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Pro;ect Marine Ecology Research (MER) is an
ecological unit designed to involve secondary students in the study
of the marine biome. The teachers are also involved with MER through
inservice particip:tion and materials preparation. -The unit is
designed to be incorporated within the existing science curriculua.
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Bay area=--its geology, geography, climate and weather, wave and tide
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The inteént of developing resource units for grades
7-9 for "Project Marine Ecology Research' was to furnis
classrocm teachers with resource material which could be
raviewed prior to the involvement of their studenfs in the on-—
going project itself.
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The basic intent of Project MER is to bring about
behavioral change.and environmental awareness in our students.
It is recognized that any permanenc 9051t1ve change will un-—
doubtedly result only through personal, 1nd1v1dual involve-
ment, These resource units will prepare students for those
. types of field work within their general competency. -

Field work and monitoring is predicated upon a complex series

of skills. It is hoped that these resource units will provide

. the link between the academic world of the school and the
- real world of the San Francisco Bay Estuary Complex.

A summary of the final report for National Science
Foundation Grant GW-6717 follows as an introduction to those
of you who are not familiar with the project. Your attention
. is directed to the materials immediately following.the final
report. Herein, information is available which will help
you in taklng the next step: Involvement of your students
in real time learnlng experlences through Project MER.

Cordially yours,

ﬂillzam H. Landis, Ed. D., Coorélnafor,
. ﬁsthematlcs and Science
= % Contra Costa County
e Superintendent of Schools Office
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. This proiect had its beginnings some five vears ago in a meeting at the
Contra Costa County Derartment of Education, Pleasant Hill, Califoraia.
Those present - tsachers, sfudents, scientists, environmentalists - .
shared a,common belief that environmental problems were everybody's

- business, and tha* students could and should be able to make important

contributions toward the solution cof some of these problems.

In particular those present discussed the fact that, while there was a

great deal of community concern over aquatic pollution of the San y

Francisco Bay-Delta-Estuary Complex, relatively littrle was known about
3 the ecology of this imporrant watrer ecesystem. . Thus, the program

4 which came to be called Marine Ec&iEéi,Research (MER), was conceived,

a program ynich would 1nvolve studefits in a monitoring program to°

provide information criticzl to the future of the S5an Franciscc Bay-

Delta-Estuary Complex. ‘ - :

—. F

Through faith, hard work and the creafive input of couatless individuals,

the program developed in the ensuing years. . From the eariiest stages,

. the confidence and support of the Contra Costa County Supzrintendent of

- Schools Office made it” possible for the program to become a reality.

Any program, howevkr great its potentlal, will die "aborning' without
adequate financial backing. That this was not the fate of MER can be
attributed to the support given by many groups and'gadiviéaals. In

the beginning4 the Contra Costa County Supsrintendent of Schools Office .

. . provided clerical and administrative services, while the Alameda County
Schools Office and the Diocese of the Oakland Department of Education
absorbed many of the costs of publication. The funds for development
of curriculum materiszls came from surplus California Fish and Game Fine
Funds released by the Contra Costa County Board of Supervisors, the
Rosenberg Foundation which supplisd the first program grant, the
N¥at.onal Science Foundation and ESEA Title III gra .s. Several local -
industries have also contributed materials, money and services. The
U.5. 12th Naval District provided MER a home for its Point Molate

“Marine Labo :

]

§

dev oPﬂent and piloting of currlcuium materials vital to the MER
program. Teachers and students devoted weekends to building the Poiht

« Molate facility, literally "from the ground up."” Vhile financial support
has been an important factor in the development of MER, the people :’
involved have made the program what it is. A science Advisory Committee
headed by Dr. Fred Tarp, and incluading representatives from governmental,
industrial, educational and environmental agencies, provided considerable -
assistance and advice, Mr. George Castellani, appointed director of L
MER at its inception in February of 1969, supplied the creative leader-

- shgp over the ensuing highly productivé years.
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During cthe last twp years, an NSF grant-has mwade its possible, for
selected science teachers from Alameda and Contra Costa Counties to
learn about Maring Biology and the problems of the San Francisco Bay

. and its estuarine areag. It also provided an opportunity for these
_teachers to deveion, test and renroéuce instructional guides and teaching
units (attached). " This material ﬁas been distributed to all the schools
in these tw» populous counties thersby providing the desired h )
implementation of Foundation ;unagrted programs. Further implementation
of the materials developed is assured as MER is continuing under Title
ITI support for-at least two EBIE yaars. - * :

Project MER, Teacher Trainingj has prepared teachers for direct. in-
volvement in the 'parent' Project MER with their classes. It has been -
my pleasure to take over the direction of this teacher training project
from Mr. Gecrge J. Castellani, the original director, who is continuing
to direct the develcpment and implementation of the project under an
ESEA Title IIT grant. Dr. Fred Tarp, a recognizec authority on the
ecology of the San Francisco Bay Area, cerved as principal lecturer

and course instructor with Professer Lawrence Lowery of the University
of California at Berkeley ana,myself also serving on the instructional

staff. . )
The instructional guides and curriculum materials developed (attached)
were prepared- by two. writing committees of teachers. One cosmittee
prepared materials for the aigh school level classes while the second
comnittee prepared units for the intermeaiate grades. al1%the materials
developed for the intermediate grades were noi reproduced at this time
because of the lack of rime and demand for complgtign of units deter—
mined to-be more relevant to MER.

The remainder of this report will concern itself with the aztivities of
the past two years, the time during which I directed the teacher training
program, . -

In Yovember and Deceszber of 1972 schools and teachers in the two counties, -

Alameda and Contra Costa, were rotified about this program. =HNotification
took the form of publications from the two county superintendents offices,
MER letcers, ongoing NSF teacher institutes memos, San Francisco Bay Area
Science Fair notices and word of mouth. Fifty teachers Were accepted
though many more applied. i
The program was planned for eight (B) Saturday sessions in the Spring of
1973, siz (6) weeks in the summer followed by seven (7) Saturday meetings
guring the remainder of the year (see outline enclpsed). As the program
maved along variations in the outline were indicated and changes made.

t_ also became evident in the Spring that the teachers desired to write
u; units that could be utilized in their classes and passed on to their
associates and so srrangements tere made to do so. The high school
reachers formed a committes which completed iis publication after the
summer Sessien (see the attached). The intermediate teachérs than
decided on a similar publication for their use. A request was made to
the Foundation to extendgthe grant to Junme 30, 1974 so that this could
be accomplished. The reguest was granted. Due to the energy crisis,
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some of this work had to be delayed until gasoline became available.
I am pleased to state that the task was completed .sc_ thesattached).
&

Of the fifty-three (53) teachers who started, forty remainzd for the
Summer and twenty-eight (28) completed the program. (Roster included).

In my opinion this was one of rhe best NSF supported programs I have
bgen associated with in my eighteen vears involvement with Foundation .
ﬁiograms. Inplementation of materials developed and involvement by
schools and teachers has §ersisteé from the beginning of the program.

3
} . =
- : . Robert A. Rice,
. Director
. - MER, Teacher Training <
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1. uhat {8 Prejeet MER?

s

?re;ect§¥£g (Marine Ecology Research}) is a program r*eszqne;:i by Contra

Costa and Alameda County teachers to involve students in a study o’ s
tne farine biome as part of an ecological unit for incorporation in /-
their ¢iass instruction. . -

The Point Molaté Marine laboratory at Richmond was developed with
- : special facilities for the instructien of intermediate students. The
actzvztzes offered provide a "hands on" experience designed to stimulate
. student interest and to provide experiences which would otherwise not be
. possible in a typical classroom. ~

2. Whe suppests Project MER?

Project MER has been supported by a series of grants received by the
Contra Costa County Superintendent of Schools Office, to involve -
udents in our counties in Marine ecology.

?ra;ect ﬁER vas initially supported by funds from the Contra Costa County
Board of Supervisors.through their California Fish and Game Fine Fund
money. Additional support has been provided by the Offices of the Super-
¥ _ intendent of Schools in Alameda and Contra Costg Countizs. A series of
) grants have been received; the first grant in 1971. from the Rosenberg -
-, Foundation, a grant during 1571-72 from the i Hational Sgience Foundation.
The program is presently supported under an ESEA, Title III grant. -

3. Ehat ageacies axe suppenting the activities cof iﬁg Studants?

Trne California Department of Fish and Game, U.S. Department of Fish and
Wildlife, the Environmental Protection Agency, the Contra Costa County
Hater Agency, the State Department of Health and the Contra fosta €qunty
Department of Health have supported this program by offering considercble
consultant assistance.

-

4. Uhat kind ef pregram 5 ofdened feo students pariicipating in Piojiect MER?
Activities involving the following are included: -

Studies on saliniiy -

Studies on plankton i’

Similarities and differences arong the 1n¥ertebrates
and within invertebrate groups

Adaptation of organisms as evidenced by zonatior

Categorizing and itemizing pelagic forms -

Petermination of the age of fish, using scales and otoliths v
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Arrangements gerwzt a-limited
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General Information Sheet - Project MER (Continued)
he may participate in this pregram?
This program is available to public and private school students in

~ 5
et

g ;Ji’ £ 3=
Contra Costa and Alameda Counties.
_-atmber of students outside these two counties to participate.
the number eof classes is limited by tides, those wishing to participate
must indicate the1r des1res earlv to 1nsure parti 1pat1an.
What grades mau panticipate in Paciect MER? ,
MER includes two programs, one which has been established for students who
are in ninth grade biology, or in tenth, eleventh or tweifth grades
second program is designed for students <in seventh through ninth grade
Ho e, Laboratory?
iG ng time is dependent
s
tug i

At

6.
Jhis information sheet relates to the latter; prograr.
The selection

tlasses. i
Hew fong {8 a thaining sessien at the Point Nofate
A typical session runs for four hours.
Hormally, the classes start betwesen 2:30 a.m,,
During the four-hour session, sach stugent will
.2 o s
he costs of the

+1.

upon tidal. conditions.
be involved in a variety of activities.
What costs axe {nvelved {n participafion?
Schools must arrange to supply their ow§7§ranssorat1on to the Point Molate
The group must be accompanied by their teacher.
?&Lﬂ&ﬂé a cﬁaéé fo the manine Lab?

7. He
10:30 a.m. and 12:30 p.m.
8. 15 1 ;
Marine Laboratory and to cover the remaining classes of the teacher who is
bringing the class. I
present there are no direct charges made to districts,
instructional program at the marine Iaboratory are ccvered by the project.
' é§
espoensibifcides of the teachexr buln
. Aside from submitting a Scheduling Requgst Fewm, it is neye;sary, according
to state law, for each student who ggges to the 1aboratory to have -a properly
The
format for this consent slip will be sent to each teacher who requests

What ax
Teachers must arrange transportation ‘cr their classes.
¥

i

comp?eted Pasent Consent SLip whichsust remain at the laboratory.

Hew many cfass2s may a feacher {ake?
There is no specific Timit to the number of classes a teacher may take.
Since the teacher

J
He are most anxious to see that no

Scneduizng information.
10.
However, due to the limited number of available dates, every effort is
being made to see that all schools have an equitable chance to participate
However, if a teacher

9

11.
has a class of over 30 students, he must check with the ?rogect Director

in the program.
ng'mahg students may come in a class?
The ideal number of students is between 26 and 28,
student is denied an opportunity because of his ability.
part of his class instruction, it i$ impertant that students are not selected

for approva? of these extra students.
will want to utilize the student exper1ences received at Point Molate as
~ from a series of classes and that each .class should come as a whole unit.
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General Information Sheet - Project MER {Continued)

of

12. How muca Lralning dees a feacher neva in cxdes o raticipate (1 Hids

A component of Project MER is to provide teachers with sufficienc back-
- ground in marine science to enable them to feel comfortable in dealing
with this subject in their classrooms, Therefore, it is not only un-
_ hecessary to have had previous training jn marine science but, in some
‘vays, desirabie. The Visiting Instructor experience will provide the
teacher with background information in marine science, along with
teachjng strategies necessary to uiilize this material in his classroom.

£
il ; rosz A ; F A da o Ly el 5 s . - e e o - -
‘Al _ARSCWNCnS e gqualiande o nddy fne {vachiess?

. .

Along with the materiais included inthis-Resource Unit, the MFR staff
and Tocal teachers have developed materials for high.school “eachers
which they are using in their classes. Uhile they are not appropriate
for students® use on the intermediate level, they can be provided to
participating intermediate teach:rs since-they contain tackground
information of val]ue. These materials include instruction in analyzing
for water quality and assessing populations aldng with a series of
keys to the Tocal organisms. .

 Ate thexe oppestunities jeu teacherns fe become involved in the development of
eursiculum? / : T -

>

Yes. At the gresaﬁt time there are additional activities which have to
be prepared for the study of 'Bay Area waters. Teachers in Contra Costa
and Alameda Counties are invited to join with others in the development
of additional curriculum materials. Special assistance is needed in
developing naterials for students in elementary and intermediate grades.
Interested teachers should notify the Project Director.

15. 7 Hew dees cnz se abeut Schedufing a cfass?
A Scieduling Reguest Fewam and a list of available dates is available
upon request to any teacher who desires to bring a class to Point Molate.
The form should be completed and signed by the appropriate administrator
in the school and returned to the Project Director, Contra Costa County

__5Superintendent of Schools Office, 75 Santa Barbara Road, Pleasant Hill,

CA, 94523. If there are iny guestions concerning dates and times, do
not hesitate to cail {415} 937-4100, Ext. 368.
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The Resource Units to Marine Ecology Research were prepared by intermediate

and junior high school teachers in Alameda and Contra (osta Counties as part

of a Hational Science Foundatiqn grant awarded to the Contra Costa County’ !
Suoer:nfigégnt "of Schools Office, Flovd Marchus, Super;nrendent.

Dr. Milliam H. Landis, Ccérdinator of Mathematics and Science for County
Schools Department, acted as Administrative Assistant for the Superintendent;

and Professor Lawrence F. Lowery, Department of Science Educaticn, University
of California Berkeley, acted as instructor and consultant for the project.

The matarials were finalized for puhlication hy Project Mirector Robert A. Rice,
Rerkeley Unified School Nistrict and Principal Instructor Pr. Tred H. Tarp,
Chairman, "epartment of Biology, fontra Costa follege, San Pablo.

Teachers involved in the devzlopment of Resource Units include:

=

Karl D. Bartle Beatrice . . 'foore
Urban Studnes Center, Oakiand - Pleasant Hill Intermediate, Pleasant Hill
rrancis L. de los Reyes - Donald J. Paulsen

Portcla Jr. High School, El Cerrito El Dorado intermediate, Concord —

Robert R. Dias R " Sister Adrienne C. Piennette '
Nielsgn School, Dublin e A1l Saints' ©chool, Hayward

Steven J. Duke, . Patricia H. Porter

T. D. Wells School, Dublin’ St. Joseph's School, Frzmont .
Michael B. larper : Hilario Puente : 1
Los Medanos Schocl, Dublin Oakley School, 9zkley -

Linda R. Henika Leonard S. Reppond

Winton Jjr. High School, fayward T. 9. “lel1s School, Mublin

Jean Kanstein : : Anna M. Typolt

Gdk Grove intermed:ate, Concord 0ak firove Intermediate, Concord

Joyce K. anergood Henry F. WYWatty

Shady Grove School, Catro Valley Antioch Jr. High School, Antioch

WYilour C. Hcgéchin Herbert. Weslar

Madison Jr. High School, %akland Pinole Jr.“®gh School, Pinole

Teachars involved in the development and editing of Resource Units:

Hazel 5. adams - Frank H. Stager h 1
Inland VYalley School, Irinda Donlon School, Publin ‘
Jane Helrich Florence Yaffe

Holbrook Elementary School, Concord Portola Jr. High School, L1 Cerrito
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GEOLOGY OF THE SAN FRANC!ISCO- BAY AREA - DELTA REGION

This is an historical background, showing the evoluijgnf=f”’:
of the San Francisco Bay Area from-a Tow land mass to

- the area it is_ now.

iv.

- Rocks and Minerals

L

INTRODUCT | ON

Geological History .
Geological Processes, :
Dynamics of Earth Movements

Geochronology




i. THE REGION OF THE BAY DURING THE PLIOCENE EPOCH ' -

" The landscape of the San Francisco Bay region was guite different during the

Pliocene epoch from what it is today; in fact, its appearance at that time gave
no hint of the topography that was to develop. During most of the Pliocene epoch
the present day bay lands were nart of the highlands which drained to the east;

Sierra Nevada.

the Berkeley Hills did not exist, and their area and the area of the present
rolling hill lands to the east were largely occupied by a broad lowland. In fact,
during the later part of the preceding epoch (the Miocene) part of this eastern
area was telow sea level and was oc~upied by an arm of the sea which connected
witt the Pacific Ocean south of tne present bay region, and extended up the west
side of trz then central valley which lay between the Coast Ranges region and the

7

At many localities ‘between the present Berkeley Hills and the San Joaquin Valley,
the deposits of this early bay have been tilted up by earth movements and soO
eroded as to be exposed to view. They carfy fossil remains of marine animals

of- shallow-water type. In the latitude of Berkeley, the extreme western limit

of this ancient bay was probably not far west of the present western face of

the Berkeley Hills. There its shore or near-shore deposits are exposed in two
comparatively narrow bands of variable thickness about four miles east of the
eastern shore of the present San Francisco Bay. To the north, deposits of the _
ancient bay are well exposed on the east shore of San Pablo Bay and remnants —
have also been found north of Carquinez Strait and Suisun Bay. T . '

Toward the end of the Miowecne (according to invertebrate paleontologists) or
early in the Pliocene (accorcing to vertebrate paleontologists) a progressive
replacement of the bay conditions cf deposition by land condition of deposition
began. The bay gradually became more and more restricted, ‘and finally disap-
peared; and, as seen in the west face uf the Berkeley Hills, the thin lowest
belt of the ancient bay's western frinae of sediments was covered by alluvium.
Somewhat later bay conditions were reestablished for a while; buf soon again
the marine strata (assigned to the Neroly formation) were covered by land-laid
deposits and there were no more marine incursions. Some miles to the east,
marine conditions lasted longer, for marine strata grade through blackish water
deposits into fresh-water deposits. Still farther east, in the area southwest
of Mount Diablo, marine conditions appeared to have lasted the longest, for
1,000 feet of marine beds (Alamo formetion) were deposited above the Neroly

LET—

_ beds during the lower Pliccene, Lefore alluvial conditions were finally established.

Judging from the(vertebrate fossils found in the dépos}ts,’the alluvial plain !
persisted througébut the lower Pliocene and through much if not all of the |
middle Pliocene. .during this time the earth's crust in the region was undergoing’
slow deformation from compressional furces acting from southwest to northeast,
which tended to produce a trough-1like depression e;;ending roughly in a north-
west direction and deepening eastward for a number of miles from the present area.
The movement was .slow e .ough so that the alluvial déposits spread by the streams;
kept pace with the sinking and in the course of time built up a mass of sediments ,
with a maximum thickness of possibly 5,200 feet. Apparently, while the trough
was deepening the west border lands were slowly rising, for there is no evidence

to the west of material overlap by the land deposits of the sequence, as commonly
Sccurs in basin filling. : : '

x
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In the midst of this development (in the lower Pliocene), volcanic activity
broke out in the border belt between the areas of elevation and depression.
This resulted in the 1,500 foot series of lava flows and associated deposits ..
of volcanic ash and breccia {Morags formation) which now characterizes the
summit region of the Berkeley Hills. The series may be seen along @izzly
reak Boulevard and in the high road cuts along the highway east of the Broad-_

———way low-level tunnel. Both GrizzTy Peak and Bald Peak and the ridges of which

theyare the_ cLImlnating peaks, stand out above the general level because of the
resxstant Iava: of which they are composed.

i

Starting wtth tﬁe outline of the bay valley, or perhaps with the mid-Pleistocene
disturbance, the whole body of present hill lands, from the imme¢diate bay regton

" to the Great Vailey, was slowly uplifted - slowly enougk so . that the main river

*{comtined Sacramento and San Joaquin) could maintain its course from the .Great

ﬁéjtey across the uprising land. The cutting action of this river produced
Carduinez €anyon (now Larquinez. Strait) which ultimately reached a depth of
800 to 900 feet. Similar action to the west of the bay valley, nossibly at
the same time, cut Golden Gate Canyon (now Golden Gate Strait) .to a depth of
more than 700 feet. East of San Francisco Bay this phase of elevation and
more recent canyon cutting appear to have taken place chiefly in the upper
Pleictocene probzbly mostly in the earlier part of the upper Pleistocene.
Some evide.ce of differential uplift may be interpreted as indicating move~-
ment in recent time, and such action may not yet have ended.

The valleys of the Ccast Ranges are as varied in origin as the mountains which
confine them. -Some, such as the Santa Clara Valley, are down-dropped cr down-
tilted blocks. 7thers, like the Livermore basin and the basin of San Frarcisco
Bay are irregular downwarps complicated by faulting and modified by erosion and
“illing. Some of the valleys north of San Pablo follow synclines. These have
been carved either by streams which came into being on original folds or by streams
that origipated along belts of weak rock after an earlier peneplantation. Other
valleys were cliearly carved along fault zones, and still others have had complex
histories involving periods of filling and re-excavation as well as deformation.
&
Large areas in _he Coest Ranges have a fault-trellis drainage pattern in which
the srincipal valleys have been eroded along fault lines. These valleys, al-
though paralled for 3ong distances, commonly diverge, and a dentritic or tree-
like pattern deveiops in the broad inter-fault areas. This type of fault-trellis
patterns is particularly well. dlspiayed in the 5an Mateo quadrangle.

The Liablo Range, that is, all of the coast ranges east of Santa (lara Valley,
is divided into several smaller northwest-trending ridges by a number of pro-

mirnent valigys, largely controlled by faults. Among these are Sunol and Cala-
veras Valldys. The western margin of Livermore basin itself is determined by

a major fault, . * -

#

In the middle Miocene, after a time of widéspread inundation, a pronounced ,
mountain-building (orogenic) movement took place, at which time much of the
structural framework of the present Coast Ranges is believed to have been
estabiished. Although the present topography of the Coast Rangés reflects

to some extent the influence of the earlier periods of deformation, the general
direction and localization of thefranges had their inception at this time.
Later diastrophisms, cuiminating during the mid-Pleistocene, fol lowed these
regular major tre?ds. :

&
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2 Throughout the late Jurassic and all of the Cretaceous, 2 time interval of at

__least 50 million years, the Coast Ranges, including_the entire San Francisco @
Bay region, except the 2astern part in eastern Sacramento and the San Joaquin
Counties, 1:85s covered by a shallow sea. To the west, probably'more than i0

mi les off}the present coast, lay a mountain ranuye made up of the old crystal-

e

<:|ne rocks, In the early stages of downsipking of the geosynclinal trough this
ange was high, with many sharp canyons occupied by streams of high gradient.
As time progressed this range was lowered by erosion, relief decreased and the
streams became broader and more sluggish. There were orobably periods of slight
rejuvenation and local re-alevation, but in general the wearing down of the old
land mass, which 15 now buried beneath thousands of feet of marine waters, con-
tinued. ) -

The Knoxville stage of the Franciscan-Knoxville group is chiefly made up of )
dark, silty, clay shales with_thin interbéds of fine-grained sandstone. The aj’
darx clay shales of the Knoxville are identical with those in the Franciscan.
Conglomerates occur ir the Knoxvilie but they are not abundant. They consist
of small, well rounded pebbles of black recrystallized chert and various types
of igneous porphyries; :hese are the samz types thatpradominate in the Fran-
- ciscan conglgmerates. : : '

Dark impure limestones occur in the Knoxville as thin Jenses and as concre-
tions in the shales; many of these limestcones are follisiferous. -

In several #!aces thin flows of piliow basait and thin impi re red cherts are
found in the louwer part of the Knoxville weli above tvpical Knuxville fossils.

Fossils, other than the small pcorlykﬁreserved radiclaria and foraminifera in

the chert and limestcnes, are rare_in the Franciscan. The best fossils found
thus far are two ichthyosaur saouts found in Franciscan chert boulders in
western San Joaquin County. These were carefully studied by Dr. C. L. Camip

of thke Department of Paleontology, University of California, who concluded

that they were of late Jurassis age. Fossils are fairly abundant in the ¥Xnox-
ville stage and clearly.show that these beds also are of late Upper Jurassic age.

