phase wh i le  the  tempera ture
remains  cons tan t ,  th is  energy  is  t rans-
fo rmed in to  po ten t ia l  energy .

B - . | . . l 3  A  s i g n i f i c a n t l y  g r e a t e r  a m o u n t  o f
energy  is  requ i red  to  change a  g iven
mass o f  water  f rom l iqu id  to  vaoor  than
i s  r e q u i r e d  t o  c h a n g e  i c e  t o  l i q u i d .

B-1.2. l  The movement of matter toward or away
f rom the  ear th 's  center  o f  mass  resu l ts
in  an  energy  t rans format ion  f rom k ine t ic
to  po ten t ia l  o r  v ice  versa .

B- . l .3 . l  The charac ter is t i cs  o f  the  sur face  o f  a
mater jal  determine the quant ' i ty and type
of electromagnetic energy absorbed.

B- . l .32  Absorbed shor t  wave lengths  o f  e lec t ro -
magnetic energy can be subsequent ly
rad ia ted  as  long wave lengths .

B- r . 13

B - 1 . 2 1

v-8.1

P I 0 - 3 ,  5 ;  C C 0 - 1  ,  2 ,  4 ,
l l ,  l 2
P I 0 - 3 ,  5 ;  C C 0 - l  ,  2 ,  4 ,
l l ,  1 2

R e l a t e  t o  t o p i c  V I I  a n d
t o p ' i c  V I I I .
P I 0 - l ,  2 ,  3 ,  5 ;  C C 0 - . l ,
2 ,  1 1

Rel ate to topi  cs ,  I  X ,  X,
a n d  X I V .
cc0-1  ,  2 ,  12

v-c-t

cco- l  ,  2,
1 2
cco- l ,  2 ,

P I 0 - 2 ,  3 ,  5 ;
4 ,  7 ,  g ,  l l ,
P I 0 - 2 ,  3 ,  5 ;
4

P 1 0 - 2 ,  3 ,  5 ;  C C 0 - 1 ,
7 ,  1 1 ,  1 2

P I 0 - 3 ,  5 ;  C C 0 - l  ,  2 ,
l 0

7 ,

B- . | .4 . |  Energy  is  t rans formed a t  in te r faces  where  B- . l .4 . |  Re la te  to  too jc  IX .
f r l c t i o n  o c c u r s .  P I 0 - 3 ,  5 ;  C C 6 - ' l  ,  2 ,  7 ,

l 0

6 ,

A-2 Jlarrt ca.t aner?f, tn tn u/AZ

A - 2 .  I  C o n d u c -  A - 2 .  I  I
t i o n  .

A-2 .2  Convec-  A-2 .21
t i  on

A-2.22

A-2 .3  Rad ia t i on  A -2 .31

Conduct ion of  thermal  energy occurs as
an  i n te rac t i on  o f  ma t te r  a t  t he  mo lecu la r
o r  a t o m i c  l e v e l .

Dens i t y  d i f f e rences  i n f l uence  the  t rans -
f e r  o f  e n e r g y  i n  f l u i d s .

I n  a  f l  u  i  d ,  convec t i  on  ce l  I  s  deve l  oo
wh ich  t rans fe r  ene rgy .

E lec t romagne t i c  ene rgy  requ i res  no  med ium
fo r  t r ans fe r .

v-A-2

cc0 - l l ,  t 2

A-2 .21  Re la te  t o  t op i c  V I I .
P I 0 - 3 ,  5 ;  C C O - l  ,  4 ,  5 ,
6 ,  l l

A -2 .22  Re la te  t o  t op i c  V I I  and
t o p i c  X I I .
P I 0 - 2 ,  3 ,  5 ;  C C 0 - . l ,  4 ,
5 , 6 , 7 ,  g ,  g ,  l l ,  l 2

cco - l l  ,  l 2

C-l Ulaf ,t|o&tczt ca- lro 0aarr- altold llo lofal %ry,
,rttlrr, a 

"lalz/ 
t/f%?

C- l . l l  Energy  f lows f rom sources  to  s inks .

C-l . . |2 The amount of energy lost by a source
equals the amount of energy gained by a
s i  n k .

1 7



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORITATION IO-IIAE!$9

C-l .13 The amount of energy needed.to produce :  C-] .13 Relate to topic VII I .
an equal temperature change in equal PI0-2' 3, 5; lC0-] ' 6,
masses of di f ferent mater ials var ies 7, l l
wi th the mater ials.

C- I .14  Water  has  the  h ighes t  spec i f i c  heat  C- I .14  Re la te  to  top ic  V I I I .
capacity among natural ly occurr ing PI0-2, 3,  5;  CC0-],  2,
m a t e r i a l s .  7 ,  l l

C - ] . 1 5  H e a t  l o s t  ( o r  g a i n e d )  i s  p r o p o r t i o n a l  t o  P I 0 - 1 , 2 , 3 , 5 ;  C C 0 - l
the product of the mass and the temperature 1'l, ' l l
change.

C- I . . |6  The heat ' los t  (o r  ga ined)  in  a  phase C-1 . ]6  Re ' la te  to  top ic  V I I .  4
c h a n g e  i s  e q u a l  t o  t h e  p r g d u c t  o f  t h e  P I 0 - 2 , 3 , 5 ;  C C 0 - 1 , 2 ,
mass t imes the change in potent ial  7,  

' l ' l

energy per unit  mass. , :

1 8



TOPIC VI - INSOLATION AND THE EARTH'S SURFACE

Ulal Jlryeu' to sob,a ge*4y Tlat Rea&.t th Saath?

Time Emphasis: 5 days

TOPrc ABSTRACT
I,aju lelovhrol 0iirrtires

At the complet ion of this topic,  the student should be able to:
A. Ana' lyze factors which inf luence the amount of insolat ion reachinq the earth's surface.
B. I ' t leasure the effect of  factors which inf luence the amount of terrestr ia ' l  radiat ion.

lpproort

In this topic the student has the opportunity to invest igate the absorpt ion, ref ' lect ion,
rad' iat ion, and energy conversions involved in the earth-sun energy system.

In topic VII  the radiat ive budget becomes the basis for the invest igat ion of weather.

* * * * * *

TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORI,IATION TO TEACHERS

A. Insolat ion at the
earth's surface

A- l  Inso la t ion
factors

^-l Ulet ott eo.nc ladu4t .r'Lacl 
"W 

aulal,aa? yf.t-,

A-r'r Ansre n-r'rr 
T[.::::!':1"fr1 lffi?]':]'l^3:i.l?;; "'u Pt0-2' 3' S'; cc0-r' rr
approaches perpendicul  ar.

A-1 .12  The in tens i ty  o f  inso la t ion .per  un i t  a rea  PI0-3 ,  5 ;  CCO- I
decreases with an increase in lat i tude.

A-1 .13  The ang le  o f  inso ' la t ion  a t  any  loca t ion  PI0-3 ,  5 ;  CC0- l
var ies w' i th the t ime of day.

A-1 .2  Dura t ion  A- '1 .2 ' l  The tempera ture  a t  a  g iven  loca t ion  var ies  P I0-3 ,5 ;  CC0-1 ,3 ,6
d i rec t l y  w i th  the  dura t ion  o f  inso ' la t ion .

A-1 .22  The dura t ion  o f  inso la t ion  var ies  w i th  P I0-3 ,  5 ;  CCO- I ,  5
lat i tude and season.

A-1 .23  Max imum inso la t ion  in  nor thern  mid-  P I0-3 ,  5 ;  CC0- '1 ,  5
lat i tudes occurs about June 21.

A-1.24 Maximum surface temperature occurs silE- PI0-3, 5; CCO-I, 3
time after the maximum duration of inso-
I  at i  on.

A-1.3 Absorp- A-1.3' l  The atmosphere is largely transparcnt to A-1.31 Relate to topic VII .
t ion  v is ib le  rad ia t ion ,bu t  i t  se lec t i ve ly  P I0-3 ;  CC0-2 ,  5

absorbs quant i t ies of u] traviolet and
infrared radiat ion.

A-1.32 Land surface temperatures change more
rapidly than water surface temperatures. PI0-3; CC0-l '  3 '  6

'19



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-1.4 Ref lec- A-1.41 Clouds may ref lect approximately 25 PI0-3; CC0-6
t ion  percent  o f  the  jnc ident  inso la t ion .

A-1.42 The ref lect iv i ty of the earth depends PI0-3; CC0-6
upon the  ang le  o f  inso la t ion .

A-1.43 Ice and snour ref lect almost al l  of  PI0-3; CC0-6
the  inc ident  inso la t ion .

A-] .5 Scat- A-. | .5. |  Aerosols (such as water droplets and PI0-3; CC0-6
ter ing dust) in the atrnosphere cause a random

ref lec t ion  o f  inso la t ion .
A-1 .52  The amount  o f  inso la t ion  reach ing  the  PI0-3 ;  CC0-6

earth's surface decreases as the
amount of random ref lect ion increases.

A - 1 . 6  E n e r g y  A - 1 . 6 1  S o m e  i n s o l a t i o n  i s  c o n v e r t e d  i n t o  P I 0 - 3 ;  C C 0 - 1 , 2 , 6
con- potential energy by evaporation of water
vers ion  and mel t ing  o f  i ce .

B. Terrestr ia l  radiat ion

B- l  Rad ia t i on
factors

8-l Ural @to tono laclort a'li.l al|et lmalaal aal,aalaa? yrJ-l

B - l . l  M a t e r i a l  B - ' l . l l  T h e  m a x i m u m  j n t e n s i t y  o f  o u t g o i n g  r a d i a -  P I 0 - 3 , 5 ;  C C 0 - 3 , 6
rad ia t ion  t ion  f rqn  the  ear th 's  sur face  is  in

the jnfrared region of the electromag-
net i  c soectrum.

B-1 .2  Gases 8-1 .21  l . la te r  vapor  and carbon d iox ide  are  good PI0-3 ,5 ;  CC0-1 ,6
absorbers of infrared radiat ion.

B-1 .3  Ba lance B- . l .3 . |  Long- te rm measurements  ( thousands o f  p I0 -3 ,  5 ;  CC0-8
years) of worldwide surface temperatures
indicate that the earth is not in
r a d i a t i v e  b a l a n c e .

B-. | .32 Intermediate tenn measurement (decades) PI0-3, 5;  CC0-8
of worldwide surface temoeratures
ind ica tes  tha t  the  ear th  i s  in
rad ia t i ve  ba lance.

B- . | .33  Annua l  measurement  o f  wor ldwide  sur face  PI0-3 ,  5 ;  CC0-4
temperatures indicates that the earth
is  n -o t  in  rad ia t i ve  ba lance.
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TOPIC VI I  -  ENERGY EXCHANGES IN THE ATMOSPHERE

TOP|/C ABSTRACI

comp le t i on  o f  t h i s  t op ' i c ,
Compare 1 ocal1y observed
Determine character i  s t i  cs
Descr ibe energy exchanges

Uraf €ao.t,t. t/ra U"ntlerr?

T i m e  E m p h a s i s :  1 6  d a y s

the  s tuden t  shou ld  be  ab le  t o :
a tmosphe r i c  va r i ab1es ,  and  de r i ve  i n te r re la t i onsh ips .
of  a i  rmasses f rom synopt i -wEE-ther  data.
i  n  atmospher i  c  processes .

The moisture-energy
top ic .  The la ten t
po i  n t .

*

TOPIC OUTLINE

re la t i onsh ips  i n  t he  wa te r  cyc le  shou ld
hea t  f ac to r  t ha t  was  i n t roduced  i n  t op i c

*

MAJOR UNDERSTANDINGS

c o n s i d e r e d  i n  t h i s
r e i n f o r c e d  a t  t h i s

x

INFORMATION TO TEACHERS

be carefu l  1y
V  s h o u l d  b e

*

Itopr Behw'nrul 0bieclives

At the
A .
B .
r

Approort

I t  i s  assumed  tha t  t he  s tuden t  has  obse rved ,  measu red ,  and  reco rded  l oca l  a tmosphe r i c  va r i ab les
in  a  wea the r  wa tch - t ype  i nves t i ga t i on  p r i o r  t o  t h i s  t op i c .  The  da ta  co l l ec t i on  wh i ch  may  have
been  s ta r ted  ea r l i e r  j n  t op i c  I  o r  t op i c  I I  can  be  used  i n  t h i s  t op i c  f o r  ana l ys i s .

An  ana l y t i ca l  app roach  shou ' l d  be  used  i n  t h i s  t op i c .  S tuden ts  shou ld  be  encou raged  to  hypo thes i ze
re lat ionships based on the ev idence they have col lected.

The  p red i c t i on  o f  a tmosphe r i c  changes  i s  an  ac t i v i t y  wh ' i ch  can  s t imu la te  t he  i n te res t  o f  a l l
s tudents .

A. Atmospheric var iables

A-l  Local
atmospheri c
vari  ables

A - l . l  P r o b a -
b i l i t y  o f
occur-
ren ce

A.f Ulal a.ro asne aalahaailil"J vft-t-l
&atltl2J l/ul 

"-t 
lto aluatte/ locall+?

A- . l .11  Re ' la t ionsh ios  be tween a tmosoher ic
variables can be expressed as the
probabi l  i  ty of  occurrence.

A-1.2 Tempera-
tu re
vari at'i ons

A-1 .3  Pressure
vari  at i  ons

A-. | .21 Temperature is great ly affected by the
amount  and dura t ion  o f  inso la t ion .

A-1.3. |  Air  pressure changes are c ' losely
associated with temperature changes.

