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Without plants there would be no animals, and
plants grow in the soil—a product of weathering.

Every day. we witness changes taking place .

about us as materials ad;ust to their environment
by weathering. Paint cmppmg, metal rusting,
roads cracking, rocks crumbling are all signs of
the never-ending change. This pamphlet high-
| lights weathering . through field investigation of
| our environment—rocks, pavements, buildings.
and a cemetery.

Dr.- Robert E. Boyer is Professor of Geology-

L and Education at The Unjversity of Texas at
Austin. He is interested in geology in the field
and his publications have beén primarily in
field-based studies in structural geology. Dr.
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Rock
Weathering

" INTRODUCTION

' What changes have the Egyptian pyramids under-

gone after almost 4000 years? Do the lofty peaks

of mountains remain the same forever? What

provides the rock material that the Mississippi
River pours into the Gulf of Mexico at the rate of
2.,000;000 tons a day? These are only a few among
many similar, intriguing questions about the earth’s
surface. Understanding rock weathering and its
relation to the unrelenting force of gravity and the
long-term effects of erosion will help answer such
questions. : ’

Minerals, rocks. and man-made products near
and at the earth’s surface are-constantly changing
because of exposure to air, water, and the:ac-
tivities of living things. These changes are called
weathering. Depending on the point of view,
weathering may be either constructive or destrue-
tive. A quarryman interested in cutting fresh gran-
ite slabs for buildings, statues, or tombstones
views weathering . differently from the farmer
plowing fields of loose, fine rock and dirt. To the
quarryman, weathering means “‘breakdown™ or



2/ ROCK WEATHERING -

. , . “rotting,” and the weathered rock loses its useful- J ,
. B ness. But to the farmer, weathering is a fiegessary -~
' ' - processing of rock into the material he needs—soil.
.. Weathering affects all materials—house paint,
‘ glass, concrete, even steel. ‘Any surface exposed -
' to water and air will weather. Some materials -
. merely takeconger than others to show the effects.
- Weathering has been powerful enough to alter, and ,
alter again, the entire surface of the earth. Field .
. trips can enable you to see effects of weathering on
materials in your community,. and to see that the
process is going on continually éverywhere.

- WEATHERING
"PROCESSES *+  ~ o

Most rocks form under,condi’tions very different’
from those existing at the earth’s surface. As rocks .
become exposed to the atmosphere and the hydro-
sphere (the water portion of the earth), they respond
_ to this new environment by weathering. Weathering ,
- occurs not only at the éarth’s surface, but at any
depth penetrated by air.and water. Weathering is
one of the more important processes that occurs
at an interfgce. or zone of interaction. among the
atmosphere, hydrosphere, and lithosphere (the
solid outer shell of the earth).
~ What actually happens to a rock or mineral when.
it weathers? First. it may be broken or shattered
into small pieces. This type of weathering is a
physical process. Second, the rocks can be altered
chemically, generally by removing chemical ele-
ments from the minerals or by adding clements
from some other source. Usually both processes
occur at the same time. These types of weathering
are chemical processes. Although it is simpler
to discuss the physical and chemical processes P
separately because different principles dre -in-
\ volved. they seldom operate alone. Each aids the
. other, and they generally occur simultaneously.

<
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 Physical Weétheriﬁg

In most rocks physical weathering: begms ong.
before their exposure at the earth's surface. hile
stitl deeply buried, they are “under conmderab]é
pressure. (Imagine the pressure exerted at the
bottom-of S000 Meters of rocks!) As overlying rocks
are eroded away, the pressure on the rocks below
is lessened and they expand upward. Frequently
crdcks form, providing pathways for water to

‘move thrgugh the rocks.
Some#imes in deep mines (such as&hg gaid mines
of South Africa), the release of ﬁifessure bursts

the rocks with such explosive violence that miners

are killed by flying fragments. Quarrymen occa-

sionally witness sudden pressure releases that.

cause an upheaval of the quarry floor. For example.
in a granite quarry in Georgia, 4 quarryman and
_his jackhammer were said to have been tossed
two meters in the air when part of the quarry floor
popped up.

Water too can break rmks Water .stored in
hedrock (solid rock usually overlain by loose rock
and, soil) moves along cracks and through mck
pores and other openings. The water in near-
surface cracks and openings freezes and expands
to pmduce a wedging action, which can be strong
enough to fracture the rocks and form new channels

for additional water scepage. As this process is
repeated, more and more Mfpcks are broken up .

(Figure-1).

- 8
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" Figure1. Water freez-

ing and cracking bed-
rock below the sur-
face. .



Figure 2. The wedg-
, ing action of treeroots
_ on bedrock.

-

You have probably seen tree roots growing in
rocks. as shown in Figure 2. Which do you suppose
came first—the root orsthe crack in the rock? The
roots of plants, particularly those of large trees,
can grow not only into the soil, but also into tiny

“cracks in bedrock. As they wedge and pry the

rocky material, the roots widen the cracks. Such
openings are then invaded by water, and chemical
weathering results.

Animals also promote weathering. Some animals
break up rocks by trampling on them. Others
burrow jnto the ground, exposing rocks to the air.
Even the earthworm aids in the weathering pro-
cess by passing losse rock material through its
digestive tract.

Man's continuing efforts to adapt the earth’s
surface to all his needs also effectively help to
break up rocks. Drainage systems, irmsigation
projects, highway and dam construction. and
mining and quarrying activities all cause consider-
able rock “fracturing and carth movement, and
expose large sections of fréesh bedrock to the at-
mosphere.
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Chemical Weathering

Rocks are simply aggregates of minerals, and
chemical weathering is the ghemical reaction of
substances in the atmosphere and the hydrosphere
particularly carbon dioxide, oxygen, and Wwater—
with these minerals. Each mineral is made up of
combinations of a certain chemical element or
clements that give it a more or less distinctive
chemical composition. Elements composing some
minerals exist as ionys, atoms or groups of atoms of a
substance that are clectrically charged because’
they have lost or gained electrons. Picture such e
mineral as containing ions of different elements
held together by the mutual attraction of their
opposing electrical charges. For example, common
table salt consists of grains of the mineral called
halite, composed of two elements, sodium and
chlorine. in i ratio of one ton of sodium to one ion
of chlorine (Figure 3). Chemists have given each
element & shorthand symbol: sodium is Na and
chlorine s CL This mukes the chemical formula
for halite Nu('f.