Although the Franciscan-Knoxville group is fairly thick, maximum thickness is
probably 39,700 feet, the rocks are chiefly coarse clastics and volcanics -that
accumulated rapidly, and therefore do not represent an excessively fong period

of geologic time. The geosyncline created at this time received sediments during
the late Jurassic and throughout the Cretaceous and was the birthplace of the
Coast Ranges as they are known today. . :

When stripped of its weathered over burden th- Franciscan sandstone is hard,
fresh, firmly cemented rock that makes excellent road metal. A number of
quarries in Franciscan sandstone have been opened and an enormous amount of

L1 W‘ K

crushed sandstone taken from them,

All of the maganese mined in the Coast Ranges is associated with radiolarian
chert. The maganese was deposited at the same time as the chert and occurs in
the form of maganese carbonate or a high-silica maganese ore, interbedded with
the chert. 7he Ladd mine in eastern Alameda County is the largest maganese mine
in the state and surface oxidized ore was mined as early as 1856. The Ladd mine
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vids operated continuously during World War | and produced several tons of thou-
sands of tons of maganese ore. The second largest maganese mine, thé Buckeye,
is ’ocated in Starislaus Ceinty asbout a mile from the San Joaquin County line.
This mine Yielded about 20,730 tons of high-nrade maganese ore during World War

I1. Several thousand tons of ore still remain. “heré are scores_of_smaller

maganese mines that rave yielded from a few hundred to 5,700 tons of ore in
Sonoma, Hapa, .tarin, \lameda, %an Joaquin and Santa Clara Couities. “hould.
there be an appreciable advance in the price of and a cheap process deviced
for the utilization of high siiica present, the bay counties could supply a
substantial tonnage of low to medium grade dre. -

plades, s irregular magmatic ore bodies. During World War | small chrome
bodfes were mined’ in practically all of the bay courties and a small amount
of chrome was mined during the second World. Var.

The%&iﬂeraf*thromite occurs as disseminated grains in the Serpentine and in

g;

Hagnesite is another important substance which occurs in the Coast Ranges of
California only in serpentine. The largest magnesite mines in the region are
in outer Santa Clara County, near the crest of the Diablo Range. Cmaller, Lut
more numerous, magnesite mines areg in Hapa County, Loth north and south of Pope
Jalley. ‘‘agnesite occurs as veins and irregular areas in serpentine. The al-
teration of the original olivine usually stops with serpentine but if there is

further alteration, 2rpecially with the aid of carbon dioxide and water, magne-

site is formed. . -

A third material T economic importance which occurs primarily in serpentine is
chrysptile asbestos. Although 'there are many asbestos mines in California that
have been operated intermittently in the past only two of _these are located in
the bav reg ion. e is in Hapa Tounty, about a mife west of the road between
Hapa and ﬁonttcello anq;apprOXImately 19 miles by road north of Hapa. Hining
operations bHecan on thns*property in 1941 and ceased in IQE§. In 1942 a3 &0 ton
mill was installed at .ie mine. A considerable but unknown amount of short-
fiber asbestos was produced and marketed under the trade name "Plastene'’ for
use in fireproof plaster and succo construction. /fﬁgaother ashestos deposit

in the bay region s located in Alameda County, near the Contra Costa County
line in the hills east of Fruitvale. In 1915 3 few tons of asbestos were

m'ned here and ground for use with magneSIte in the manufacture of fi-eproof
ile. -

S
Quicksilver occurs in the Franciscan 13 many of the bay counties and is mined

W'm

whenever the price warrants operatlons., sitﬁough the quicksilver was tntroduced

in the late Tertiary or even in the Ele%stocene, it is frequently found in Fran
ciscan rocks, especially on the contact with serpentine and other Franciscan
rocks, and particularly on fauir contacts., The minerals found are red cinna-

—.. __bar and black metacinnabar;—theformer is +the most—common. There are several

E

Q

mines in the Mount Diablo region in Contra Costa County, the largest being

the Mount Diablo mine. This is on the northeast side of Mount Diablo near the
piercement fault contact between Franciscan and Lower Cretaceous rocks. This
mine is only a short distance from the Marsh Creek Road, There are many other
quicksilver mines in the bay countiess
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il usua&iy is regarded as entirely foreign to the Franciscan formaticn and

when wells drilling for oil encounter Franciscan rocks they are as rule quickly
abandoned. In fact, oil geologists nearly always cease mapping-when Franfiscan
contact is reached. Yowever, the first oil wells drilled in {alifornia that
actually found nil started and finished in the Franciscan. /. well drilled in

1863 or 186L in_the Petrolia district in Humboldt County obtained a very small - .

- quantity of high gravity oil in the Franciscan. .THere are oil seepages from
dark Franciscan shales along the coast north of the mouth of Bear River in
Humboldt County. ‘‘ells west uf Monticello in Napa County obtain small quanti-
ties of oil "from the Knoxville. However, the production in all of these areas
is not. commercial, being measurable in gallons per week rather than in barrels
per day. Although oil does occur in the Franciscan-Knoxville group, it has not
yet been found in commercial quantities. s

DIABLAN DORUGENY

T

At or near the end of the Jurassic there was a period of uplift and disturbance
called the Diablan orogeny. Although this disturbance resulted in the uplift
of the western margin of the geosyncline in which the Franciscan-inoxville rocks
_are found, the trough was not destroyed and sedimentation confinued without

interruption. The beginning of the Lower Cretacenus was marked by coarsening
of the sediments in the trough. The base of the Lower Cretaceous is in most
places marked by a basal conglomerate which ranges from a few feet to several
hundred feet in thickness and contains debris of both Franciscan and Knoxville.
In the region between the Sacramento Valley and the main Coast Ranges there is
-no. angular discordance between the Lower Cretaceous and the franciscan-inox-
ville, but the contact is marked by a ccarsening of the sediments and the appear=
ance of pebbles and. boulders of the Franciscan-;gsﬁvii}e rocks derived from the
uplifea margin of the geosyncline. Another effect of the Diablan orogeny was
an eastern shifting by the fact that the thickesr sections of the Lower (reta-
ceous occur in the eastern foothills of the Coast Ranges not farrwest of the
vestern edge of the Sacramento Valley. :

: - ¢ - i
The Diablan orogeny did not destroyor cause a withdrawal of the sea from the
geosyncline in which the: Franciscan-Knoxville group was deposited but it de-
posited it disturbed, up!ifted, and exposed to erosion the western margin and
shifted the axis slightly eastward. ’ |
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1. ) GEOLOGICAL PROCESSES

In .nnd;ng an explanation of the brdader characteristics of the present land-.
scape it is unnecessary to consider detailed events prior to the late Miocene
or early Pliocene,” because these events are of secondary :mportance so far as
the appearance of the present landscape is concerned. It is not meant, however,
that pre-Hiocene events have had no influences on the present landscape. On
the gonzrary, the characteristics and relative positions imparted on fhe older
rocks by :oidlng and faulting prior to the late Miocene are responsible for
much of the variety in topographic detail. Some formations, for example, are
eroded to a rugged topography, whereas others are sculptured into well-rounded
' hills. Extensive resistant formations form the higher crests of the broader
mountain ranges, and smaller resistant bodies, including the products of
ancient volcanic activity, add additionai ruggedness. These, however, are
in gensral subordinate character:stncs, tr= gross forms, the ranges and larger
valleys, the upland surfaces and the Jntermontane basins, are pr:maraly the
result of relatively recent events. . =

=

(Throughout much of the interval.from the Mevadan_ disturbance -- late Jurassic--
to the middle Miocene, a land mass lay some distance off_ the present coastline.
Where the Coast Ranges now are, there was a coastal basin, periodically subject
to relatively mild deformation by which it was divided into subordinate basins.
The patterns of these subordinate basins changed to a greater or lesser, extent
with each episode of deformation. In tnese basins great thicknesses of sedi-
ment accumulated, either marine or cortinental, depending on the geography of
the times: these sediments were largely derived from the immediately adjacent
highlands.) : '

=

F:

In the middle Miocene** after a time of widespread ipnundatioh, a pronounced
mountair-building {Orogenic) movement took place, at which time much of the
structuf 2] framework of the present Coast Ranges is believed to have been
established. Although the present topogsraphy of the Coastal Ranges reflects

to some extent the influence of the earlier periods of deformation, the general
direction and ,ocalization of the ranges,had their inception at this time.
Later diastrophisms, culminating during the mid-Pliocene, followed these

major trends. The relative stability which characterized the Pliocene, and
made possible the development of the Pliocene Gradation plain, came to an.ab-
rupt end at the close of that epoch. At that time there began the final phase
of what in the mid-Pleistocene, was to prove to be the most important mountain-
building (Orogeny) since the late Jurassic disturbance.

In the end-P1:ocene orogeny the.entire Coast Ranges region was uplifted, and
the sea recedeg from the interior, lingering only in coastal bzys. The younger
sediments of the region were intensely folded; locally the strata were completely
overturned. 3oth normal and thrust folding were prevalent. In some areas, such
as_the Petaluma district, depressed, raised, and tilted fault blocks were created.
In other areas, 2 reversal of movement took place along the older faults; blocks

. which had formerly been downdropped were now raised, and some which had earlier
been raised were depressed.

# See Time Chart - Section V.
#% 10 to 25 million years dgo




Pressures were strong near the coast, weaker to the east., Complexities in the
fold pattern resulted in part from the presence of "islands' of unyielding crys-

talline rocks against which the folds of weaker sedirents were crushed and-de-— ————

flected. . -

=

Fo—} ploz=ne—gradation plain was preszrved in the area of older, more

O
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resictant rocks where these were not seriously wdrped or broken. tiglifted
ranges ware irmediately attacked by erosicn and coarse debris was deposited
not only in the late Pliocene but in the early Pleistocene as vell.

* -

=

Paleozoic Era

There are no known rocks of the Paleozoic age in either the San Francisco Bay
region, or in the central Coast Ranges, unless the basement complex might be
in part, of lower Paleozoic age. - i

T hd -
From all visible evidence, the central Coast Ranges, including the San Fran~
cisco Bay region, were a low land mass throughout the Paleozoic; whose duration
is commonly estimated at over 300 million years; they formed the-eastern edge
of the ancient land mass of Cascadia that lay off the coast_ of California. The
Paleozoic sea lapped against the 16% land mass from the east.

In the late Jurassic and all of the Cretaceous, a time interval of at least 50
million years, the Coastal Ranges, including the entire San Francisco Bay region
except the eastern part of eastern Sacramento and San Joaquin Counties, uas
covered by a shallow sea. . To the west, probably more than 10 miles off the
present coast, lay a mountain range made up of old crystalline rocks.

e

*

See Appendix 1 42
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i1l DYHAHICS OF EARTH MOVEMENTS

Ranges has béen attributed primarily to the variety of types of uplift to which
the ranges have been subjected, and secondarily to differential erosion of diverse

- rocks and deposition have greatly obscured the original forms produced by the earth
movements. Some of the ranges have been raised in horizontal position, some have
been tilted, and others have simply been arched upward. True horsts (uplifted
blocks bounded by faults) and simple warped blocks are the least common; tilt blocks
are the most common. The majority of ranges are more complex, having been formed
by combinations of movements. The fault pattern itself has stfongly influenced
tfie topography. ‘/here the bounding faults are parallel and straight the ranges
tend to be uniform in width and rectilinear. ‘'here the limiting faults converge,
diverge or branch, the breadth of the mountain blocks varies. Faulting has
directly.or indirectly played the dominant role in fashioning the present landscape.

Franciscan-Knoxville Group

=

* The oldest rocks deposited in the geosyncline that occupied the site of the
present Coast Ranges are appropriately known as Franciscan, from the excellent
- exposuges:?oﬁnd in the San Francisco peninsula. These rocks, which consist of
/ a heterogeneous gssemblage of sediments, contemporaneous volcanics, and in-
trusives, are all well exposed in the San Francisco Bay region, Contra Costa,
HMarin, Sonoma and Hapa Counties. ;

Franciscan-Knoxville rocks have an outcrop area of approximately 14,000 square
miles in the Coastal Ranges of Californdia. Furthermore, they either crop out

at the surface, or are known to underlie the surface rocks over an area of fully
30,700 sgquare miles, or approximately one=£ifth of the total area of the state.
This is only a part of the area of the original basin in which these beds were
desosited. ’ ;

The oldest sediments deposited in the geosyncline that occupied the site of
the present Coastal Ranges are the arxosic sandstones of the Franciscan that
were chiefly derived from the land mass to the west. Because of the cold and
rainy climatic conditions that existed in the high regions in the western
range, wechanical rather than chemical decompositign of the old crystalline
rochs predominated. Because of this the feldspars and other soluble minerals

—~ _ were not decomposed but were carried into the basin of deposition in a fresh
condition. Thus the sandstones making up the lower part of the Franciscan
contain an unusually large proportion of fresh feldspars and dre called ar-
kosic sandstones.

Widespread submarine volnanism began, and there were sea floor out-nourings

of basic-volcanics, chiefly pillow basalts. Submarine explosions also re-
sulted in ejection of coarse to fine fragmental material which formed the beds
of volcanic ash intermixed with varying amounts of normal sedimentary material;
coarser volcanic detritus was laid down as volcanic breccia and aglomerate.
Flow and fragmental volcanic rocks are commonly interbedded with sandstones

and shales and also with rather distinctive siliceous chemically deposited
sediments, the radiolarian cherts, which are common in the Franciscan. 5o
constant is the associatidn of the cherts with the volcanic rocks, particu-
larly the pillow basalts, that the conclusion is inescapable that the volcanics
were instrumental in contributing an unusua! amount of silica to the sea water.
Soth iron and manganese also were contribu.azd in local areas by the volcanics
and these, having been added in colloida] form, occur in the cherts, ythich were
originally colloidal also. ,523 :

- 10- g :




The cherts are always rhythmically bedded, the individual beds or lenses
ranging frowm less than an inch to six |nches in thickness and averaging bet-
ween two and three inches. The individual chert lenses are separated;@y

partings of shale that range from paper thlnnéés to an inch in thchqess

There are considerable variations in color in the charts, turt the preva;llng
“€0+ﬁr—T§*fed“ﬁUSt of‘dﬂ?‘frnrﬁ#ﬁfhi‘ﬁg?f‘ﬁgs ~have the same color as the chert.
Altﬁough the prevailing color is deep red, the cherts may be white, pale pink,

yellow bBrown, various shades of gre€n, chocolate brown, and even black. The
color depends largely on the state of oxidation of the iron and to a lesser
extent on the presence of manganese.

Ed
L o

The silica making up the cherts was originally colloidal, but because of the
great depth of burial and the strong folding suffered by the Franciscan as a
whole, the cherts have become crystalline and are large)y made .p of a fine
mosaic of quartz or chalcedony, or both.

The volcanics, cherts and limestones are interbedded and occur with normal

7 detrital sediments, such as sandstones, conglomérates, and shales. All were

formed in shallow water in a slowly sinking basin.

Both the Franciscan and the Knoxville formations are extensively intruded by
basic and ultrabasic igneou§\§§cks. The ultrabasic rocks, peridotites and
dunites madeé up of varying proportionc of -the heavy basic silicates olivine
and pyroxene, have been complgtely or almost completely serpentinized. Large
irregular areas of serpentine, with minor amounts of closely associated gabbro
and diabase, are widely distributed throughout the Coastal Ranges. Some of
these basic and ultrabasic intrusives locally metamorphosed the adjacent
Franciscan sediments into glaucophane schists. These beautiful blue and green
‘schists are especially well developed on the Tiburon penincula, in the nor.h
Berkeley hills, and to the west of Healdsburg. b - :
The total thickness of the Franciscan is not known as there are no continuous
sections from the base to the top exposed anywhere in the state. In fact,

the base of the Franciscan has never been found. This seemingly peculiar
situation stems from the fact that the Coastal Ranges were strongly folded and
faulted several times both in the late Mesozoic and in the Tertiary; all of
the known contacts with older rocks are faults, and hence the basal portloh

~ of the Franc?scan always is buried beneath the surface.

The thickest reported section of Franciscan rocks, including practically all
of the recognized rock types, is in Alameda and Santa Clara Counties, in the
northern part of the Mt. Hamilton Range, where the exposed thickness is esti-
mated to be 12,300 feet.  There are severa' continuously exposed sections
19,900 feet tﬁnck along the east side of the Diablo Range.. All of these are

. only partial sections, neither the top nor the bottom being exposed. it is

estimated that the total thickness of the Franciscan is not less than 20,000
feet. - . : s

-
-
. S

2

The Franciscan nearly everywhere is strongiy folded and faulted, and most of
the sgratified rocks stand at high angle3. As the land was reduced in ele-
vation, the streams became more sluggish and erosion less rapid; chemical de-
composition ingreased and silts and clays became more abundant. Therefore,
in the upper part of the Franciscan and in the Knoxville stage, fine~grained
clastic sedimerrts predominate over coarse sedimznts,

- 11-
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The Knoxville stage of the Franciscan-!linoxville group is chiefly made up of .
dark, silty, clay shales with thin interbeds of fine-arained sandstone. The ,
Knoxville sandstones are also-arkosic, containing much unweathered feldspar,
but they are finer grained and in general contain a greater proportion of
silt and clay than the Franciscan sandstones. The dark clay shale of the
Knoxville are identical with those in the Franciscan; conglomerates occur

in rhe Knoxville but they are not abundant.
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GEOCHRONDLOGY. "~ . i
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ERA - YEARS AGO ' PERIOD m/ EPOCH .
, N ,
» Archeozoic 5 billion to ) - - earth crust formed;
1 billion 500 million Yunicellular life
. e o, N
Proterozoic || ! billion 500 million |______ Ao o lbacteria: algae
. to 600 million g v ala ,
Paleozoic 600 million to Cambrian - —— marine invertebrates
500 million :
500 million to Ordovician -—— algae and seaweed;
440 mitlion .- :
440 willion nm b )Silurian " --=== .. |air breathing animals
| 400 million 3 . ’
il 400 million to Devonian .m - fish domimant; amphibian$ and .ammonites
I 350 million = '
o x . v . .
. 350 million to Missippian £ = | 1and area increase; development of winged insects,
,woa.am_qmo: . 3 o~ o
) 300 am__MWJ to Pennsylvanian - warm climates, swamps, reptiles
1270 million , ,_ | %
) . 270 mildjon to Permian -——— many reptiles =
. (1 220 BMd_mo:
s it
Mesozoic 220 million, to Triassic ———— volcanic activity, dinosaurs, reptiles ‘
il 180 milljon '
m 180 million to Jurassic . - dinosaurs, conifers
.| 135 million )
135 million to Cretaceous - qgiant reptiles extinct, flowering plants, insects
70 milliton. , . . .
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ERA YEARS AGO PERI1OD EPOCH CHARACTERIZED BY
Cenozoic . |70 million to Paleocene Paleocene advent of birds and mammals
60 million V ®
‘ 60 million to Pateocene. Ecocene modern mammals ,
, 40 million
L. 4o million to Paleocene Oligocene sabertoothed cats
, 25 million ’ )
25 million to Neocene m. Miocene mﬂwmﬂ:w mammals
10 million . =
10 million to Neocene ,~m Pliocene growth of mountains, cooling of climate,
I million ‘ increase in grazing mammals a
. i I million to Quaternary Pleistocene |glacier period s T
| 10,000 . ) &3
| o
' w_o.coo to Quaternary Recent development of man o \\\ !
g h
t present ) | ol
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- V. ROCKS AND MINERALS.

The three main classes of rocks:

Metamorphic: Jetamorphic rocks are rocks which have been changed. Changes
may be barely visible, or may be so great that is it impossible to determine
what the original rock orice was. All kinds of rocks can be metamorphosed --
sedimentary, igneous and other metamorphic rocks. !'‘etamorphism restlts from
heat, pressure or permeation:by othersubstances. M

IHge

'Igneous: Igneous rocks are classified by their texturz, mineral content, and .
origin. They all come from magmas -- molten mixtures of minefals, often rich
in gases found deep below the curface. If magmas cool beneath the surface
they form intrusive rocks and develop typical structures that may later be
exposed By erosion. Hagmas reaching the surface from extrusive rocks, such
as the spectacular volcanic rocks. h

Sedimentary: Sedimentary rocks are extremely variea, differing widely in
texture, color and composition. Nearly all are made of materials that have
been moved from a place of origin to a new place of deposition. The dis-
tance moved may be a few feet or thousands of miles. Running water, wi.nd,
waves, currents, ice and gravity move materials on the surface of the earth
by action that takes pace only on or very near the surface. In total, these
rocks cover about three-fourths of the earth's surface. Rocks are made up
of grains or particles are called clastic; they may range from less than a
thousandth of an inch’ to huge boulders. Other sedimentary rocks are of
chemical or organic origin. Host sedimentary rocks form in layers or strata.

a”
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Chert: (sedimentary) flinty quartz-like rock, dull in appearance. Usually

* marine in origin. Red, green, aray; silica is tne main constituent in form
of chalcedony, opal and jasper. Fformed by chemical precipitation from vol-
canic mineral waters.

Sandstone: Porous sedimentary rock, with a rough, gritty texture similar to
sandpaper. Formed by Iayerins. y

»
-

Marine Alluvial Gravel: Sand, gravel or other sediment carried to its present
location by a river, lake or sea at some previous time. ;
Soapstone: A soft rock with a soapy consistency, composed of much talc, hit%
serpentine and carbonates, such as magnesite, dolomite or calcite.

Serpentine: Hydrous magnesium silicates. Parent materials: olivine, nyroxenes,
and dolomite. Small masses of light colored talc are commonly found in most =
serpentine masses. Y -
Jadetic Pyroxene: A tough translucent mineral member of the pyroxene group.

® White to deep green in color, used as a gemstone known as jade.
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‘for rocks composed predominantly of minerals and the serpentine rock group.

_______on these bare rock surfaces tends to sink quickly_deep into the rock, leaving- e —

Feldsgar' Any of a group of silicate m.nerals in igneous rocks. ‘lost abundant
of all minerals,

Talc: ‘lumber 1 in hardness scale. {olor is yellow, green or gray. Ffeels
greasy or soapy. Thick deposits are called soapstone.
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HARDNESS: Hardness is used in a rough manner in minefal identification. There
are much more precise ways of measuring hardness in industrial laboratories.
Though arbitrary, Mohn's scaie of 10 minerals is useful: ‘

1. Talc 6. Orthoclase
2. Gypsum 7. Quartz

- 3. Calcite 8. Topaz
4, Fluorite 9, forundum
5.

Apatite 10. DNiamond

Pemember these ten by using the odd sentence ''The Girls Can Flirt And Other
Queer Things Can Do.'" Gvpsum is harder than talc but not twice as hard; o
fluorite is harder than calcite and less hard than apatite. If an unknown

L
will ‘scratch all the minerals in the scale up to 4 and it is sCratched by apa-
tite, its hardness is between 4 and 5. Check carefully to be sure there is
a distinct scratch. bon't test hardness on the face of a valuable crystal.
For field use here are some other convenient standards of hardness:

2.5 Fingernail
3.0 Penny

5.0 Knifeblade
5.5 Window glass
6.5 Steel file

£

The term serpentine’is loosely applied to any of several members of a group
closely related, magnesium-rich minerals. It is also commonly used as a name

Most serpentine rocks are alteration products of peridotites that originally
were composed predominantly of silicate minerals rich in magnesium and iron,
such as olivine and some pyroxenes. Under subsurface conditions not fully
understood these haprd silicate materials combined with water to form softer
serpeniine minerals of much different character. As perldottte ‘rock bodies
are almost always partly serpentinized, and as serpentine masses commonly in-
clude some unaltered peridotite, the terms serpentine and peridotite are some-
times used interchangeably.

Most land surfaces underlain bf serpentine are distinctive. The rock tends ¢
to be full of cracks and commonly has little or no soil cover. Rain falling

the surface dry. Serpentine terrains commonly are strewn either with b?ocks -
or scattered piles of blocks projecting through rust-colored or maroon-

colored sofl or with accumulations of shot-sized pellets of iron oxide. Tufts

of grass and low bushes grow among the scattered blocks and a few trees ‘are

found at wide intervals. B8ecause serpentine rocks are extensively fractured,

:zg} | .7
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landslides are common on the flanks of serpentine hills. vepressions ir which
water accumilates comnionly develop bekind these landslides. In aric regiors
bare hills of rusty red serpentine stand out prominently on the landscape and
early settlers named many Red Mounitains or Red Hills in various parts of the
Coastal Ranges and Sierran fcothills. ) ‘ :

£
Peridotites, from which most Californien serpentines are derived, are medium-
to coarse grained rocks consisting of various,proportions of olivine and iron-
magnesium-rich pyroxenes. The rocks are given varietal nnames according to the
Lind and abundance of minerals in ther. A variety composed almost entirely of
olivine is called dunite; one with more than 95% pyroxene is called pyfoxenite.
The most common variety in the bay cousnties contains large amounts of both
olivine and the pyroxene enstatite, and is called saxonite. Although saxonite
masses are most common, dunite and pyroxenite may occur anywhere within saxonite
as irreaular bodies; .some of these are rudely layered. Dikelets of dunite and
pyroxénite may cut the saxonite and each other as well.