A- l  .  I  I  The  use  o f  p robab i  l i  t i es
'i s desi rabl e ro
es tab l i sh  an  unde r -
s tand ing  o f  t he  comp lex
and  dynamic  re la t j on -
sh ios  t ha t  ex i s t  be tween
the  va r i ab les .
P I 0 - 3 ,  5 ;  C C 0 - . | 0  ,  l  l

A - 1 . 2 . |  R e l a t e  t o  t o p i c  V I .
P l0 -2 ,  5 ;  CC0- l  l  ,  12

P I 0 - 2 , 5 ;  C C O - l l ,  1 2
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFOMATION TO TEACHERS

A- . | .4  Mo is tu re
vari  at i  ons

A - l  . 5  A i  r
movement

A - . | . 6  A tmo-
sphe r i  c
t rans -
parency

A-. | .41 Var iat ions in  the dew point  temperature are
,  ind icators of  changes in atmospher ic

moi  s ture.
A -1 .42  The  p robab i l  i t y  o f  p rec ip i t a t i on  i nc reases

as the d i f ference between dew ooint
temperature and a i r  temperature decreases.

A -1 .5 . |  h l i nd  speeds  a re  d i rec t l y  re la ted  to
.  p ressu re  f i e l d  g rad ien ts .

A- . | .6 . |  Atmospher ic  t ransparency var ies inversely
w i th  t he  amoun t  o f  i npu t  o f  ma te r i a l s
produced by natura l  processes and the
a c t i v i t i e s  o f  m a n .

A -1 .62  The  a tmosphe re  tends  to  c l ean  i t se l f
r  pe r i od i ca l l y  t h rough  na tu ra l  p rocesses

such  as  c l oud  fo rma t i on  and  p rec ip i t a t i on .

PI0-2 ,  5 ;  CC0-4 ,  6 ,  l l

P I 0 - 5 ;  C C 0 - l l

P I0 -5 ;  CCO- l l

P I 0 - 2 ,  5 ;  C C 0 - 6 ,  8 ,  l l

A-1.62 This understand' ing can
be related to a
po l lu t ion  par t  o f  a
cont inuing weather
watch.
P I 0 - 4 ,  5 ,  6 ,  g ,  ' 1 0

A- . | .71  V is ib i l i t y  depends on
temperature, humidi ty,
p o l 1 u t i o n ,  e t c .
P I 0 - 2 ,  5 ;  C C 0 - ' 1 0 ,  l 1

A- . | .7  0 ther  A- ] .7 . |  Other  weather  var iab les  seem to  be  asso-
var iab les  c ia ted  in  a  more  complex  manner  than

s imply  a  d i rec t  o l i  nverse  re la t ionsh ip .

B . Synopt ic  weather  data

B-1  Synop t i c
a n a l y s i s

B - l . l  A i r m a s s
character-
i  s t i  c s

B- l  .2  A i  rmass
source
regi ons

B - 1 . 3  A i r m a s s
tracks

B-l &l/Aat aia*rett chaao"Jp>;ilat w, ln dzlzi.rraa.l
t !' 

all^eatrJau?fro.rt 4qaryrc

B- l .  l  l  A j rmasses  a re  i den t ' i f l ed  on  the  bas i s  o f
p ressu re ,  mo is tu re ,  and  tempera tu re
c h a r a c t e r i s t i  c s .

B - . l . . l 2  W j t h i n  a n  a i r m a s s ,  a t  a n y  g i v e n  a l t i t u d e ,
the  a j r  t empera tu re  f i e l d  and  the  humid i t y
f i e l d  a r e  n e a r l y  u n i f o r m .

B - . l . . | 3  I n  a  l ow  p ressu re  a j rmass  ( cyc lone )  c i r cu -
r  l a t i on  i s  coun te rc lockw ' i se  and  toward  the

center i  n  the nor thern hemi sohere.
B - . | . . l 4  I n  a  h i g h  p r e s s u r e  a i r m a s s  ( a n t i c y c l o n e ) ,

c i r cu la t i on  i s  c l ockw ise  and  away  f rom
the center  in  the nor thern hemisohere.

B - . l . ' l 5  P rec ip i t a t i on  i s  mos t  p robab le  nea r  t he
in te r face  ( f r on ta l  su r face )  be tween  a i r -
masses of  d i f ferent  temperatures.

B - . | . . | 6  A tmosphe r i c  cond j t i ons  a re  usua l l y  uns tab le
in  t he  v i c ' i n i t y  o f  t he  i n te r faces .

B - . | . 2 . |  A i rmasses  have  de f i n i t e  cha rac te r i s t i cs
which depend upon the geograph' ic  region
o f  o r i g i n .

B- . | .3 ]  Ai rmass t racks and rates of  movement can
be  de te rm jned  and  usua l l y  p red i c ted .

P I 0 - 2 ,
l 1

P I 0 - 2 ,

P I 0 - 3 ,

P I 0 - 3 ,

P I0 -2  ,
8 ,  l  l ,

PTO-2,
8 ,  l l ,

P IO-5

P I O - I ,
I t

vff-8-l

3 ,  5 ;  C C 0 - 7 ,  
. | 0 ,

3 ,  5  ;  CC0-7 ,  ' l  I

5 ;  C C O - l l ,  l 2

5 ;  C C 0 - l l ,  l 2

3 ,  5 ;  C C 0 - 4 ,  6 ,
1 2

3 ,  5 ;  C C 0 - 4 ,  6 ,
1 2
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2 , 5 ;  C C 0 - 8 ,  l l ,



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

C. Atmospheric energy
excnanges

C- l  Input  o f
moisture and
energy

C-1  .1  Evapora-
t i  on  and
t ransp i  ra -
t i  on

C - l . 2  V a p o r
pres su re

C- l  .3  Satura t i  on
vapor
pres s u re

C - ] . 4  0 t h e r
i  n p u t
energy

c-2 Moi sture and
energy transfer

C-2 .1  Dens i ty
di  f fer-
en ces

C-l Jlaa, eael llp alato4"lrrrz aqrtw .rloit a2
oed eazng/

C- l . l l  Mo i s tu re  en te rs  t he  a i r  by  means  o f  t r ans -
p i ra t i on  and  by  evapo ra t i on .

C - l . . l 2  The  ocean  i s  t he  p r imary  sou rce  o f
mo is tu re  f o r  t he  a tmosohe re .

C - l . . ' | 3  Ene rgy  i s  reou i red  to  cause  evapo ra t i on
and  t ransp i  r a t ' i on .

C - . l . . | 4  E v a p o r a t i o n  a n d  t r a n s p i r a t i c n  c o n s t i -  C - . l . . l 4
tute an enerqy input  to  the at rnosphere
in  t he  fo rm o f  more  ene roe t i c  wa te r
mo l  ecu l  es  .

C - . l . 2 . l  The  vapo r  p ressu re  (mo is tu re  con ten t )
'  o f  the a i  r i  ncreases at  the a i  r -water

i  n  ter face .
C - l , 22  The  ra te  o f  evapo ra t i on  dec reases  as

the  vapo r  p ressu re  o f  t he  a j r  a t  t he
i n t e r f a c e  i n c r e a s e s .

C - 1 . 2 3  T h e  r a t e  o f  e v a p o r a t i o n  a t  a  g i v e n  C - l . 2 3
loca t i on  depends  on  su r face  a rea ,  t he
e n e r g y  a v a i l a b l e ,  a n d  t h e  m o i s t u r e
con ten t  o f  t he  a tmosphe re .

C - l . 3 . l  A  s t a t e  o f  d y n a m i c  e q u i l i b r i u m  e x i s t s
when  sa tu ra t i on  vaoo r  p ressu re  i s  reached .

C - 1 . 3 2  S a t u r a t i o n  v a p o r  p r e s s u r e  v a r i e s  d i r e c t l y
w i  t h  a i  r  t empera tu re .

C - l . 4 1  T h e  a t m o s p h e r e  a c q u i r e s  e n e r g y  C - l . 4 . l
by  rad ia t i on  and  conduc t i on  f r om the
ea r th ' s  su r face  ,  and  rad i  a t i  on  f r om
t h e  s u n ,

C- l . 42  The  ra te  o f  ene rgy  i npu t  i s  re la ted  to
va r i ab les  such  as  mo is tu re  and  ca rbon
d i o x i d e  c o n t e n t .

C - . l . 43  The  a tmosphe re  acqu i res  ene rgy  by
m e c h a n i c a l  m e a n s  s u c h  a s  f r i c t i o n a l
d r a q .

C-2 #aat ot'e euil4lu.v arr/ e^p'tgt

Jn l)o alna4a^l&rrp?

C - 2 . 1 1  T h e  d e n s i t y  o f  a i r  d e c r e a s e s  w i t h  i n c r e a s e d
mo is tu re  con ten t .

C - 2 , 1 2  T h e  d e n s i t y  o f  a i r  d e c r e a s e s  w i t h  i n c r e a s e d
a i  r  t emoera tu re .

C -2 .13  Convec t i  on  ce l  I  s  a re  caused  by  dens i  t y  C -2 .  I  3
d i f f e rences  and  the  e f f ec t  o f  t he  g rav i t y
f i  e l  d .

v,,-c-l

P I 0 - 2 , 5 ;  C C O - I  ,  4 , 9 ,
il
cc0- l  ,  6

P I 0 - l ,  2 ,  5 ;  C C O - 1 ,  4 ,
9 ,  l l
Refer  to  topi  c  V and
t o p i  c  V I  .
c c 0 - l ,  4 ,  5 ,  6 ,  9 ,  l l ,
1 2

P I O - T ,  5 ;  C C O - ' l ,  4 ,  8 ,
9 ,  l l '

P I 0 - 2 ,  5 ;  C C O - I  ,  4

D o l r i o  f n  f n n i r  \ / T

P I 0 - 5 ;  C C 0 - l ,  4 ,  6 ,  8 ,
9 ,  l l . l 2

P I 0 - 2 ,  5 ;  C C O - 1 ,  4 ,
l l ,  l 2
P I 0 - 5 ;  C C O - . l  ,  4 ,  9 ,
1 2

o

i l ,

Re l  a te  t o
+ n n  i  n  \ / T

P I 0 - 3 ,  5 ;
l 2
cco - l  ,  4 ,

i n n i r  \ /  r n d

c c o - l ,  3 ,  l l ,

6 , 8 ,  l l ,  1 2

c c 0 - 1 ,  4 ,  6 ,  9 ,  l l ,  1 2

utt'c'2

P I 0 - 2 ,  5 ;  C C 0 - 6 ,  9 ,  I  i  ,
1 2
P I 0 - 2 ,  5 ;  C C 0 - 6 ,  9 ,  I  I  ,
1 2
Th i s  concep t  can  be
re la ted  to  convec t i on
in  t he  a tmosphe re ,
ocean  ,  and  man t l  e .
P I 0 - 5 ;  C C O - l ,  5 ,  6 ,  9 ,

C -2 .14  A tmosphe r i c  convec t i on  i s  a f f ec ted  by
v a r i a t i o n s  i n  i n s o l a t i o n .

C -2 . . | 5  The  movemen t  o f  a i r  i s  f r o rn  reg ions  o f
d ivergence to regions of  convergence.

1 2
C - 2 . 1 4  R e f e r  t o  t o p i c

t o p i c  I V .
P I 0 - 5 ;  C C 0 - . | ,
6 ,  l l ,  1 2
P I 0 - 5 ;  C C 0 - l ,
il

V and

3 ,  4 ,  5 ,

4 ,  5 ,  9 ,

l 5



TOPIC  OUTL INE MAJOR UNDERSTANDINGS INFORMATIOII TO TEACHERS

C - 2 . 2  W i n d
speed and
d i rec t i on

C - 2 . 3  A d i a b a t i c
changes

C-3  Re lease  o f
moi  s ture and
ene rgy  w i th in
the atmosphere

C-3 .  I  Condensa -
t i  on and
s u b l  i m a -
t i o n

L - J . Z  L I O U O

format  i  on

L - 4  K e t e a s e  o t
mo i  s tu re  and
energy f rom
f h p  e i m n e n h a r a

C - 4 .  1  P r e c i  p i  -
ta t i  on

C - 4 . 2  W i  n d -
water
' i  n ter-
ac t i  on

C-2,21 Ai r  moves f ran h igh pressure to low
Dressure.

C -2 .22  l ^J ind  d i rec t i on  i s  mod i f i ed  by  t he  ea r th ' s
rotati on .

C-2.23 Wind speed is  d i rect ly  re lated to the
p ressu re  f i e l d  g rad ien t .

C-2.3. |  Ris ing or  descending a i r  changes tempera-
ture by an adiabat ic  process.

C.3 Jlarrt a,ro rnt illt io arr/ eretEf
,rtiil.?, llo oLno4?"ho/rp?

C-3 . . l . l  Condensat ion  can occur  when a i r  i s
saturated and a condensat ion surface is
a v a i I a b l e .

C-3 .12  When water  vapor  condenses ,  a  s ign i f i -
cant amount of heat energy is released.

C-3 .13  At  tempera tures  be low 0oC. ,water
vapor  changes d i rec t l y  to  i ce .

C-3.2. l  Clouds are formed from condensed moisture
or  f rom ice  c rys ta ls .

C-l Jlorl a'tz nu*tluaz.aa/ eaetgf ,D"lebd

hut l/ro alna4"t"'27

C-4 . . l . l  P rec ip i ta t ion  resu l ts  when condensat ion
droplets form that are large enbugh to
f a l l .

C-4,21 Surface ocean currents are an effect of
a transfer of energy f , rom the atmosphere
b y  w i n d s .