ROCK WEATHERING /§

Figure 3. (A) Atomic
[qructure of the min-
eral  halite showing
sodium and chiorine
ions (B} Natural ap-
pearance of halite

A more comphicated nmineral 15 a type of olivine
called favalire. 1t s made up ol three elements:
ion ther sihcon (S, and oxygen (O). The ratio
of these cjements 18 Two atoms of jron to one atom

of silicon to fopr atoms of oxygen. held together
by sharfng clectrons between the atoms. In chem
ical shorthand. fayalite is represenfed as Fe,Si0),,

RIC - Ig
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Water can dissolve some minerals. Halite, for

example, dissolves readily—its sodium and chibrine -
jons' become dispersed in the water. On the other

hand, water combines with some substances to
form weak acids. An example is the reaction of
water (H,0O) with carbon dioxide (CQ;) from the
atmosphere. The two combine to form carbonic
acid (H,CO;). This process can be expressed by
the.chemical equation -

HgO +CO, — H,CO;4

. Carbonic- geid is pdrt:cularly effectwe in pmmotmg
, weathering. -

Much of the carbon dioxide that combines with
water in the ground comes from decaying organic .

material. Dead plant matter accumulates and rots -
" to form humus, which contributes carbon dioxide

to the soil, where it is picked up by circulating
water and turned into carbonic acid. Plant rootlets
also produce acids that react with minerals; Even
tiny lichens are ac,tive!-y decomposing the rocks to
which they cling.

Oxygen from the' atmosphere is another cause - -

of chemical lweathenng It combines with some
minerals through the process of oxidation to form

‘new minerals. Iron-bearing minerals are particu-

larly subject to oxidation. For this reason the
surfaces of objects made of iron must be protected
from exposure to the air. A car fender quickly

-begins to rust after the paint has been scratched

off. Furthermore, when the iron in a mineral is
exposed to air and moisture, it is oxidized, and the
mineral tends to separate from the mineral struc-
ture. This process exposes new surfaces and aids
in-weathering.

The mineral fayalite can take part in an oxida-
tion reaction, as shown below. One of the oxida-
tion products is the familiar iron oxide hematite
{(Fe,Oy). .

2Fe,Si0, 1 0, 2F8,0, + 250,

fayalite . hematite soluble silica
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Hematite, and anothér iron ogide, hmomte, are - /o«
commonly quite soft and range in colér from rusty ' o
¥ to yellow-brown. Rub your finger over rusty
iron and notice the color. These same minerals
~ cause streaks of discoloration wheére water. runs
" . over iron that has been left outdoors, as in pipes
~ and fences. The Indians powdered hematite and
limonite, using the réd, orange, and yellow-brown _
colors as “war paint.” Because of their bright = -
" colors, these iron oxides were also once used for
commercial paints. As iron ores they. are impor-
tant in supplying steel mills.
Water alone may produce chemxcal weathenng
It dissociates or separates into hydrogen (H*) -
and hydroxyl (OH") ions, which react with mcmy
minerals:
J H,0 = H*+ OH~

Another source of H! for reactxon is the dissocia- ’ o '
tion of carbonic acid: .

.

H,CO, = H* + HCO," -

ft.is thus not as H,O, but as H* and QH " ions,.
that water acts as a powerful chemical agent on
some minerals, breaking them down by reacting
with their elements.. This process is called hydrol-
vsis, and it affects silicates, composed mainly of
silicon and,oxygen, the most abundant minerals in
the earth’s crust. The hydrolysis of silicate minerals
commonly produces ciay minerals and free ions in
solution. An'example-is the hydrolysis of ortho-
clase, the most common silicate mineral:

2KAISi, O, + H,0 + 2H' -> ALSi,Oy(OH), »
orthoclase . clay
+ ‘§§'0 12K
’ soluble potassnum
silica ions

ll 2 —_
3y .
£
o
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" Water can also lead to chenncal change by ‘F' ,
. andther process called Aydration. In this process, .

* " water is added to the minerals in rocks. As the.

. water is absorbed, expansion tikes, place and new

. .minerals are formed. The mineral anhydrite
o ' (CaS(L) combinés with water to’ form the ‘mineral
o, . gypsum (CaSO4 2H20) as ﬁ)limvs St

. : ' -

Caso. +2H,0 % Caso, - 2H20

The change from anhydnte to gypsum mcreases .
L , _ . the volume by appmx:mately 40 percent. .
e ‘ *  Clay minerals are comimon prodg;:zﬂof chesdical
' -/ weathering processes. There are y different
Y ’ . types of clay minerals. ‘They are commonly com-

o ' posed of snhcon and aluminunt oxidgs in combina-

“tion w:th the other common rock-forming elements

. “like sodmm, potassium, calcnum, and magnesium.

- Hlite “and kaolinite are two common clay minerals.

. s "Swel!mg clays” that expand when wet present
‘ ) " construction. problems. During rainy periods, -
buildings on rock containing such clay may heave,

. cracking the foundations apd causihg the doors
and windows to jam. On the other hand, clay
minerals are used . in the manufacture of bricks
and porcelain and as filler in choco!dte bars and
beauty preparations.