Dunite rock surfaces tend to be smooth and even-qrained, like a medium-grained
sandstone, showing an occasional black grain of chromite or magnetite. Saxonite
surfaces are similar except that they may be sparsely studded with one-eighth
. inzh to one-fourth inch crystals of enstatite. Enstatite is recognized by its
. rectangular shapz and by its conspicuous cleavages atg4ight angles to each other.
. 1t flashes in the sun, and rock containiag a large proportion of it sparkles
like a cluster of rhinestones. In peridofiges containing a large percentage
-« of enstatite the crystals may be so large and numerous that the rock has an

exceedingly rough surface. ;

Most freshly broken unaltered peridotite has a water-green or yellowish-qreen
glassy appearance. |If altered to serpantine, however, the freshly broken rock
tends to be greenish-black in color and felt-like or sugary in texture. Even
though altered, the enstatite crystals commonly retain their original form,

and taeir softer alteration product, called bastite, looks much like the ori-
ginal pyroxene. ! )

*

See Appendixz '3 & 4

.
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ROCKS AND MINERALS OF SOUTHERM ALAMEDA COUNTY

Calcite Dolomite

Rhrodochrosi te

Maganese

Chromite

Gravel Beds

Cretsceous Shale

: : <
Mount Diablo Range, Arroyo Mocho-livermore/Pleasanton area.

Maganese-Carbonate, Arroyo MochoCorral Hollow Road
between Livermore and Patterson.

#inerals found in the Arroyo Mocho Ladd~Buckeye
district or the Alameda-Sxanisli75”§<%nty line.

Found with serpentine or peridotite. ' !'sually found
looking like leopard spots called leopard ore.
During World War 1l it was mined in this area to
supplement for the ore cut off due to the war.

Found 15 miles” southeast of Livermore in the Arroyo-
Mocho. Del Valle Lake is 10 miles southeast and
Mines Road will lead you\there.

Deposited hundreds of thobusands of years ago.
Miocene stream gravel 10 sillion years plus. -

Ridges arcund‘Walnut'Creek and on the Altamount Pass
east of Livermore show the fact that two thirds of the
bay was once an ocean.

o Y 0
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FIELD TRIP SUGGESTIONS

see an outcrop of rock

. look at the rock exposed in a road cut

quarries

museums to look at rock specimen

5

observe higw rock is used in the community

Vulcanism: Tilden Park (Tuff): tréve3ing east fro? Oakland 1/4 to 1/2,

on Teft side of hillside.

mile from east end of Broadway Tunnel, Red. face of road cut ™ .

s
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APPENDIX 1

How sediments settle in water to form layers.

Reference 1, p. 58

- &
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APPENDIX 3
A " Bake clay in the form of a brick to illustrate metamorphisms. 3
3 ) f Reference 1, v, 94 e
; APPENDIX 4
- = f ) -
A ] -
Prepare an exRibit to show differences between metamorphic rocks,
igneous rocks and sedimentary rocks.
Reference 1, p. 94 7
&
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2 APPENDIX 5
5
Normal and thrust faults in sand. '

F, . : Reference 1, pp. 123-124
e
| i
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PURPOSE :

PREPARATION !

EARTHQUAKE
CONCEPTS:

EARTHQUAKE PATTERNS

e

To show students that following earthauake;?ctivity 0 a long
period of time they may be able to discove

patterns of activity
and possibly do some earthauake prediction. E

Obtain a Mercator World Map (Pacific centerei)

1. The Richter scale measures the amount of energy reledsed -
(Magn1tude) Show how the Richter scale indicates an
increase of about 10.4. Example an earthquake of ‘8.3
on the Richter scale (San Francisco earthquake 1906) which

is 10,000 times that of one reading 4.3 on the R1chter
sca]e‘

2. *Intens1ty based on actual observations of earthquakes

The Mercallic intensity sca?e is bazﬁd’bn amounts from
1 to-12. .

. 7,:f’3.' Earthquake areas can be 1ived 1n ifiproper building codes are
enacted and enforced. " ’\\<\\\_________~_,.———

_ PROCEDURES :

ORGANIZATION
OF DATA:

HOTE:

4, Earthquakes occur many times a day thro?ghout the world
5. Earthquakes occur at’ d1ffe;ent depths
6. The epicenter is the locat1on of the earthquake B

Plot earthquakes on your map using correct ]at1tude and longi-
tude figures. Use any method of p]ott1nq you and your students
devise. Plot all earthquakes. This will graphically illustrate

how many earthquakes there are throughout -the world.
/

1. Geographical occurance 2f earthauakes
2. Relationship of depth of earthduakes to the-.edges of continents

3. Relationship to volcanos, rift zones, and mountain buildinq

Have” students abtaLn?Lnibrmatzou_annggnt4xuﬁhquaﬁeswwk%ehAhave:f—gg—

oceurred in the United States. Do Jthis by xeadings:

For example: Earthquake Country or ‘The Late Great State of
C&szbrnza




APPENDIX 7 - /

) m I / ke
" BE = ; N 55 E, — —em . 27 £, e
X 2 o & o
§ N 3 : B
> 55 d: = K
@ A e H4 » F——
% . q'g T = = - & 2
S £ o .
O :i“‘ F - . 3

-, ! = o

§ 2. Tom @ Tom - a S ,

o |

" NS5E bha—
Tmu— Hoi 2xp0s2d, Ucycl Hiocons . i

tercy sholz, Middie Soceny " .

'ﬂ ~Loird cong! { er & of et S oi®

. bracgio, scnﬁslano Uppsr Eoteng ) go . 232

: : I $. &

. Point Rayes = z3 T ..a:u= 2
T x, Ay 32 Slo:(ws 3

ORAXES BAY 3 b ~Jiy

R
by
Ecsenenl c;-nple:

‘Xe
! o
len; - HSIE - —d
i h Yo <l
¥ -G Ol . 2o - :,6
: s e - & £ &a i o 8- »
b4 - » -5 E o 1
- -3 » - ale <z -
§ 3 S * u[® > 4
: o S {3 ,t.%:; - =
s 3 3 b = . = =
E ftmn § 3 a2 - g §
] L3 £ B

Piorczmant of hegniy , i X
cemorizd Frongiscon - $a % o Yo us
SECIMIATE, SOIEOMES Pavk S et > .
sad sicpenhing

1 | I - v s
: K82 £ — : RS5E : =
i Tom-Merced s ,_Upplr Pliocs H }
Tmz~Morunez formoticn, Poleocens i © Imn-Heroly, Upper Mxonm -
Jfy =Fronciscan voico cs L Uppar Jurossic "r: Imc~Lierbo, *
-E.E Tmb~EBriones, *
. ] 3 Tmm-Moniarey, Middid Hmeem
San Pedrs i Looro == maring
b M&M;anae san "Z‘;’;C'sco i rhyolite == ron-moring Phiogeng  PIOCERE

NI N N

~ F

7 .f\._//’/f\._/\
4 o

Folged Fronciscon

] 7y
L
VLY o STUCHIG whinOmn

NS 1T
Susemenl ,\ I
=

AN
" -
=3 “w--* .\‘-_-/‘E
SaM AMDAEAS 3P

{
¥}
g
FAULT ZOHE HE /,/ oo FAULT

£o e

Rriviis
4 et
M TPH

'SHOWING SUB-SURFACE STRUCTURE NS

- BY N.L.TAUAFERRO ay

i " o, .1 2 3 A 3 & 4 -] S_ . oS | g s
Y JO  BEST COPY AVARABIE
ERIC ; |
)

= * -




[

~ ek Mooy v,

3

Fo—

4
]
- 2
Gc' - -
is & s y
=i 7 > 2> o B
-g € s =
2 o= =2
EREE Y -3 :
‘., &% T Eax S :
Tse =5 a g2 i o
" &

[OR—————.

Tep~Palolume'lm Whd Phocenz
Tiv = Toloy volconics

Polutyag O
Senoma Q.

g:,bobiy Fronciscon

Noy=-Sorcms yoleones

Carnorox Cr

focens
R3] Cadilfarantioled

Hara ¢0
Vacw

Spypua 0

M,

Songmo Q

-

..
e AP RIVENR
[} savisass tRan

©
-

L.

o
-
3
e
-
3
<

Blonltirzwmi

Tam~zarslsy sendsiens Uppar Eoteng

Ten ~lorteards shaly

Ted ~Domangns sendinas Mddte forsns

Suction Wo'=Wo"shomn
bolow Sechion M

)

i

AT

A

QLA

%AG‘RI

N

PRITSIGEIAT COYST

<« T2i=Copoy,Nigsnes Loger Eccean
¥  Tmze-venno Pelagcans
2 . .
4 Hostazums Hills
[
o7, It R

Tmn-Hzroly, Uppsr Miccsne

Tmb=Brignes, *
Tmm-~Woniarey, Middle Miocgns
maringe
£

W 30e ——]

Tarju—~ Upper Markiey

Teml~Lower Marklay

#yran

e Dlably Q.

) o Teml Temd Tmn )
3n 3% Tec'y Jen{ Tes {7,

SECTION IO

' 7
Froniscon-faozvile
Terdiions SAd thall

B e

Flaatoaten £

Arrays Machs
Crany Ridga

SECTION ¥IL

Ya

i

N.54 £ —,;'v—"‘-—g.—"—"f"r“




GLOSSARY

o

ALLUVIAM
BRECCIA
DEPOS!TION‘
DIASTROPISMS
EPOCH

=

FAULTS
FRA&CISCAN-KNOXVILLE

OROGENY
PALEONTOLOGIST

STRATA

. TOPOGRAPHY

e

2

Unconsolidated stream deposits of mud, sand and gravel

-

A rock composed of angular fragments commonly cemented together
Depositing of layers; that which is deposited, sediment

. “ )
The profound process by which the earth's crust is deformed

One of the divisions of geologic time. Any event or time
of an evert marking the beginning of a relatively new
_development or developments

Earth fractures or zoné of fractures along which the rocks
of one bounding wall have been displaced. -

The oldest rocks denosited in the present Coast Range;
from Santa Barbara to Oregon d

Pronounced mountain building ’
A scientist who deals with the 1ife of past geological periods

Sheetlike mass of sedimentary rock or earth of one kind,
usually in layers between beds of other kinds

The art or practice of graphic and exact deliniation in
minute detail, usually on maps or charts, of the physical
.features of any place or region; the confdguration of a
surface, including its relief, the positibn of its streams,
lakes, roads cities, etc,_. .-

Yo




REFERENCES

]

Amarican Geological Institute, Geology and Earth Sciences Sourcebook for
Elementary and Secondary Schools, Holt, Pinehart & Winston, tnc, !lew York, 1967

,Bowen, Rocks and Minerals of the San Francisco Bay Regxﬁh, UnlverS|ty of

California Press. Berkeley 1972 \,f*

DlVlS!On of Mines, Gevlogic Guidébook of San Francisco BQX_COUntles,
Bulletin 154, San Francisco, 1951 ] :

Division of ﬁines, Geologic Map of Califprnia, San Jose

Geologic Map of Late’ Cenozoic Deposits, Alameda County

and Rocks, Golden Press, ilew York, 1957,

Howard, arthur D., Evolution of the Landscape of the San Francisco Bay Region,
University inCalifornia Press, Berkeley & Los Angeles, 1962

Joseph Alexander & Brandewein P, Morholt E. Pollak H and Castka J., Teach?ng
High School Science: A Sourcebook for the Physical Sciences, Harcourt, Brace
and’World, Inc. ilew York, 1961 R

L3

San Francisco Bay Region Environment and Resources Planning Study [

Zim, Hefbert S. and Shafer P., Rocks and Minerals - A Guide to Minerals, fiems

=




‘iMHH‘HMHNNHHM




A

-
——

INTRODUCT | ON

- A map is a model of the physical features of an area, changing the actual '

dimensions untd abstract representatuon on a plane. Students need a com-
prehensive understandlng of how a map is made and how to read symbols for
“distance, direction, landmarks and topography. The relationship of different
land forms to one another is demonstrated by map study, nnvestagatlons and
actual observation of the terrain from as high a point as possible. Changes
in topography can be traced on maps of the same area at different periods of’
‘time, . The effect of man on the landscape and environment are evidept from

" maps, and from collections of data. Field trips to a reguon reorganpze
percpptIOns €rom symbols to actualities.

+

it
M“

The acttvnxles are centered about two types of areas, (1) using maps of
various kinds in the classroom; and (2) working outside, around the school, -
student's neighborhoQd and greater surrounding region. |

i
i

This unit will cover the history of maps, kinds of maps and ho@ to read
them, how maps are made and how man has changed the land and wétér areas
affecting the changing map outline. It will include an overv:gw study -of
the San Francisco Bay.Delta region topography andd1e problems of this area.
!

The use of activities by a teacher would depend on the ]earnln grade }eve!
of the class, time involved, curriculum emphasis, location of the school,
~administration cooperation and previous experience of?the students. In

- some districts or schools, the social studies classes spend much time on
maps and it might be wise to check if this is so. ’ '

»
»

Texts, references, materials and suggested evaluation are included in the
activities or teacher suggestions. Several activities are specific to one
area. However, they could be adapted to other places in Contra Costa and
Alameda Counties. An expanded annotated reference list is cpntafned at the
end.

Since classes vary, evaluation is suggested but not specified. .

GEGGRAPHY OF THE S.F.BAY-DELTA REGION ©

MAJOR OBJECTIVES:

}

After completing this unit, the student should be able to:

I, Locate a designated area or specific place on a map -

1) identify a given list of map symbols .

I11. Read an elevation on a topographic map using contwur lines A
o

v. Describe characteristics of a given spot or area by reading contour lines
v, Calculate distances by use of map scale ] S
Vi, Demonstrate direction by reading a compass .

vil. Explain how contour lines are made =
vitl, Recognlze’tégsa;gpijzgi7f;étures in the field

IX. Relate tppogrdphlca} features and- the effect of mampon the environment
X, Explain the changes in the bay region by comparing map® of the present anﬁ past.

- 25 - s
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GEOGRAPHY OF THE SAN FRANCISCO BAY - DELTA REGION

l.  MAPS AS MODELS

A. Maps give m:ny kinds of information -
Show a variety of maps, political, navigational, geologlcal, weather
and topographic of the earth and/or moon, as well as historical or
special interest waps. B
Discuss the purpose of maps Ask students to describe maps known to them.

B. History of maps

Relate to the rise of civilization and scientific knowledge
L Have students and/or teacher prnsent

l. Oral or written reports on Mercator, John Smith, Cnamplain,
3 Co Joliet, Ptolemy, Lewis and Clark Captain Cook, Major Wesley
’ Powell, 1.G.Y.

Reference 26- or any other encyclopedia available

- 2. A time line on the'history of maps

Reference 20, pp. 19-27

€. Reading a map v
k N .
1. Symbols serve to condense information
Review use of symbols in our daily life. Show street and topo-
graphical maps with symbols .

. Appendix 2
2. Scale explains_how_ many miles there are in-each inch of a map
— BgyJew’how to read a standard foot ruler. Students practice
’ ;’_ﬂfﬂ,ﬁfxf’“"by measuring parts of thzmselves and other cbjects in the room.
For advanced students a comparison with the metric system could
be used as an activity or discussion B

Equipment: Class set of standard foot rulers with inches
on one gide and metric scale on the other (optional)
-4
3. Direction is indicated by position and compass
Show a simple compass. Discuss points of the compass including
declination. Practice orientation with a compass
Students can work in pairs to check each other

Equipment: Compasses

L. A city map helps us to find a particular place or route

s

- Appendix 1

5. A tobographic map is a representation of selected man-made and
natural features plotted to a definite scale
~ _Explain QEEva these maps and show several to the class™

Reference 8, 29, 31, 32 & 37  Appendix 2
= 4 ﬂ
G4
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a) Symbols stand for landmarks
Show and explain the topographic map symbol sheet
Use maps to find some symbols

Reference 1, p. 31 Appendix 2

b) Contour lines show variation in elevaFion—and slope
Referefice 6 p. 131 ) Appendiz 3 ' : .
Reference 8 (1962) p. 373 - \ ’
Reference & (1965) p.. 400 - . \ : Ca
Reference 26 . \

c) A topographic map gives descrjptibns ofian area in .
three dimencions R ) )

Reference 8 (1962) p. 366 nendix 4
Reference 8 (1965) p. 388 .
Reference 29

Reference 31

Il. HE SAN FRANCISCO BAY AND DELTA REGION OVERVIEW : ~
-~ ) ’ .
1. A, Topography of the Bay Area
Show local slides, if available and explain geographical features
Describe briefly the rpast geologic history of the area .

Reference 9, 17, °1, 36 & 37

T

A ) 1. A locale map identifies landmarks
Appendix &
2. A.view from a high point shous landmarks and their relationships
Prepare for a field trip , .
Appendix 6

B. Changés in the Bay fe
* 1. . Human influence on ... day and Delta regions

Present evidence and discuss relationship to fill, water dnverSIOn,
population and pollution. Take field trips for visual confirmation

Reference 30 4 40 Appendix 7

Also econtact: [ ave the Bay Associatidh
. Box 925, 3erkeley, CA. =
- (parphlets, leaflets, raps, displays)

S. F. 3ay Conservation and Development Commission
30 Van less Ave., San Francisco, CA. 557-3686

z

2.. Matural changes - ) '
Discuss earthquakes, floods, weather, wind, etc.

Reference 10 & 1°
T NOTE: Uther units of the guide

-27_’




PROCEDURE :

BACKGROUND
SUGGESTIONS :

EVALUATION :

APPENDIX 1

MY CITY AND THE AREA AROUND IT

A class set of city maps, two students to a map -
Rulers and pencils
Two worksheets, 14 and 1B

Thin string for each student, 12 inches long

1. Give out maps, rulers and worksheet 1A

2. Review with students how to read the ruler, miles, feet
and how to figure distance. If the math to do this is

\ too complicated, the string can be used and then measured.

3. Point out the legend, scale and compass rose, the numbered
and lettered squares to be used in locating specific streets.

4. Explain worksheet procedure. Student who finishes 1A, goes
on to 1B i

City maps can be obtained from local gas stations, the Chamber of
Commerce or AAA. The sample worksheet was developzd for the EL
Cerrito-Richmond area but a similar one can be constructed for

you particular situation. Note that part 14 is general, part 1B
focuses on the relation of the-student's-homes, achool and« ~av— ——
Students may work in pairs of necessary. Check to see if v . maps
mark the school sites, since some do not.

Explain that to find a scale, one divides the size of an area by
the size of the map. The answer would be the number of miles to
the inch. The scale is shown in the legend as numbeved intervals
or verbally as one inei equals 1 mile. This idea may not be
wnderstood by some students. :

Use the maps to construect a test, oral or written, to locate
places, distances, ’andmarks.

Another.way to evaluate would be to: ‘

1, 7ive a starting peint and ending peint, The student is to give
distance in miles and to list the streets from point to point.

2, Tve. a starting point and ending point. List distance in
miles and all the landmarks (echools, parks, churches, etc)
prassed from povint to point. s

14 L

213
- 28 =




APPENDIX 1

;
/

MY CITY AHMD THE AREA AROUND ,14
>

WORKSHEET 1A
Use the city map tc find the answers to the following:
/

*

General Orientation:

In which city do yod If#e?
What is the city n?§th of your city?

‘lhat is the cityrgouth of your city?
Find Pinole. On which bay is Pinole? __

1.

Find Alameda{ In which bay is Alameda?
> b)

‘lhere does the highway go that runs to the top of the map?

Where does the bridge Tead t~ that starts at Richmond?

F

2.
3.
4.
5.
6.
7.

3b)

Name two islands in the Bay:'a)
;iame two large park areas east of Richmond and E1 Cerrito

8.
9.

a) __
ame thee points of land on the bay
, )

i

10.

a)
Name two yacht clubs

11.
]é. Wahégfﬂ;ge resé?ﬁagrc
» b)

a)
and

%,

1.

The Symbols
Find one freeway, It is number
Find two main highways, “heir numbars are

Find and name a one-way sireet
How can you tell where one city stops and another starts?

2.
3.
4.

"hat are gray circfes?
ffow far is it from Moeser to Cutting along San Pablo Ave.” _

5 &

Figure how far it is on Freeway 80 from Zentral to Hilltop
How far i¢ it from Civic Center in Richmond to San Pablo?
éé:%

5
- b
.
8
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WORKSHEET 1B ) . APPENDIX 1

MY CITY AND THE AREA AROUND IT

Use the city map to 1oc§ﬁe the following places:

{
1 On what street do ybu live?

2. ‘lhat ié the next nearest strest?

'low far is it to school? {us= string or ruler)

“ame a park near your house ‘ How far is it?

*lame one other nark in your city

Where i1s the nearest hospitaﬁ to your'hbuse? . -

Which high school i; near your house?

On what street is the public libr}ry?

I what street is the City Hall?

‘Ihich street near your house is a main street? (notice that the 1ines are darker
than the other streets) ]

List the streets you go on to get to Carlson Blvd, from your home
. N

List the streets from your house to Freeway &0

R -
-

Jescribe the wayﬁtpiget to Alvarado Park or Jewel Lake or Tilden from your house

If you live at 35th and Barrett, what other street is it near?

‘that building is found at Ashbury and fureka in E1 Cerrito?

“hat building is found at 23rd and Garvin in Richmond?

Where is the nearest BAPT station to your house?
‘lame the squares which locate the following streets

a) South 56th St. ¢) 40th Street

b) Creeiy Ave. (Richmond) f) Francisco Wav (E.C.)

¢) Canyon Trail (Park) g) Martin Luther King Park

d) Douglas Drive(E.C.) h) Douglas Street (san Pablo)

19, Suppose you were invited to a party on Gaden Lane in £l -Sobrante. What streets—|
would you drive on to get to the party from your house?

—30-*




PROCEDURE :

BACEGROUND

SUGGESTIONS:

INFORMATION FROM TOPOGRAPHIC MAPS

- -

1.8. Teological Survey 7 1/2 minute quadrargle map of the
s

arga, one lo every four students.

Topograpnic map sumbol sheet, or teacher eonstructed

1. Point out the symbols are used in runy areas, street,
signs, lights, schools. rsk students for their knowledge
of symbols, .

2. 7Tive out materials

3. llention contour lines, though they are not used yzt.

The quadrangle maps cost 75¢ and ean be purchased from Lucas
Zookstore on Bancroft Way in Berkeley, or from the U. 5. Geo-
logical Survey, 555 Battery Street, ‘an Frawrisco, Ca, 94111,
or sports shops in your avea. Students who are Boy Scouts
may have & contour map of the areq. —

EVALUATION: Test students on seleeted symbols
H
Have students write a picture story with symbols
H iy
:’;U
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ToRTaTEET ‘ , " . APPENDIX 2

INFORMATION FROM TOPOGRAPHIC MAPS

The Richmond topographic map has streets on it 1ike & round map but it has other
symbols to aive much information in a small space. lse the Richmond Quadrangle

~Topographic Map to locate the followina places.. JIraw the symbol for each one.
If you are not sure, check the map symbol sheet.

-

Place Location

1. Portola Jr. High Navellier and Moeser

2. Church *6th and Bissell .
3. Tanks Near Poiat Potrero 5
4, ,Boundary’ Between Richmond and .
E1 Cerrito
. &
5. Yooded Marsh Along San Pablo Bay
6. Scrub Brush Belpwiﬁadergischoo} o e
7. “ailroad C.tting and 4th
8. PRoad Central Avenue
9. Road Cutting Blvd.
10. Mud Richmond Inner Harbour

j
Look at the topographic map symbol 1list. Name and draw ¢ you would not evject
to find around your area .

B P N : 2 I o :
' !
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i APPENDIX 2 cont'd.

——— :
-

TOPOGRAPHIC MAP SYMBOLS ‘ - o .