P I 0 - 5 ;  C C 0 - 1 ,  4 ,  6 ,  8 ,
9 ,  I l
P I 0 - 5 ;  C C 0 - 1 , 4

PI0-5 ;  CCO- I ,  4

P I 0 - 5 ;  C C 0 - 1 , 4 , 5 , 9 ,
il

YtFC-3

P I 0 - 2 , 5 ;  C C 0 - 1 , 8 , 9 ,
l l

C-3. '12 Refer to topi  c V.
P l 0 - 2 ,  5 ;  C C 0 - ] ,  8 ,  9 ,
l l
c c o - l ,  8 ,  9 ,  l l

P I 0 - 5 ;  C C O - ] ,  6 ,  7 ,  8 ,
9 ,  l I ,  l 2

vr|K-l

P I 0 - 5 ;  C C 0 - ]  ,  4 ,  6 ,  7 ,
8 , 9 , ' l l , ' 1 2

C-4.21 The erosion aspect of
winds is treated in
t o p i  c  I X .
P I 0 - 3 ,  5 ;  C C 0 - l  ,  6 ,  l ' l  ,
1 2

\



TOPIC VIII - MOISTURE AND ENERGY BUDGETS
AND ENVIRONMENT CHANGE

Uhal JlaVVc.tt b Uateh o.4 9e*rtV2 Releeip/6]aar*tle 4fna+/aernf

T i m e  E m p h a s i s :  1 1  d a y s

TOP'C ABSTRACI

At the
A .
8 .

An ana'lyti ca l
regions shou' ld
zones are the
topi cs .

TOPIC OUTLINE

topr Behavioral 0biectires

comp le t i on  o f  t h ' i s  t op i c ,  t he  s tuden t  shou ld  be  ab le  t o :
Measure and descr ibe the nature and movement of  water  in  and on var ious ear th mater ia ls .
Elaiyze and reTaI6Tspects of the water budget to the environment.
De te rm jne , f rom h i s  ana l ys i s  o f  t he  f ac to rs  wh i ch  a f f ec t  c ' l ima te , t he  c l ima te  pa t te rns  f o r
a  con t i nen ta l  l and  mass .

Approoch

This  top ic ' i s  essent ia l l y  a  t rans i t ion  f rom the  water  cyc le  and energy  budgets ,  t rea ted  ear l ie r ,
to the rock cycle processes, which wi l l  be treated later.  Relat ionships between water movement
and aspec ts  o f  water  po l lu t ion  shou ld  be  re in fo rced w i th in  th is  top ic .

approach to  c1 imates  shou ld  be  used.  The means o f  jden t j f i ca t ion  o f  c l imate
evo lve  f rom water  budget  ana lys is .  The po in t  shou ld  be  s t ressed tha t  c l imate

resu l ts  o f  the  combined e f fec t  o f  the  env i ronmenta l  fac to rs  ident i f ied  in  ear l ie r

*

MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A. Earth's water

A-l Ground water

A- ]  . l  In f i  l  -
t rat i  on

A-1.2 Perme-
a b i l i t y

A - 1 . 3  P o r o s i t y

A- l  .4  Cap i  1  -
1 ari ty

A-l Aaa, loet atalzr, rpoue i.fo ilo aatlf

A- '1 . ' l l  P rec ip i ta t ion  may in f i i t ra te  the  ear th 's
sur face ,  run  o f f ,  o r  evapora te .

A- . | . . |2  In f i ' l  t ra t ion  can occur  i f  the  sur face  is
oermeable and unsaturated.

A-1 .2 . l  The permeab i l i t y  o f  loose mater ia l  in -
c reases  w i th  inc reased oar t i c le  s ize .

A-1.22 Water that has inf i ' l t rated loose mater ial
cont inues downward to the saturated zone
or  water  tab le .

A- . | .3 . |  The poros ' i t y  o f  loose mater ia ' l  i s  la rge ly
dependent  upon shape,  pack ing ,  and the
mix tu re  o f  s izes  o f  the  par i , i c les .

A-1 .4 . |  Cap i l la r i t y  in  loose mater ia ls  inc reases
wi th  decreased par t i c le  s ize .

Yf,f.A-!

L L U - C

P I O - I  ,  2 ,  3 ,  4 ,  5

P I 0 - l ,  2 ,  3 ,  4 ,  5 ;
cco-l I
cc0-4

P I 0 - l  ,  2 o  3 ,  4 ,  5 .
cc0- I I

P I 0 - l ,  2 ,  3 ,  4 ,  5 ;
cc0-r r

25



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-2 Surface water

A-2. I  Runoff

A-2 Aoa, 44d ur6tq a@ue orn l/p trzlnc2 al

tlo qatlZ

A-2.. l . |  Surface runoff  can occur when rainfal ' l
exceeds the permeabi l i ty rate, when
the  pore  space is  f i l l ed ,  o r  when the
slope of the surface is too great to
a l low in f i l t ra t ion  to  occur .

l-3 Ulaf it. arot't. ,lkl u. ll3 uall,t aslo?

A-3.1. |  Pol lutants are often added to the hydro-
sphere through the act iv i t ies of
ind iv idua ls ,  communi t ies ,  and indus t r ia l
processes.

A-3 .2 . |  Hydrospher ic  po l lu tan ts  inc lude d isso lved
and suspended mater ials such as organic
and inorganic wastes, thermal energy
ef f luen t  f rom indus t r ia l  p rocesses ,  rad io -
act ive substances, and the abnormal
concent ra t ion  o f  var ious  organ isms.

A-3 .22  The excess jve  heat ing  o f  water ,  o r  the
increased act iv i ty of aerobic bacter ia,
can cause a  loss  o f  d isso lved oxygen
from the water.  This may lead to an
increase in the concentrat ion of anaer-
o b i c  b a c t e r i a ,  a  b i o l o g i c  p o l l u t a n t .

A-3 ,31  The concent ra t ion  o f  water  po l lu tan ts  in
r ivers  inc reases  in  the  v ic in i ty  o f
popu la t ion  centers .

A-3 .32  Lake po l lu t jon  tends  to  vary  w i th  the
popu la t ion  dens i ty  near  the  lake .

A-3 .33  Ground water  po l lu t ion  w i th in  a  commu-
n i ty  tends  to  vary  d i rec t l y  w j th  the
popu la t ion  dens i ty .

A-3 .41  The uncont ro l led  jnc rease o f  po l ' lu t ion
in the hydrosphere may eventual ly
render the sources of water unf i t  for
numan use.

A-3.42 The puri f icat ' ion of water for human use
is  complex  and cos t ly .

vn-A-2

A-2. . |1  Re la te
PIO-3 ;

vn-A-3

A-3.. l1 Analyze local condit ions.
Local condit ions that
may be considered in-
c ' lude pol lut ion of the
oceans, rJvers, and the
ground water supply.
Re la te  to  top ic  V I I ,
A - . | . 6 i  C C 0 - 6 ,  8 ,  9

A-3.21 Relate to local area.
cc0-8, 9

cc0 -8 ,9

A-3.3' l  Rel ate to stream
di scharge.
cc0-6
cc0-6

cc0-6

cc0-6, 8

cc0-6

to  top ic  IX .
cc0-2, 4

Pol  lu t ion  o f
the  ear th 's
water

A-3. I  Sources
of  po1 1u-
tants

A-3 .2  Types  o f
po1 1  u-
ta nts

A-3 .  3  Concen-
trat i  on
of
p o 1 1 u -
ta nts

A - 3 . 4  L o n g -
range
effects

B . The local  water
budget

B- l  Water  budget
var i  abl  es

B - 1 . 1  P r e c i p i -
ta t i  on
( P )

B-l Aoa, it tlo ur.l2i ted?ct t-{nacrl lt tL wriDaama& Vrlr-f.-l

B- . | . . l1  The mois tu re  source  fo r  the  loca l  water
budget  i s  p rec ip i ta t ion  (P) .
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

c.

B-2 Aoa, it llo locnl ar.la Mg"t rreL.ld to

B- . l .2  Poten t ia l
evapo-
transpi -
rati on
( E ^ )

P

B- . | .3  Mo is tu re
s torage

B- . | .4  Mo is tu re
u t i  I  i  za-
t i  on

B- . | .5  Mo is tu re
def i  c i  t

B- . | .6  Mo is tu re
recharge

B- l  .7  Mo i  s tu re
surp l  us

B-2 Streams

B-2.1 Stream
di scharge
and the
water
budget

Cl imates and
the local
water budget

B -3 .  I  C l ima t i c
regi ons

Climate pattern
factors

C-l  Factors

C- l . l  La t i tude

C-1 .2  E leva t ion

B-2 .  I  I  S t ream d i  scharqe i  s
o f  ava i lab le  sur face

B-2 .12  The s t ream d ischarge
js  re la ted  to  g round

B-3 .1 . |  C l imat ic  reg ions
quant ' i tat i  vely by
P / E - o r P - E .' P  p

a  m e a s u r e  o f  t h e  l o s s  B - 2 . 1 1
lvater throuqh runoff .

dur ing  a  d ry  season
w a t e r  d e p l e t i o n .

cc0-3,  4 ,  I

Pl0-2;  CC0-9,  l0

cco- l ,  3

cc0 -3 ,  5 ,  9

cc0-3,  5 ,  9

cc0 -3 ,  5 ,  9

vilr-8-2

Stream character is t ics
re la t i ve  t o  e ros ion  a re
treated in  top ' ic  IX.
P I0 -5 ;  CC0-6
P I 0 - 5 ;  C C 0 - 6

B- . | . 2 . |  The  po ten t i a l  evapo t ransp i ra t i on  (EO)  o f

an area ' is  d i rect ly  proport ional  to  the
energy avai lable or  the amount  of  evapo-
rat ion sur face.

B - . | . 31  A  spec i f i c  max imum quan t i t y  o f  mo is tu re
can be stored in  a soi l  under oot imum
cond i  t  i  ons .

B -1 .41  Ava i l ab le  mo is tu re  i s  t aken  f rom so i l
s to rage  i f  p rec ip i t a t i on  i s  l ess  t han
po ten t i a l  evapo t ransp i ra t i on  (P .Ep ) .

B - . | . 51  Mo is tu re  de f i c i t  ex i s t s  when  so ' i l  mo i s tu re
i s  dep le ted  and  P  i s  l ess  t han  EO.

8 - ' 1 .6 . |  So i l  mo is tu re  i s  recha rged  when  p rec ip i -
t a t i on  exceeds  po ten t i a l  evapo t ransp i ra -
t i o n ,  P > E ^ .

P

B-1.7 ' l  Surp lus  mois tu re  ex js ts  when so i l  mo js tu re
s torage is  max imum and prec ip i ta t ion  is
grea ter  than po ten t ia l  evapot ransp i ra t ion .

,tat 4rtcL.rto?

B-3 Aoat .J tlo local atala hdfat apl& b dinulz? vnt-8-3

c a n  b e  d i s t i n g u i s h e d
factors such as

cc0-7

vtff-c-l

C - l . l l  R e l a t e  t o  t o p i c  V I .
cc0-3, 5

cc0-6

C-l Ulal lalai4 all,el cli^r,i2 pallstau?

C- l . l l  La t i t ude  i s  a  f ac to r  wh i ch  i n f l uences
temperature patterns.

C-I .2. |  The e ' levat ion (he ' ight  above sea level )
influences temperature and moisture
pat terns.

t t



TOPIC OUTLINE MAJOR UNDERSTANDINGS II.IFORMATION TO TEACHERS

C- I .3  Large
bodies of
water and
ocean
cuments

C-l .4 l{ountai n
barri ers

C - I . 5  t l i n d
bel ts

C- I .6  S torm
tracks

C-1.31 Large bodies of water modify the
lat i tudinal c l imate patterns of
their  shorel ine areas.

C-I.32 0cean currents modify the coastal
cl imate patterns.

C-] .41 Mountains, act ing as barr iers to
circulat ion, modify the lat i tudinal
cl imate pattern.

C-l.51 l,,loisture and temperature patterns are
affected by planetary wind and pressure
be l ts .

C-1.61 Low pressure systems,which affect
temperature and moisture patterns, seem
to fol ' low stat ist ica' l ly predictable
paths .

C-1.31 Relate to topic VI and
top ic  V I I .
cco- l ,  4
cco-l, 4

cco-l, 4

C-l.51 Relate to topic VI.
cc0-4, 5

cc0-4', 5

28
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AREA 4

AREA TIME EMPHASIS

37 DAYS

TITLE

The Erosional  Process
The Deposi t ional  Process
The Formation of Rocks
The Dynamic Crust ,

THE ROCK CYCLE

TOP IC

IX
X

XI
XI I

TIME

6 days
6 days

12 days
13 days

29



TOPIC IX - THE EROSIONAL PROCESS

Jlorr, lt llp Saalh't. e,uoil AllerJal lrl ,tt htrtM

Time Emphasis:  6 days

TOPIC AESTRACT

lttpr l*crioral 0lpaircl

At the complet ion of this topic,  the student should be ab' le to:
A. Analyze and measure earth mater ials to obtain evidence of weathering.
B. fnalyze and rpasure earth mater ials to obtain evidence of erosion,and draw inferences

from observat ions about the factors which affect erosion.

Considerat ion of the weathering process should provide a br idge from c' l imate and cl imate factors,
which were dealt  with in topic VII I ' to the effects of the environment on the earth's crust,
wh ich  w i l l  be  dea ' l t  w i th  in  th is  top jc  and in  top ic  X .

Erosion of rock mater ials should be approached through the concept of a transport ing system to
dramatize the complex nature of the erosion process in nature. I t  should be stressed that a
"system" includes the agent or agents, the "dr iv ing" forces, and the mater ia ' l  t ransported. The
interrelat ionships between erosion and deposit ion are treated at the end of topic X after the
basic factors affecting them have been developed.

I t  may be desirable to have students invest igate the character ist ics of a ' local stream (erosion
sys tem)  i f  one is  read i l y  access ib le .

Landscape features produced by erosional systems are considered in topic XIV.