L) -~ . -

~

. THE SPEED
| OF WEATHERING
‘._‘ How rapid is weathering? Does the rate of

weathering differ from place to place and from

~

“time to time?. . v

y About 1500 B.c. two stone obelisks that came-
to be known as Cleopatra’s Needles were shipped
from granite quarries near Aswan, Egypl, andgget
up at Heliopolis, on the bank of the Nile. In the
ancicnt. Egyptian religion the obelisks represented -
the sun, symbolic of light and life, and the daily

13
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Figure 4. (A} Cleo-
" patrd's Néedlo in Algx-
andria, Egypt, in

- 1880’s. (B) Cleopatra’s
NegdleinCentral Park,
New York City, today.

course of Ra, the sun god. About 14 B.c., Caesar
~Augustus had the two obehsks moved to Alex-
anliia to decorate the Caesareum. Still later, in
1878 and 1881, respectively, the obelisks were
“given t6 England and the United States. One riow
stands on the Thimes embankment in London, the
other in+Central Park in Néw York City. Juxta-
posing the appearance of one of the obelisks after
almost 3400 years in Egypt and after less than 100
years in.Central Park provides an interesting com-
parison of weathering rates (Figupe 4).

. The hieroglyphics inscribed on both the obelisk -
in Londpn and the one in New York (Figure 4BJx
are defaced, indicating extensive Weathering.
Some scientists attribute the rapid weathering
to the transition fr@m a hot, arid climate in Egypt,
.where the obelisks presumably remained essen-
tially unchanged for almost 3400 years, to their
‘present variable, moist climates. Others suggest
that they were already decply weathered in Egypt,
and that moving them to the present climates Y
simply increased the flaking of weathered material.

14
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n generaj several factors——mcludmg the nature .
. of bedrock climafic.conditions, and the abufdance ,
_ _ ' of plant and animal hfc‘mﬂuence the rate at which .;l
B - weathering progresses. And -usually the effects
i L o of weathenng take years to become readily notice-
v ‘ -able. A limestone may resist weathering in a semi-
' " arid region like Arizona, showing little aiteration
. after many years; but in -a humid state like Ken-
. . " tucky the same Kigd of rock may develop caves -
, o -« and sinkholes.’ A_sassive outcrop of - -gragite may
e " weather slowlyAn one area, but because of inten-
' ey sive fracturiefg or a difference in climate be worn
, ' away completely aftér only a few years in another
e .. - region.
B . Also important is an area’s topography Thxs
: ‘affects such features as water runoﬁ" vegetation, -
. and the rate of erosion of weathered materials. For
instance, loose rock material and soil will accumu-
late in flat-lying areas, but may quickly be removed
in mountainous ones, thereby exposmg more bed-
‘ -rock to be weathered. .
. ‘ In general, the most rapid chemical weathering -
can be expected in areas with abundant rainfall and
high temperatures. Abundant rainfall promotes
growth of degse vegetation, while high tempera-
tures increase both the rate of plant growth and the
rate of decay of dead plant matenial. “Tha*rctting
plants in turn supply acids to the ground mpisture.
A tropical rainy climate is thus ideal for chemical
- weathering (Figure 5A). In the United Stales, the
humid subtropical parts of several southgastern

states most closely approximate these conditionss ..

although the continental United States dc es not’ .
. have a true tropical climaite.
Physical weathering, by contrast, is mos{ active
where temperature- changes are- frequent dnd ex-
treme, and where rainfall is scanty. Unddr these
conditions. pedrock is commonly exposed to physi-
cal weathering because vegetation is sparse {Figure
5B). Consequently, physical weathering is a\major
factor in arid regions like Arizona and Navada,
and in areas with alternate” freezing and thayi
as at high dltnudexm‘m polar latitudes.

ar™ ‘*‘...
e T
«‘.-"‘ -
15 - " sg
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Figure 5 (A) Temple
rens oy hunnd jungle
(83) Scrub brush n
arid desert
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T PREPAR!NG FOR
. AFIELD TRIP -

S 'Weathenng occurs every\yhe:;e Thereare many
e . *  commen products and results of weathenng to -
s took for on field trips.
A e Does the area you plan to visit d:splay a vanety :
' ' ' - of natural features—such as different types of
visible bedrock, varying amounts of bedrock
\ dtsturbmce, changes in types and dens:ty of vege-
tation, and a vanedmpography" If sb, be sure to
plan your~field trip or trips’so that you visit.as
many different sites of ‘weathering as possible.
. . Comparing field obs.erv.mons of a vanety of geo-
. . logic features will help you better understand the- |
- . weathering processes.. .
It is important.to have the- qecessary eqmpment
. -when you take a field trip. Be sure 1o wear old
. clothes: shoes that protect. your ankies when
climbing on the rocks are also a good idea. The
following materials dre usefu!
Compass : _
Dilute hydrochloric acid (20% solution in a I-o0z
dropper bottle; available in most dmg stores)
Rock hammer (geologic pick)
Hand fens (magnifying glass)
Notebook : .
Felt pen for labeling samples
Pencils with erasers. a few colored pencils |
Pocket knife,
Ruler
12 paper bags

t

FIELD TRIP -
TO AN OUTCROP

Yoqr first question might logically be where to '
find an outcrop to study rock weathering. Some
areas are full of exposed bedrock and outcrops

17
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are easy to find, but in others the bedrock is cov-’

ered by a thick layer of soil and dense vegetation.
If exposures are scarce. check along- all streams
and rivers: their flowing water rapidly removes
loose matetial overlying bedrogk.. Man-made
exposures of bedrock. are an altematwe source:

shows effects of

ROCK WEATHERING /13

Figure 6. Road cut

weathering on differ-.

ent rock types.

Check road cuts ‘and quafry sites or any. area

where there has been construction work (Figure 6).