VARIATIONS WILL BE FOUND ON OLDER MAPS

Hard surface, heavy-duly road . L Bound tonal | - —— -
- - undary: nationa . B
Hard surface, medium-duty road e st ¥ B
e ate 3 e e crr A e e——— > —— ’
Improved light-duty road . |
u P g - county, parish, municipio . mer r —————
nimproved dirt road =2
P mEsEsarean cwil township, precinct, town, barmo ———
Tradl o |
T T e ———— incorporated city, viliage, town, ham!e} LR —-—--B-v_--

"Railroad: single track

l

reservation, national or state et e a et — >,

Rairoad: multiple track

i T s e small park, cemetery, airport, efc. T T ————
Bridge . .. . —\:ﬂ )

i land grant U |
Drawbridge —., 1 :
T Township or range Iine, U.S. land survey . ... . —— |

unnel. . . 3:s N j
. ) preek Section hne, U.S. land survey . |

potbnidge - s s )

e { : Township line, not U.S. 1and SUvey.... ..\ . ... . eommmmmmmmsiossess
Overpass—Underpass . L St =I=
] Section line, not U.S. land survey
Power transmission iine with located tower e . -
R Fence line or fi¢ld line. ... . e e it e ernate e e e et e —
Landmark line {labeled as to type} L . .. Jeigpmone - . -
. S T Section corner; found-—indicated . I S
- Boundary monument: land grant—other _ A SV -
Dam with fock ’
Ce~al with lock
Index contour . ——— lntermed;ate contOur ———
Large darr .
- = 4 x4 5% Supplementiary cont, - e - oLr \._‘_, _
Small dam: masonry — earth Supplementary cont, Depression contours 2
Buildings {dwelling, place of employment, efc.) Cut —Fill . Q_._... Levee . _ S —
School—Church—Cemeteries Mine dump Large wash . . g '
. H izl
Buildings (barn, warehouse, etc.) Dune ares Tatlings_pona_ . . s
“Tanks; oil, water, etc. {label y ’ Water, %S
¢ (labeled only if water) B i ank + Sand area Distorted surface .. f?émd'i‘}f*
Welisother than water {labsled as to type} o Od s Gas
Tailings .Gravel beach
*J.S. mineral or location monument — Prospect A, . o1
Quarry — Gravel pit + ~ e 2. o !
X Glacier... ... .. ... Intermittent streams
Mine shaft—Tunnel or cave entrance B ¥ ' ;
=TT e , o e s ae
zampsite — Prcnic 3rea I . Perenmial streams —==- Aqueduct tunnel
-ocated or landmark object—Windmili ° ¥ Water well—Spring .. . Falls o v T .
. —_— . g ——
Exposed wreck . I .. - : Rapids. ... . =27 ntermittent lake s |
- \__ ﬂm PR "
tock or coral reef R Channel i, T Smallwash .. .~ ~ . |
roreshore flat.. e —— e et |
. K Sounding—Depth curve™=—" Marsh {swamp} ... — = — |
Rock: bare or awash. L " R S S e e -
) Dry lake bed . . _.~:7.%  Inundated area . ——
Horizontal control station . O ,-.-—,,.-qj _,”g
“ertical control station o BMy x xerz . Weodland - - Mangrove...... . §
671 - - -
!oad fork — Section corner with elevation ,é;g, 458 Submerged marsh -~ 7 Scrub .
- FEBFRESBEES -— — %
Checked spot elevation ) X £976 , Orchard - siessiiiess  Wooded marsh T J .
30 1 -
fnchecked s:pgt elevation P B _x 5970 Vineyard _ *348163.0m|ssmn §re3 = =t
25) :
+{3
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PROCEDURE :

BACXGROUND
SUGGESTIONS:

EVALUATION:

APPENDIX 3

TOPOGRAPHIC MAPS AND CONTOUR LINES — —

R

*

Large piece of clay or plastic mountain model

Clear plastie shoe box with cover, approx. 12" = 6 1/2" = 3 1/4" -
Water in jars or beakers

Food color

Metric ruler

Grease neneil
Sharp stick or pencil if elay is used
Clear-plastic sheet or tracing paper, 6" x 12" | v

1. Distribute materials with, students working in pairs

2. Zzplain about using centimeters instead of inchec,
Presumably students have been exposed to this information already

3. Explain about drawing contour lines from the top. It is more
accurate 1f you sight gown the pencil or close one eye.

4, Zou may decide to have astudents do this with modeZs of
several shapes

A kit for this experiment is part of the ESCP geology program
and eonsists of a rigid transparent plastie box with lid, a clears

plastic sheet; molded- mountain model of pZastw. The cost i5 $2 00

for an individual kit, $24.00 for a set of 15 and can be secured
from Hubbard Seientifie Co. P. 0. 3ox 105, Northbrook, ILl. 60062.
However, one can purchase plastic shoe borxes, oftem on sale, at
Long's or Payless or Woolworth for 39¢ to 59¢. The mountain may
be modeled out of oil elay cutting down the cost of the total kit.

The food color is added to the water to see it better and is

optional.

If the plastic mountain is used, students may need to tape it

doum, as it sometimes floate. Water base pens will not work on
the plastic but waterproof grease marking pencils or crayons will,
If clay is used, a sharp pencil or stick may be used to mark
contour lines.

The answers to the questions on the sheet would indicate if the
student understood the activity.

If photcgraphs of an avea are available, together with contour
maps, a2 matching exercigse might be developed.

Wik

39
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’ WORKSHEET S " APPEWDIX 3

| \ ‘
- - ' TOPOGRAPHIC MAPS AND CONTOUR LINES
\

A
kY

Elevation or height on a topoghaphié‘éap is the distance above the sea level.
Contour Tines join points of equal elevation. The distance between contour
lines on your map is 20 feet. The following investigation will help you dis-
cover how contour lines represent land sunfaces.

MATERIALS: Large piece of 0i1 clay \.
Plastic shoe box with cover \\
A
Beaker of colored water SN
Metric ruler ’
Grease pencil
Sharp lead pencil
Clear plastic sheet or tracina paper
- . g
PROCEDURE : 1. Model mountain so that -it has one steep side and one
gently sloping side. It should fit the plastic box
/- 2. With grease pencil and ruler, draw a line from top to
/ bottom on one side. ‘lark a dot along this line every 1.5 cm.

S 3. Place model in the box. Pour colored water up to the
first 1.5 cm mark

_ — 4., iIith sharp stick-mark-around—the mountain- -~ -
This is the first contour Tine. 1 -

5. Add water to the second mark. Praw around the mountain aagain
Continue to add water and draw lines until you reack the top

7. When you finish, put the 1id on, tape on the tracina material.
iTrace the contour lines. Look directly dowr. the tip of the
pencil or close one eye.

Are the Tines close together or far apart if the slope is steep?
Are the lines close together of far apart if the slone is gehtle?
How does your map of the model compare with a topographical map?

QUESTIONS:

I O R A N

llow would you show a crater in your mountain such as a volcano
might have? (check symbol sheet) ,

5. Discuss: A map is a paper model of the real world

y




MATERIALS:

PROCEDURE: -

BACKGROUND
SUGGESTIOHNS:

APPENDIX 4

READING A TOPOGRPAHIC MAP

Topographic map symbol sheet -
Any earth science bookswith topographic information
Worksheet
Topographic quadrangle map of ithe area

’ 4
1. eview contour intervals and any new symbols
2. Give out worksheet

3. Call atteniion to extra-credit work
}

*

This exercise focuses on direction, elevation and distanece.
Remind students the contour interval is 20 feet. The four
activities at the end give challenge to the student who

_wishes to go further into the topic or is quicker than his

classmates.

Students will need help with extra-credit No. 1.

RITR

EVALUATION:

Geology and Earth Sctence Scurcebook has a dig=
cussion of this.

Stereo photographs are available from Hubbard (see address
in Appendix 3) Book of Aerial Stereo Photographs, single
copy $2.95. Also needed is a student stereoscope $1.95

Students might be asked to draw a section of a contour map
similar to this one, make up questions and give the map to
another student to analyze.

e ol
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WORKSHEET

READING A TOPOGRAPHIC MAP

Refer to vour topographic svmbol sheet for this activity when necessary.
The answers to the auestions will be found in the man helow. .

lFsr PeQ.k

(!

-t

. What is meant by a contour 1line?

N7 e

nistance between contour lines - 20 feet
Sclae in miles .

2. Yhat is the elavation of thé highest noint on this map?
3. What is the elevation at the closest contour line to the bridae
4. How many miles of railroad track afg)shown on this man?
5. In what direction does the Red River flow?
5. Rivers usuaf]y empty'into the ocean. What else te]}s vou the direction the
river flows? o
7. What is the maximum eijevation at letter A7
8. 4hat special feature occurs in the neighborhood of letter A?

- -
[~%

,?
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WORKSHEET . , APPENDIX 4 cont'd

- _ _ o _

9. How can yburfeii which slope is steepest on the map? _

10. On what side do you find the steepest slope of Fir Peak?

11. If you were going to climb to point D, what direction would you ao to make

the climb easiest? (assume no unusual terrain)? = - ~

L J . \
- \=.

i3

12. What is the elevation at noint F ?

13. Uhat is the Towest elevation on the map?

14, Describe a hike from point A to point B, The rai]ﬁpad bridge allows foot

travelers. There are boats for hire on di River.

RESEARCH PRDJECTS: (Extra Credit)

Draw a cross section of the map :vom point X to point Y

Jbtain a tonographic quadrangle of your area._ Make a report of some of the
more interesting and not’so obvious features.

4, Draw of model a cross-section across twc points showina differine elevations
as suggested by vour teacher., ",

L3 ]

Draw a topographic map from some steren photoaranhs. Nescribe how the stereo
feature makes the task easier. , :

2. ;“seriayers of cardboard to make a built-up model of the man forAthggréct§Vity.

=y
I
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HATERTALS :

BACKGROUND

EVALUATION:

SUGGESTINNS :

GEQGRAPEIC FEATURES OF THE BAY REZION

Lists and blank maps )
Topographical maps of the Bay Region (see references)

Havtical maps pf the Bay Region (see references)

-Geologiz maps « f the Bay Region

i

Jiscuss physical features of the sites to be mamed.

Define terms such as peninsula and feuii

Often outline maps may be found <in sckocl or district libraries.

(One type is included here)

Identific- ion test and questions on topograrhy

APPENDIX &

&

H




JORKSHEET

GEOGRAPHIC FEATURES OF THE BAY REGION

APPENDIX 5

Labe! the Bay Area map with the following names. Use a number key if vou wish.

Place a compass rose in the ocean to show direct:

Bridqes:

Carquinez Bridge

Richmond-San Rafael Bridge

San Francisco Oakland Bay Bridae
San Mateo-iiayward Bridge
Dumbarton Bridge

LB L) PN

Cities and Towns

1. Antioch +9. Alameda

2. 'lartinez 10. San .candro
3. Vallejo 11. Hayward

4, Crockett . 17, San Jose

5. Richmond 13. Redwood City
6. Albany 14. San Mateo

7. 3erkeley 15. San Francisco
3. Oakland 16. Sausalito -
Haterways

1. S5ac,amento River

2. Honker Bay

3. San.Pablo Bay

4, San Joaquin River

5. nrizzly Bay

6. ‘lapa River

Geographical Landmarks

Shipps Island

Angles Isiand

Pt. San Pablo

folden Gate

Sumbarton Point .
Fort roint

Pt. ™ichmond

T X B L2 N et

Geographical Points on the Pacific Ocean

6. folden Rate Bridqe
7. 3Jenicia-"'artinez Bridae
8. Antioch Bridae
o, Rijo Vista Bridae -
17. San Rafael
18. Pittsburg
~19. Concord
- 2n. Walnut Creek
21. Benicia
22. E1 Cerrito
23. San Lorenzo
24. Fremont
7. Suisun Bay 3
8. TRaccoon Straits
9. Carquinez Strait
10. Oakland Estuary
11. iﬁoyote River

8. ‘lunter's Point
G. Pinole Point
10. Pt. San Ouentin
11. Black Point

12. 'tt. San Bruno
13. *"it. Diablo

14. 'it. Tamalpais

or outside the Bav

Tomales Bay
"uxbury Peint
Pt. Bonita
Belinas Bay

S L2 N —

5. Half Moon Bay

6. Pt, Reyes National Seashore
7. San Pedro Point

8. Pacifica




APPENDIY 5

San Francisco Bay Area
o
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WORXSHEET APPENDIX 5 cont'd

QUESTIONS: 1. Uhere are the marshy parts of the Bav Area? (be specific)
2. ilhere does fresh water enter the Bay?

3. Where are the two deepeé ~arts of the Bay?

4. ‘fhat mountains on the We.t influence the climate of the
*~Bay Region?

5. What mountains in the East Bay inf]uence the climate of
the Bay?

6. What is a peninsd]a?
7. ‘lame four peninsulas fﬁ the Bay Reaion
8. Look at the fault map

a) Where is the Hayward Fault?
b) Where is the Andreas Fault?




7 APPENDIX 6

YIZ+ FROM THE TOP - FIELD TRIP

&

nd the highest point in your area for the class to view the surrounding
on. ‘1. Diablo is zdzaz, but not possible for many schools. Choose

a nill, top story of a high buildivg, or a bridge. Che ;oZZawzng questions
are suggested for discussion and interaction at the site and back in the
clagsroom.

1. "hat weather conditioms do you see? Does it differ in any area?

. g

2. lesecribe the scene, flat, illuy, sloping, angular

3. lame the features; ecreek, city, road, reservoir, river, faults,
quarries, valleys, bay, islands, road cuts, ete. - -

4. here is north, south, east and west?
5. bthat is mom-made?
8. “hat is natural?

7. That vegetation do you see, what influences it, "ow does it differ
in various areas?

8 That 1is highest point you see?

by
=
3
3
S
5

e thne recreationcl areas?

1

11. “hat watérs drain intc the bay, or where do creeks go?

kY

12. How does the terrain influence the land?

..143..
O
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APPENDIX 7

IELD TRIP
A field trip to the Bay and Delta Model in Sausalito is a valuable adjunct
to the study of topography and the problems of the Bay. The model was built
by the U.Z. Army Corps of Engineers to test what would happen if barriers
‘were 2stablished in the Bay. It is now used for a variety of water studies.
The riodel extends to Sacramento and includes the proposed peripheral canal
and the Delta Islands.

. To plan a field trip, call 332-3870. Groups of up to 60 ean be accommodated.
The guided visit takes about 1 1/2 hours, Trained tour leaders explain the
model, show slides and a film and walk the group through and around the model. i
4 parhlet is available for informatiom. Students can take picture if they |

wish. .

L

ey
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WORXSHEET ' APPENDIX 7

BAY AND DELTA MODEL, SAUSALITO

After the Field Trip is over, answer the following questions.

It would help to read them before the trip starts.

1. ‘'lhen was the original Bay‘Mode1 built?
‘hy was it built? ’

‘ow was tﬁe model built?

Ly N

.low was the information discovered about the Bay in order to make the dee]?
5. What is the purpose of the copper strips embeddeh in the Bay Model? 7

6. 'ihat tests are being made with the model now?

7. 4here is the peripheral canal and what is supposed to be its purpose?

8. 'lhat do you think will be the effect on the Bay of the peripheral canal
plan is carried out?

9. Summary: State in four or five sentences what you have learned about the
Bay Area from visiting the Bay Model.

“HHW
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REFERENCES

Annotated References: this reference is divided into three parts:
T17 student texts, (2) books, pamphlets and repurts, (3) waps and lists
of sources on mapping from the U.S. Geological Survey.

{. Student Texts

1. Bobrowsky Kenneth, The Air Above, The Ground Below, Scholastic é%ek Services,
New York, 1971, pp. 73-77
Paperback activities-oriented boox with
presented. This is the earth seience po
Teachers' wide available.

limited roading required, attractively
ortion of one of four books.

2. Earth Science Curriculum Project, Investigating the Earth, Hloughton, Mifflin
Co. Boston, 1967 (revised 1972).

Comprerensive earth science text. ~he revised edition is simpler in format 1
than the omgmaz. p

i L
3, Environmental Studies Project, Environmental Studies Kit, 75 assignment cards
AGl, Box 1559, Boulder, Co. 80302

Imaginative activities which aid in the development 03 awareness to self and
the ervzranﬁpna by use if zﬂvestzgatzyo strategies, There are several on
mapping and avea rzlationships. Price $20.00 -

4. lamowitz Samuel and Stone Donald, Earth Science, Yan Nostrand Co. Princeton,

N.J. 1965,

Earth Sciencz text with complete discussion o; topography, ILab manual available:
Astivities in Earth Science, comtaining a series of tcpographic exercises.

*

5. ?erk:ns O0tho, Earth and Space Science Ski!! Cards, Charles Merril Publishing
, Columbus, OHio, 1968

xed set of cards with individual or class projects in earth science,

znc7adzng ygpoaraphy . .

6. PRamsey William, Burley Raymond § Ph:!ilps Clifford, Modern Earth Science,
Holt, Rinehart & Winston, New York, 1969. D

Earth Seience text for able readérs, also lab manual: Avtivi i5e “or Modern

Earth Spience with three on topography.

7. Thurber Walter and Kilburn Robert, Cxploring Earth Science, Allyn and Baéon,
Inc. Boston, 1970.

Easily read earth science text with pie etures,diagrans and suggested investigations.
4
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10.

12.

13.

[

15.
16.

Il. Books, Pamphlets and Reports

American Geological Institute, Geology and Earth Sciences Sourcebook for
Elementary and Secondary schools, Holt, Rinehart and Winston, inc. Hew York
1962 (revised 1970)

Exeellent sourze of information, resources an3 activiiies for earth science.
In tne 1962 ed,vzon, Ip. 365-375 on topographic maps; rp. 877-391 on geologic
mgps. In the 1970 edition, rp. 38 7-405 on topograpnie maps; Ip. 407-422"on

-y

geologic maps.

]

California Division of Mines Bulletin # 154, Geology of the San Frapcisco
Bay Counties, . 1951.

wealin of mdaterial, though dated, on the history, landscape, ﬂechay, ‘ossils,
’ 2

mznerals, Industry anld routes to travel in tne Bay Counties. Tan be vurckased
for a small amownt from faZif' ig Div iggar of Mines and GEology office at the
Fegrry Building in San Frencisco. }

Mineral
California Division of #ines and Geology, Calnforn;a Geology (formerly Momerat

Information gullet;n) publ ished mnothly.

Peptinent avticles ineluling many on the Bay Area, ook revias, recent geologic
events, film »wiews. A bargain at $2.70 a year, but free to scnools when re-
quested on letterhead. Address: Ca’ifornia Division of Mines and Geology, P. 0.

Box 2880, lacramento, Ca. 35812.

)

Discus, dinth Grade Earth Science

zperimental currieulwn from Florida with many elearly developed activities,
azlasfa at the Lawrence Hall of Seience Library, University of Califormia,

Durrenberger Robert, Patterns on the Land, Hational Press Books, Palo Alto,
California, 1972, hth edition.

i o

Geographieal, historieal ond political maps of Califormia, »ietures, maps

and data tables.

Earth Science Curriculum Project. Teachers®' Guide to !nvest:g;t;ng the Earth,
Houghton-Mifflin Co. Boston, 1967, 2 volumes.

fetivities, suggestions, rmaterials for aill phases of earth science.
Investigating maps as models, vp.-108-114.

Elementary Science Study, !apping and Making Maps, McGrawZHill, lovato,
1971, 2 booklets

Teanher's directions on deveioping concepts of mapping and activities for
this. rsdopted for state science program.

Encyclopedia Britannica, Vol. 14, pp. 844-85]1 - Comprehensive history of maps.

ss Phyllis and Railton Esther, Teaching Science in an Outdoor Environment,
C. Press, Berkeley, Ca. 1972, pp. 147-151.

ctivities keyed to the use of the U. . natural history guides.
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17.

18.

19.

20.

21.

22.

23,

2k,

25.

26.

27.

lloward, A.S. Evolution of the Landscape of the San Francisco Bay Region,
University of California rress, Berkeley, 1967.

One of th: natural science guides series. “rief presentation of complex subject.

lacopi Robert, Carthquake Country, Lane Publishers, Menlo Park, Ca. 1971 (rev.)

=

Paper bound, popularly written, “any aerial photos and maps.

Jennings, J.H. Elementary Map Interpretations, Cambridge University Press 1963

Clear explanation of map reading. ‘“'sed for English students who must pass
geography examinations.

ilcFall, Chrjistie, !laps Mean Adventure, Dod:, Pead & Co. 1961, pp. 19-27

Easy to read book with stories of rmap use.

Jakeshott Gordon, Geology of the California Coast Ranges, Hineral Information
Bulletin, Vol. 23, ilo. 1, Jan. 1970, pp.. 7-10, ¢a V. Tiv. of Mines and Geolcgy.

Geology with aerial photos of the region. This issue aiso ccntaine photos of
different lard forms in various places of the world.

Page, VYen M. Geology of Nor hern California, Calif. Div, of Mines and Geology,
Bulletin 190, pp. 5-16 .

Another state-produced low-priced, zomrlete history of'zhe state's geology.
Contains pictures and old maps.

Pestrong Ray, San FranciscolBay Tidelands, California Geology, Yol. 25, No. 2
Febr. 1972, pp. 27-40, Calif. Div., of Mines and Geology

Corprehensive avticle on tidelands in relztion to fill, razs, charts, photographs.

San Francisco Bay Conservation and Development Commission, Geology of San
Francisco Bay, Report, June 1966.

one of a group of published reports on the Bay. Discussion of geology and
topograzhy in relation to earthquakes, bay f@ZZ and wvater use.

Smith and Elliott, Illustrations of Contra Costa County, Ca!afornxa,
The Sacramento Lithograph Co. 1952,

Historical sketches and old phbtos of Contra Costa County. Available at
Iniversity of Califormia, Berkeley Geology Library.

Tannenbaum B. & Stellman M., Understanding Maps, McGraw-tli1l Book Co. 1969,

-

udent reference, easy to read.

Fed

=

g

U.S. Geological Survey, Geological MapsiPortraits of the Earth, U.S. Government
Printing Office, Yashington D.C. pamphlet, 1968.

How maps are made, symbols, use of geologic maps.

{253
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28.

29.

30.

31.

32.

33.

3k.

35.

U. S. Geological Survey, Motion Picture Film Services, U. S. Government
Printing Office, "lashington, D. C. pamphlet, 1972.

Lists geological survey films on geologic investigations, topographic
mapping, ‘ater resources activities, astro-geological studies and aerial
vhoto interoretation.

b - P4

A, S. Geological Survey, Our Changing Continent, U. S. fovernment Printing
i

ice, ‘lashington, D.C., pamphlet, 1969.

5 P et . ce . ~ o ,
The paleogeography of tha dorin American continent with maps of 1t at
w s ey ;. + . - -
Fifferent ages in tires pasgi

{'. S. Geological Survey, Program D sign for San Francisco Regional Environment
and Resources Planning Study. U. 5. Seological Survey, 555 Battery Street,
San Francisco, Ca. 94111, 1971. (free)

U. S. Geological Survey, Tools for Planning-Topographic Maps, U. S. Government
Printing Office, ‘ashington, D. C., namphlet 197I].

What topographic maps are and who uses them and how they are used.

U s, Gediogica! Survey, Topographic HMaps, U.iS. Government Printing Office, .
Washington, 0.C., pamphlet 1967.

Exzplaine map scale, national tovogrpahic map series, mapping procedures,
and giondards and symbols.

L

111, BAPS

California Geological Survey, 1871, ‘iap of the Region Adjacent to the Bay
of San Francisco.

Interesting old map of the area before 1900 with the old names, aulines,
(Bolinas), Saucelito (Sausalitp), wailable at U.C. Berkeley Geology Library.

Plastic Relief Maps, Series V 502 P
Sacramento NJ 10-6 N
San Jose HJ 10-9
Santa Rosa HJ 10-5
San Francisco NJ 10-8

Tpmerly available from the Army Mop Service, “orps of Engineers, J. S, Army.

1 be purchased exclusively from Hubbard Seientifie Company, 2855 Shermer
Nopthbrock, I1l. B0062. Tequest copy of index map from therm and ordering
ion. _hese ave available at the U.(. Zerkeley library map room and
usually eireulating, ray be checked out by special request.

»

®
o
O
Tk vk

State of California, Department of Fish and Game, Ocean Fishing map of
San Francisco, San Mateo and Santa Cruz Counties and Elkhorn Slough of
Monterey County. The coastline and adjacent area. Available free from
Dept. of Fish & Game, 1416 9th St., Sacramento, (a. 95814
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s

..1,9-




36.

37.

38.

39.
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U. S. Board of Engineers, Port Series, No. 12, 1939. The Ports of San
Francisco, Oakland, Alameda, Richmond and Upper San Francisco Bay, U.S.
Government Printing Office, Washington D.C.

‘Aerial mosaic photographs of the urea in the late 1930's. Good comparison
th

with maps of today. Available at U. " erkeley Geology Library.

U. 5. Geological Survey, Quadrangle Maps, 7.5 min series available for
topography. List free from Geological Survey Office

Avatlable from the U.S Teological Office, Jan Francisco or Lucas Book-
store, Zerkeley and from many sports and wilderness shops, “rice $.75.

U. S. Geological Survey, Orthophotoquad Maps, equivalent to Quadrangle maps
in 5, 7.5 min. topographic areas 1:24,000.

Order from Topological Division, ‘lap uaaﬁs, . 5. Geological Survey, 345
iddlefield Road, Menlo Park, Ca. 04025. Price: approx $4.50. These can be
sgen at tne J.C. Berkeley library map room and possibly borroved from them,

U. S. Geological Survey, Map of the San Francisco Bay Region in 3 sheets
covering approximately 3,000 square miles, scale: 1:125,300.
Available in three forms:

Topographic maps and slope maps, Loth available from U.S. Geologic
Survey Office, 555 Battery Street, San Francisco, under $2.70 per sheet.
Orthomosaic map available from U.S. fieological Survey Office, Henlo Park
approx. $11.50 a sheet. ’

U.S. Geoiogical Survey, San Francisco Bay Region Environment and Resources
Planning STudy. 57 maps of different phases of bay planning. ['.5. fieological
Survey, San Francisco, maps are free. ’

U.S. Bureau of Land Hanageﬁent, Public Lands Guide HMaps.