*

TOPIC OUTLINE

*

MAJOR UI.IDERSTAIIDINGS

*

INF0RI4ATI0r\r T0 TEACHERS

A. Weathering

A-t Evidence of l.l Uhcf d 4a.rle tlal q,al/t a&lzltiolt us.lhe* ,X-A'l
weathering

A - l . l  W e a t h e r i n g  A - l . l l  W e a t h e r i n g  o c c u r s  w h e n  r o c k s  a r e  e x p o s e d  C C 0 - 1 ,  4 , 6 , 7 , 1 2
processes to the hydrosphere and the atmosphere.

A - ] . 1 2  T h e  w e a t h e r i n g  p r o c e s s  i n v o l v e s  t h e  P I 0 - 3 '  C C 0 - 1 ,  2 ,  4 '
physical  and chemical breakdown of 6,  7
m a t e r i a l .

A - 1 . 1 3  T h e  w e a t h e r i n g  p r o c e s s  i s  a f f e c t e d  b y  C C 0 - 3 ,  4 , 6 , 7
c l  imat ic  cond i t ions .

A - 1 . 2  W e a t h e r i n g  A - 1 . 2 1  T h e  w e a t h e r i n g  r a t e  o f  r o c k  m a t e r i a l  P I 0 - ' 1 ,  3 ;  C C 0 - 1 , 2 , 4 ,
ra tes  var ies  inverse ly  w i th  the  par t i c le  s ize .  6 ,  7

A-1.22 Rock part ic les weather at d ' i f ferent rates CC0-] '  2,  4,  6,  7
depend ing  on  minera l  compos i t ion .
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B.  E ros ion

B- l  Evidence of
erosi  on

A- l  .3  Soi ' l  A- l  .3 . l
formati on

A - 1 . 3 2

A - 1 . 4  S o i l  A - 1 . 4 1
so'l uti on

So'il horizons develop as a resu'lt of
weathering processes and biologic
act i  v i  ty.

The complex interrelat ionships of
l i v ing  organ isms are  s ign i f i can t
factors in soi l  format ' ion.

The end product of weathering. is a
so lu t ion 'o f  ion ic  mater ia ' | ,  the
minerals present in a' l l  surface and
ground water.

A-1.3. |  Emphasis should be
p'laced on how soils
devetoP rather than
on types of soi ls
and 'thei r names.
PI0-3 ;  CC0-4 ,  6 '  7 '
9 ,  1 2
cc0-5, 7

A- ' l  .4 ' l  Relate to toPic VII I :
cco- ' l  ,  2 ,  4 ,  6 ,  7

tI-&l

B - 1 . 1  A  f i e l d  t r i p ,  o r
observation from a
orevious f ie ld tr iP'
ban.be used to examine
evidences of erosion.
Sl ides or aer ial  Photo-
qraphs ma.Y a'l so be used.
Fto-z;  cco-4,  

' lo ,  l ' l '
t 2
cc0-l 2

cco - ' l  , 2 , 4 ,7 ,1? -

tx{,-2

cc0-4

cc0-4

B-2.2 ComParisons between
model streams and
streams in nature
should be treated
caut ious lY .  Usua l lY
more than one factor
is chanqinq and they
are not of equal
importance.
PIb- : | ,  2 ,  3 ,  4 ;  CCo- l
2 , 4 , 6

Bl Uht q'iba-..ry4L tlnl 'ocl ffileL

on tnuap*ll

B-l . l ' l  Sediments displaced from their  source
are evidence of erosion.

B-1.12 Transported mater ial  is far more cormon
than residua' l  mater ial  '

B - . | .21  Transpor ted  mater ia ls  may possess  d is t inc -
t i ve  i roper t ies  ind ica t ive  o f  the  t rans-
Port ing med' ium.

B - 1 . 1  D i s p l a c e d
sedi  ments

B-1.2  ProPer t ies
of t rans-
Ported
nnter ia ls

B-2 Factors affect-
' i  ng transPorta-
t i  on

B - 2 . i  G r a v i t Y

B-2 .2  Water
eros i on
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B-2 &oa, ea.l tL
ta,b ple* 7

B-2.11 Gravity is the pr imary force which
motivates a1l t ransport ing systems'

B-2.12 Gravity may act alone in transport ing
ear th  mater ia ls .

8-2.21 For a given port ion of a stream channel '
an inciease in the discharge increases
the average velocitY of water'



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

8 - 2 . 2 2  F o r  a  g i v e n  s t r e a m  c h a n n e l  s h a p e ,  a n  P I 0 - 1 ,  2 , 3 , 5 i  C C 0 - 1 ,
inc rease in  s lope tends  to  inc rease the  2 ,  4 ,  6
veloci ty of the water.

9-2.23 The size of the part ic le that can be CC0-4, 6
transported increases as water veloci ty
i  ncreases.

8 - 2 . 2 4  T h e  p o s i t i o n  o f  m a x i m u m  v e l o c i t y  i n  a  C C O - . I ,  2 , 4 , 6 , 7
stream cross sect ion var ies with changes
in the direct ion of the stream f low.

8 - 2 . 2 5  S t r e a m s  c a r r y  m a t e r i a l  b y  s o l u t i o n ,  b y  C C 0 - . l ,  2 , 4 , 6 , 7
suspens ion ,  and by  ro l l ing  mater ia ls
a l  ong the ' i r  beds .

B - 2 . 3  W i n d  8 - 2 . 3 1  l . l i n d  a n d  i c e  m a y  a c t  a s  t r a n s o o r t i n g  C C 0 - . | ,  2 , 4 , 6
and ice agents of rock mater ials.
e ros ion  8-2 .32  The fac to rs  a f fec t ing  w ind  eros ion  and CC0- '1 ,  2 ,  4 ,  6 ,  l ' 1 ,  12

ice  eros ion  are  s imi la r  to  the  fac to rs
affect ing erosion by runn' ing water.

B-2.4 Effect of  B-2.41 Each agent of erosion produces dist inc- B-2,41 Students shou' ld be
erosional t ive changes in the mater ial  that i t  g iven the opoortunity
agents transports. to examine and compare

mater ia ' l  s t ransported
by wind, water,  and
i c e .
c c o - ' l  ,  2 ,  7 ,  1 1  ,  1 2

B-2 .5  E f fec t  o f  8 -2 .51  Man adds  to  the  eros ion  o f  the  land 8-2 .5 ]  Re la te  to  top ic  X IV.
man throuoh act iv i t ies of the individual CC0-7

and h is  soc ie t ies .

8 -2 .6  Pre-  8 -2 .61  Runn ing  water  i s  the  predominant  agent  P I0-3 ;  CC0-7 ,  12
dominant of erosion on the earth.
agent
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TOPIC X . THEDEPOSITIONAL PROCESS

TOPIC ABSIRACT

ccmplet ion of this topic,  the student should be
Analyze and^measufe the depos' i t ion of part ic les
process.
Ana' lyze patterns of erosion and deposit ion by a medium, and draw inferences about the
character ist ics of the system.

Jlort, Surt' 9el'lnanfahu, Ocoun?

ab le  t o :

Awrooil

The basic factors affect ing deposit ion of part ic les are considered here. Deposit ion of mater ials
from solut ion wi l ' l  be treated in topic XI.  The f inal  sect ion of this topic invo' lves the ana' lysis
of an erosion-deposit ion system.

In later topics,the student wi l l  examine past evidence of erosion and deposit ion. From this
evidence,he will be expected to draw inferences about the env'ironment at the time eros'ion and
deposit ion were taking place.

In topic XIV,the erosion-deposit ion system wi l ' l  be considered in connect ion with landscape
devel opment.

*

TOPIC OUTLINE

tojor lahavbrrll Olieclires

At the
A .

B .

MAJOR UNDERSTANDINGS

Time Emphasls:  6 days

in a medium, and draw inferences about the

*

INFORMATION TO TEACHERS

A.  Depos i t ion

A-l Factors

A - l . l  S i z e

A-l Ulal ladaar alhl th lautttu'. ol ?4itc,Lt r.t-t
b aetdbn?

A- l . l l  O ther  fac to rs  be ing  equa l ,  smal1er
part ic les sett le more slow' ly than
la rger  par t i c les .

A-1 .12  Par t i c les  o f  co ' l lo ida l  s ize  and smal le r
may remain suspended indef in ' i te ly.

A-1.. |3 When a mixture of sediment sizes sett ' les
in  a  qu ie t  med ium (water  o r  a i r ) ,  sor t ing
into horizontal  layers takes place.

A-1.21 0ther factors being equal,  the shape of a
part ic le may detennine i ts sett l ing rate.

A-1 . ' l l  Deve lop  a  s imp l i f ied
model of deoosit ion
which can be related to
the more cormon and
more complex case of
depos i t ion  in  a  mov ing
medi um.
P I 0 - 2 , 3 , 5 ;  C C 0 - 9 , 1 l
Pl0-2, 3,  5;  CC0-9, l ' l

P I0 -3 ,  5 ;  CC0-8 ,  9 ,  l l

A -1 .2  Shape
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P I 0 - 2 , 3 , 5 ;  C C 0 - 9 , 1 l



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-1.3 Density

A-1 .4  Ve loc i ty

B-l  . l  Erosional -  B- l  . ' l  1
depos i ti on-
al  change

B-1 .2  Dominant  B-1  .21
process

B-1 .3  Eros iona l -  B-1 .31
deposi tional
i nterface

B-1 .4  Dynamic  B-1 .41
e q u i l i b -
r ium

B-' l  .5 Energy B-l  .51
rel  at ion-
shi ps

B - 1 . 5 2

B- t  .53

B - 1 . 5 4

A-1 .31  0 ther  fac to rs  be ing  equa l ,  h igh  dens i ty
part ic les sett le faster than ' low density
part i  c l  es.

A-1 .41  As  the  ve loc i ty  o f  a  sed iment  laden f ' low
decreases, the part ic les of greater
weight and density sett le out f i rst .

A-1.42 Decreasing veloci ty produces horizontal
sor t ing .  Smal le r  par t i c les  a re  usua l ly
carr ied farther.

A-1 .43  The ve loc i ty  o f  par t i c les  in  a  mov inq
medium is not necessari ly the same as
the  ve loc i ty  o f  the  f lu id .

A-1 .44  Sor t ing  in  a  qu ie t ,  so l id  med ium,  such
as  ' i ce ,  i s  more  complex  than in  a  f lu id
med i um.

P I 0 - 2 ,  3 ,  5 ;  C C 0 - 9 ,  1 l

A-1 .4 . |  P I0r '? ,  3 ,

A-1.42 Relate
P I0 -2 ,

A - 1 . 4 3  P I 0 - 2 ,

P I 0 - 3 ,  5 ;

5 ;  CC0-9 ,  ' l  I

top ic  X I  I I  .
5 ;  C C 0 - 9 ,  l l

5 ;  C C 0 - 9 ,  l l

c c 0 - 0 ,  l l ,  l 2

to
3 ,

3 ,

Erosional -
deposltlonal
system

B-l Characteristics 8.1 Ulaf orp M alaaacJp>alact. I et

B - 1 . 1 1  R e l a t e
P I  0 - 3 ,
9 ,  l l

xa-l

t o p i c  X I V
cc0 -4 ,  7 ,  g ,

loThe erosional and deposit ' iona1 processes
produce character ist ic changes whjch can
be observed.

Either erosion or deposit ion may be
dominant depending on the condit ion at a
par t i cu la r  loca t ion .

An interface between erosion and deoosi-
t ion can often be located.

A s ta te  o f  dynamic  equ i l ib r ium ex is ts
w i th in  the  sys tem in  wh ich  the  eros iona l
and deposit ional rates are equal.

The eros ion  phase o f  the  eros iona l -
deposit ional system results from a
transfer from potent ial  to kinet ic
energy.
The deposit iona' l  phase of the erosional-
deposit ional system results from a ' loss

of energy.
Energy transformations between potent ial
and kinet ic energy may occur in an
erosional -deposi t ' i  onal system.
In  an  eros iona l -depos ' i t iona l  sys tem, the
total  enerqy within the system is decreas-'i ng.

t o p i c  X I V
c c 0 - 1 ,  4 ,  g ,

5 ;  C C 0 - 1 ,  4 ,

P I 0 - 3 ,  5 ;  C C 0 - 1 ,  2 ,  4 ,
6

P I 0 - 3 ,  5 ;  C C 0 - l  ,  2 ,  4
6

PI0-3 ,  5 ;  CC0- l  ,  2 ,  4

P I 0 - 3 ,  5 ;  C C 0 - t ,  2 ,  4

B- l .31 Re'l ate
P I 0 - 3 ,
9 ,  I  l

P I 0 - 3 ,

to
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TOPIC XI  .  THE FORMATION OF ROCKS

TOPIC ABSIRACT

Jlor, Aao Rach 6]ad?

MAJOR UNDERSTANDINGS

complet ion of th ' is top' ic,  the student should be able to:
Analyze rocks and sediments,and compare their  character ist ics to determine the degree-oT s  rmr  ra r ]  T ,v .
Analyze rocki  to determine their  composit ion,and ident i fy the character ist ics of minerals.
DEVTSilmodels for the formation of sedimentaiy anffiEilimentary rocks.
eonstruct a model f rom avai lable evidence that i l lustrates the cycf ic nature of rock-
ToFmi nffirocesses .

Time Emphasis:  l2 days

*

INFORMATION TO TEACHERS

Approach

tajor Behaviorol 0biedives

At the
A .

B .
C .
U .

,.

TOPIC OUTLINE

Previous topics have dealt  with the processes of weathering, eros' ion, and deposit ion. In this
topic,  rock-forming processes should be considered ' in detai l .

Students should invest igate the character ist ics of rocks which shou' ld enable them to infer a
model for rock formation. Minerals should be studied as indicators of the rock-fonning processes.