After choosing a good location, be sure to get

permission before going on private property. Obey
all trespass laws. Landowners are generally cordial
and willing to have you on their land {f you ask them
before you enter their property. When you armve
at the outcrop. first get an overall impression of
the exposure you will be studying. Carefully look

over the terrain; observe such features as topog-

raphy. drainage. size of the outcrop area, and

-vegetation. Then ask -yourscif: “Why is there an

outcrop here? How did it get here? Has it been
herea long time?” :

18
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When you begm to cbserve weathenng of the

ouicrop, also consider the.following factors: - . |

s 1) The kind of rock exposed and the identity of-
e - some of its minerals. - L, .
: .2) The changes you’ngtice by contrastmg sam- -

ples «f fresh and weathered rock, such-as

T . ' their color and hardness, and the size, shape, '
% 4 . and ément of parpcles g
3) The physical and chemical’ weathenng pro- -
o . _cesses that have been active, and the relatwc.
e, ‘ S imgportance of each..
o " . 4) The economic xmpl:catmns—both favorable
v 0 and unfavorable—of th:s weathering as. nt
' affects ' man. : o
5) What the weathenng products are. ,

How to Examme the Rock

Because weathering can be considered an ad-
justment of materials-40 a new environment, you
should first look for any changes thdl have taken

Lt p!dtc -

It is xmportani to have représemutwe samples
of fresh and weathered rock. Look over the out-
crop carefolly. then decide where to get samples
of both kinds (h‘ure\?} Get a solid piece of .
weathered rock, avoiding highly crumbly areas.

" Break off a piece of hard, firm rock to get a sample
“of fresh rock. Be caréful when striking rock. Smail
chips may fly off and can be dangerous, especially
to the eyes. Shield your eyes, and do not hit rocks
while other people arc standing nearby. ‘

, Inspect the two pieces of rock carefully, observ-
L ing their similarities and their differences. Then
use your hand lens to examine the individual min-
crals in each sample. What visible features are
different in the two samples? Remember—such
. differences are probably the result of weathering.
Color is probably the first feature you will note.

¢ (ompare the two samples for overall color. Then
check the’ wmr of the mincrals in each sample. Do

you notice any changes in color between the fresh

18
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"-and weathered samples? Does one sample have
* more minerals that are dark colored" ot

" Hardoess is a property that can be easily tested
* The hardness of.a rock.is related to the strength

. A
-

ROCK WEATHERING /15~ -

with which the individual mineral grains are held -

togethers Henck it is a measure | of the cementing
-or interlocking strength of a rock Test the rock
haldness by lightly: hitting or rubbing the samples

with your-hammer. Does the rock crufable into '

L -loose matenal.for does it remain hard snd firm?

.

WEATHERED EXTERIOR - . FRESHINTERIOR

- . ¢ . _’, Q
Mineral hardness refers to the resistance of &  Rigure 7. Contrast

 mineral when you try to scratch it. The amount of
resistance mdxcates the compactness and fi irmness
of the arrangement of atoms inside the mineral. This
type of hardness can be tested by trying to scratch
‘the minerals with your pocket knife, a penny, or
even your fingernail. If evgn the pocket knife can-
not scratch one or more of the minerals in the rock,
try scraping the edges of these minerals against
the knife blade to see if tifey age hard enough to
scratch it. Does one sample appear to have more

hard minerals than the other? o

Rock fabric is-the arrangement of the pamdes
(grains, minerals, rock fragments, fossils) in a rock.

Observe the arrangement of particles in both the

.‘ 23 - 5
- 20

between fresh and
weathered rock. '
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fresh and the weathered samples. Do you see ahy
alignment .in ‘the rock fabric—bands, layers, or
o : wavy streaks? What is the effect of weathering on -
S, . 7. therock fapric? Canyou see the fabfic more clearly

. 16/ ROCK WEATHERING L.

RO o in the fresh or in the weathered sample?” . ~
o o On gloser inspection you may notice that some ..
L . particles- weather more rapidly than others; con-
‘sequently, the particles "with more “resistance

: - (quartz, for example) stand out on the surface more

L . layered; then a layer of the more resistant parficles -
~*» . . * may be next to a layer of pasticles that weather
SN more rapidly (Figure 6). This, is called differential
. _weathering> T .0 < o o -
‘ . The reaction to diluté hydrocitloric acid (HC1) may
. " be a.useful test of the degree of rock weathering.

4 - - The H* iops from dilute HCI react with carbonate .
s e rocks (most commonly the mineral calcite, CaCOy)s
o carbon.dioxide (COy) is set free in the form of a gas;
- a¢'shown by the verfical arrow in the equation:

3HC! + CaC0, = CO; 1 +H,0 + CaCly

T .- . - . -

The escaping carbon dioxide causes the rock to

bubble and foam. The rate at which this occurs can

be used to measure the relative amount of calcite

‘ present and, thereby, the amount of weathering that -
has taken place. ) S

. - Several processes that oc’c):ur during weathering

tend to increase the foaming. As rock is weathered,

_it-becomes softer as the attachment between in-

B * dividual grains is loosened. As a result. the acid

o , penetrates the rock more easily. Since the acid

then comes. in contact with more rock surface, if

- this surface contains calcite the rock will foam

more freely. Also, as water moves through rocks

during weathering, the carbonate material in solu-

o * -“tion is commonly precipitated as -calcite, whigh

o " coats the fracture surfaces and fills rock pore

' ‘ spaces. This tencentration of calcite is detected by

. increased foaming. Again, the weathered sample

R should foam morefreely than the fresh rock sample.

& ! . *

y than weathered particles do. Perhaps the rocks are L
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Joints are fractures or breaks, common in all

-« rocks, that generally occur in a regularly arranged

~pattern (Figiire 8). They dfe formed by such meth-

- ods as the release of confining pressureg .through
the erosion of overlying racks, the . contraction
when rocks are formed as melted ‘mateifals from
the earth’s interior cool, the compaction of loose

~sediments to form sedimentary rocks, and the
squeezing and folding of rocks. causcd by move-
ments within the earth. .

] Joints, play an tmportam role in rock weathenng
' They are excellent channe.lways for the circulation
of water downward through the rocks: this watér,

- in turn, widens the joints by dissolving mmerals.
by decomposn(g rock next to the joints, and by

carrying away fine-particles of loose material. The
joints may.be further expandéd BYwroot wedging -

and by freezing and expanding of‘trapped water,

-

P

s

T

Figure 8. Bedrock

" showing the effect of
in weather-
(A) Cretaceous .

jointing
ing.

limestone in William- -

" son County. Texas.