Tives reecrsational areas, also contours, State divideq into 24 sections.
Request free from Burzau of Land Managerent, Calif. S,xte Office, 2800
Cottage #ay, Sacramento, CA. 35825 )

f
U.S. Pacific Coast MHautical Charts showing shoreline and surrounding land.

Catalog availabie from U.5. Geological Survey, 5. F. Maps may be purchased
from them, often found at sports shops in boating areas.

U. S. Geological Survey, Selected Bibliography on Maps and Mapping, U. 5.
Government Printing Office, Washmgtogg 5.L. namphlet, 1971

Lists 52 eoted books about maps by title, author, rublisher and date of
publication. Irovides znfﬁwizzcr For f:cacizars and students.
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INTRODUCTION

CLIMATE is a collection of weather records of an area over a long period of time.
The atmosphere, nosition of the earth in relation to the sun, solar radiation and
the geography of larfd masses are factors that determine world weather. These world-
wide weather patteras, in turn, have great influence on our local climate. ‘''e have
come a long way since the stories and myths from ancient Greece and Rome that told
of the different gods of thunder, rain and wind. It is hoped that this study will
develop some appreciation for the role of weather as it affects the organisms that
inhabit our coastal area.

Scientists now have many scientific instruments to make accurate observations of

our atmosphere and other conditions that make up weather. |Ilistory would not be

the same had some of these instruments been available in the very early days. We
have many more observations from parts of the world that are either uninhabited

cr very sparsely inhabited or perhaps underdeveloped. Weather satellites, weather
balloons, computers, and communication satellites from a worldwide network which help
to make possible fairly accurate forecasts. Perhaps the most difficult area on the
weather map is the San Francisco Bay Area. Jur geography is unique. We have a sort
of double line of mountains in the Coastal Range - the western most section inclu-
ding the Marin hills, and the Santa Cruz mountains, and the eastern most section
which devides into the Berkeley Hi}ls_and to the south-east into the Diablo Range.
Here the gigantic forces of continéntal air masses and oceanic air masses meet in
constant battle. The Golden Gate is the largest gap or break in the Coastal Range
thus creating very complicated weather patterns as is evidenced by the variety of
Bay Area weather. This break continues through the Delta region to the Great Valley
of California. These patterns are so varied that they often vary within a city.
This unit is an attempt to encourage the student to understand the things that

make up the weather, to try to note differences and keep records. Since our weather
predictions are based on much information from the Weather Bureau in Washington, 9.7,
it would be difficult to try to predict weather in our schools with our very limi=
ted records. ‘le will encourage the students to study the microclimates around
their school. Keeping records and trying to interpret them should show how much

our small area varies from day to day and yet how much it reflects the general
patterns of the San Francisco Bay weather.

| -

= CLIMATE - WEATHER

MAJOR OBJECTIVES

Upon completion of this unit, the student will be able to:

I. Identify on a map factors which influence San Francisco Bay Area weather.

1. gﬁentify the three major climatic zones on a map and discuss factors that
contribute to this pattern.

111. Label the four air masses and explain which masses affect California weather.

IV. MName the weather conditions indicated on most weather maps. i

v, Give definitions for a list of words commonly used in studying weather.

vi. Keep a daily record of microweather conditions at a class weather station.

.
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. WEATHER UNIT : ‘
I, BACKGROUND STUDY OF WEATHER dg
1. _Early impact of weather on history .
Reference 7, pp. 107-111 “Sece Appendix 1

2, The geography of the Bay as it relates to the fog and wind flow

Reference 3 See Appendiz 2

3. Cold water currents offﬁthé coast ofEEalifornia

- See Appendix 3

4, The large area of warm air called Pacific Highs
' See Appendiz 4
5. The hills and mountains affect the rainfall and wind currents of
~ the Bay region . : T :
Reference 3, p. 50 " See Appendix §

6. Weather Vocabulary
See Appendixz ¢ - Word List

’

11, FACTORS THAT AFFECT THE WEATHER

Reference 4

1. vemperature: Discuss the C and the F scale for measuring temggrature

-

Reference 1, pp. 181-192 See Apvendix 7

a) The effect of the earth's tilt on the heating of its surface

See Appendix 8 £ 9

t) Warming of the air vs. warming of the water

See Appendix 10

7
c) The variation in temperature as we move away from the surface of

the earth
Reference 6, p. . See Appendiz 11
d) Convection currents . &
See Appendiz 12
2. Pressure - - ’ )

a) Causes of air pressure. How it drops with altitude and how
it is measured -

Reference 5, pp. 11-12 See Appendix 13 & 14

Reference 6, pp. 11-12 .
(Use overhead projector to show aneroid and mercury barometers)

: : : éﬁ%ﬂ
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b) Air pressure'is affected by termperature
Refervence 1, pp. 192-207°  See Append ¥ 15 & 27

c) Air moves from regions of high pressure fo regjons of low pressure,

fﬁ\“\\\ See Appendii 17

3. Humidity -

a) The :mount of water vapor in the air is humidity V e

Teacher should do several demonstrations such as having students
breathe on a mirror, or spak a iarge sponge in water, cqueeze out
all of the water and then pour /4. 1/2 and finally all of the
water buck on the sponge. ’

-*

% . 3 . -
b) Dew-noint ~ the temperature at which condensation occurs as the
air cools. ’

See Appendix 18

c) The causes of frost, sleet. hail and fog

See Appendix 19 - Discuss

VATER CYCLE

rs

See Appendiz 5¢ - Jiscuss.-

‘TIND Y e -
1. Unequal heating of eartr causes winds (general pattern is that it

heats up more at the equator)

Discuss principle climate zo--- of the world and the relationship

to wind belts

Referencze 2, v. 437 See Appendix 8 & 22 . -
Refersice 5, chapter 15 . o .
2. Winds are defliected or change course due to the rotation of the -

earth on its axis.

Discuss the swirling of water down 3 drain_,

Have each stud nt draw correolic effect by rotating a piece of
paper clockwise as the student attempts to draw a straight line

wa

fold air is heavier than warm air'andvdescends spinning clockwise
because of the correolis effect., - Discuss winds

-

See Appendix 21¢, "1b & 21c

“ 4, Air moves from an arra of hig"h przssure to an area of low pressure

belts forming the world wide system of winds of the earth
“Use world map or globe to indicate where the belts of winds are found.

Reference 6 See Appendix 21b &- 22

N
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| 5. Winds are named for the direction they come from and a commonly used
scale ha been devised to indicate their relative speed -

Sce Appendix £3 - Discuss

’ ' See Appendix 2la & 24 - Discuss
, y : -
6. A wind vane indicates direction of the wind while an anenometer
indicates how fast tie wind is blowing .
Sge Appendix 28 -

v. AIR MASSES AND FRONTS

1. Afr masses are 1-rge amounts of air which have the same general
temperature and same percentage of moiscure. They“tend to move

* *as a mass and notrmix with any other mass they might encounter.
‘Show' over-all.map of the air masses in the Northern Hemisphere

- ! . .
Reference 2, r. 444 | See Appendix 25

2. A frant is the koundry between two airmasses

-

Reference I, p. 364

a) A warm front is the boundry between a mass of cold air and an -
= overtaking mass of warn air.
Discuss wny a passing front means a change in weather

.- Refererce 1, mp. 167-178. See Appendixz 11 - Discuss
b) A cold front is formged when'a cold air mass overtakes a warmer one.

“ Discuss why a front usually brings some form of precipitation
- Discuss Cyclones, Tornaaos, Hurricanes and Thunderstorms.

!

c) Avoccluded front occurs wken two cold fronts force a warm front
. © to rise and stay suspended between the two cold fronts.
2 Discuss the factors that change as a frcnt passes
. # i
- - £ d) A stationary front is the houndry between two air masses of like

]

' temperature - which is not moving. -~

3, Clouds are masses of water droplets or ice crystals suspended in the air

Reference 5, pp. 370-372 See Aprnendiz 26a 4 26b -

S -~ <

Vi. MICROCLIMATE

!

¢

1. A basic weather pattern of any select region

Suggestions for discussion: )

whére are the wind and fog gaps in ou. schoul grounds?

From what direction do the local winds klow and how fast?

Does precipitation vary from one site to arother at our school?

- o Number and varieties of plants growing on school grounds
- Size of.plants ’ )
Make_a comparison between school and home weather

;i.._?

ERIC .

Aruitoxt provided by Eic:
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VIi. SETTING UP A WEATHER STATION

Discuss with the class the most appropriate location for a weather station.
Class may be divided into groups and asked to make one of the following:

Raingauge

Hydrometer R

Barometer {

Windvane i~

Anenometer 1
‘ i

See ‘ppendiz 27, 28, %8, 30, ov cny availakle instruciions

g _ for simple weatrer instrumenis.
See Appendiz 31 - Heep weathcr record for arprox. ome veek,
Sez Appendix 32 - with key provided
See Appendiz 33 - class zetivity or how to real u weather map.
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The historv of the world has been areatly affected bv the whims of the weather.
The history of the world is full of examples where the weather siaved a major
role in the outcome of a battle. As earlv as 328 B. C., . lexander the Great
attempted to stretch his conquest to India. “nce he crossed the Indus River,
the way was open for the conquest of India; “nfortunately, 1is march was
stopped by the heavy seasonal rains known as monsoons..

In the 13th century, Kublai Khan attempted to invade Janan. Although the
Japanese fought valiantly they were on the verge of Tosina when a t ,hobﬁ;
roared in and sank the Khan's ferces. The name Kamikaze-whiCh means divi-e *
wind was given to the typhoon. The vord m{ééiefwas also given to the sui-
cide pilots of Japan during Horld Har II. '

George Washington took advantage of a sudden change in weather to achieve
his objective. Trapped in Trenton because the roads were a mess of mud,
he had almost givén up hone when an unscasonable cold wind caused the roads
to freeze. He marched his troops to Princeton and captured the garrison of
British troops who were not expecting such an attack. The course of the
revolutionary war was changed because of this battle.

Climate ch;nqes greatly aided the Russians in defendinag their horeland from
invasion. MNanoleon Bonaparte was defeated because his Army suffered from .
extreme heat during the summer and an unseasonable cold spell in Gctober.
During World War II, !iitler's weather forecasts indicated an ideal summer
for his lightning quick raids. Unfortunately, he had not counted on strong
. opposition from the Russians and his attack took lonager than expected. His
troops were caught by the coldest Russian winter on record and his troops
were almost wiped out.

Because of the local fog, San Francisco was not discovered by Sir Francis

Drake. It remained for the Spanish two centuries later to discover the Bay.
%

People are also affected by weather. In this area, the head-cold season
occurs when there are drastic changes in the weather patterns, ‘umid weather
causes people to become more irritable and more Tikely to commit crimes than
at other times. ’

Y
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APPENDIX 3 pont'd

FINAL REVIEW TEST ON WEATHER FACTORS AFFECTING THE BAY AREA WEATHER
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APPENDIX 4

SCALE i MiLEs

CRLIFORNIA

.‘H:nﬁg ha ] r'

The Pacific High - 2 verv erratit
mass of air between HYawaii and

San Francisco Bay. The cold air ~
is one of the forces .that produces
areat benks of fog.
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AIR MASS

AHENOMETER

ANEROID BAROMETER

\TMOSPHERE

BAROMETER
CIRRUS CLOUDS
CLIMATES

COLD FRONT

COMDENSATION
CUMULUS CLOUDS

CYCLONE

DEY
DOLDRUMS
FOG

FRONT

FROST
HAIL

HUMID1TY
HURRICANE

1ONOSPHERE
IS0BAR
ISOTHERM
JET STREAH

BPHETEOROLOGY

H

XIBUS
PSYCHROMETER
RAIH

h

PELATIVE HUMIDITY

SH0G
SHOM 2
STRATGSPHERE

WORD LIST APPENDIX 6

portion of air having the same characteristics such as humidity,
temperature and density

an instrument used to measure wind speed
an instrurent for measurinc atmospheric pressure

envelope of air around the surface of the earth which can
be as high as several hundred miles up

an instrument to measure air pressure
very high clouds made up of ice crystals
average weather conditions over a long period of time

a boundary separating two masses of air, where cold air
is replacing warm air

invisible water vapor chanaed into water .

thick cauliflower-iike clouds of definite form with verti-
cal development

winds rotate in a counter-clockwise direction toward the
center of Tow pressure

condepsed water vapor on cooled surfaces
the tropical belts of 1ight winds and calms near the equator

tiny particles of condensed water vapor suspended in the air,
a cloud near the ground

the weather band located in the separation boundary between

air macepg

ice crystals which are deposited from the air on cool surfaces

* rain that has been carried aloft by vertical air currents

and is Trozen. It mav repeat this orocess many times until
it is too heavv tc be supported bv the air currents

the water vapor content in the air

a viclent tropical storm which forms over tropical waters.
It has a very low pressure and winds of at least 75 mi per hour.

the third layer of the'atmosphere above the earth, most ionized air
lines on ¢ rap connecting points of equal nressure
iines or 2 map connecting roints of equel temperature

a stresm of very high velocity westerly winds - Leiween
20,700 ara 20,006 feet altitude

the science of weather and atmosphere

a dark low rain clous

an instrument to smasure humidi*y of the air

water 4rops at least .02 inches in diamster

the percent of humidity in the air

a combination of fog and industrial smoke

vater vapor which has been cooled to its freezina point
the second of four lavers of the atmosphere

_53_5'




STRATUS CLOUDS
TOPOGRAPHY

TORNADO

TRADE WIHDS

TROPOSPHERE

TYPHOON
WARM FRONT

WEATHER

WESTERLIES

APPENDIX 6 eont'’

sriooth and shapeless clouds with no vertical movement

the physical features, such as shanes, “eights and
contours of land :

very viclent storms. A funnel-shaped, rapidly whirling
circulation of low air pressure

the tropical belt of easterly wind extending from the
equator to the 25th latitudes north and south

the Towest laver cf the earth's atmosphere and where
most weather patterns occur

a hurricane occurina in the Pacific lest
warm air replacing cold air Jver a wide boundary

changes that occur in the troposphere due to the
interaction of air masses

a belt of westerly winds in the temperate zone
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APPENDIX 7

HOW TO REAB A THERMOMETER

PRINCIPLE: To keep a record of temperature for a four week period

- -

MATERIALS: Théermometer
Graph Paper -

PROCEDURE : Hake a chart similar to the example below
and extend it into a four-veek neriod

Date 0 Time Air Tepnerature

L4 OC OF

LR

Choose an outdoor site where a thermometer can»be Teft

permanently. “'ake sure it is in the shade. elect
a specific time each day to record the temperature

EYALUATION: ntaph your results.
Answer the followina questions:
1. Is there any difference in the temperature as the
season progresses?
Does the temperature get warmer or colde*?
Were there any cold days? 7
Did this indicate that cold weather was ccning?

- 65 -
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¥ APPENDIX &

MATERIALS: Light source
Globe /
PROCEDURE : Place liaht source in center of table. Darken room and observe

the amount of light that covers the alobe as it is moved in a

larae elipse around the 1light.

QUESTICHS: - 1. ‘ihat does the 1ight source represent?

2. In which position does the northern hemisphere receive
the areatest amount of light?

3. UWhy is it cooler in our part of the world than at the
eauator?

4, Txplain why clouds would cause less heat to reach the
surface of the earth

5. ell which position produces sprina, summer, fall and winter.




i on a table, the other propped at

APPENDIX 8

N

PRINCIPLE: The angle of the sun’s rays determines the amount of heat
a surface receives.

3

¥

ﬂATERIALS: Two Thermometers
Large Sheets of Dark Paper

S
PROCEDURE : Have students tape thermometers to back of pa efff

Place sheets in direct surrlight wi:t/ggg/ﬂaper flat
angle, ’

7

ol 1

i -

- & L2
_~sunTight T
. Thermometer / sunlight
- i
R
4 Thermometer |
.o g |
After several minutes, remove thermemetéfg and read the
temperatures. )
E Temperature
Vertical ‘
Slanting ‘ ’ P

Yo
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UNEQUAL HEATING OF LAND AND WATER

MATERIALS: Two pans of 3" - 3" eep
Two Thermometers
150 Watt Light Source
PROCEDURE : F{11 one pan with water and the other with soil.
Place a thermometer into the soil and water of each pan
Place the heat source eaually over the two nans
Recerd the temperature of both the so%] and water at the

beginning of the experiment and at five minutes intervals
for twenty minutes on the chart below.

[

) 7
Time S0il Temperature Hater Temperature
Start ‘
. H 1
5 Minutes - *

10 Minutes

15 Minutss

20 Minutes

EVALUATION: 1. What was the total dearte change in the water?
2. What was the total dearee change in the soil?
would the crior of the soil make a difference
on the amount of heat it would absorb?
4. Why?

APPEIDIX 10

()
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EVALUATION:

ADDITIONAL
ACTI..Y:

10. ‘that would happen at night? -

APPENDIX 10 oont'd

5. What was the total degree change in the Send?
6. What was the ‘toial degrec change in the water?

7. ‘'hat was the average température chanae in the sand?
8. 'lhat was the averaae t?mperature chanae in the water?
9. If you were on the teach on a summer day, what

changes would you see from mornina to noon? K

Can you devise an experiment that would show
what happens on a summer niaht av the beach?

14
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APPENDIX 12

__ CONVECTION CURRENTS .

PRINCIPLE:

MATERIALS:

+ PROZEDURE:

EVALUATION:

Using a convection current box to illustrate wind
currents caused by uneven heatina

Convéction current box
Candle

Light the heat source (can be = candle), and nlace under

one ‘of the chimneys. o
Light a paper towel .suaked in vater (smoke source) and
hold it over the unlighted chimnev.

Hoid it over the lighted chimney.

e

el
v

?esarfge what happehed when the smoke scv+~ce 15 placed
nlaced on the unlighted chimney

2. %hat happended when the smoke source is placed on the-
Tishied chimney?

iypothesize whv the resuits are different

Make a drawing of what happened in each experiment




MATERIALS:

PROCEBURE :

-

EFFECTS OF LOWERED-ALRPRESSURE————— -

Glass Tubing

Two Hole Stopper
Glass Bottle *
Rubber Tubing
Balloon

Modeling Clay
Vaéuum Pump

Fasten a small balloon which has been inflated several times
to stretch it to the lower end of one of the glass tubina,

—--which has been inserted-into-a-rubber stopper. Attach the

"~ ~ length of rubber tubing to the upper end of i'.. other-glass

tubing and to the vacuumzpump. Place the stopper witﬁ alass
tubing, balloon and rubber tubing in the mouth of a large
jar and seal tightly. Partially inflate the balloon by
‘blowing into the alass tube and seal with a lump of clay.
Pump the air out of tie ballcon with the vacuum pump.

T T

1. What happened to the balloon?

2. If air is removed from the jar, what happens to the
air pressure :

3. Zxplain why the size of the ballon changes




APPENDIX 14
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REDUCED AIR PRESSURE
MATERIALS: Alcohol burner
Large can with lid
. Tripod
PROCEDU®E: Put a small amount of water into the can and place on th2
tripod. Heat the can with the aicohol burner until steam
begins to come out. Place 1id on can and remove heat.
Observe the can as it cools.
EVALUATION: 1. Describe what you have observed

2. tlhat caused the can to behave the way it did?




try

»

PRINCIPLE:

PROCEDURE :

E EVALUATIO
l :

|

E

i

|

|

i

MATERIALS:

H:

-

MAKE A CARTESIAN DIVER

To show chenges in air pressure

Tall glass jar
small vial .
Sheet ¢f rubber
Rubber band

Fi11 the large glass jar almost full ¢f water. Partially
fi??tvial and turn it upside down in the water in the jJar.
If viai sinks, you have too much water, if it floats with
the bottom above the water, vou have too little. Keep
adding/taking away water until the vial floats in the
desired position (hc:itom jusz about level with the top of

the water).

Stretch the sheet 7f rubber over the mouth of the jar with
the rubber band

Press gentiy on the rubber covering

Yhat happens when you press down on the sheet of rubber?

2. Hhy?
3. “hat happens when you release the pressure of you band?
4, Yhy? ; ) .

-?f’-




PRINCIPLE:

MATERIALS:

PROCEDURE :

EVALUATION:

APFENDIX 16

REDUCED AIR PRES3URE

The pressure of the air varies. With increased altitude
air pressure decreases. This is controlled mostly by
temperature.

Large flask

Cork or rubber stopper
Source of heat

Ice cuhes

Mask shoqld be about 1/¢ full of water. reat until water
boils for about a minute. Remove from heat. Place cork
in flask (handle with care). After flask has cocled about
one minute, carefully invert (caution - be very careful
that the cork is securely in place). HNow carefully move
an ice cube across the bottom (the iopside now) of the
flask. Water should boil violently as yru cosl the flask.

1. !y does thz water start boiling again after you have
inverted the flask?

2. Can you explain why it takes so long to copk at a hiah

altitude?










APPEIIDIX 18

ESTABLISHING THE DEW POINT

PRINCIPLE:

MATERIALS:

PROCEDURE :

ADDITIONAL
ACTIVITY:

EYALUATION:

[T 4 T = RS R S
. s e e e

Water vapor when cooled, changes from a gas into a liquid.

Towel

Stirring rod ﬁgéfdi
Ice cubes )
Tin can

Water at room temperature

Thermometer.

Tzke 1id from the can

~F111 can 1/2. “ull of water

Place thermometer in can

Add ice cubes and stir

Check carefully for water drops on side of can
Record temperature when drops first appear

1. If all the air in the classroom was cooled to
its dew point, vhat would happen?

Repeat this procedure outside the classroom,

\lere the resuits different?

What was the effect of addina ice to the water?

Where did the moisture that collected on the can come from?
lhat caused the moisture to collect?

What two conditions are needed for dew to form?

Jhat was the temperature difference between the room temperature
and the temperature when the moisture appeared on the can?

Why does morning déw or frost disappear?

I

Give three reasons why frost or dew disappear?

Why do pipes that carry cold water have moisture on them
during the summer?

16. Make a drawing of the experimental set-up.

wy
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PRECIPITATION:

APPENDIX 19

____ FACT SHEeT ] — A
Rain is the result of the rising and coolina of moist air. '
Moisture in the air condenses into droplets which get
larger as they collide with each other. They fall to X

earth when they are sufficiently heavy. In the Bay area
the amount of rainfall varies tremendously.

Snow is formed when the water vapor in the upper levels

of clouds freezes. They may then pass through the ‘

Tower Tevels of the clouds and more cloud droplets will

freeze on the original droplets making snowflakes 1ike—
feathery fronds.

Sleet is formed when rain freezes as it fails. Sometimes

drops. of rain start to fall and are carried up to where the
temperature is be]owA¥feezing. They freeze and start to B
fall again. In passina through warmer air, they may pick

up more water vapor. If the air is turbulent, they may

make this trip many times before they become too heavy

for the air currents to carry and fall to earth as hail.

Fog is a cloud that forms just above the ground. ‘larm
moist air passes over <old surface and the moisture

in the air is cooled v&.ow the dew pdint of water.
Millions of tiny water droplets are seen as fog. -

Frost is usually formed on still, clear nights when the
temperature of the air is at or below 0° Celsius.

It is frozen moisture on solid objects.
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WINDS

. "arm air expands and rises BN

farth roﬁates from west ﬁo east

Air tends to equalize its pressure

“Air moving across the surface of the earth tends to curve
- to the right in the northern hemisphere *

a) this is also true of the cu*véﬁts in the ocean, rockets
and projectiles. Those who fire a rifle know how they
must compensate for the, dr1ft of the bu]]et

"ind speeds are usua]]y/hwgher over water than over land
Winds are named for/the direction in which they blow

Certain winds blow with predictable reaularitv
a) Trade Winds ,  -b) Westerljes

3 7

Hurricanes - ifie most destructive of the storms. They form -
mostly within 20° from the equator, and may be 30 miles wide.
The eye of the hurricane is the ¢enter of low nressure around
which winds spiral inward at speeds of 75 to 200 n11cs per
hour. Hurricanes.sometimes travel at speeds of 50 mil = per
hour.

Tornados - "rinds travel™at speeds up to 500 mi]es ner hour.
Usually no more than 200-yards across w1th very stronq
upward currents.

£ .3
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- - i ’
_ FACTS ABOUT THE WORLDWIDE SYSTEMS OF HIND3

Horse Latitudes - aré in a region known for its calms or lack of winds. 't lies

across the Atlantic Ocean near the Tropic of Cancer. 5atlors in colonial days
named these areas the” horse lati’.des because their ships were becalmed (unable
to move) and several animals such as horses died beéause of no water In one
report, it was said that one Paf%?éﬁ]Q? ship Tost.so many horses that the waters

around the ship were full of floating dead horses.