Rock propert ies wi l l  be used as indicators of large sca' le change in Topic XII .  With the assumption
made that rnost changes are cycl ic,  the attent lon in this top' ic shou' ld be directed toward the
evidence that suggests cycl ic processes of rock formation.

Care should be taken to develop understandjng of the re]at ionshjps between the inferred rock-fonn-
r--ng processes that 

'leads 
to the concept of the rock c[TE.-

Vhen consideri,ng the roek-forrning proeeeees,it is irnportont that the student distinguish
inferences from faets,

A. Rocks and
sed i ments

A-1 Comparat ive
propert i  es

A-l Ulol linilktitid. 4o aocl4 lc,4e arill u/lr*erttZ il.'1-l

A - 1 . . |  S i m i l a r -  A - l . l l
i  t ' ies

Some rocks have propert ies such as
discrete layers, f ragmenta' l  part ic les,
o rgan ic  compos i t ion ,  a  range o f  par t i c le
s' ize, or a predominance of one part ic le
size which strongly resembles sediments.

Some rocks have propert ies such as crys-
ta l l  ine  s t ruc tu re ,  band ing ,  d is to r t ion
o f  s t ruc tu re ,  and c rys ta l  a l ignment .
These do  no t  resemble  sed iments .

Relate to topic X
P I 0 - 5 ;  C C 0 - 4 ,  6 , 7 ,  9 ,
l 0

P I 0 - 5 ;  C C 0 - 4 ,  6 , 7 ,  9 ,
l 0

A- l  . 2  D i  f f e rences  A - l  . 2 . l
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

B .  M i n e r a l s

B-l  Relat ion to 8' l
roc ks

U/-l it lho xr-B-l

B- l . l  Compos j t i on  B - l . l l  Rocks  a re  composed  o f  m jne ra ' l s . cco-10,  I  I
B-1. . |2  Some rocks  are  monominera l l i c ;  o thers  a re  CC0-10,  l l

p o l y m i n e r a l l i c .
B- . l . ' 13  Most  rocks  have a  number  o f  minera ls  in  CC0-10,  

' l l

common.

B-2 Characteristics B-2 Ulal ca,e 4snz clarr..,tetitticL ol ,tfr*,,rah ? Xl'8'2

B-2 .1  Phys ica ' I ,  B-2 . ' l ' l  M inera ls  a re  jdent i f ied  on  the  bas is  o f  CC0-10
chemica l  we l l -de f ined phys ica l  and chemica l
propert ies propert ies.

B-2 .2  Chemica l  8 -2 .21  0 f  the  many na tura l l y  occur r ing  e lements ,  P I0-3 ;  CC0-4 ,6 ,  7
compos i t ion  on ly  a  few compr ise  most  minera ls .

8 -2 ,22  0 f  the  e lements  compr is ing  most  m ' inera1s ,  CC0- . l0 ,  
' l ' 1 ,  

12
oxygen is the most abundant by weight and
vo lume.  S i l i con  is  the  second most
abundant  by  we igh t .

B-2 .3  S t ruc ture  8-2 .3 . |  The e lements  oxygen and s i l i con  un i te  to  P I0-3 ;  CC0-1 l , '12
form a tetrahedral  uni t .

8 -2 .32  The phys ica l  p roper t ies  o f  minera ls  can be  PI0-3 ;  CC0-7 ,  12
described as a funct ion of the arrange-
ments  o f  the i  r  cons t i  tuents '  un  i  t s .

C. Rock formati on

C- l  Sedimentary
rocks

C-l 4orrt a'* anllnoiotw roclJ /aa^a/Z

C-2 Aorrt o* md*n rhaf Doc*t larad?

xt.c-l

xhc-z

C-1. . l  Compress ion  C- l . l l  Some sed imentary  rocks  fo rm as  a  resu l t  P I0-3 ,  5 ;  CC0-9
cementat ion of sediments undergoing compression and/

or cementat ion.

C- l .2  Chemica l  C- I .2 . |  Some sed imentary  rocks  fo rm as  a  resu l t  P I0-3 ,5 ;  CC0-9
processes of chemical processes such as evaporat ion

and prec ip i ta t ion .

C - l . 3  B i o l o g i c a l  C - l . 3 1  S o m e  s e d i m e n t a r y  r o c k s  f o r m  a s  a  r e s u l t  P I 0 - 3 , 5 ;  C C 0 - 9
processes of b ' io logic processes.

C-2 Nonsedimentary
rocks

C-2.1  So1 id i f i -  C-2 .11  Some nonsed imentary  rocks  fo rm as  a  resu l t  P I0-3r  5 ;  CC0-9
cat ion  o f  so l id i f i ca t ion  o f  mo l ten  mater ia l .
process C-2.12 Crystal  s izes seem to vary as a funct ion of PI0-3, 5;  CC0-9

t ime, temperature, and pressure.

C-2 .2  Recrys ta l -  C-2 .21  Some nonsed imentary  rocks  fo rm as  a  resu l t  P I0-3 ,5 ;  CC0-9
l i za t ion  o f  the  recrys ta ' l l i za t ion  o f  unmel ted
process rnterial under high temperature and

pressure.
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMAJION TO TEACHERS

C-3 Uhf ia lL outietutwtt ie etLicl o rsl larn*?

C-3.1.|  The environment in which a rock fonned is
often inferred from compositiona'|, struc-
tural, and textural characteristics.

C-3.21 Sedimentary rocks are usually found as a
thin veneer over large areas of cont inents.

C-3.22 Nonsedimentary rocks'at or near the sur-
face,are most frequent'ly found in regions
of vo]canoes or mountains.

D-l . l l  Transit ion zones from una' l tered to al tered
rock can be found where mo'lten materia'l
has come in contact with the local rock.

D-I .21 The composit ion of some sedimentary rock
suggests that the components had vaiied
ori  gi  ns .

D-l.22 The composition of some rocks suggests
that the nnter ials have undergone mult iple
transformati ons.

IFC.3C-3 Environrent of
formation

C-3.1 Infemed
character-
i  st i  cs

C-3 .2  D is t r ibu-
t ion

D. Rock cycle

D-l Evidence

D- l . l  T rans i t ion
zones

D-I.2 Rock com-
posi ti on

P I 0 - 5 ;  C C 0 - 7 , 9 ,  1 2

P I 0 - 1 , 3 , 5

D-t Ulal a"lo@...+?4h o Vla naLl al racl tounlaot If'D'f

P I 0 - 5 ;  C C 0 - 6 ,  7 , 8 , 9 ,
1 2

Re' late to topic X.
P I 0 - 5 ;  C C 0 - 6 '  7 , 8 , 9 ,
1 2
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-2 Major crustal
changes

A-2. 'l Zones of
crustal
acti vi ty

A-2.2 Geosyn-
cl  i  nes

A-2 .3  Ver t i ca l
movements

A-2 .4  0cean
f l  oor
spread' ing

A - 2 . 5  C o n t i -
nenta I
dr i  f t

A-2 .6  Magnet ic
po1 es

Earthqua kes

B- l  Wave
propert  i  es

B - 1 . 1  T y p e s  o f
waves

B - . | . 2  V e l o c i t i e s

B - 1 . 3  T r a n s -
m i s s i o n

A-2 WAal uqt ilL ae,lau eaa4a an

&n a'rlh'1. o,u44l?

A-2.11 Zones of f requent crustal  act ' iv i ty can be
located on the earth's surface.

A-2.21 Great thicknesses of sediment that were
deposited in sha' l ' low water are observed.
in some areas.

A-2 .22  Sha l low bas ins  o f  ia rge  ( reg iona l )  a rea
which may be slowly subsiding can be
observed in some areas.

A-2 .31  T i l ted  shore ' l ines ,  changed bench mark
elevat ions, and other related phenomena
can be observed in some areas.

A-2.41 Igneous mater ial  along the oceanic
r idges is younger than the igneous
mater ial  farther from the r idges.

A-2.42 Str ips of igneous rock paral le ' l  to the
ocean ridges show reversal of magnet'ic
or i  entat i  on.

A-2.5. |  The present cont inents appear to f i t
together as fragments of an or iginal ly
i  a rger  I  and mass .

A-2.52 Correlat ion of rock, mineral ,  and fossi ' l
evidence between cont inents suggests
that the ' land 

masses were joined at some
t ime in  the  pas t .

A-2.61 Rocks have recorded the posit ion of the
ear th rs  magnet ic  po les  in  vas t ly
di  f ferent I  ocat i  ons .

A-2. ' l ' l  Rel ate to D-l  . ' l ' l  .
P I 0 - 3 ,  5 ;  C C O - I  ,  4 ,  5 ,
6 ,  8 ,  I 2

A-2 .21  Re la te  to  D- ] .31 .
P I 0 - 3 ,  5 ;  C C 0 - 1 ,  4 ,  5 ,
6 ,  8 ,  l 2

A-2.22 Relate to D-I .31.
c c o - l ,  4 ,  5 ,  6 ,  8 ,  1 2

A-2 .3 ]  Re la te  to  D- I .4 '1 .
P I 0 - 3 , 5 ;  C C 0 - 1 , 4 , 5 ,
6 ,  8 ,  l l ,  

' l  2

A-2 .41  Re la te  to  D- l .21 .
P I 0 - 3 ,  5 ;  C C 0 - . l ,  4 ,  5 ,
6 ,  8 ,  

' l ' l ,  l 2
A-2.42 Relate to D-I .2 '1.

P I0-3 ,  5 ;  CC0- ' l  ,  4 ,  5 '
6 ,  8 ,  

' l ' l ,  l 2

A-2 .51  Re la te  to  D- I .2 '1 .
P I 0 - 3 ,  5 ;  C C O - 1 ,  4 ,  6 ,
8 , ' l l , l 2

A-2 ,52  Re la te .  to  D- I .21 .
P I 0 - 3 ,  5 ;  C C 0 - ' 1 ,  4 ,  6 ,
8 ,  l l ,  l 2

A-2.61 Relate to D-] .21.
PI0-3 ,  5 ;  CC0- ' l  ,  5 ,  6 ,
8 ,  l l ,  l 2

xrLA-2

xil-B-l

PI0- ' l  ,  5 ;  CC0-1 ,  6 ,  l ' l

P I 0 - 1 ,  5 ;  C C 0 - l ,  l l

P I 0 - 1 ,  5 ;  C C 0 - 1 ,  6 ,
l ' l ,  

' 1 2

8-l Ulr6^t oro 4o.r1o ?^af.^hrt ol e/r114...4. ata44?

B- l . l l  Ear thquakes  genera te  compress iona l  and
shear  waves .

B- . | .21  In  the  same med ium,  compress iona l  waves
travel at  a ve1ocity greater than shear
waves.

B-1 .22  The ve loc i t ies  o f  se ismic  waves  depend
upon the phys' ica1 propert ies of the
mater ials throuqh which the waves
travel .

B- . | . 3 . |  Compress iona l  waves  a re  t r ansm i t t ed  t h rough  P I0 -5 ;  CC0-1 ,  5 ,  
' l l ,  

12
s o l i d s  a n d  f l u i d s .

B-'1.32 Shear waves are transmit ted only through
s o l i d s .
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

B-2 Locat ion
of an
epi center

B-2. I  Epicenter

B - 2 . 2  O r i g i n
t ime

Model of the
earth's crust and
i nteri or

C-1 Properties

C-l  .  I  Sol id and
l i q u i d
z0nes

B-4. ll D'ifferences in travel times of
waves can be used to determine
distance to the epicenter.

B-2.21 The or igin t ime can be inferred
evidence of epicenter distance
travel t ime.

PIO- ' f  ,  2 ,  4 ,  5 ;  CC0-6 ,
1 1 ,  1 2

P I 0 - l ,  2 ,  4 ,  5 a  C C 0 - 6 ,
l l ,  l 2

xil-c-t

C-] .11  The charac ter is t i cs  o f
seismic waves developed
in the previous sect ion
may be used to construct
a more detailed model
of the earth's inter ior
than is required.
P I 0 - 1 ,  5 ;  C C 0 - 6 ,  7 ,
l l , 1 2

P I 0 - l ,  5 ;  C C 0 - l ' 1 ,  l 2

C-] .3 ' l  Relate to topic XI.
P I 0 - ' 1 ,  5 ;  C C O - ] l ,  l 2

C- ] .41  Re ' la te  to  top ic  I I I .
P I 0 - 1 ,  5 ;  C C 0 - 6 ,  7 ,
l ' l  ,  1 2

P I 0 - 5 ;  C C 0 - 6 ,  7 ,  1 1 ,  1 2

P I 0 - 5 ;  C C 0 - 6 ,  7 ,  1 1 ,  1 2

xtLD-l

P I 0 - 3 ,  5 ;  C C 0 - 1 ,  4 ,  5 ,
6 ,  8 ,  1 2

C-l Ulaf oD tat e faa?alr.t ol th *tll,Z ezdl

D-l Ulal arr/pn r&L un lp d/rr.at- alro.d ila

"40"44.4.rtlicl 

rnr'+ caa42 cnd.l eaa+.L?

B-Z Jlorl cun ll* arcufa at u, lo lou*lt xil-B-2

sei smi c
the

from the
and

c.

ud ado>au?
C-I .11  Ana lys is  o f  se ismic  da ta  leads  to  the

inference that sol id zones (crust,
mantle,  inner core) and a l iquid zone
(outer core) exist  within the earth.

C- l  .2  Crus ta l
thi  ckness

C-1 .3  Crus ta l
compo-
s i t i o n

C - 1 . 4  D e n s i t y ,
tempera-
ture, and
pressure

C- . | .5  In te r io r
compo-
s i t i o n

C-1.21 The average thickness of the cont inenta' l
crust is greater than the average thick-
ness of the oceanic crust.