(B) Paleozoic sedi-
mentary rocks in Bur-
net County, Texas.

‘ROCK wsamemnem -
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_ . Look for the root systems of any trees or large -
4 shrups that may be._growing near the outcrop. See

PREe R . .

_if these rtoots follow -along joints, that- are present -
, * in the outcrop. Do you hotice any grasses or other .~
' , .+ small plants grbmng along the joints? s there any
P : discoloration in the mcks aduacem to -the _;omts’
o .+ « (Figures 2 and 8)?
" Look for other features that may aﬁ’ect the way
. the rock is weathering, as, for example, the bedded -
" - layers of sedjmentary rocks or the mineral bands =~ .
or layers in some igneous and.metamorphic rocks. X
These features may act as zones of weakness alonf -
. which the rock ‘subdivides into boulders and slabs.”
. > Rocks. with closely .spaced planes of _weakness, -'
| such as thinly bedded- shale or highly fractured
* deformed rocks, weather more rapidly than un-
fractured rocks. Cuunt the number of joints as you
walk along the outcmp for a distance of three
- - meters. Compare the number that are hair-thin or
' . unweathered with the number that show SOmE -
width and are deeply weathered.

Rock debris consists of pieces of rock that ‘were
loosened from the outcrop and fell to the_ bottom of .
the slope. The smaler ones are washed away by

. heavy rains;. the larger blocks continue to weather ~
-and break down to finer pieces. Pick up some of the .
fragments lying loose at the. base of the outcrop'_ e
and look at them carefully. Since they ¢ame from -
. the outcrop, they contain the same minerals.
.. The soil profile consists of several zones or “*hgri-
zons"™ of loose rocks and soil between the bedro¢k
and the ground: surface The upper zones may be
rich in .ofgdnic material, decomposed rock; and
“products of chémical weathering such as clay min-
erals, aluminum, and iron oxides. These are the
zones that support plant life: farther down, the
degree of chemlcal weathering decreases and the
: .material s:mply becomes ,lome rock debris that ‘
e . prades into the solid bedrock below (Figure 9).
Figure 8. A_soil pro- .~ . . e
. fife . developed on Sec if you can observe the changes in the nature‘
granite shows weath- Of the soil profile from top to bottonr. Notice how
" ered horizons. the rock fragments change in size as you move from

-

: . I

. : ‘ o o ‘
.23 .
AR ’ : .




E - tered,, partly . altered and slightly -altered material.

 comparing the degree of weathering of this gock

" beds. Sedimentary rocks such as sandstone and

i
L RS

s

the su:face down to the unweathered bedmck and
-how_ the color of the materiad changes. Finally,
_Tneasure the thickness of the weathered rock and,
_if possible, subdivide it into zones of highly al-

" This breakdown will give yoli a good basis for

with the weathermg of other rock outcmps you
may visit. - -

- Sedimentary Rocks ‘

Bedding or }ayenng is present in neariy all mcks -
that have been formed as sediments became
pressed together. These are called sedimentdry
‘rocks. Variations in such features as,color, grain
“size, and grain compesition occur in the individual

shale, which are composed of rock particles -and
‘mineral grains of various sizes, show the bedding
‘pattern most clearly. If the outcrop you visit is
sandstone or shale, carefully examine the material
that makes up the different beds. What differences
d:stmgmsh one bed from another?

Can you’ recognize that some beds are more
weathered than others? Differential weathering
may have resulted from differences in the composi-
.~ tion and size of the materials making up these beds.

. What features made some ®eds less reslstam 1o it
" weathering? , 3
Now look at the surfdces between beds, called }

the he;!dmg planes. Do you see any evidence that " *
wedthenng has been more severe in the rocks ad-

jacent to these planes?, Are there any plant roots
along these .planes, of is there any evidence. that

" the rocks along these planés have been pried or .~
loosened? '

" Joints and bedding planes control the shape taken

by weathered fragments of rock. Shales often have

closely spaced joints and thin beds, so their weath-

ered pieces occur as chnps and fragments a few _

centlmeters long. In contrast, sandstoncs, tend to cr
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Figufe 10. Role - of

solutions” in the " de-

velopment of caverns

in-limestone bedrock.
s *

~

;...  bemore thickly bedded and to have widely spaced

. . 777 joints: they c_haractetistically‘break ‘into - large
.. blocks. -

Sandstoné and shate form by the accumulatxon s
of particles of weathered rock, but not all sedi-
mentary rocks have the same origin. Some are made
' ' ‘from material precipitated from solution. Rocks
. formed from precipitated material include such
. o deposits as anhydrite and rock salt and many
: carbonate rocks, compczsed theﬂy ()f the mmerals
‘ calcite and dofomite.

o . 7. . Much weathering of carbonate rocks occurs as
' +water' percolating down through them disselves
the material of which ‘they are composed. As the
dissolved material is carried away. spaces open
in the rocks; these spaces may enlarge into caverns,
or.caves. If the outcrop you visit is carbonate rock.
Jook forevidence that the so}uuon pmcessr%as been
S at work. Do you see any openings. alon&, ‘joints or

L ’ bedding planes (Figure 16)? :
- If the openings in the rocks become ldrge enough,
the overlying material may slump into the open
spaces and disturb the bedding. This slumping may

muike the surfate of the ground highly irregular &hd

even cause pits to develop. Are therg any known
caves in your area? If s0. can you spot them by the
surface topography?

25
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Igneous and Metamoi'phic Rocks |

Mary igneous and metamorphxc rocks, which

~ develop from the molten material deep within the |

earth, occur as massive outcrops with few joints

- or other plane{ of weakness. Others may be exten-

. . sively jointed. These rocks may- weather to form

- shells or sheets, which peel off when you pry them

with your pick. or they may become rounded by

weathering—a  characteristic of coarse-grained -

rock such as granite (Fxgurc 11). The igneous_or

metamorphic rocks you examine may COntain min-

erals in bands 65 prominent layérs of different fock

types. If they do, these layers or bands may affect
the weathering, and the weathenng features yau‘

find may resemble- those in, sedxmentary r0cks .