.
e

N Doldrims - a belt of calms and Tight or sudden breezes ne;?'thereuuator mainly over
the ocean. The name doldrums means listiessness. Seamen were first to use this
name becquse their sailing s?ips were often becalmed. In the doldrums, the air
movesupward and causes sudden thunderstorms and qustina winds that make this area
the rainiest region in the world. It is also ¥er} dangerous to airplanes because

the turbulent clouas are several miles higher than any airplanes can fly.

é:evaiiing Westeriies - a wind that blows over the north and south'middle latitudes
in an easterly direction. The prevailing westerlies over the Pacific (cean blow
with such a force that seamen sometimes called these winds the prevailing fortié;.
Over the great land masses of the northern hemisphere, the Qesterlies are pfteq
turned from their course by mountain ranges. They are §1so interrunted. by great
cyclonic storms common over lands flvinag from east to west. ' 7

The United States and the southern half of Canada lie within the path of the
westerlies. The direction of these winds may change near the surface but it is
usually steady in the upper éir. The prevailing Eester]ies make flving from west

%

to east faster than from east to west.

Trade Winds - are strong winds that- blow toward the eauator from the ndrtheast

in thé northern hemisphere and Eputheastrin the southern hemisphere. In the days
of_the sailing ships, sailors depended greatly on the gygde winds. Thg paths of *
- the winds were so regular, especially over the dceans, *hat early navigators named
them the tégde winds which in the language of the day meant course or trade winds.
The trade winds are a part of the great system of winds that “Jow over the north
and south latitudes. The difference between the temperature in the low latitudes
" and the femperatures in the polar regions causa the trade winds. The heatina of
the air on the low 1atitudes makes the air expand and become light. “This creates
an area of low préssure near the surface, and the cooler and heavier air from the

polar regions then tends to flow in to fill the area of low pressure.

——
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%

These £§1ar winds do not blow due north or due South because of the eastward whir-

ling of the earth. Instead these winds blow from the northeast and from the

-1

southeast. .
Trade winds have e gréat deal to do with the rainfall on land.
~As the warm air rises
it cools and its moisture falls as rain on the mountain slopes.

‘then trade winds

blow against mountain ranges, they are forced upward.

-

Regions of Calms - are places in the atmosphere which usually have little or

no winds.
These regions of calms include-the northern and south§rn horse lati-

Several areas c¢f the earth's surface .are known reuions of frequent’.
calms. ‘
tgdes,¥the northern and;southern sub-polar reaions, and the egquatorial doldrums.
A11 of these calms may be disrupted.by suddeﬁ storms. : )

e
Subpolar Lows - The gengral c1rcu1at1on of air causes the cold air over the
Horth and South Pole to sink. lh1S sinking of cold air forms_the polar anti-
cyclones. Since the cold air hugs the earth's surface, neriods of calms are not

so persistent as in tWe warmer regions that have calms.

Jet Streams - are found from six to nine miles high in the atmosphere. They
were first discovered by the Japanese durina World War II. The wind speec of
the iet stream can reach a speed of 400 miles per hour and blows from west to
east. - "ilots often, take advantage of the 3et stream to make better -time bet-

ween California and New York.

£i%7
Fi
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_WHAT CAUSES WINDS °

MATERIALS : * Two flasks
. -
Two balances.
Heat source -

-

"PROCEDURES:: Place two flasks on a‘ga}ance and balance.*hem by using
additional weights. Carefully heat one of the flasks
and observe what happens.

EVALUATION: In the diagram above label the flask which has been heated
a) Explain the difference *

Explain why the unequal heating of the.earth's surface
producgs wind T

Why do you think a sea breeze is produced during the day?
Why is the land breeze usually produced at night?
llow do high mountains of the Bay affect wind speed?

'lhat happeks to the surrounding cooler air when
heated air rises over a part of the earth?

3
! ‘ 5

k 1
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7

“STMPLIFIED BEAUFORT SCALE

. . N g'/‘— s 7
Beau . Explanatory Effect of Wind Miies Weather Bureau
fort #.  Titles On-land ’ | On sea ~per hour Forecast Terms..

. : R “less

0 ‘calm smoke rises_vertically) sed completely smooth than 1

3‘, 33ﬁht air smoke drifts_r‘ : . small régp}es 1-3 }éqht

2 [llight breeze Teaves rustle " Ishort, nronounced waves| 4 ~ 7 :

3 §éﬁ%§e iieaﬂek,aﬁﬁ twigs-in crests bagin to breax |8 212 aen&]é

i bireeze constant mction- R . - : .
4- mederéte- raises dus%, 1oose long-waves, many white |- 1 ] )
breeze _ paper, small branches | caps 113 - 18 moderate* -
removed - L, - L F ’
5 ,freéﬁ small trees beain to ~White foaming cresfﬁ 1o N
© | breeze sway everyvhere - 19 - 24 “resh
. - : "] . L ) -
6 strorg ° jarge branches in " large wave crests. - . g
breeze motion, overhead 1lines’jmore extensive 25 -3 strong
v - begin to whistle. ’ S
tmbrellas used with -
difficulty T 7

7 | moderate | whole trees in motion {foam Elows in;streﬁgsr 32 - 38 A
i gzle difficult to walk . . B . strona

2 -] fresh gé?e t%i@s_break off trees |foam blows in s&reaks 39 - 46 gale

g séroﬁg gale 1ight damage to roof _ |foam blows in streaks |47 - 54 ~ qale .

: : and houses : . : -
£ ;L N
1¢ whole gale | trees uprooted high waves, nreat vhole gale
y foam patches 55 - 63 |. e
11 storm widespread damage ships hidden in -1, : )
o troughs of waves - |64 - 75 whole gale
12 hurricane devastation ships hidden in above .
: . : troughs of waves 75 hurricane
3
. . ) %
B .
4733 . 3 -
LT N |
- 88 - | ! ’
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MEATHED AP SY'TOLS AR P
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Fast Wind =

=

calm = 1-4 mph

5 - 8 mph
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- 14 mph

e

J15 - 20 uph

61

67

72

-

Z1 - 25 mph

=

=

32, - 37 mph

38 - 43 mph.

50 ~ 54 mph

7 G_‘ﬂ 55 - G0 mph

- 66 mph

- 71 mph

- 77 mph
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) APPENDIX Zéa

FORMING CLOUDS;

PRINCIPLE: Clouds are tiny droos of vater.£hen the temperature : !
’ gets cold, the drops get together and form ‘ciouds

-
=

. MATZRIAL: - éuart or larger jars
Mafches . PR

Y

T PROCEOURE- 1. ash mouth of jar only (do not aet inside of jar wet)
=7 . : ~ Place 1ios on mouth of jar and force air into jar ..
Rerove theé jar auickly from mouth

EVALFATION: 1) Did you form a cloud? | .

=

L]

Pg§C£ﬁU§€§§ ~ 2. Put about a tab?espeon of, Hater }nzg tne jar
Turn the jar to get the sides wet
Place lips on mouth of jar and force air into it '

- . Remove auickly from mguth
EVALUATION: 1) Was there foq7
2) ‘Has there more or less fog than in Procedure 17 -
- - é i
PROCEDURE: 3. Hold the mouth of the jar unside down
Light a mateh and wait until it begins to’burn steadily
.Blow the match out and let the smgge enter the”jar
Repeat Procedure 1 o
- v .
SYALUATIOH: 1) Was fog observed?
— 2) How does this fog compare to +he fog in Procedure 1 & 2 7
PROCEDURE : 1. 7insé out the jar let drain and dry
Put some smoge inside the jar as explained in Procedure 3

. i . Repeat Procedure 1 | . !
.- : J

\\'

- . ~EVALUATION: ~ 1) -Did a z?cud form?
2) What three conditions are needed to form a cloud?

£
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- - PRINCIPLE:

PRGCEDURE:

£

EYALUATION:

3 B

APPENULX 26D

-

> - HOW CLOUDS FORM ’ o P

* *

-

There are two forms of water that come from a
.‘I

boiling’tea kettle P

-
¥

Any steam generating device such as a tea kettle
B * { -

L3

-

Nbserve and draw what you see happening . .

The Ef%ud near the spout is made upr§f water droolets . )
1. Where did the water come from? :

£ .
2. What evidence from the boilina tea kettle do you -
hdve that shows water in an invisible form? "~ - B

r F -
- #




MATERIALS ;¢ -
T

P

PROCEDURE :

%

-

ZVALUATION:

i

APPENDIX 27

CMAKING AN ANENOMETER

5
i -

=
i - -

Tive half ga?ﬂan milk- cartons
Two 24 inch sticks

Short length of wood

Washer's ﬁ .

Matarproof glue

- Finishing nail . -

Leave about four %nches to the bottom of the milk cartons
vhen you remove the tops ' B

Mount the milk carton bottoms with some thumbtacks to ‘the
pawr of sticks - <

Cross .the sticks in the middle and fasten’ with q}ue and
some e}ectrsca] tape

Drive- -the nail into the crossed sticks and move back and
forth untz} the sticks rotate fregly

. Mount the apparatus on the piece of wood making sure the

washers are between the rrosseé piece and the piece of vood

- Calibrate the anenometer by hav1na someone drave at different

speeds while you count the numaer of revolutions the apnartus
makest

. Khy was waterproof glue used?

hen -you callibrated the 3nstrument, was it hard to count
£ the number of turns?

3. ‘'Ihat would you suggest in order to 1mprove the desian?
4. At what speed did you find it 1mpdsszb1e to count the

- number of turns?




APPEIDIX 28

i

MATERIALS:

PROCEDURE ;

[

-
[

Any material that cambe—cut or sawed into an arro
I ‘ —

such aé milk cartons
Flat stick 12 inches long

Nail
Short piece of wood

EVALUATION:

For best results,
Staplesor thumbtack the po1nter and ia11 of ‘the arrow to

«

MAKING A.WIND VANE
t

H
-

5

cuf the tail part of the arrow at least

\d‘{‘

twice as big at the no1nt

the stick

Drive the nail throuqh the center of the stick and make
Us1ng a washer between the wind vane and the sho:t'pxece

. the wind vane is ahle to turn freely

of wood, drive the,na11.1nto the wood

i

How are *he winds-named?
2. Why is 1t,necessary'to Tocate the wind vane as high

1.7
as possible from the around?
3. ‘hat else 1nterferes with a correct indication of where
the wind 15 blowing where you have your wind vane?
. ‘ .
\x 3 )
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MAKING A BAROMETER

~ EVALUATION:

L MATERIALS:-
; T “Wood base 4" x 12" (any available thickness) -
Balsa strip 12" x 1/8" x 1/8".
@ . N
' _ Dowel stick 1/4" ‘ cmd
v .Cardboard to make a scale
, ) Barometer‘é- commercial to use for calibration
>, - M
QROCEDURE:

Cork

. Seal the small can's topholes with seaiinq wax or if

_Small _can (similar to an evanorated milk cau, —

Sealing wax (7 available, some means of sciderina)

Cork ‘J : C 2

N

3

available a soldering gun ‘
Cement the cork to the ton of the can on its center point -
Place the.can on the wood base

Drill a 1/4" hole in the base next to the can for the

dowel and glue the dowel in its place

Fasten the balsa str1p onto the dowel by means of a stra1qht
pin and make sure the balsa strip can move freely

One ‘end of the strip rests on the cork while the other

is near-the cardboard scale .

Calibrate the barometer by,us{nd'a s.ore-bouaht barometer
or<by using the daily weather forecasts on TV or radio /

it
F RN

Pivot . a

1/4- dowel
1 ' Cardboard
Calibrated

*

I D i “the~poi moves
1. As the pressure ﬁncxeases tﬁeﬂpalgggz es

s

2. If the pointer moves down that means there_is
air pressure. o 4




MAKING A HYGROMETER S

;3 b _ . /.
- /
MATEﬁ;AﬂS: Two ‘thermometers -
-/;/ o Shoestring : 1
S Mounting bo?rd (pegboard) - ;
Small jar (baby food @ars)
PROCEDURE : ilount the two thermometers on the negboard
. Attach a shoelace to one of the thermometer bulbs P
" Fill the jar with water and 1nsert shoelace in Jar .
i
When shoelace i$ wet, fan bothrthermometers and :
record the temperatures . . ’
EVALUATION : 1. las there a difference between the two thermometers7 ’

2. (Can you explain what caused this d1fference . -
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KEEPING A’ WEATHER RECORD - FINAL EVALUATION -

Date Hour Amount  Baro-  Tem- Relative Wind - Wind Type Probable -
& of -~ of metric pera- Humidity Direction Speed of Weather
Day Day Rainfall Pressure ture - ’ Clouds Conditions

*

Mon . . - ‘ i

Tues _ ‘ ; . ‘ .

Thur - o ] 77,,—ff‘”:;;7

Fri

Sat

Sun

Hon

'y

Tues | * - 5 - )

Wed ' J 7 }

Thur

Fri
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Thick cauliflower-like clouds

A yisiblz nass suspended in the air

“To pass off into vapor
-The enve]one of air just above the earth

AMr that is free of motion
Measures temnérature

ACROSS DOWN
1. A®large whirlpool 1.
sometimes cailed a low 5 o
3. Layer of air in which all 4.

‘ .- weather occurs

———eEXflff:iUniajns most of the earth’s , 5.
7 waters: - a6,
ff 8. -‘strUWent to measure wind speed g
10. Tropical be]ts of light winds 1.

. * and calms near the equator
ﬁ§£6. Second Tayer of earth's atmosphere 12.

19:.The=€enter of the solar system 13.
20. Weather band in the separation --711.
and between the 'air masses - . 15
21. Ingtrument used te. measure - iy
« humidity LT
23. fondensed water vapor deposited ]8’
on cooled surfaces : 22.
26. Warm moist air moving in /
30. The third layer of the atmosphere 24.
31. Makes up 3/4 of the earth 25.
'35. A particle with an electric charge- 27
" 40. 'hgn water Vapor in the air 28
condenses and falls to earth *-
g
41. "roduced when rain is carried 29.
aloft and frozen before 1t falls v
to carth — . 32.
43. A violent tr§p1ea} storm with
winds above 75 miles per hours- 33.
45, Water vapor that freezes in the
form of-crystals or flakes 34,
46. A phenomena thst recurs in a 36.
_regular fashion anid in the same 37
sequence -
38.

- 41,

42.
44,

A8

Jistance in degrees north and south
of the equator ¥

Rain that freezes as it falls to earth

Force due to weight of air
Precipitation in form of drops

nay to day changes in the troposphere

_Low pressure, funnel shaped storm
Yijolent disturbance of air’

A representation of the weather for
an area .

Movement of air over egrth's surface -

Winds b]bwingifrom,ghe,east , \

A stream of high velocity westerly =~
yinds bejween 20,000 and 40,700 altitude

‘Iot a solid or a 31qu1d but has we1qht

An area espeC1a11y character1zed by a
type of wind — “

To chanqe water vapor to
water droplets

Highest, Tevel clouds made up of
ice crv?ta?s~

The water vapor content in the air
Frozen water ’ R

A rain cloud, Tow and dark -
Visible condensation of moisture

39.<;Tne invisible mixturé of gases

that surround the earth

A region where a great mass of aiy
collects, usually means fair weather

Tiny particles of water vapor
The center of a hurricane
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- From the map below read the jndicated air sﬁeed and the direc
it is blowing and write it in the appropriate blank.

J—
APPENDIX 33

{
READING A WEATHER} MAP
- s

City
San Francisco
Los Angeles
Phoenix {
Miami L
. HNew York
‘alveston

Windspeed

Birection——

tion from which

YOy Loid rront
B Varm Front
Stat. Front

O cleargy g;i}bﬁ;ﬁd*

rain
Qre@r%ncﬂ @ fog
issin east

wind

Scale in miles
=——go0
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WAVES

1. 'HAT IS A WAVE? - .

[

-

it !

A, llave structure

= -

Upon completion of this unit, the srudent should be able to state that;

1. waves are really ser;es of forms that are pushed along by winds

2. water molecules move in circular moticn -

3. as these particles are moving in a circula- pattern, and the waves
. approach the beach the circles hit the bottom ﬂhich causes the tops
to break off causing brea&ers

-

T L. the “parts of a wave are: ’ -

1k

2) the crest - the highest part of the wave
b} the trough - the lowest part of the wave

5. the wave height (H) is the yertlcal distance from crest to trough

Sgt:the wave length (L) is tfie horizontal distance from crest to crest
= o wave. ieazst};

—

7. the wave period {T) is the time in seesnds for a wave crest to o .
travel the distance equal to one wave length
7

8. the wave frequency is the number of T per second
g, there are three types of waves: -

a) ?rbgress;ve waves - simply 2 series of waves moving forward

, over the water surface> - .
b) Summer waves - " moved by a gentle wind toward the shore B
¢) Winter waves - ° stirred by a strong, gusty wind blowing

- for a long time over a long distance

— »

10. the size of waves is influenced by t:e velocity of the wind,
angle of the wind and distance the hiﬂd has blown, length of time.

i Reference 10 _ Appendiz 1, 2 & 35 -
B, Wave movement : ' - )
. Reference 10 - } Appendix 4 & §°
;% =
ﬂ.;: £y
L3




1.

L.

1v.

THE EFFECTS OF VAVES ON ABIOTIC COMPONENTS

Upon completion of this unit, the student shou}d[?g able to étate;

A. by experimenting and discuss:ng about waves, [the effects of waves
~ on different types of beaches (rocky and sandy), harbaurs and conformation!

- - o Fad
=:x£§§cu“,w £ =

B, the effects of waves on the ocean floor {

Appendiz 7

B

C. whether waves are important in mixing up nutriments in the ecosystem

G

Appendixz 8
D. whether waves have any effect on amount of dissolved oxygen in the water
Appendiz 9
THE EF?ECT:GF WAVES ON BI10OTIC COMPOHNENTS
Upon coﬁbietion of this unit, the student should be ablz to:

A. list at least four aéaptatlons that organisms have to w:thstand waves

Refb?ence 8 ) Appendiz 10
B. what effect waves have. .on the spray zone g
Reference 15 . " Appendiz 11
%
MAN AND WAVES .ol

*

Upon. completion of this dnit,%fﬁe student should be able to state:

A. man's effects on the se2 and the sea's effects on man
) ) Appendiz 12

-

B. that "killer" waves - tsunamis, aré giant waves caused by ;
earthquakes or volcanic eruptions. They are not due to tidal forces

L - Appendix 13 | -

See dppendix 14 for Field Trip
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EQUIPMENT:

» QUESTION:

PROCEDURE :
QUESTION:

DISCUSSION:

APPENDIX 1

= -

PROCEDURE:

- WHAT.MAKES_WAVES?

Sha}]owibqn of water (wall paper tray works nfce]yz

Fi

Electric fan : - -

] " i

Fi11 the pan with approximately 2 inches of water
7
Place rocks on sand at one end of the pan -

Turn the fan toward the water and aote how the
surface is set in motion ,

Increase the speed of the fan

What Rappens to the:i;tt1e vaves?

Now place a ro&k in /£he water and repeat the activity,

How does the obstruction change the waves?
1. What makes waves?

2. What makes wind?

3. Uhat makes earthquakes? .

4, What makes landslides?-

5. What makes volcanic eruptions?
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“PARTS AND STZES OF WAVES

-
il

EQUIPMENT: Shallow pan of water -
’ Electric fan

Spatula

Pigce of glass’

PROCEDURE ; Using the equipment at your station, make waves and
_ observe them carefully. o~
Draw a wave, label its parts:
a) crest )
b} trough
we= - C) length’
d) height

Continue to make waves using the equipment available
By observing the wave-tank, list the four yiqd factors
that inf}uence vave size

" a) Velocity of_wind - vary fan speed

' b) Angle of wind - change angle of fan -
c) Distance of wind blown - shorten length of tank = _
d) Length of time - -~ -

- NOTE: Have glossary available




& ~ N APPENDIY-3 - -

WYPES OF WAVES

EQUIPMENT:

L

-

PROCEDURE :

=

QUESTIONS:
NUESTIONS ¢

EQUIPMENT:

PROCEDURE :

P &
i e e
£ il - ’ s
-
bt

tave tank (see appendix 1)
tlaves can be c1a551f1ed into two types: summer- and winter waves
‘Use the §lossary qd find out what the ‘term means
Experiment 'to make these “types of waves

-Make a drawing.of each type of wave and label it

~ . Lamp placed behlnd tank, so it will stand out o .

et

P

HOW DOES A MOLECULE OF WATER MOVE IN A WAVE?

10 gal aquar1um (thin and tall better than wide and short)
filled with 1/4 to 1/3 tapwater

~Sheet of plastic cut to the exact size of front side of aquar;um/f

Felt pen or black crayon for marking one inch squares on p}astic
sheet - tape to the aguarium e : i}

-

3/4 1nch wooden block cut the exact width plus one third of

the inside of the tank ‘bottom
Long metal or wooden bar attached to the block

x

Cork

=

Place the cork on top of the water, and gently move block of wood
up and down . oy ’

1. How does the cork mqve? Forward _ Backward ___
2. How long does the water move back and forth in the tank

after you start the wave motion (oscillation)?

See Reférénce 2 & 10




b . HOW DO WAVES MOVE?

- EQUIPMENT: Rope, eight feet long
e -
PROCEDURE : Take pieéz of rope and give one end to another studeng\
' Stand apart from each other in a straight line \
‘Hold rope loosely so that it almost touches the ground
Now give your end of the rope a quick up and down riovement
B Watch how this single wave motion travels from one end to the other

4.

P
QUESTION: Did the rope itself move forward? * ' ‘
" PROCEDURE: Repeat the ekperimentfto see hOW—anES~m0VEaiw~f

T

& If yoz} observed carefully, you discover it did not

L8]

s
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APPENDIX 5

=4

“ WHAT IS A 3REAKER? .
Y

=

_ Aé the circle of the wave approaches the beach, the boitom of the ocean floor

pulls back on the circle (or orbit) of the wave, causing thegtop to break off,
forming a freaker. - '

PROCEDURE:  See if you can make breakers in ydur tank

. %
. $
~ "EVALUATION:} Describe the breaker pRinciple.

\ (The particles of water are traveling in circles)




- ' APPENDIX 6 -

HOW DO WAVES EFFECT SHORELINES?

-

EQUIPMENT:  Have tank or stream table

sand . s
Rocks
Fan
Spatula
-~ PROCEDURE : Build a rocky beach in the following formations

- ’

H‘!‘:“‘:

Using summer and then wiﬁter waves test each of the above
conformations i
Describe your results after five waves, then 10, 20 and 50.
Do the above conformation using a sandy beach, using summer
and then winter waves )
Test each of the above conformations

“ Describe your results

/S QUESTIONS: 1. The force of & wave can be as high as 1 ton/sq/ft

What does this tell you about wave action on the shoreline? -

2. Levees are devices which hold back water from the- Tand when
the l1and is Tower than the water level. Levees in the delta
region are made of mud and rock. In the Sacramento Delta
area there are waves creates by wind and boats.

s  What effect would you think wave action has on the levées?

2 ——— =~ —SeggReference 13




APPENDIX 7

L™

H
EQUIPMENT:

*

PROCEDURE:

‘HAT ARE THE EFFECTS OF WAVES ON THE GCEAN FLOOR? -

+ Summer Waves

=
- 3

-

Wave tank or stream tzi:é
Sand (regular and colered)

Fan

Spatu]a'

Piace ;\\ayer‘ef colored sand (making a top layer) oﬁ the -
bottom saﬁds in your tank. . ) =
Let it stand for a few minutes ) )
Make each of the following wavss and record your findings

I v/
Type of Waves (Drawing or sentence)
= What happened to the bottom sediment?

ilinter Waves




APPEIDIX 3

DO WAVES EFFECT MIXING OF NUTRIENTS?

EQUIPMENT: ~ “lave tank s ’ : .
Food coloring
Fan

FRCCEDURE : Take the tark and build & straight sand or rocky shore at one end
Drop five drqgi of food colorina on a dry area of the beach -
Make summer weves '
Measure the leng=h of time it takes for the color to comn?etef§
diffuse (mix uniformly) :
Set it up again, use winter waves :
Set ip up agaﬁn, use nG waves '

Fill in cQart: =

-Type of wave ' Time to diffuse \

Summer

Hinter :

iione :
PROCEDURE : "ix several different size particles together*

Make a beach (using the mixture) at right anales to the wave action

Let the waves continue for a few{iinutes

:EVALUATIO§: Describe what happens?
PROCEDURE: Continue the waves for another several minutes

EVALUATION:  Describe the results ,
Make a drawing and list your conclusions

-

-

t Use sand a gravel mizture, Do not buy colored gravel for

aquarium. It is too light. Try it out before'doing it in
- ' the clags, to make sure it works. The important thing is

to make sure particles are of different weights.