C-1.31 The oceanic and cont inenta' l  crusts have
di f ferent composit ions.

C-1.41 The density,  temperature, and pressure
of the earth's inter ior increase with
depth.

C-1.5' l  The composit ion of some meteori tes
suggests an earth core composed of iron
and n icke l .

C-l .52 The composit ions of the crust and core
suggest a di f ferent composit ion for the
mantl  e.

D-l .11 The occurrence of heat f low highs in areas
of current mountain bui lding, and heat
f low lows in areas of shal low subsiding
basins, suggests the existence of mantle
convect ion cel ls.

D. Theories of crustal
change

D-'l Inferred
processes

D-l . 
'l l,lantl e

convecti on
c e l l s
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORI,IATION TO TEACHERS

D-I.2 Geosyn-
cl I nal
develop-
ment

D-l.3 Isostasy

D-I.4 Process
relation-
ships

D-I.21 Contlnental growth and mountain bulldlng
may be related to geosynclinal develop-

Tnt'
D-I.31 ilountains of geosyncllnal origin may in

part be caused by isostatic adjustments
of materials of different density.

D-I.41 The close corre'lation among zones of
earthquake activlty, volcanic activlty'
and mountain buildlng suggests that these
processes of crustal change are rclated.

P I 0 - 3 , 5 i  C C 0 - 1 , 4 , 5 ,
6 , 9 ,  1 2

PI0-3 ,  5 i  CC0-1 ,
6 ,  8 ,  1 2

PI0-3 ,  5 ;  CG0- '1 ,
6 ,  8 ,  1 2

4 1  5 ,

4 1  5 ,

4l

\





AREA 5

THE HISTORY OF

THE gARTH

AREA TIME EMPHASIS TOPIC TIME

30 DAYS XIII  Interpret ing Geologic History 15 days
XMandscape Development and"

Environmental Change 15 days
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TOPIC  X I I I  -  INTERPRETING GEOLOGIC H ISTORY

Jla.rt e*n qeilatro Aafirr" Be lntznVacte/?

Time Emphasi s:  1 5 days
TOP'C ABSIRACT

Itoior Eehoviorof Obieclives

At  t he  comp le t i on  o f  t h i s  t op i c ,  t he  s tuden t  shou ld  be  ab le  t o :
A .  Co l l ec t  and  ana l yze  ev idence  o f  seve ra l  geo log i c  even ts  i n  a  f i e l d  s i t ua t i on ,  and

esTaETIsh a Etr ronological  order .
B.  EsTEETIIE-a corre lat ion beth,een d i f ferent  locat ' ions us ing rock and foss i l  ev idence.
C.  D&enl t i f iq  the re lat ive and/or  absolute ages of  rocks or  geologic events f rom data such

as-TossTi-  ev i  dence,  radioact i  ve decay ev i  dence,  eros ion,  
-  
and deposi  t  i  on.

D .  D raw  i n fe rences  conce rn ing  anc ien t  l i f e  f r om a  s tudy  o f  t he  f oss i l  r eco rd .

Approodr

This  top ic  exp lo res  some o f  the  techn iques  tha t  geo log is ts  use  to  in te rpre t  the  geo loq ic  h is to ry
recorded in  the  rocks .  l4os t  o f  the  processes  cons idered in  top ics  IX ,  X ,  X I ,  and XI I  p lay  an
important role in the interpretat ion and shoulo be reconsidered where appropriate.

The ana lys is ,  syn thes is ,  and in te rpre ta t ion  o f  geo log ic  events  i s  a  fo rm o f  puzz le  so ' l v inq ,  and
the  s tudent  can p lay  the  ro le  o f  ch ie f  inves t iga tor  o r  puzz le  so lver .  Once some o f  the  techn iques
are  learned 'he  can en joy  work ing  ou t  a  geo ' log ic  h is to ry  fo r  a  spec i f i c  a rea .

Inves t iga t ion  o f  loca l  geo log ica l  fea tures  is  s t rong ly  suggested  dur ing  th is  top ic .  The use o f
spec i f i c  f ie ' ld  exper iences  can he lp  make the  in te rpre ta t ' ion  o f  geo log ic  h is to ry  more  rea l i s t i c
to  the  s tudent .  See ing  a t  f i r s thand is  fa r  super io r  to  read ing  and ta lk ing  about  th ings  in  fa r -
away p laces .  Where  f ie ' l  d  t r i  ps  a re  imposs ib ' le ,  s l ides ,  samples ,  and maps o f  the ' l  oca ' l  geo ' l  ogy
can be  subs t i tu ted  fo r  the  ac tua l  f ie ' ld  t r ip  exper ience.

The focus of this topic should be upon the process of making interpretat ions rather than upon
the actual record. Part icu1ar events from the geologic past of  New York State and other areas
shou ld  be  used as  i l l us t ra t ions  o f  in te rpre ta t ions  tha t  have been made.

In  cons ider ing  the  geo log ic  record ,s tudents  shou ld  be  le f t  w i th  the  impress ion  tha t  the  in te r -
pretat ions const i tute probable events rather than indisputab' le facts.

TOPIC OUTLINE MAJOR UNDERSTANDINGS INFCIRMATION TO TEACHERS

A.  Geo log ic  events

A-l  Sequence of
geo log ic
events

xm-A-l

A-1.1  Chrono logy  A- l . l l  The bo t tom layer  o f  a  ser ies  o f  sed i -  P I0-5 ;  CC0-8 ,  12
of layers mentary layers is the oldest,  unless the

series has been overturned or has had
older rock thrust over i t .

A-l Aaa, wn tle aa/o .1r1 uilr* ?alattc en4ttt
@atarae/ lp dalanarc&
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-1.2  Igneous
i ntrus i  ons
and extru-
s i o n s

A - ] . 3  F a u l t s ,
j o i n t s ,
and folds

A- '1 .4  In te rna l
charac-
ter i  st i  cs

Corre'l ation
techni ques

B-l  Correlat ion

B-1  .1  Cont inu i ty

B - . | . 2  S i m i l a r i t y
of rock

A-. l .2. |  Rock layers
s ions  wh ich
extrusi  ons

are o' lder than igneous intru-
cut through them or igneous

which are above them.

PI0-5; CC0-8, 12

P I 0 - 5 ;  C C 0 - 8 , ' 1 2

PI0-5 ;  CC0-5 ,  8 ,  12

PI0-5 ;  CC0-8 ,  12

iln&t

cco-'t0 , t 2

B-'1.21 I t  is important ln
this sect'lon to care-
fu11y  d ls t lngu lsh
etsidence frqn
inference.
P I 0 - 5 ;  C C 0 - 6 ,  I , 1 0 ,  1 2

cc0-6,  7,  g

cc0-6 ,  7 ,  8 ,  12

P I 0 - 5 ;  C C 0 - 6 , 8 , 1 0 ,
1 2

P I 0 - 5 ;  C C 0 - 6 , 7 , 9 ,
l 0 ,  ' 1 2

B-1.5 The interpretat ion of
geo'logic history can be
ouez,eirnplified, I eadi ng
to misconcept ion.
Cautious interpretation
can minimize this
Drob'lem.

A-1 .3 . |  Rocks  are  o1der  than fau l ts ,  jo in ts ,  o r
folds that appear in them.

A- '1 .4 ' l

A-'t.42

Fragments which occur within a rock are
older than the rock.
Cracks ,  ve ins ,  and minera l
younger than the rocks in

cement are
which they occur.

B .

B.l 4orl co, auh. aa/ gaheb o.tett bt u*
pla.z ln oulfu h-aaothe*

B-l . l ' l  Rock layers can often be traced from
one locat ion to another d' i rect ly by
"wa lk ' i  ng the outcrop. "

B-1.2' l  Rocks can often be tentat ively matched
on the  bas is  o f  s im i ' la r i t y  in  appearance,
co lo r ,  and compos i t ion .

B- ' l  .3 Fossi ' l
evi  dence

B - ' 1 . 4  V o l c a n i c
t ime
markers

B- ' l .5  Anomal ies
to corre-
I  at i  on

B- ' l  .3 . |  Foss i ' l s  a re  found a lmost  exc lus ive ly
in sedimentary rocks.

B-1 .32  Foss i l s  p rov ide  c lues  to  the  env i ron-
ments in which the organ' isms l ived.

B-1 .33  Foss j l s  wh ich  occur red  w ide ly  bu t  on ly
within a oart icular formation can be
used to correlate sedimentary rocks.

B-. l .4. |  Because of their  rapid deposit ion over a
large area, layers of vo1canic ash occur-
ring between other layers may serve as
t ime markers.

B-1.5. |  Careful  study may show that two simi lar
rock formations may be of di f ferent
ages. A si  ngl  e formation may actua' l  ly
be  o lder  in  some p laces  than in  o thers .

4s



TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

C. Determining geologic
ages

C-l Rock record

C - l . l  F o s s i I
evi  dence

C - ] . 2  S c a l e  o f
geol ogi  c
t ime

C - I . 3  E r o s i o n a l
record

C - 1 . 4  G e o l o g i c
history of
an area

C-2 Radioact ive
decay

C-2. ' l  Decay
rates

C-2 Jloru cer &a at t ln ena*+d lq ,arng xilt-c.2
rdarc,ltw 144?

C-2.11 Some rocks contain atoms whose
nuc' lei  undergo radioact ive decay.

C-2 .12  The d is in tegra t ion  o f  an  ind iv idua l
atom occurs as a random event.

CJ Ulof liot tL aacl ian"4 uqf.rf al,o..l ,ela?l" lalat.r? Xrlr-C-l

C- l . ' l l  Even ts  i n  geo log i c  h i s to ry  can  o f t en
be p laced in order  according to re lat ive
age by us ing ev idence provided by cer ta ' in
f o s s i l s .

C - . | . 21  Geo log ' i s t s  have  subd i v i ded  geo ' l og i c  t ime
in to  un i t s ,  based  on  foss i l  ev ' i dence .

C- l . 22  Mos t  o f  t he  geo log i c  pas t  i s  devo id  o f  a
fossi l  record.

C - ] . 2 3  M a n ' s  e x i s t e n c e  i s  i n f i n i t e s i m a l  i n
compar i son  w i th  geo log i c  t ' ime .

C-I .31  Bur ied  eros ion  sur faces  ind ica te  gaps
in the t ime record. The gaps represent
periods of destruct ion of the geo' logic
record.

C- '1.41 The geologic history of an area can be
inferred from the evidence of foy'mer
inf luence by a var iety of processes.

P I 0 - 3 ,  5 ;  C C O - 8 ,  1 2

C- ] .2 . |  For  fu r ther  subd iv is ions
see the geolooic t ime
scale in the Reference
Tabl es .
P IO-5
P I 0 - 5 ;  C C 0 - 6 ,  8 ,  l 0

C- ] .23  A major  in ten t  in  th is
sec t ion  is  to  he lp  the
student develop a mode'l
through which he can
gain some comprehension
of  the  sca le  o f  geo log ic
t ime.
P I 0 - . | ,  3

P I 0 - 5 ;  C C 0 - 7 , 8 ,  l 2

C- I .4 . |  The geo log ic  map o f
New York State and the
geol ogi  c t ime sca' le
that appear in the
reference tables mav be
used to  i ' l l us t ra te  the
various oort ions of the
rock record that have
been oreserved in New
York State.
P I O - ]  ,  2 ,  3 ,  5 ;  C C 0 - 5 ,
6 ,  7 ,  8 ,  9 ,  . | 0 ,  l l ,  1 2

C-2.1 Models are used exten-
sively to implement
th is  sec t ion .  S tudents
shou' ld be caut ioned
to interpret. the models
with care so that mis-
app l ica t ion  o f  the  con-
cept is avoided.
P I 0 - 3 ,  4 ,  5 ;  C C O - I ,  2 ,
4 ,  7 ,  1 1
P I 0 - 3 ,  5 ;  C C 0 - 7 ,  I 0 ,
l l ,  l 2



ToPIC oUTLINE MAJoR UNDERSTANDINGS It{FoRtlATtot{ T0 TEACHERS

C-2.13  The d is in tegra t ion  o f  a  rad ioac t ive
substance occurs at a predictable rate.

C-2.14 The disintegrat ion rate is unaffected
by external factors.

C-2 .2  Ha ' l f -  C-2 .21  The ha l f - ' l i ves  are  d i f fe ren t  fo r  d i f -

cc0-7,  l l ,  12

cco-6

cc0-7, 12
I  i ves ferent radioact ive substances.

C-2.22 Radioact ive substances with short  ha]f-' l ives,such 
as CI4,are good for dat ing

recent organic remains. Those with
longer  ha l f - l i ves ,  such as  U238,  a re
useful  for dat ing o' lder remains.

C-2 .3  Decay  C-2 .3 ' l  The age o f  a  rock  can o f ten  be  in fe r red  PI0-1 ,3 ,4 i  CC0-2 ,6 ,
product from the relat ive amounts of the un- 7, l l ,  12
ratios decayed substance and the decay product.

D. The fossi l  record

D-r Ancient rife D-l Ulof doal llo h.tl rairl t.t?41 a.iod a.nr.r.t lrta mlo|

D-1. I  Var ie ty  D- l . ' l l  Foss i l s  g ive  ev idence tha t  a  g rea t  many CC0-5 ,8 ,9 ,  12
of l i fe kinds of anima]s and p' lants have l ived on
forms earth in the past under a great var iety

of environmental  condit ions and that most
of them have become extinct.

D- I .12  In  add i t ion  to  the  foss i l  t ypes  wh ich  have CC0-6 ,8 ,9 ,  12
been found, i t  is highly probable that an
even greater number have left no traces in
the rocks.