R

| Figure 11. (A} De-

* velppment of exfolia-
tion, or scaling, in
massive naonlayered
rock, shown diagram-
matically. (B) Exfoli-
ated boulders in an
outcrop.
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R Sketching the Outcmp

. Frepam a detzuled sketch of the outcrop. Make rt’

large enough to mclude a sectian of outcrop ahout

five meters wxde and ‘extending upward’ from the
“base of the exposure to the top of the ground (in-.
" cluding the soil). The sketch should include the
following observed weathering features: o

- 1) Soil' profile. Try to subdivide it into layers :
based on changes in color, size of rock frag-
ments, and general abundance of orgamc ma—

_ tenal , . h :

2) Bedréck lnclude

~a) Color changes in the rock. . )

b) Joints; draw their pattern as carefully as :

- possible. ‘ :
~ ©) Bedding, layering, bandmg, and other
prominent features of the rock fabric..

d) Differential weathering, - .

e) Rounding or ofher changes in the shape 0

_bedrock blocks; stress particularly an
.effects that may show a progressive change E
from -top to bottom of the bedrock ex—~
posure.

‘£§ Sluritpage or other disturbances of the rock

« » that may have occurred as materials were
dissolved from between rock layers.

g) Any zones or defined limits of rock (for
example, _mmt fillings) that react to d;lute '
hydrochloric acid.

_ H) Any other bedrock features that appear

. significant.

3) Rock debris at the base of the outcrop. Some
areas ‘may lack such material, but otliers may
‘have prominent concentrations of loosely,
piled rock debris. The position of this debris
may be directly related to the quantity of bed-
rock in the outcrop that has weathered.

This detailed sketch is your permanent record.
You may also wish tp photograph the outcrop. If
so, first take a picture showing the entire area you -
sketched. Then, i you wish, photograph some of

27
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Y -thie detasled featgres. AIWays mclude a person or .
. a familiar object, such as a hammer, ruler, Or note-
R book m the pncture to mdzcate the scale of the view.
Sampling for Laboratory Study e
You may also wish to take samples for later
" examination in the laboratory. So that your data
will be meaningful, carefully "select each sample as o
representative of the rock. Samples should be care- o
fully labeled. Don’t forget to indicate where each .
sample was taken on'the outcrop sketch This pra-
_ cedure makes it possible later.to correctly relate
-your laboratory studies fo the outcrop.
Several laboratory investigations can be used to
measure changes that occur as rocks weather. For
. example, since rock density-decreases as the rock
" . weathers, one interesting experiment is to measure
- and compare the specific gravity (density per unit .
volume) of a fresh rock with that of progressively {
more weathered samples- of the same rock. To do %
~ this, sample the rock both where it has been ex- !
posed for a long time and, by breaking out some . !
rock, below the surface whert it appears fresh. If
one is available, use a Jolly balance, a double pan
ring balance, to" weigh each sample in air (W,)
and in water &W,.). The spemﬁc gravity is deter- ‘ .
« mined as follows: /

specific gravity = W w~j—’w~ e
a w Py h
. Ce 2«

The ehemu.al cnmpmmon of the rock, which™
t‘fmnges during weuthering, can also be measured. ' RN
Changes in calcium carbonate (CaCQO;) content are

easy enough to estimate by applying dilute hydro-
chloric acid to the samples and noting the degree
of foaming. .

Weathering processes such as hydrat‘!on and oxi-
dation can be reproduced in the laboratory by
using inexpensive materials. commonly found at

. home or school. Study the factors. such as solutions,

28 -
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] temperature, and particle size, that affect the rat |
of a chemical reaction. For example, compare the"
rate of rust formation (an oxidation process) of a
Y steel-wool pan cleaner and an iron nail under vari-
ous.conditions. Every day for, one week, observe
ST . samples of each kind of iron dry, soaked in tap -
Figure 12\ Student water, and soaked in salt watér. You can also vary
. :::5“;:2\‘;9 ﬁ%‘éﬁ“{h:’. temperatures. by using.an oven. Or, observe hydra-" "
have weathered. v _ gicn by adding water to plastgr of Pan‘sfand observ-- .
‘ o . ing how the plaster of Paris- swells. What other
B L ~ ma}erials can you think of that will react quickly to -
\L i~ water? Try yesdst and salt.
¥ \L ’ :
N

—

( .

7. NEIGHBORHOOD FIELD

M

A,’A/i‘ /

TRIPS s
. Brick Buildings

Walk past several brick buildings in your town
/ , . or city. Choose an q‘ld building with unpainted
bricks. Buildings of that.period sometimes have the
date of construction on a cornepstone or near the
front top arch. Examine the brick walls carefully
and watch for the following features (Figure 12):
%« 1) Is the brick surface smooth or rough and ir- -
regular, or does it vary from brick to brick?
- 2) Are the cornars of the bricks angular or

rounded?
.28
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3) Are the brick-edges straiglit or irregular?-
. 4) Are there many cracks or chips in the bricks?
- <L 5)1s the coloi of‘the bricks uniform, or does it *
- differ from brick to brick? Does the brick have: -
t a different color where it has been chipped? . p
6) Is the mortar between the bricks nearly {ymh -
with the brick surface, or do the bricks pro-
trude more than one centimeter bcyond the
. mortar?
. Next, examine ihe walls of @ brick bunldmg bu:lt,_
_in the past 10 to 20 years. Go through the same list
" of guestions and compare your findings for the two
buiidmgs(hgure ISA) T

-Figure 13. (A) Con-

walls of brick build-
- ings.

frast. of fresh and .
weathered brick on
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Figure 13. (B) Graph
compare§ weathering
features of bricks on

~buildings erected in
different years.

Do you think that byexamining the bricks you -
can cstimate the age of mest brick buildings?
Choose three brick buildings built about 1900,
1930, and 1960, respectively. Visit each of them
and, at eye level, observe 100 byicks in.a row.
-Count and record how many of the bricks in each
group of 100 show the following features:

1) A rough and irregular surface.