£
Ll

A
,’é ?;” ;
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o PPENDIX 9
- .
DO WAVES HAYE AllY EFFECT.ON DISSOLVED OXYGEN?
SQUIPMENT: ‘ave tank
' Rocks . - \
Oxvaen Test Kit*
. ( Fan * v -
Spa*tula ) ]

PROCEDURE:  Take the tank an¢ build a rocky beach T
CFiT about 1/2 with water )

Let it sit for 24 hours — ™\ ' N

Measure dissalved cygen .

Make summer waves Tor 5 minutes,
Set up again and make winter wa.es -

*
.Fi1? 1in chart
Beginning Surmer tinter ®
9.0, D.0. D.0.
! ’ .
: | i . Trial -1
i I
i _
‘ ! ; : Trial 2
H . .
Y
% 3% Teat Hits are avallable from: R
Fapdly ligzural Seience Tst., Tno, )
.. op 7742 ~
. vneray, a. J8840
-~
.
¥
T . Gee Reference 13

ERIC

Aruitoxt provided by Eic:




APPENDIX 12

=

WHAT :FFECT DO WAVES HAVE Oﬁ PLAVTS AND ANIMALS?

*

EQUIPMENT: Plants and animals placed around the room
Suggested specimen: : ) ‘ -%i
Postelsia (palm kelp)
L{mgets '
Barnacles .
Ch tons ,f\\ . ¥
_or any available specimen .
PROCEDURE:L Select a* }east one plantand one an1na1 and look at it closely
rite doun 311 the things you can to show how it is adapted
to live in the wave action area

-

T . ] Plant {s) - . ﬁnima1(s}
Flexibility .

uold Fast - .
y ) Ability to 7 H
Close up
| SN -
- Gther -

‘
-
A

QUESTIONS: (sugoested organism: 1igia)
Yhat factors 1imit these organisms? &
a) Shifting sand
b) Abrasions
c) Pressure
- - d) Increase silting
- ) e) Grazing Tife
f) others

359
];ngj‘ - 115 -
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PROCEDURE : *“atch the oraanisms beiow to their zone
] {Tow-low; low-hiah; hiah-Tow: “iah-hiah)
T Myssell -
Lidava
Acorn Barnacle
Limpits ’ %
Blenny
Turban Snail ,
Lined Shore Crab .
; Common Sga Star 5 7 - 7
: / ] Raved Star
. { 7 - - teatherfétar ) .
' : Rat Star ) - ~
3 Brittle Star ‘
. e " purnle Shore Crab
_Lgncer Crab : = ‘
Aaareaatina Sea Anemone
Mossy Chiton

f""‘%

Nctopus
flvster . ’ , s
. Rbck Nvster . -

/éun Star .
Giant Green Sea Anemone
Fish N
Sponae ‘

.~ Nutibranch
Atalone
Peanut Worm
Flat Worm
Keln Crab




j R
APPEADIX 10 cont'd

S Y R - s

PRﬁCEDURE: fiive the adantations that nermif'the oraanisms !

o ‘below to Tive in their respective zones.
(Eulittoral: atta&hed to the hottom:
Sublittoral =50 - 200 m in denth) .

«  HMussell .
Lidaya - %
Acorn Barnacle ]
o "¢ Limpits S% _ .
. ,;/’#,/4‘ Blgqﬂv ! . i
Turban Snail - : . !
Lined Shore Crab ° ]
Common Sea Star, . )
- ' Raved 5Star : B
~ . LegtﬁérxStarf - ,
Bat Star L oy
Brittle Star ™ - ' |
‘Purnle Shore Crab T (: S :
Cancer Céab B .
Agareaating Sea Anemone : ’ LT
Hossy Chiton
R “—Octonus™
Oyster ¢
) Rock Oyster
< o Sun Star -
‘ ‘Giant Green Sea Anemone
- Fish -
" Sponge - . /,»*"’
Nutibranch P ¢
Abalone ’ .
Peanut-Horm 7
Fggfehorm e U —
~Keln Crab

]

'
i

48543 -

ELAL
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APPENDIX 11
- i

k]

- 1IHAT IS THE EFFECT 9OF WAVES ON-THE SPRAY ZONE?
i,; * 7
- . ‘ . )
EQUIPMENT : Wave tank
Rocks . ,
E N ‘\
Spoon . .
Bottle cap . -~ .
F’aﬂ f;;;s L, T
s Spatula , Ul
PROCEDURE : Set up tank with rocky shore ; . \ -
) " Put a spgon or - ‘bottle cap in the dr} area-of the rocks
Make winter waves : - d
% . I : 1 -
QUESTIONS: 1. Does’any water splatter? :
. . 2. tlhere does the viater go‘? 1
i > f 3. 0On the beach, in this zone, cou}dw‘:rgamsms Tive in these poo;s‘?
. : ] 4. What problems would they have in sur ing?
[0 i R - o e - —
’ : ) . i
. ’ ) b
5 . < ) - -~
7 - . )
- -]
- G324}
- - P f Afs ~
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APPENDIX 12

EQUIPMENT:

- PROCEDURE:

QUESTION:

PROCEDURE :

(JUESTIONS:

Y
H

PROCEDURE :

EVALUATION:

i Have tank

“WHAT IS THE EFFECT OF OCEAN WAVES ON MAN?
A= : .

_ Sand .
Rocks »
Wood

. <
Set up tank with sandy shore at 45° angle to the direction
of the anes. ’
Using rocks or blocks of wood, try to prevent the sand from moving

Describe your results

-

%re there ény ways to prevent the sand from shifting?

& ré
B

) ) J N
Set up tank with sandy shore at right angles to the direction
-2

of the waves s
Put a piece of-wogd on the sand to represent a house
Make winter waves i

- 1. ihat will happen to the house

2. ‘hat can be done o
H
Using rocks or pieces of wpod, try to prevent the shore from eroding

A

F4
Describe the resu?ts and conc?usxons

-

C a0n . .
;;i.gd .
- 119 - :




"APPENDIX-13

EOUIPMENT:

PRGCEDURE :

3

»

QUESTIONS:

Discussion:

T oW N e
- - » -

,7;‘

/ .
/" WHAT IS THE EFFECT OF TSUNAMIS ON MAN?

. Navé;tank

-

Hater
Thrée:glocks of wood lone should be twice the size of other

E

two)

Place the three wood blacks floating on the surface of the

tank of water:

The large one should be in the center .-
Push down on the center block of wood with some force I

What %appensyto the two smaller blocks of wood?

Try to_explain this , .

What would happen if the shal]er blocks were islands?
What ﬁ29¥d happen if the smaller blocks were houses?

oy =

%

Surfing, fishing (grunion, smelt)
Breakwaters, Pierg

Can mgn-made objects. effect waves, shorelines, beaches?

=




APPENDIX 14

82

FIELD TRIP ACTIVITIES

Run a "line transect” from the shore to the lTow tidal area
Divide into groups ' R

Begin by placing a stake at the base of a cliff .
Drive stakes into the sand (or sub-strata) at reqular intervais

from the cliff to the surf (low tide line)

. \
List below (under your station's flag) all plants and animals

seen in a three-foot square (or cube)

L4

g

Count all species and populations and put them on the profile below
—

For extra data: You might like to graph your findings.
' ‘Hhere does one species leave off and another -beqin?

5 -

Note: Take depth and temperature of the water. Alternate teams, 80

each works in a sandy beach avea,.a Zone two area and zone three

and four.

J

e

% tj&)
- 121 -
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APPENDIX 14 eont'd

e

2.

FIFLD_TRIP ADTIVITIES ,
*leasuring Wave Periods: ‘
A. Choose an off-shore reference point -
BO

'lith the second hand of vour watch, start timing when the crest of the

first wave passes the rock and stop timing when the crest of the second
wave passes the rock. The time intervals.is the wave period. Be/sure
to identify the different parts of the wave.

L ; } T
Te g )

. ) § .
‘lalk along the beach and find several pieces of driftwoﬁd. Theow a piece

of driftwood in the ocean and watch its movement.

What do you observe happening to it at first?
What happens eventually to the driftwood?

R \
Find a good point along the beach where you can_see the waves coming in.

Count the number of waves in a certain period of time. Look to see if

you can group the waves into highs and Tows. Count the number c¢f high
waves and the number of low waves for a full five minutes. )

How many did you cqint B ‘

Where do the high waves break? Close to shore

hoad

s Fariout

Find a good point on the, beach where you can see the waves coming-in.

Make drawings or take pictures of the movements of the waves and figures
they make on the beach (called cusps).

%

Place some colored sand right where the waves come in.

Watch the colored particles and record what happens -to them

& s ™
‘*' -

A2
jlifij
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: _ : GLOSSARY

_— — — - [ S e e = —

BREAKER A wave that breaks into foam,

F
CREST Top or nighest part of the wave
CONFORMATION A completed or symmetrical formation or érrangement
FETCH The distance wind has blowr ‘ —
MOLECULE The smallestbasic parts found in a given substance (gas, solid

or liquid) - made of even smaller units called atoms

NEAP TIDE The lowest® tides which occur twice in,each 30-day period
- (when the sun and the moon are at rignt angles to the earth, the
oceans of the earth remain fairly constant in 1eight along shorelines)

OSCILLATION  The natural "sloshing" or back and forth movement of water within
a bay or basin caused by the rotation of the earth on its axis. )

SEICHE An oscillating or shloshing back and forth of an enclosed body of water
SPRAY ZONE Area along the beach that is *"sprayed" by the ocean waves

SPRING TIDE The large upward movements of water caused by the combined pull of
the sun and the moon on the earth bringing about the areatest verti- -
- cal movement of water. . Occurs when the sun and the moon are in

ta Tine with each other, once every 14 days
SUMMER WAVES Waves moved by a gentle wind toward shore
SURF 7 The region of breaking waves, including foam and spray,
collective term for breaker
SWELL - A wave activity where there is no wind

*

—  TIDAL BORE _A-great wall of water moving upstream, against the natural drainage .

of the stream or rivzr into the_ sea, occurring whefe land inlets .

o narrow sharply and where there are wide extremes between water levels
at times of high and Tow tides -

(Tidal bores occur daily in the Bay of Fundy)

) —~

TIDAL WAVE A term which is misued to describe giant waves caused by earth-
quakes or volcanic-action. "Tsunami® or “seismic sea wave" are
accurate and have now come into use

TIDES The daily, weekly or monthly variations in the water level along
the coasts or edges of continents caused by the gravitational
effects of the sun and the moon on the earth

TROUGH Lowest part of the wave between crests

TSUNAMI - A progressive gravity wave caused by earthquakes or underwater
_ disturbances, commonly misnamed "tidal wave" often called seismic
sea water. "Tsunami" is the japanese word for big wave

WAVE General word for a curving ridge or swell in the surface of water
- ~WAVE-HEIGHT - Distance. between trough and cres®
WAVE LENGTH Distance between each wave crest :

WAVE-PERIOD—Thetime—in—seconds for-a wave crest-to-travel the distance-equal—
to one wave length

WINTER WAVE  Storm wave caused by higb{y%?ds blowing toward:shore
i

R
-123 -
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SUGGESTED FILMS

Waves on Water (16 min. color)

éS!é‘ Simple Waves (27 min.)

- 6547 Beach - The Arena of Sand ( 20 min. color)

6206 Restless éea

FLS 707 The Beach IV: Formation of a Sand Spit

FLS 704 The Beach |: Source of Sand

FLS 705 The Beach Ii: Profile Study
_FLS 706 The Beach Ill: Longshore Transport

FLS-708 Origin of Water Waves




TIDES /

WHAT TIDES ARE

+he student should be able to:

Upon completion of this unit,
f

A. What caused tides?

P

Fd .
state that the gravitational pull of the moon and sun causes
tides and that the moon has more pull than the sun because

* s

-

is clt%er to the earth

£ - -
givé the low and high tide at a specific location as well as
thé time and height by using a time table :

Reference 1 Appendiz 1

4

‘lhat affects tides?

select the correct factors when given a list of possible
factors which could influence tides

Factors affecting tides:

1. Gravitational pull of the sun
2. Gravitational pull of the moon
3, Rotation of the earth on its axis
L. Shape of the shoreline
Appendix 2

Where dors *he water gof?

. s 1
identify which of the following drawings represent low and hiéb tide

Appendia; 3 v

="
=

What are ithe various types of tides? .

state in written form that

1. neap tides are small tides which occur when the moon is at
r:ght angles to the sun

2. spring tides are large tides which occur when the moon and the

sun ate-in line with the earth -
3. daily tides are two low and two high tides occuring daily
4, tidal bores are caused by the shape of the shoreline and
are a large wave cause by the sudden rise of tidal water
5. a tsunami (tidal wave) is not caused by tides at all,
but by a slippage of the earth crust (an earthquake)

W,

fL

i:—%
®
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R

E. ilow do you use a tide table

analyse and correctly use a tidetable - - -~ - - =

Appendiz 4 & &

F. How do you correlate the moon-tide relationship?
; O

complete a graph
Appendix &

G. What is a tidal bore? . . -

Appendixz 6

k1
Il. 1OV TIDES AFFECT THE EARTH
Upon completion of this unit the student should be able to:

A. Tides erode and wet the shoreline

Appendixz-7

B. Tides mix and spread sediments and nutrients

state that tides take nutrients and sediments from the beach
and spread them over a large area

Appendix 8

"
3 L4

- —
»

e

(1. THE EFFECTS'QF TIDES ON INTERTIDAL LIFE

=

" Upon comp}etiop‘B? this unit, the student should be able to:

- - list the adéptationS—that intertidal life has made to living in the
intertidal ’@ne.

They are: -
1. Tresistance to drying ~
2. changing temperatures

3. changing salinity

4. changing wave action

Appendix 9

IV. TIDES AND THE FUTURE

Upon completion of this unit, the student should be_able to:
A. Backflow

state that tides affect the point“of mixing between a fresh water
river and the sea

Appendiz 10

_B.__list_three possible uses the *ides could be put to, and when given a

ﬁroposed use will be able to give at least one possible effect
the proposal will have on tidal life
SR Appendiz 11

. - 127




(

3 . show that salt water incursion occurs when the flow of fresh
— _ water is decreased_. - - I
Appendix 12

NOTE: Sze Appendiz 13 for FIELD TRIP




APPENDIX 1

| . , PLANETARIUM ACTIVITY
The sun's effect:

f PROCEDURE : 1. Turn the earth so that the sun is making a high tide

- QUESTIONS: A. Where else is it hiah tide?
’ B. Is it high tide on the other side of the earth? -- ‘!hy7

PROCEDURE : S 2 Turn the earth so it is now six hours later

*

Where i5.it high tide novw?

QUESTIONS: A.
B. \ihy are thgré two high tides during the day?
C. ‘hy are there two low tides during the day

*’ ~The moon's effect:

at San Francisco. Line up San Francisco with the suh and moon.

QUESTION: A. Which has the strongest pull on the earth?* Sun __, Moon___

Make a drawing

QUESTION: A. How often do-spring tides occur, eath year?

#

* The moon has 2 1/2 times the pull of the sun

Reference 2, 3 & 4

-

NOTE: The planetariun consists -of a gun that has the pZanét earth

PROCEDURE: 1. Use the planetarium to sbow a snr1na t1de, and a neap tide

e —f@%atéﬁguabou$%%éyzand:$ke;mp@n;?@#ating;azuund_the garth.”
Most schools and district IMC centers have one.

- 129
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EQUIPMENT:

i

PROCEDURE :

OUESTIONS:

APPENDIX 2

BEACH-TIDE RELATIONSEIP

‘lave tank {wall paper tray works well)
Sand , S
Kocks or pieces of wood _ fx\\

& ’ ‘2\‘
1. Set up the tank so that one end has a flat, sandy beach
Raise the\water level in the tank four inches ‘

Measure the distance the water moves up the beach

2. Hake a cliff beach. Use either rocks or pieces of wood
Raise the water level four inches .
‘Measure the ‘distance the water moves up the cliff

]

1. On which beach would the organisms be most dependent
on the tides?

e

2. "n which beach would the tides appear to he risina the most?

3. Which beach would have the most mixing of {he nutrients?

L)
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APPENDIX 3

H\HUW

HIGH AND LOW TIDES

"EQUIPMENT: Silly putty ' _
Bowl .
PROCEDURE:  Take the silly putty and drop (plop) it on the table
the shape the putty makes represents h1gh tide on the shoreline
[ \ high . AZGF\L low
Pull up the center of the putty making a peak. This
* represents the pull of grav'ty from the moon and sun
This shape shows low tide on the shoreline
) ' #
QUESTION: =Hﬁﬁfjﬁiﬁvéﬁfifﬁ”fﬁ@’ﬁater:at:Towztﬁde?;244;>~f* —
PROCEDURE : Take the bow}_and slosh the water back and forth, so it

goes up one side and down the other.

This is called seiching and occurs in large lakes
This is.not how tides are formed.




EQUIPMENT:  Use the planetar

jug to, find:
Spring tides and ﬁg

i
eap tides

Neap Tide

Spring Tide

~—"

il

Neap Tide

For daily

§

JAPPENDIX 4. .

vx

tides repeat parts of the planetarium demonstration
(tppendiz 1) 4 i.E;l;
- 132 -
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APPENDIX &

USING A TIDE TABLE

=

. EQUIbMENT: A class set of tide tables (available at sporting goods stores)

QUESTIONS: 1. Looking at the tide tablie, how do you know a minus tide?

-

R ‘ =

a) How many tides are there in one day? Make a guess

b) Why L

2. Look carefully at the tide table for (month})

a) What day has the lowest tide?
(1nd1ca{e day of the week, date, time, a.m. or p.m. J)

3. b) What day has the highest tide?
*(indicateﬂday*of*tHEﬂweek;*date;‘time;*a.m:‘or’p:m.)

4. We will be going on our field trip on __ (date)

a) Nhat‘time is the lowest tide -

- b) How low is it?

-5, The tide table you have been using is for high and low water
predictions for the San Francisce Bay. A correction table is
necessary if you are going somewhere else. Flip through your
table and find the Correct1on Table. On our field trip we will

\ be going to (place)

\a) What is the correction time?

b) What is the correction:in feet?

6. Knowing this you can now figure out the correction factor for
our field trip.

_a) What time will low tide he there?

Reference § & 6




PROCEDURE :

QUESTIONS:

»

APPENDIX 5 eont'd

LU

. MOON-TIDE RELATIONSHIP
) . —

For a two months per%od, using the reference provided, .
draw the phases of the moon for each seven days.

Graph: Moon Phases

Tides
in
Feetﬁ'

vttt bbb bt r e br el

Days of the month

1. Can you see any relationship between moonphase and tide?

2. ﬁhy afzrhéop]e interested in tides?

3. Why are organisms interested in tides?




- APPENDIX 6

LD

TIDAL BORES 7 .

EQUIPMENT: Yave tank ( . .

- Sand : \\\
Beaker ’ N
Rock '

PROCEDURE : Put two inches of water in the wave tank
Using sand, make a long, narrow inlet, approximately 2" wide i \\\
! -

I

QUESTION:  How does this demonstrate a tidal bore?

: - 5
PROCEDURE: Use the wave tank, drop a large rock into the water in thé tank

QUESTIONS: 1. How does a tidal bore differ from a tsunami?

i 2. How does this demonstrate a tsunami?

. L ,3 3. How different is a tsunami from this demonstration?
/

Review Appendix 13 and the glossary in WAVES on tsunamig,
, ' using blocks of wood, ’




EQUIPMZNT:

PROCEDURE :

QUESTIONS:

EFFECTS OF TIDES ON THE BEACH

‘lave tank or stream table
Sand

i

Make a grapua11y sloping beach in the wave tank or strdam table
Gradually raise and Tower the water level in the tank

Make*no waves

1. How would you do this?

) il

h=1

~ APPENDIX 7

.

2. List two effects you can see that the "tide" nas on the beach

1
i s,




i

THE EFFECTS ON PARTICLES IN TIDE ACTION

EQUIPMENT: Wave tank
.+ Sand Particles of different weights (beach is_the best place to get the |
* Food colorira -
PROCEDURE : “ake a gradually sloping beach out of at lTeast two different
' weight p>rticies. Slowly r.ise and lower the water level

Be sure not to make.waves

QUESTIONS: ~ Describe and draw.a picture.of. your results afler 5, 10 and
15 minutes ' '

Does the tide action separate sand particles? ' -

PROCEDURE ¢ *lake a gradually sloping, sandy beach. Add;*wo inches on water

" Place some food coloring on the sand in the "intertidal" zone

Make several high and Tow tides

Be sure not to make waves

QUESTIONS:  Describe and draw your results after 5, 10 and 15 minutes
Discuss your findings -
If the dye was a nutrient that organisws depend on, would |
the tide be helpful to the organism? o ‘ |

wh
oy
L]

.
[

w2
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APPENDIX 9 *

. TIDAL ZONES

EQUIPMENT: Flanne: board or live or preserved sbecimen -

-

PROCEDURE : On A flannel board or chalk board, draw the tidal zones




EQUIPMENT:

PROCEDURE :

APPENDIX 10

CACKFLOM

Wave tank
Salt
Rubber tubing
Epoxy alue
Food coloring (red and blue)

. £
Using the wave tank'make a drain at one end by drillir+ a hole in
one end of the tank,-the size of.a piece of rubber tubing. Put
the rubber tubing in thz hoie, sea! the hole with alue. Be sure
to seal both sides of the hole tigﬁt1y, or it may leak.

Add continuously red salt water and adjust the rate of flow SO
that a constant level is maintained. At the other end add a

- “continuous stream of blue tap water. Maintain the flow of each

_so that a constant level of water is present.

Mark the spot where the two waters mix. Cut the flow of salt
" water (red) to one half of the original flow.

Mark the spot whére the mixing occurs now.

Double the amount of salt water flow and mark the spot where

the mixing occurs. -

Trial Original spot Approx.1/2 times  Approx.two times
measured ffom sait flow salt flow -
the left side (Tow - tide) (high - tide)




r——

APPENDIX 11

N

! POSSIBLE USES OF TIDES
EQUIPMENT: Yave tank
%
Piece of wood
- Water wheel (available in aquarium store)
= PROCEDURE : Place a piece of wood across the tank to make a "tidal wall"®

Side | View

= 5 -

t
l: @o.ter wheel

Place a water wheel under the wall. Raise the water on the
tidal side to four inches and maintain a four inch height.

Have a drain open on the shore side (the water should spill
over the spilliay on the water wheel)

Could this technique be used to generate electricity in the ocean?

QUESTIONS: 1.
4 .
’ 2. Why or why not
= 3. ‘Uhat effect would this have on the shorelife?
4. List at least three other ways in which tides couid be used
for energy production, food or anything else
5. Include potential bad effects that could occur
5
41214
Sy
o - 140 -




EQUIPMENT:

PROCEDURE :

RESULTS:

L

QUESTIONS:

APPERDIL 12

BACKFLOW

YJave tank (equipped as in appendix 10)
Salt
Food coloring (red and blue)

Using the wave tank equipned w{th a drain_add red salt water
continuously and adjust the rate of flow so that a constant
Tevel is maintained, At the other end add a constant stream
of blue tap water. Maintain the flow of each of that a cons-
tant level of water is maintained. i

Mark the spot where the two waters mix. ]
Increase the flow of the blue (fresh) water. Mark the spot
vhere the mixing occurs now.

Decrease the flow ofiﬁlue (fresh) water to less than the
original flow. Mark the spot where the mixing now occurs.

Trial = Original Point Increased fresh Decreased fresh
of mixing water flow water flow
distance from distance from distance from ren
left left left
]
1 -
%

2 .
) E

1. Uhat happens as less fresh water is allowed to flow down
" the Sacramento River to our Delta?

2. To our drinking water?

3. To organisms 1iving in the water?

A
niFls s
- 14 - ( /




PROCEDURE:

=

QUESTION:

PROCEDURE :

APPENDIX 13

FIELD TRIP

Make a line transect starting at the water edge and 1°st the
organisms found.
Continue ygur transect to the high tide level

. 7

1. ‘lhat organism did you find the most of at low tide?

Set up a camera (use a 35mm or better yet a 8mm moyie camera)
on a tripod. Place a marker at low tide and take pictures

at a set time interval (every 5 min for 8 mm and every 15 min,

for 35 mm)

Select an organism and tell all you can on how it is adapted
to living where it does.

i
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INTRODUCT I UN

This section on currents is intended to be a part of a series on Waves, Tides
and Currents. It is hoped that your students w 'l have covered the material

on waves, tides and hydrologic cycle as these concepts are necessary for them
to b%%ab}e to understand fully the physical and chemical properties of water.