D- ' f  .2  Evo ' lu t ' ion-  D- l .2 . |  Var ia t ions  w i th in  a  spec ies  can be  observed,  P I0-1 ,  2 ,  4 ,  5
ary de- measured, and described.
ve lopment  D-1 .22  I t  has  been theor ized  tha t  the  var ia t ions  PI0-5 i  CC0-6 ,8 ,9 ,  12

within a species may provide some members
wi th  a  h igher  p robab i l i t y  o f  surv iva l .

D- I .23  The s imi la r i t y  among some foss i l  fonns  o f  P I0-1 ,  2 ,4 ,5 i  CC0-6 ,
var ious t ime periods suggests a transi t ion l l
which may be a result  of  evo' lut ionary
devel ooment.
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TOPIC XIV - LANDSCAPEDEVELOPMENT AND ENVIRONMENTAL CHANGE

UtaJ eat ',lz,t .euollnf'el?

TOP'C ABSIRACT

Itoior Sehoviorol 0biectives

At the
A .
B .

Env i ronmen ta l  ana l ys ' i s  shou ' l d  be  s t ressed  i n  t h j s  t op i c .  The  concep t  o f  l andscapes  as
indicators of  the jn teract ion of  crusta l  forces,  c l imate,  and man should be carefu ' l ly  developed
and extensively  explored.  Students should become aet ioely  involved in the in terpretat ion of
landscapes and envi ronmental  changes f rom f i rs thand f ie ld exper iences.

The  use  o f  a  spec i f i c  f i e l d  expe r i ence  w i th  f i e l d  t r i ps  t o  app rop r i a te  l oca t i ons  i s  ve ry
des i rab1e .  S l i des ,  maps ,  o r  pho tog raphs  may  be  used  to  p rov ide  secondhand  expe r i ences ' i n
s i t ua t i ons  whe re  the  f i r s thand  expe r i ence  i s  no t  poss ib le  o r  needs  supp lemen ta t i on .

The  i n te rd i sc ' i p l i na ry  na tu re  o f  man ' s  i n f l uence  i n  p roduc ing  env i ronmen ta l  change  may
suggest  a coordinated approach by the socia l  s tudies and sc ience departments.

The student  should complete th is  topic ,  and the course,  wi th a quest ' ion ing at t i tude and some
plausib le ideas about  the format ion of  any landscape and the in f luence of  var ious factors on
ftzle envlronment.

The mater ia l  in  th is  topic  may be re ' la ted to several  other  topics as indicated in  the
Information to Teachers column.

TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TTACHERS

T ime  Emphas i s :  | 5  days

complet ion of this top' ic,  the student should be able to:
Ident i fy and measure var ious local landscape character ist ics.
Develop inferences from observat ions of var ious landscapes, local and remote, about
the inf luence of the environment on landscape development.

Approod

A. Landscape
characteri sti cs

A-l  Quant i tat ive
observati ons

A-1  .1  H i  l ' t -
s I opes

A-l  .2 Stream
patterns

A-l  .3 Soi I
associ a-
t i  ons

A-l ULl aze 4.une la.r/tcafo cJuaoaJpaalat. llal

wt b alr4.ilrce aa/ nenlaaeA?

A- l . l l  H i l l s l opes  w i th  d i s t i nc t i ve  shapes  can
be ident i f ied and measured.

A- '1.21 Stream pat terns which have measurable
character is t ics can be ident ' i f ied.

A - . | . 31  Va r i ous  so i l  assoc ia t i ons  can  be
' ident i f ied and some of  thei r  character-
is t ics can be measured.

IfY-t.f

P I 0 - l ,  2 ,  5 ;  C C O - I l

A-1 .2 . |  Re la te  to  top ic  IX .
P I 0 - 1 ,  2 ,  5 ;  C C O - l l

A-1 .31  Re la te  to  top ic  IX .
PI0- . | ,  2 ,  5 ;  CCO- l l
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TOPIC  OUTL INE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

A-2  Re la t i onsh io  o f
character i  s t i  cs

Landscape  deve lopmen t

B- l  Envi  ronmental
factors

B - 1 . 1  U p l i f t -
i  ng  and'I 
evel i ng

forces

B - l  . 2  C l  i m a t e

B- l  . 3  Bed rock

A-2 .  I  Landscaoe  A -2 .  1  I
regi  ons

A-2.12

A-2. I 3

A-2.1 4

A-2 Aoat *2" Lurdu.pn drouadelvafb,L aelale/?

Sets of  landscape character is t ics seem to
occu r  t oge the r ,  i den t i f y i ng  d i s t i nc t i ve
landscape reg ' ions.
The boundar ies between landscape regions
a re  usua l l y  we l l  de f i ned .
Any cont inenta l  land mass has several
d ' i s t i nc t i ve  t ypes  o f  l andscape  reg ions  wh ' i ch
can  be  i den t i f i ed .
The sur face of  New York State has several
d i s t i n c t i v e  l a n d s c a o e  r e q i o n s .

8-l Jloru a Lellcnfo Aat h"asrf hllner&4 xrv-B-l
lt" 

"^ttlrrn*rreertJ.J loctn/r4?

B - l . l l  L a n d s c a p e s  s e e m  t o  r e s u l t  f r o m  t h e  i n t e r -  B - l . l ' l  R e 1 a t e  t o  t o p i c  I X
a c t i o n  o f  u p l i f t i n g  a n d  l e v e l i n g  f o r c e s .  t o p i c  X I I I .

PI0-3 ,  5;  CC0-' l  ,
6 ,  7 ,  8 ,  . | 0 ,  ' l  l ,
P I 0 - 3 ,  5

4 ,
1 2

and

5 ,

B - . l . . l 2  I n  a  p a r t i c u l a r  l a n d s c a p e , o n e  o f  t h e
forces ,  up1 i  f t i  ng or  

' l  
evel  i  ng,  may be

domi  nan t .
B - ] .  l 3  T h e  r a t e  o f  c r u s t a l  u p l i f t  o r  s u b s i d e n c e  B - . l . . l 3

may  resu1 t  j n  a  rnod i f i ca t i on  o f  I andscape
by a1 ter i  ng h i  1 1 s1 opes ,  dra i  nage pat terns ,
o r  o rog raph i c  w jnd  pa t te rns .

B - . l . 2 . l  A  c h a n g e  i n  t h e  c l i m a t e  w o u l d  r e s u l t  i n
a  m o d i f i c a t i o n  o f  t h e  l a n d s c a p e .

xtv-A-2

P I 0 - 5 ;  C C O - l l ,  1 2

PI0-5 ;  CC0-12

PI0-5 ;  CCO- . |2

P I 0 - 5 ;  C C 0 - 1 2

B .

B - t  . 2 t

B-1 .22  Some landscapes  con ta in  ev idence  o f  hav ing  B -1 .22
d e v e l o p e d  u n d e r  c o n d i t i o n s  o f  c l i m a t j c
ex t remes  such  as  a r i d  and  g lac ia ted  reg ions .

B -1 .23  The  ra te  a t  wh i ch  l andscape  deve lopmen t  B -1 .23
occu rs  may  be  i n f l uenced  by . t he  c l ima te .

B - 1 . 2 4  T h e  s t e e p n e s s  o f  h i l l s l o p e s  i n  a n  a r e a  i s
af fected by the balance between weather ing
and  remova l  o f  ma te r i a l s .

B - 1 . 2 5  O t h e r  f a c t o r s  b e i n g  e q u a l ,  h i l  l s l o p e s  B - 1  . 2 5
wh ich  have  evo l ved  i n  a  d ry  c l  ima te  t end
t o  d i f f e r  i n  a p p e a r a n c e  f r o m  h i  l l s l o p e s
wh ich  have  evo l ved  i n  a  humid  c l ima te .

B -1 .26  S t ream cha rac te r i s t i cs  a re  a f f ec ted  bv  B -1 .26
the  c l  ima te .

B - 1 . 2 7  S o i l  a s s o c i a t i o n s  d i f f e r  i n  c o m p o s i t i o n  B - 1 . 2 7
depend inq  on  the  c l ima te .

l l ,  1 2

B-1 .3 . |  The  ra te  a t  wh j ch  l andscape  deve lopmen t  P I0 -2 ,  5 ;  CC0-6 ,  7 ,
occu rs  may  be  i n f l uenced  by  t he  bed rock .  l l ,  12

B - . | . 3 2  T h e  s h a p e  a n d  s t e e p n e s s  o f  h i l l s  a r e  a f -  P I 0 - 2 ,  5 ;  C C 0 - 6 , 7 '
f ec ted  by  t he  l oca l  bed rock  compos i t i on .  11 ,  12

B- . l . 33  Compe ten t  rocks  a re  respons ib le  f o r  B - ' l . 33  Re la te  t o  t op i c  IX .
p l a t e a u s ,  m o u n t a i n s ,  a n d  e s c a r p m e n t s ,  P I 0 - 5 ;  C C 0 - 7 ,  l l ,  l 2
whereas  weak  rocks  usua l i y  unde r l  i e  va l l eys
and  o the r  l ow- leve l  a reas .

Re la te  t o  t op i c  V I I I
a n d  X I  I .
P I 0 - 3 , 5 ;  C C 0 - 4 , 5 , 6 ,
7 ,  8 ,  g ,  . | 0 ,  . l 1 ,  ' l  

2

R e l a t e  t o  t o p i c  V I I I .
P I 0 - 3 , 5 ;  C C 0 - 4 , 6 , 7 ,
8 ,  9 ,  l l ,  l 2
R e l a t e  t o  t o p i c  V I I I .
P I 0 - 3 , 5 ;  C C 0 - 4 , 6 , 7 ,
8 ,  g ,  l l ,  l 2
R e l a t e  t o  t o p i c  V I I I .
P I 0 - 5 ;  C C O - 4 ,  6 ,  7
P IO- ' f  ,  2 ,  5 ;  CC0-6 ,  7 ,
g ,  l l ,  l 2

Re la te  t o  t op i c  V I I I
and  top i c  IX .
P I 0 - 5 ;  C C 0 - 4 , 6 , 7 , 8 ,
1 1 ,  1 2
Re la te  t o  t op i c  V I I I
a n d  t o p i c  I X .
P I 0 - . l ,  5 ;  C C 0 - 4 ,  7 ,  8 ,
l l ,  l 2
Re la te  t o  t op i c  IX .
P I 0 - 5 ;  C C O - 4 ,  5 ,  7 ,

+Y



TOPIC OI'TLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS

B - 1 . 4  T i m e

B-l .5 Dynami c
equi -
l i b r i u m

B:1 .6  Man

Re ' la te  to  top ic  X I I .
P I 0 - 5 ;  C C 0 - 7 ,  l l , ' 1 2

Re la te  to  top ic  IX .
P I 0 - 2 ,  5 ;  C C 0 - 4 ,  6 ,  7 ,
l l ,  1 2
R e l a t e  t o  t o p i c  I X .
P I 0 - 5 ;  C C 0 - 4 ,  6 ,  7 ,
l l ,  1 2

Rel ate to topi  cs VI I  I  ,
I X ,  X ,  a n d  X I I I .
P I 0 - 3 , 5 ;  C C 0 - 6 , . | 0 ,
l l ,  1 2

P I 0 - 3 ,  5 ;  C C 0 - l  ,  4 ,  5 ,
6 , 7 , 9 ,  l l ,  l l ,  1 2

B-1.34 Structura l  features in  bedrock,such as
fau l t s ,  f o l ds ,  and  j o ' i n t s , f r equen t l y
af fect  the development  of  h i1 ' ls lopes.

8 -1 .35  S t ream cha rac te r i s t i cs  a re  con t ro l l ed  D - ] . 35
by  bed rock  cha rac te r i s t i cs .

B - 1 . 3 6  S o i l  a s s o c i a t j o n s  m a y  d i f f e r  j n  c o m p o -  B - . l . 3 6
si t ion and are dependent  upon the bedrock
compos i  t i  on.

B - 1 . 4 1  T h e  d u r a t i o n  o f  t i m e  d u r i n g  w h i c h  B - 1 . 4 . |
envi ronmental  factors have been act ive
w i l l  de te rm ine  the  s tage  o f  deve lopmen t
o r  cond j t i on  o f  a  l andscape  reg ion .

B - 1 . 5 1  A  d e l i c a t e  b a l a n c e  o f  m u l t i o l e  e n v i r o n -
m e n t a l  f a c t o r s  e x i s t s  i n  a l l  l a n d s c a p e s .
A  change  i n  any  o f  t he  f ac to rs  resu l t s  i n
a  mod i f i ca t i on  o f  t he  l andscape  and
the  es tab l i shmen t  o f  a  new equ i l i b r i um.

B - 1 . 6

B-1 .5 ]  The  ac t i v i t i es  o f  man  have  a l t e red  the'I 
andscapes i n man-v areas .

B -1 .52  The  human  popu la t i on  on  the  ea r th  i s
i nc reas ing  a t  an  exponen t i a l  r a te .

B -1 .63  Landscape  po l l u t i on  o r  m isuse  o f  t he
landscape  i s  more  c r i t i ca l  t o  man  i n
a reas  o f  h i gh  popu la t i on  dens i t y .

B -1 .64  Man ,  w i t h  advanced  techno logy ,  can
i n f l  i c t  r a p i d  c h a n g e s  o n  h i s  e n v i r o n -
ment  that  may produce catastrophic
events as the envi ronment  adjusts to
the  s t ress .

B - 1 . 6 5  M a n ' s  a d d i t i o n  o f  p o l l u t a n t s  t o  t h e  3 - . l . 6 5
atmosphere a l ters the rate of  energy
abso rp t i on  and  rad ia t i on  wh i ch  may
resu l t  i n  a  l andscape -mod i f y i ng  c l ima te
change.