2} Two or more rounded corners.

3) At least one long edge that is :rregular

4) A crack or chip.

Also cstimate the average Ystance (in milli-

meters) between the mortar and the brick surface.

ERIC 3
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“Then, compire your data on the three buildings ISR

and plot the results (Figure '13B). For each build-.- ..~ " . ~- .
ing, drawa honzoma} bar from I&ft to right out to - LN

. --¢he~number

of . bncks that showed each- feature. -

. Label this bar with the age of that building. In the--—~ -

mdxcate the average depth of nrortar

-~

'below thé:brick stirface. When you have done this e
for afl three buildings, you have. measured the
weathering features of the bricks and graphically

demonstrate
buildings. -

d their relation to the age of the

~ -Next, test your data. Choose. anather bmldmg——- :
. one whose age you do not know. Study 100 bricks
as ‘before, and plot your new data on the graph
Then compare your findings with the record for
the other three buildings. From these results, es-
" timate the age of the undated building.

. Don’tbe surprised if you find that occasionally an
old brick bunidmg has withstood weathering better
than a newer one. Bricks are made from rock ma-

- terials, and

the materials used durmg one period

of time or by one brick factory probably differ in

composxtmn

from those made at another time or by

another factory. Then, too, a building may be rela-

tively more

or less sheltered than another of the

same age. Would you expect a building located on a
windswept hill to weather at a different rate than
one protected by trees in a valigy?

Sometimes your results may vary, depénding on
which side of the building you examine. Have you
ever noticed how snow melts faster on the sunny,
southern exposure of a hillside? Along many east-
west highways in mountainous regions, and in the
northern states during the winter and spring. it is

common to
north-facing

sece banks of snow restricted to the
slopes of road cuts (Figure 14). The

slopes facing south have been exposed to warm sun
- that has melted their snow. Has this also affected
the degree of weathering of the rocks on the op-
of the highway? The north side of a .

posite sides
building will
will remain

same reason. -

Q

not only have snow near it longer. but
wet longer after a rainstorm for the

3

:"32



Figure 14. Snowbank

reinains  on north- -

facing slope of road
cut . (right), has dis-
appeared on south-
facing slope (left).

-

Careful observation may also reveal that the
sides of a building with greater exposure to«mois-
ture may contain abundant algac and lichens and be
‘more severely weathered. The rows of bricks clos-
est to the ground generally show a higher degree of
weathering; so do those around doors and windows,
particularly at the corners of window sills. Here
again is evidence of a relationship between €xpo-

~ sure to moisture and degree of weathering. What

effect might prevailing wind direction have on the
weathering % a building? To ensure the greatest_
accuracy in your observations, try to be consistent
and always study the same side or exposure of the
buildings you compare. If there are hills in your
area, compare the amount of vegetation on the
north and south slopes. Which have more vegeta-
tion? Can you explain why? ,

1} When old buildings are torn down, the bricks
are saved fop building new homes. Why do
you think these “‘antique bricks" are consid-
ered so desirable by home builders? '

2) Buildérs sometimes use. bricks made with
rough. ribbed surfiives when constructing new
buildings. We would expect bricks with such
surfaces to weather faster. Why are they
used?

Old stone- buildings or those with stone facings.
are also interesting to examine on a neighborhood
field trip. These can be studied in the same manner

* as brick buildings.

33
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".Tombstone's'ﬁj’aCém'etery': . A

.o th a cemetery and exammc tombstones made . :
e of different rock types such as granite, marble, and - T
- limestone. Compare- tpmbstones in fiewer pans of T
the cemetgry with those in older sections (Figure‘ , R
[15). In many cases it is much more difficult toread.. = . . T
_ the inscriptions on the’ older mmbstones Remember : o
... that a cemetery should be -visited ‘with proper - o
5. respect. ‘Do not- deface tombstones ar destroy - ce
| private property. Also be.cautious -about the dan- '
gers of falling tombstones. Many | headstones con- -
sist of a tall engraved stone_ that rests insecurely
. on a flat base stone and can be easily toppled. Thxs _
s *xs especially true in ‘older cemeteries. '
1) Compare the color of old and new tombstones :
of similar rock type. Notice how the surfaces -,
of the older ones are commonly discolored—
spotted or stréaked. Do the spots or streaks- .
occur with respect to any arrangement of
particles in the rock?
2) ‘Examine the individual minerals within these
same . tombstones. Some minerals have
changed more than others, both in color and

»

Figure 15 Coﬁpsﬁ-

hardness. Are these generall)‘ the lighter or gon of old ahd new - '
darker minerals? o tombstones.
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5)

6)

Do you see any stams on the tombstones‘? If

‘s0, what.minerals appear to be the source of
this staining? '

Compare the nature of the surface of old and .

new tombstones. Use a hand lens to see these

the rock stand out in relief on the surfage?

--4n banded of bedded stones, do some layers

stagd out on the surface?

. .

features more clearly. Do some particles of .

Notice how irregular and worn the edges and - |
corners of many older tombstones are. Look . o

for spalling, the breaking loose of flat chxps
or flakes, of these stones.
Examine the different types of mck fmm

_which the older tombstpnes were made. In’

many areas a “local stone” was commonly
used for the old tombstones. What types Qf

rock are most common? Do you recggnize - ;
any as similar to local rock types? Which of

them appear to be less weathered?

7r Why would you expect tombstones made of

8)

limestone and marble to withstand weathering:

conssderably better in Nevada than in Ten-
nessee?

Do you know of a readily accesstble type of. -

local stone that could be used for making

. tombstones for your cemetery" If it is noﬁ-_

9)

being used, why not?.

Do you think that by studying their weather-

ing features you could estimate when the
tombstones were erected?

OId Concrete Sldewalks

hnd an old sidewalk made of concrete and exam-
ine it carefully.
1) Why is such a s;dewalk (or a concrete hxgh-

_ way) commonly cast in separate slabs?