In addition to the parameters listed above, @ basic introduction to soils and

weather is desirable in order to fully understand the life that exists under

specific conditions of weather, water movement, water quality and substratum.
Lq

e
E=4

CURRENTS

MAJOR OBJECTIVES:

Upon completion of this unit the.student should be able to explain:

I. What a current is, and how currents move.

. low man discovered ocean currents and how he has used them.

. HQat the effect is, of currents uﬁon shore lines and ocean basins.
1v. Wnat the effect is, of currents upon nutrientsrin the water,

v, tthat the effect is, of currents upon the economy of;man.i

Vi, -The correlation of the above findings (re. the ocean) to the

complex of the Bay-Delta-Estuarine system.

-
H

el
Gt
Q0
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CURRENTS

I.  WHAT 1S A CURRENT.AND HOW DO CURRENTS MOVE?

The student should be able to:

A.

B.

D.

Discover and observe that the total depth {or volume) of a giv%n body
of water, such as an ocean, bay or river, is moving in some direction
or current. -

Reference & - "laves, Tides and Currents" pp. 65-70

Reference 11 - "Let's Explore the Ocean'  pp. 15-19
Observe by experiments that this larger body of water moves in surface
currents and in deep water currents, and that these movements are
similar to the flowing of rivers.

Note: This objective will be fulfilled in the series of activities

listed below.

Reference 2 - "Waves, Tides and Currents" pp. 68-70
Reference 7 - "The .Sea pp. 76-77
Reference 15 - "How and Why of Oceanography" pp. 22-25

Identify the four basic causes of currents:
1. #ieat from the sun pulls water out {up) into the atmosphere.
See Appendix 1

2. Winds blowing in two prevailing directions (trades or westerlies)
carry {or push) the water in their direction of progress.

See Appendix 2 .

IE i
3. Rotation of the earth on its axis creates a 'correolis’ effect
{swings water in a gyral or broad arc) circling clockwise in the
Northern Hemisphere and counter-clockwise in the Southern Hemisphere.

See Appendixz 3 & 4
Reference 7 - "The Sea pp. 76-78
Reference 11 - "Let's Explore the Ocean” p. 14

L, state that the combination of these factors keep water moving
around the earth.

Demonstrate that cold dense water sinks and flows on the bottom of
the ocean, and that warm, less dense water rises and flows on the §urface:

1. Corstruct an experiment to show that where warm and cold water
currents meet, there is first a mixing of the two waters and then
an upwelling or rising to the surface of the colder water.

See Appendixz 5

&




2. Tfurther obsérve that the cooled water will again sink\ to the
bottom and flow under the warmer water which rises to\the surface.

See Appendixz 6 & 7
&
3, Further observe a mixed layer (thermocline), at least recognizing
it by color, between the warm and cold layers, and to state that
this is an area of temperate climate.’

See Appendix 7

L. Demonstrate that currents move faster on the outside (rim) of a
gyral, than in the center (hub).

. See Appendix 8 (Fact Sheet)
: . See Appendixz 9
Reference 7 - "The Sea" pp. 75-80

HOW DID MAN DISCOVER OCEAN CURRENTS?
The student sho&}d be able to:

A. Describe how man discovered ocean currents and how he used them for
transport.

Référeneer 7 - "The Sea"” pp. 76-79
Reference 11 - "Let's Explore the Ocean” pp. 18-15

B. Draw the major currents of the world on a flat world map.
' See Appendix 10-

C. - Recognize and draw. the counter-currents in the Atlantic, Pacific
and Indian Oceans. ’

See Appendix 10-

Reference 2 - "Waves, Tides and Currents' pp. 66-67
Reference 8 - "World Beneath the Oceans” pp. 88-39
Reference 16 - "Exploring the World of Oceanography"” pp. 14-16

. ‘[HAT 1S THE EFFECT OF CURRENTS ON SHORELINES AND OCEAN BASINS?

A. Oraw the major ridges, rises and shelves (ocean bottom topography)
on a flat world map. K

= %

See Appendiz 11
Reference 7 -~ "The Sea" pp. 64-73
Reference 8 - "“orld Beneath the Cceans" pp. 28-23

B. Know how t&kconstruct {and physically do it, if possible) in the stream
table a topographic design of an ocean or bay basin with its coastline.

See Appendix 12

See~above References on "ocean floor"
e

o “Wy 4




v.

vi.

. Be able to demonstrate current flow on the model and describe how it

is affected by the bottom topography and coastline.
llypothesize on how beaches and shores might be affected by variances
in currents.

NOTE: DJiscussion with tea.-mates and instructor on material learned
at this point.

WHAT 1S THE EFFECT OF OCEAN CURRE&TSVQN HUTR IENTS IN THE WATER?

A.

State the effects of currents on plants and animals that live in ocean
or bay waters. (This is intended to be orly a general hypothesis and
not by measurement or chemical analysis)

Draw, or state how the upwelling of currents brings nutrients to the
surface to feed larger animals.

Reference 3 - "This Great and Wide Sea" pp. 130, 131; 140-142; 158-]
Reference 5 - "Phytoplani:ton, Grass of the Sea"

Reference 7 - "The Sea® pp/ 78-79; 84-85; 105-111

Reference 10 - "The Chemistry and Fertility of Sea Waters pp. 10 & 99
Reference 11 - "Let's Explore the Ocean" pp, 59-69 -
Reference 13 - "The Sea, A New Frontier' pp. 13-21

\IHAT 1S THE EFFECT OF OCEAN CURRENTS ON THE ECONOMY OF MAN?

- AL

Jbserve, at first hand, how currents have actually changed shores and
harbours and hypothesize how this has affected the economy or land-use
of the area.
Field Trip: jHaZf'Mbon Bay, Princeton Harbour A\
(talk to Harbour Master, observe
complete change in movement of
beach, effects on the people there)

Describe how waste materials dump%d into the ocean could ultimately
be carried by currents to food producing areas and destroy the food chain.

"Reference 4 - "The Living Sea"
Reference 9 - “Uses of the Seas" pp. 62-98

ADVANCED STUDIES

Be able to correlate all (or any part) of the above findings to the
Bay-Delta-Estuarine Complex.

Be able to test laboratory observations in a real situation by ]
(having been given proper equipment, i.e. Nansen or Van Dorn bottle)
taking samples of water from the surface, mid and bottom depths and
compare their density by salinity tests..(MER manual method)

Be sble to do the same to compare temperatures.




D. Hypothesize that surface currents run faster than deep water currents,

" E. Test student current speed hypothesis by lowering a current meter into
the water and recording bottom, mid and surface readings. Compare RPM's
at the three sampling levels, :

F. Collect plankton at the three levels and correlate their population to
to the speed, temperature amd density of the current. -

-

Field Trips: (to any of the following locations)

For Wharf - Shore: Half Moon Bay - Princeton, ’‘artinez Boat
Harbour, Pittsburg Boat Harbour, Berkeley
Marina, Richmond Shore and Pescadero Coast
or Point Molate (MER Station)

For Boat: " Redwood City "Inland Seas” (Oceanographic
Research Vessel), Pittsburg Harbour . °
(Mt. Diablo, Research Vessel), Upper Delta
by boat or rive to Jersey Island, take
ferry (Call Jaek Freitas, Brentwood)

.;§ r{g 5
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APPENDIY 1

ACTIVITIES - CURRENTS

WHAT CAUSES CURRENTS?

In the four circlesat the right, PRAW by using
arrows, the four major causes of ocean currents.

. Reference 7 "The Sea" pp. 76-66
" Reference 15 "How and Why of Oceanography” pp.22.26

1. What force would be acting upon the earth in
' drawing 1, to make it Took bulged out in the
center? ]

2. Does the sun heat the water at the poles as
/// much as it does at the equator?
Partly at one? , Hot at afl at one?

//’£:> 3. What are the two major prevailing winds?

>

Show their direction on globe 2, using arrows.

4, What did you just learn in your experiment on

the record player, that causes oceans to circle
in gyrals? HWrite it under globe 3.
B Show proper direction,

5. Draw in globe 4, what direction the currents
take when ALL of the first three forces are
working on them.

5. There is also a 5th (fifth) and very
important factor affecting currents.

What would that be?
. Explain it here.

4427
ERY T
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% ' APPENDIX 1 (cont'd)
ACTIVITIES - CURRENTS

To demonstrate heat from sun pulling wafer out (up) into the atmoépﬁ%re.

]
-

EQUIPMENT: & .
. 1. Two pacPages of s111y putty' blended toqether

2. A simple planetarium of the earth-moon-sun, rnounted on a
rotating base.

3

PROCEDURE :
1. Have a short discussion to re]ate sun's heat pulling water up -
to"the experiment on hydrologic cvclina where students observed
that the heat caused 1iquid water to change into vapor and rise

7 .
into the adr. (If-necessary, repeat this experjment to re-
enforce the idea)

) 3
2. For a simple experiment to show gravitational pull -

Let student take the ‘'glob' of silly putty ...I..-
Throw it on the table.
Pull up the center of the mass. qbserve . =S

LET GO of the mass. Abserve

QUESTION: - ‘ : .
. 1. Compare the action of the silly putty to the sun's qravitational
] pull and release of “ocean waters, as the earth rotates.

2. 'love the planets on the planét@rium in the proper direction and - 33 :
'sheck out' how this pull would affect current flow. N
NOTE: Further discussion and experimentation on this concept will come up

N .
again in later experimenis.




APFENDIX 2

ACTIVITIES - CURRENTS

|

To demonstrate the principle that wind drives water in currents.

- - - - - - = - T I R
.
o

EQU. "MENT: —
1. Round basin (half full of water) with equator drawn aiong T

the center of the base and 'poles' marked on the opnosf%e

-4

sides.
Student-maqé bbat of paper, plastic or whatever.
Plastic tubing 1/2" x several feet,
Fan
Fireplace bellows?

" Vacuum with hose attachment.

[o ) TS 2 T - TN VS B A M

PROCEDURE : . .
1. Student can simply blow on boat to observe its course around

the hasin. : : -

Further activity zould include blowinag through plastic tube.

Using the fan or bellows, chanaina 'the°wind direction.

Using b* swer attachmeqt:of vacuum for greater force.
0BSERVE . '

o

( JESTIONS: ) .
1. In open discussion with your team, analyse the direction of

progress of your boat(s) from your different '‘wind® sources
and how it was deflected (bounced off the sides of the basin,
(could the sides of the basin represent continental land m§sses?)

A

"

2. What direction did the boat go, after’hittjng the land mass?

*

-

-
3. Bs you olow wind on your water, does the current you set up

run toward the equator, or toward the noles?
4, What if there were N0 land masses to deflect the currents’

%

P0 THACHER: et students come up with own creciive ideas for ways to demon-

strate wind-dIriven currents.
See also aetivity Appendix 3 using the water basin on the record
turntable to try out any of the above ideas on a rotating basis.

= {-1 ==
-

‘;if
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. SPPEIDIY 3

ACTIVITIES - CURRENTS

= s E
i

- To demonstrate the principle of the 'coriolis' effect; that water moving .
on a rotating surface will move in ayrals (arcs).

EQUIPMENT:
s
1. Record pla;er g )
2. Piece oﬁ\ﬁha]k )
N 3. An OLD récord (clean)
PROCEDURE : -
1. .Place record on turniable
Zi Turn player 1t 78 RPM's
3. Take the cha]kagpd try to draw a straight line from the
center of the record player toward ycurself.
) 4. Stop.the p.aver and obsey'e
. -2
QUESTIONS:

1. What is the shape of your line? __

- " 2. What does this prove?
i
i

3. Does it make a difference if you sloy.down the speed?

Try it. Jescribe the resulis

4

-

5l &
HE
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APPENDIX 3 (cont'd)

"
3

ACTIVITIES - CURRENTS

To demonstrate the principle that the 'coriolis' effect circulates C”“”%ﬁfg/
in gyrals. {”’" ‘

N

EQUIF%ENT:
Round bowl made cof clear plastic

2. iiave.a ring (tube) of clear acrvlic nlastic cut from a
cylinder about 9" diameter x T/4" %hickness x 4" Aeep

3. Zut a larger rinqtof flat acrylic 12" diam. x 1/2" thickness
4. Drill a 1/4" indentation into the exact center of the base

5. Bond 9" ring onto center of top side of flat base,/ué?ﬁé
acrylic bonding -seal. See diagram below. ~

6. Record player with turntable

7. Cut a sheet of opaque white plastic the same size as the
record tufntable, and place upon the turntable firmly.
Place the acrylic basin upon the spindle.

(The opaque base should make it easier to watch the < irrent
movement.s) L. ‘

o

\—.,,,,. jndentation to fit over spindle

PROCEDURES:
1. Place acryiic bowl on record turntable
2. Fill bowl about half full of water
3. Turn record player at 33 1/3 RPM, then 15 RPH, then 78 RPM
*a. Observe the movement of thz water ]
t. Describe it
QUESTION:

1. 'L "4 the movement observed¢represent the gyraling in the
N. 2aern Hemisphere?

NOTE: 3See Appendixz 4 and 5 for further activites using thie equipment.

_FE o =4
i H

LS
F oz
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PCTIVITIES - CI'RRENTS

To demonstrate that variances of temperature and density determine the level

(or depth) at which currents will flow.

EQUIPMENT :

PROCEDURE :

QUESTIONS:

oW N -
. s e e

U‘!-bs.u:\)-—"

oW
. .

Use the same round bowl on the record turntable as in Anpendix 3
Plastic tubing 1/2" x several feet '

nlastic funnel

400 m1. beaker half full of ice-cold, blue salt-ater—

; esh-water .

Place bowl on record turntable and set speed at 33 1.3 RPM's

Set funnel into one end of nlastic hese -

Set nther end just under the surface of water in bowl

oour dense, blue solution throuch fube into movina water
OBSERVE

Pour fresh, warm water solution throuah tube into water -
just under the surface -

QBSERVE

What happened to the dense water?

Did it stay on top, or sink to the bottom?

What happened when you added the warm water?

Khen 2 ccld water current flows under a warm water current
toward the eauator, does the water become the same tempera-
ture throuahout? :

roes this slow the current, or stop it?
Which has the areatest velocity (speed) warm water told
ihy? i

1f the bottom currents are so dense (heavy) as to remain on the
bottom, ithile circulating so slowly do they reriain on the bottom
and mix with bottom currents of other oceans, OR do they rise to
the surface as they approach the eauator?

Discuss this in your group.




Construct an experiment to show that where warm and cold water currents meet
there is first a mixing of the waters and then an upwelline Ir risina to the
surface of the colder water.

EQUIPMENT:

e

PROCEDURE:

H
H

— b

1.

—_ O W oo

4,

JOTZ: this exveriment should be set up with enough jars to run ua inquiry

. " Extre (large) plastic bowl

ACTIVITIES - CURPENTS

A set of four double pint jars (peanut butter jars work well
since they have a rubber Tiner inside the 1id.to help nrevent
leakage)

In the center of each 1id, cut a 1" x 1" square hole so that
they are in the exact spot in each 1id

Jsing black plastic electrical tape, ‘ape the two 1ids toaether _
back to back, so tha. you can screw the two jars into the 1ids

Cut a strip 1 1/2" x 3" (appr.} from the center of the
top of a cottage cheese carton

Cut a slot in the center of the hlack
tape (so that it is between the two
1id teps). This cut should be about
1 1/2" wide, or slightly more to
facilitate sliding the plastic
card in and out.

Container of salt

Food coloring (blue and vellow wgrk well)
flass stirring rod

Ice cubes - a large bowl

Hot plate

Insert the plastic card into the center of the slot in the
bound 1id- :

Fi11 each jar with one of the various solutions 1isted below

Seal the 1id very firmly on the first jar, before inverting
it to screw the other Jar onto the opposite side of the 1id

9roceed with projects listed on next nage

for a group of 4 - 7 students at cne time.

Jave them all prepare their set-up, *hen pull out their cards to time

their project from the same rpment. -

This could lead to a great group discussion (debate)
To save time one student could:mtziup salt sclution for the group.
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APPENDIX 5 eont'd

ACTIVITIES - "URREHTS

Series of possibilities for this project:

Fi1l each of the set o% jars with one of the set of solutions

Fill BOTTOM JAR ) TOP JAR

1. Ice water, 1 teasp, salt | Hot water, gg_salt, vellow cojor
blue color .

2. Ice water, 1 teasp. salt Hot water, 1 teasp. salt, no color
.blue color

3. Ice water, 1 teasp. salt Tap water {room temp), no salt
blue color yellow color

4. Ice water, } teasp. salt | Tap water(room temp), no s.1t
blue color ) no color

Rerove the card from the center of each one and OBSERVE
(Before you do this, hvpothesize what might happen)

VARIATION 5. Set up each of the above, invert the double jars, pull out
the cards and observe.

%

QUESTION Is the moverent of the waters different in any case?
How?

VARIATION 6. Time the -total movement of each set of liquids.

QUESTION What did you observe?
VARIATION 7. Set the bottom jar ( with ice water) into 2 bowl of ice
8. Zeverse any one of them and set in a bowl of very HOT water £

9. ©"lace any one of the prgjects in a horizontal position and
observe the resulis.
QUESTIONS =
- "~ What were you looking for in each case?
Did the results verify vour hvpothesis?

What general conclusions’could you draw from watchina and timing
your projects? .

Diaocugs it as a grou;.
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» APPERDIX €

ACTIVITIES - CURRENTS

Further observe that the cooled, or cold water will again sink (overturn?) to

the bottom and flow under the warmer less dense water which rises to the top.
.

EQUIPMENT: ) -
1. A 5o0r 10 gallon tank
Make a groove in the center of the fank by aluina 1/4" strips cf

acrylic, running from the top of one side of the tank, down and
across the bottom, and up the opposite side to the top.

2. A square sheet of plastic cut to fit the groove exactly*

NOTE: You may also want to cut the top surface of this sheet
in a curve, to show over-flow. The top of the curve
should be no higher than the ton of the tank, nr even
a Tittle bit Tower. )
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PROCEDURE :

1. Set divider plastic into place in the groove

2. Fill one half of the tank with ice-cold salt water, colored blue.
(1f using a curved top divider, fill only up to the base of the
outer edge of the divider sheet,

3. Fill the other half of the tank with hot, vellow tap water, with
no salt added - to the top of the curve. OBSERVE

QUESTION: What happened?

4. Wait a few minutes, while observing.
5, IO null the divider all the wav un Observe ciosely.

Describe the over-ail action _

s
=

* See Appendix 7 for an experiment not requiring the sliding sheet of plasti%.
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APPEIDIX 7
ACTIVITIES - CURRENTS

Further observe a mixed 1:yer (or thermocline) between the warm and cold layers
. (by color) and to state that this is an area of temperate climate.

EQUIPMENT:
1. Use the same tank as for the experiment in appendix 6, only
remove the divider. Fill half full with clear tap water.
2. ilave ready: a) 400 m1. beaker of ice water
add 1 tbl. salt .
blue color (stir until all salt is in suspension)
b) 400 mi. beaker of HOT water
no salt
yellow color
PROCEDURE:
flave one student pour dense, cold water into one end of the tank.
2. Have another student pour hot, less-dense-water into the other
end of the tank.
3. Have students observe, from ev= :evel.
QUESTIONS:
1. ‘!hat happens?
2. Could you relate (compare) this observatign to what qoes on in the
ocean? -- Discuss with group.
3, In which layer would you expect to find the most abundant life?
thy?
4. How might this affect food nopulations in the ocean? "-- and the
human harvesting of it?
- ¥
EXTRA
EXPERIMENT:

Uhen two variant currents meet, how would the atmosphere be affected?
.- Would you have fog?. Whv?

Place ice cubes or small block of ice in your cold water current -
After adding hot water current, place a sheet of glass over the
tank and observe. Tie.in to hydrologic cycle,

- 15% ~5)
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FACT SHEET APPENDIX 8

CURRENT SPEED - VELOCITY

Reading for student - rrior to »:zlocity experiments
g = Y i

FACTS ABOUT OCEANS - ,

A11 oceans are connected. If you doubt this, just look at any globe or map

of the world. |

HOW - think of your hydrologic cycle. Vater is always moving in _some way.

Wonder where the water in your bath comes from? Has it also washed seals in

Alaska - carried along fish in Canada - watered forests in California 7 --

To drain into 'our' Yelta -to be filtered by vour Water District - so YOU can

drink it - bathe in it - swim in it - only to let it go down the drain again -

back to the Bay - out to the sea - to flow down to the equator - up the Kuroshio
current - back to Alaska - to wash the seals - 0 ..... PPPRRITEE ] /,

HOW LONG would all that journey take? N ; ///
Did such a cycle pegin hundreds of years ago? g )
*%x 1/i11 the water that you are working with today EVER be the same again.

BY THE HAY ..oivvevrennnnnns .

Did you know that the word curyent comes from the French word currere, meaning
to RUN? - This is why oceanographers refer tc currents as runnina like rivers
in the sea.

Let's see if we can find out anything about current velocity (speed)!
First - }itile historical side-light might help:

There is an area in the Atlantic ocean called the Sargassc Sea. It was a
problem to 2arly sailors who feit that a ship stranded in the heavy mat of
sargasso weed there would float there forever, unable to get out. Actually,
this mat of sargasso weed was simply smaller mats or natches, about the size
of doormats and not even thick enocugh to catch and hold a ship.

‘lhat was really finally determined was that the water (being the ‘hub' of &
gyral) was almost motionless.

tecause of almost a lack of water movement herc, there is almost no life
existing under the seawee&% since no new water is enterina the hub, it is
not bringing fresh nutrients. 255

Y
- 35{;-




APPENDIX 8

ACTIVITIES - CURRENTS

To demonstrate that currents move faster on the outside of a gyral (rim)

_ than in the center (hub). 4
EQUIPMENT:
* 1. Any kind of a wheel (Tire, Wagonggggpl Yheel cut out of plast1c, atc.)
2. Map measurer (get from Armv surplus Store)
PROCEDURE:
1. HMake a mark on the rim of vour wheel. {This will be vour
reference point) .
2. Set the wheel at its' reference point, nn the floor or table
and turn the wheel 360°. Mark this end point on vour surface.
3. Run your map-rieasurer alona this course and record the
distance and time below.
D s T
4. Now, lay the wheel on its side, and run your map-rieasurer
around the hub. Record time and distance below.
D s T
Compare the difference.
QUESTION:

How much longer would it take water to flow around the rim of
your wheel,. {(gyral) - than around the hub?

+  On the speed of currents:
EQUIPMENT: ’

1. Use the same bowl on the record turntable as in Appendix 4.

PROCEDURE:

*fark a spot on the side of the basin

Set your boat on the water, near the edae of the '‘gyral’

Turn record player on 33 1/3 RPM's

Time speed of boat making one complete revolution

Now, place boat in zenter of 'hub' - center of bowl

. Time spend of one rotation (complete rotation of the boat)

Compare the two speeds

~ N e ) e
- L I B 2 e

QUESTIONS:
1. Does the outside of the gyra: move faster than the hub?
2. How much faster?

3. Do you think surface water would mave faster or slower than deep
water?

4, How could you test youg gygothEsis?

- 160 -
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APPENDIX 11
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APPENDIX 12
HOW TO CONSTRUCT A STREAM TABLE

EQUIPMENT: _

i

el
-

One piece of sheet metal 6' x 3' x 6" Y .
(Have metal shop instructor bend the two ends and two sides

6" in from the edge and weld the corners together so that the -
finished table is 5' x 2' x» 6" deep. At one end, cut 1/2"
diameter hole. Place an adaotop,throuah the hole. (throuah
which a 1/2" plastic tube can be threaded. Secure on the
inside of the tank with a washer and bolt.

Two gallon bucket ) o r
tlater pump (from an aguarium supplv): ‘
Z long strips plasti¢ tubing 1]2“ diameter ) R

a) ore strip long erfough to reach from the water punip in the
bucket to the fyont edge of the stream table

b) one strip tubidg long enouah to reach from the outlet of the
tank back to/}ﬁe waterpump bucket :

Clamps, to hold/the plastic tubing in place -
Various textu/‘_sands, silt, aravel to place in the tank

~ 7. Several plastic sheets {appr. 6" x 2") to use as baffles,
breakwaters, etc. : .

8. Three wedges of metal, cach the width of the tank, to chanae -
elevations. -

a) 2' vridth x 3" height (for mountain elevation)
b) 2' width x 2" height (for.foothill elevation) -
c) 2' width x 1" height (for valley elevaticn)

Cord b -y
I J ~ 2N\
. 7
-4 . 9/
] - \ .
/] Q] Table fbp\ :
0 gony 2t fclamp /
-'£ ey 12 - pa——__
y :'--{" Water level -
ater ' s
Pump ..i‘;.i Hetal Wedges

NOTE: Remove high wedge and brina up mid-size one to end, for foothills
Remove mid-wedge and bring up small one for valley elevation

NOTE: Studénts need to monitor the inflow and outflow from the half-filled
bucket of water gonstantly §Qa§%ey are always in balance.
iid
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