B -1 .66  Resou rces ,  such  as  so i l  f o r  ag r i cu l t u re ,
land for  homesi tes,  pure water  for  con-
sumot ion  and  rec rea t i on ,  and  c lean  a i r
f o r  b i o log i c  su rv i va l ,  can  be  conse rved
by carefu l  p lanning and by the contro l
o f  env i ronmen ta l  po l l u tan ts .

B-1.67 Envi ronmenta ' l  conservat ion and p lanning
programs may resu'l t in:
a )  e l im ina t i on  o f  l andscape  po l l u t i on

and  denuda t i on
b)  rec lamat ion of  landscapes that  have

been misused
B-1.68 Development  of  envi ronmental  conservat ion

programs depends upon the awareness,
a t t i t udes ,  and  ac t i on  o f  t he  peop le .

Ac t i v i t i es  o r  wa tches
begun  ea r l i e r  on  po l l u -
tion may be sunrnarized
a t  t h i s  o o i n t .
P I 0 - 5 ;  C C 0 - 6 ,  7 ,  8 ,  9 ,
l l ,  1 2
The  p resen t  doub l i ng
t ime is  approximately
37  yea rs .
P I 0 - 3 , 5 .
P I 0 - 5 ;  C C 0 - 6 ,  8 ,  9 ,  l 2

cco-6.

R e l a t e  t o  t o p i c s  I I ,
V I I ,  a n d  V I I I .
P I 0 - 1 ,  2 ,  3 ,  5 ;  C C 0 - 4 '
6 ,  7 ,  8 ,  9 ,  1 1 ,  1 2

B - . l . 6 6  R e l a t e  t o
V I I I ,  a n d
P I 0 - 3 ,  5 ;
4 ,  5 ,  6 1  7

cc0-8

t o p i c  I I ,
I X
cco- l ,  2 ,
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TOPIC OUTLINE MAJOR UNDERSTANDINGS INFORMATION TO TEACHERS,

A-2  Re la t i onsh ip  o f
character i  s t i  cs

Landscape  deve lopmen t

B- l  Envi  ronmental
factors

B - 1 . 1  U p l i f t -
i  ng  and
l e v e l i n g
forces

B - l  . 2  C l  i m a t e

B - l . 3  B e d r o c k

A-2 .1  Landscape  A -2 . . l . |
regi  ons

A-2.12

A-2. I 3

A-2 .14

A-2 Jla.r, oze l"ut&"cof'e

Sets of  landscape character is t ics seem to
occu r  t oge the r ,  i den t i f y i ng  d ' i s t i nc t i ve
landscape  reg ions .
The boundar ies between landscape regions
a re  usua l l y  we l l  de f i ned .
Any  con t i nen ta l  l and  mass  has  seve ra l
d i s t i nc t i ve  t ypes  o f  i andscape  reg ions  wh ich
can  be  i den t i f i ed .
The sur face of  New York State has several
d ' i s t i nc t i ve  l andscaoe  req ions .

B-l Jlaan a Le&.:'lap

xw.A-2

P I 0 - 5 ;  C C O - l l ,  l 2

P I0 -5 ;  CCO- . | 2

P I0 -5 ;  CCO- . | 2

P I0 -5 ;  CC0- . | 2

R

rfv-8-l
lr? 

"tittt 
ro.*e^h/ kdo/r4?

B - l . l l  L a n d s c a p e s  s e e m  t o  r e s u l t  f r o m  t h e  i n t e r -  B - l . l l
a c t i o n  o f  u p l i f t i n g  a n d  l e v e l i n g  f o r c e s .

Relate to top' ic
t o p i c  X I I I .
P I 0 - 3 ,  5 ;  C C 0 - l  ,
6 ,  7 , 8 ,  ' l  

0 ,  l l ,
P I 0 - 3 ,  5B - . l . . l 2  I n  a  p a r t i c u l a r  l a n d s c a p e , o n e  o f  t h e

f o r c e s ,  u p 1 i f t i n g  o r ' l e v e l i n g ,  m a y  b e
dom' i  nant .

B - . l . . l 3  T h e  r a t e  o f  c r u s t a l  u o l i f t  o r  s u b s i d e n c e  B - . l . . l 3
may  resu l t  i n  a  mod i f i ca t i on  o f  l andscape
b y  a l t e r i n g  h i 1 l s 1 o p e s ,  d r a i n a g e  p a t t e r n s ,
o r  o rog raph i c  w ind  pa t te rns .

B - 1 . 2 . l  A  c h a n g e  j n  t h e  c i i m a t e  w o u l d  r e s u l t  i n  B - . l . 2 . l
a  m o d j f i c a t i o n  o f  t h e  l a n d s c a p e .

B -1 .22  Some landscapes  con ta in  ev idence  o f  hav ing  B -1 .22
d p v a l n n p d  r r n d g p  6 9 n ( j t i O n S  O f  C l i m a t j C
ex t remes  such  as  a r i d  and  g lac ia ted  reg ions .

B - 1 . 2 3  T h e  r a t e  a t  w h i c h  l a n d s c a p e  d e v e l o p m e n t  B - 1 . 2 3
occu rs  may  be  i n f l uenced  by . t he  c l jma te .

B - 1 . 2 4  T h e  s t e e p n e s s  o f  h j l l s l o p e s  i n  a n  a r e a  i s
af fected by the balance between weathening
and  remova l  o f  ma te r i a l s .

B - . l . 2 5  O t h e r  f a c t o r s  b e i n g  e q u a l ,  h i l l s l o p e s  B - . l . 2 5
wh ich  have  evo l ved  i n  a  d ry  c l jma te  t end
t o  d i f f e r  i n  a p p e a r a n c e  f r o m  h i 1 1 s 1 o p e s
wh ich  have  evo l ved  i n  a  humid  c l ima te .

B -1 .26  S t ream cha rac te r i s t i cs  a re  a f f ec ted  bv  8 -1 .26
the  c l  ima te .

B - 1 . 2 7  S o i l  a s s o c i a t i o n s  d i f f e r  i n  c o m p o s i t i o n  B - 1 , 2 7
depend ing  on  the  c l ima te

l l , l 2

B - . l . 3 . |  T h e  r a t e  a t  w h i c h  l a n d s c a p e  d e v e l o p m e n t  P I 0 - 2 ,  5 ;  C C 0 - 6 ,  7 ,
occu rs  may  be  i n f l uenced  by  t he  bed rock .  l l ,  12

B - 1 . 3 2  T h e  s h a p e  a n d  s t e e p n e s s  o f  h i l l s  a r e  a f -  P I 0 - 2 , 5 ;  C C 0 - 6 ,  7 ,
f e c t e d  b y  t h e  l o c a l  b e d r o c k  c o m p o s i t i o n .  l l ,  l 2

B - . l . 33  Compe ten t  rocks  a re  respons ib le  f o r  B -1 .33  Re la te  t o  t op i c  IX .
p1  a teaus ,  moun ta i  ns  ,  and  esca rpmen ts  ,  P I0 -5 ;  CC0-7 ,  I  I  ,  I  2
whereas  weak  rocks  usua l l y  unde r l i e  va l l eys
and  o the r  l ow- leve l  a reas .

IX  and

4 ,  5 ,
1 2

Re la te  t o  t op i c  V I I I
a n d  X I I .
P I 0 - 3 , 5 ;  C C 0 - 4 , 5 , 6 ,
7 ,  8 ,  g ,  . | 0 ,  

l l ,  1 2

R e l a t e  t o  t o p i c  V I I I .
P I 0 - 3 , 5 ;  C C O - 4 , 6 , 7 ,
8 ,  9 ,  l l ,  l 2
R e l a t e  t o  t o p i c  V I I I .
P I 0 - 3 ,  5 ;  C C 0 - 4 ,  6 ,  7 ,
8 ,  9 ,  l l ,  l 2
R e l a t e  t o  t o p i c  V I I I .
P I 0 - 5 ;  C C O - 4 ,  6 ,  7
P I O - I ,  2 ,  5 i  C C 0 - 6 ,  7 ,
8 ,  l l ,  l 2

Re la te  t o  t op i c  V I I I
and  top i c  IX .
P I 0 - 5 ;  C C 0 - 4 , 6 , 7 , 8 ,
l l ,  l 2
R e l a t e  t o  t o p i c  V I I I
a n d  t o p i c  I X .
P I 0 - l ,  5 ;  C C 0 - 4 ,  7 ,  8 ,
l l , l 2
Re la te  t o  t op ' i c  IX .
P I 0 - 5 ;  C C 0 - 4 , 6 , 7 ,

49
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B-1.34 Structura ' l  features in  bedrock,such as
fau l t s ,  f o l ds ,  and  j o i n t s ,  f r equen t l y
a f f ec t  t he  deve lopmen t  o f  h i l l s l ooes .

B -1 .35  S t ream cha rac te r i s t i cs  a re  con t ro l  l ed
by  bed rock  cha rac te r i s t j cs .

B -1 .36  So i l  assoc ia t i ons  may  d i f f e r  i n  compo-
s i t ion and are dependent  upon the bedrock
compos i  t i  on.

B - 1 . 4 . |  T h e  d u r a t j o n  o f  t i m e  d u r i n g  w h i c h
env i ronmen ta l  f ac to rs  have  been  ac t i ve
w i l I  de te rm ine  the  s tage  o f  deve lopmen t
o r  c o n d i t i o n  o f  a  l a n d s c a p e  r e g i o n .

R - 1 . 5 1  A  d e l i c a t e  b a l a n c e  o f  m u l t i p l e  e n v i r o n -
men ta l  f ac to rs  ex i s t s  i n  a l l  l andscapes .
A  change  i n  any  o f  t he  f ac to rs  resu l t s  i n
a  mod i f i ca t i on  o f  t he  

' l andscape  
and

the  es tab l i shmen t  o f  a  new equ i1 ib r i um.

B-1 .61  The  ac t i v i t i es  o f  man  have  a l t e red  the
landscaoes  i n  manv  a reas .

B -1 .62  The  human  popu la t i on  on  the  ea r th  i s
i nc reas ing  a t  an  exponen t i a l  r a te .

B - 1 . 6 3  L a n d s c a p e  p o l l u t i o n  o r  m i s u s e  o f  t h e
landscaoe  i s  more  c r i t i ca l  t o  man  i n
a r e a s  o f  h i g h  p o p u l a t i o n  d e n s i t y .

B - l  . 64  Man ,  w i  t h  advanced  techno  l  ogy ,  can
i n f l i c t  r a p i d  c h a n g e s  o n  h i s  e n v i r o n -
ment  that  may produce catastrophic
events as the envi ronment  adjusts to
the  s t ress .

B - 1 . 6 5  M a n ' s  a d d i t i o n  o f  p o l l u t a n t s  t o  t h e
atmosphere a l ters the rate of  energy
abso rp t i on  and  rad ia t i on  wh i ch  may
resu l t  j n  a  l andscape -mod i f y i ng  c l  ima te
change .

B - 1 . 6 6  R e s o u r c e s ,  s u c h  a s  s o i l  f o r  a g r i c u l t u r e ,
land for  homesi tes,  pure water  for  con-
sumpt jon  and  rec rea t i on ,  and  c lean  a i r
f o r  b i o log i c  su rv i va l ,  can  be  conse rved
by carefu l  p lann' ing and by the contro l
o f  env i ronmen ta ' l  po l l u tan ts .

B -1 .67  Env i ronmen ta l  conse rva t i on  and  p lann ing
programs may resul t  in :
a )  e l im ina t i on  o f  l andscape  po l l u t i on

and  denuda t i on
b )  rec lama t i on  o f  l andscapes  tha t  have

been misused
B-1.68 Deve' lopment  of  envi ronmental  conservat ' ion

programs depends upon the awareness '
a t t i t udes ,  and  ac t i on  o f  t he  peop le .

R e l a t e  t o  t o p i c  X I I .
P I 0 - 5 ;  C C 0 - 7 ,  l l ,  l 2

D - l . 3 5  R e l a t e  t o  t o p i c
P I 0 - 2 ,  5 ;  C C O - 4 ,
l l ,  l 2

B - . l . 3 6  R e l a t e  t o  t o p i c
P I 0 - 5 ;  C C O - 4 ,  6 ,
l l ,  l 2

B - l  . 4 . l  R e l a t e  t o  t o p i c s  V I I I ,
I X ,  X ,  a n d  X I I I .
P I 0 - 3 ,  5 ;  C C O - 6 ,  

. l 0 ,

l l ,  l 2

P I 0 - 3 ,  5 ;  C C 0 - l  ,  4 ,  5 ,
6 , 7 , 9 ,  l l ,  l l ,  1 2

B - l . 6  A c t ' i v i t i e s  o r  w a t c h e s
b e g u n  e a r i i e r  o n  p o l 1 u -
t ion may be summarized
a t  t h i s  o o i n t ,
P I 0 - 5 ;  C C 0 - 6 ,  7 ,  8 ,  9 ,
l l , 1 2

i -1 .52  The present  doub l ing
t ime is  approx imate ly
37 years .
P I 0 - 3  ,  5 .
P I 0 - 5 ;  C C O - 6 , 8 , 9 ,  l 2

cco-6.

3 - 1 . 6 5  R e l a t e  t o  t o p i c s  I I ,
V I I ,  a n d  V I I I .
P I 0 - 1 ,  2 ,  3 ,  5 i  C C 0 - 4 '
6 , 7 , 8 , 9 , 1 1 r  1 2

B - ] . 6 6  R e l a t e  t o  t o p i c  I I ,
V I I I ,  a n d  I X
P I 0 - 3 ,  5 ;  C C 0 - l ,  2 ,
4 ,  5 ,  6 , 7

cc0-8

I X .
6 ,  7 ,

I X .
7 ,

B - 1 . 4  T i m e

B-l .5 Dynami c
equi -
l i b r i u m

B-l .6 l,lan
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