2y Many older sidewalks show cracks. What are

the possible causes of this gracking?

3) Find a place wherc.a large tree is growing

close fo the sideyrglk. Has the growth of the
tree had any effect on the sidewalk?

35
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| Sione or Cdncrete Pillafé

YT

. Walk amund a p:llar made of stone or conérete;
look carefuny at the surface, Notice that the weath-

" “ering is not uniform, but instead shows marked dif-

ferences depending on the exposm*e If the piflar

“has a sheltered side, for ‘example, if it is the corner

post of a poich, is the least weathered surface the
one best protected by the porch roof? :

PE

'QUESTIONS AFTER THE
FIELD TRIPSy

Base your answers to the following questions on
your observations in the field, as well as bn your

.knowledge of your commumty and neighboring

region.
- 1) What industries use. local matena!s that are
directly related to weathering? Consider agri-
~ -cultural activities, suppliers of gravel and
. similar materials, and others. What economic
products result? .

" 2) Approximately how -many families in your
commupity arq directly or indirectly depen-
dent on the ranchers, farmers, and workers in
these' industries, and on the business and
professional people who deal primarily with
them?

3) What action could or should be taken in your

4 community to utilize the products of weather-
ing? To reduce its undesirable effects? (Don’t
overlook erosion control and soil c@nserva-
tion as important possibilities.) What eco-
nomic losses in your community result from

- weathering?

4) List and rank the factors that in your opinion
influence the rate and products of weathering
in your community. Remember that several
factors may be closely refated, as, for ex-
ample, the amount of rainfall and the rugged-

ness of topography. ,
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_ e s) Ar'é any rocks qﬁ;’arrie’d in your locality for use -
%.«- .. as.facing material on buildings? If so, how - -
. CoL does their rate of weathering compare with -
C ., that of brick buildings? R

" &) How does. weather affect construction

- work on either homes or highways .in.your = -

~ community? Keep in mind. that weathering -~ -
‘may cause serious problems in foundation
construction, as by swelling clays or produc-
ing sands too loose. to be dependable.

7). What amusement, recreational, and scepic
interests in your community and neighboring -
region are wholly or in part the result of
weathering? The attractions in many. parks .
_are particularly important in this regard.

'8) Choose two or three geographic regions of
the United States that have climates markedly

L " different from those in your local area. What
. . changes would you expect in rates and prod-
e ucts of weathering if the climatic conditions
of these other regions existed in your local . 3
~area? ( R
9) Do you think that the rock on the surface of
' the moon is weathered? s the lunar rate of
. ‘ weathering more or less rapid than the rate of
weathering on earth? Why? Is there soil on
the moon? ~ ‘

s
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Glossary

beddingwbservable, discrete layers of rock. Each
_bed is set apart from rocks below and above it
by differences in rock type, planes of .separa-
tion (called bedding planes), or both.
bedrock—solid rock sometimes exposed at the
" surface but commun]y unﬁeﬂymg uni:onsoh-'
dated earth material. :
differential weathering—a variation in the rate of
weathering of different sections or layers in
a rock mass. It results from variations in‘the
chemical composition or differences in the
degree of -weathering within these secnons
or layers of rock. .
-+~ hydration—a_ chemical reaction in which the addi-
tion of water to a compound produces a new
- compound. - N
hydmlysis-a chemical reactmn of water (com-
monly dissocidted as H* and OH" ions) with
other compounds, or one of the ions of water
with another ion. By the process of hydrolysis,
relatively ipsoluble compounds may be broken
o down.
joint—«a fracture or break in a rock along which
there has been hittle or no movement parallel ks G
to the fracture surface. :
mineral—a naturally occurring combination of ele-
‘ments with a composition expressable by a
formula. An orderly arrangement of atoms
gives most minerals a crystalline structure.
Over 2000 minerals are known to exist.

.ERIC 10
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uxidation-—a chemxcal reaction _involving the Tos§ -

 of one or more electrons from an ion or atom.
" Because this reaction most commonly involves
the ‘addition of oxygen, the pracess is known’

e as oxidation.

. rock fabric—the a:mngement of the particles

(grams, mmerals. rock tragments, fessxls)
in a rock.

taiming " Si0, tetrahedrons, either rsolated or

joined to other oxygen atoms, in its crystal

Tattice. Included among the silicates are many

of the common mck—fonmng minerals’ sm:h as

quartz, the feldspars like orthoclase, the micas,

‘and the amphibole and pyroxene groups.

soil—Iloosely speakmg, all the unconsolidated earth

material ‘above bedrock. However, the term

_is generally restricted to earth material so al-

tered by physical and chemical weathering as

to support rooted plants.

* soil profile—a vertical section of the soil from the
suiface down through the horizons (or layers)

of different - observable characteristics that
have formed dunng the soil-building processes
into the parent rock material below.

peuﬁc gravity —the ratio of the mass of a substance -
to the mass of an equal volume of water at 4°C. -
Specific gravity ¢an be determined by dividing
the ‘weight of the substance in air by the weight-
of an equal volume of water.. These compan-
sons are commonly made by a double pan
spring balance known as-a Jolly balance.

: westheringethe alteration of matenai al or near’
. the earth’s surface thmugh,physncal and chem-
ical processes. Weathering is ap adjustment of

- ‘materials to environmental cowr

_to attain equilibrium.

41

silicate mineral—one ot the many campounds con- - |
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PS-1 F:eld Gu:de to Rock Weathanng*
" PS-2 Field Gusde to Soils |
PS-3 Field Gmde to Layered Rocks

PS-4 -‘Fieid Gusde to Fosstis - 7
PS-5 - Field Guide o Piutonic qnd Metamorph:c
Rocks

PS-6 Color of Ménerais' |
.PS-7 Field Guide to Beaches .
PS-8 Fieid Guide to Lakes - -

'PS-Q Field Gu;de to Astronomy Wothout a Tele-
’ scope. : '

- PS-10 Meteorites - .
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