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2. SOURCE MATERIALS

The terrain analyst produces the surface configuration overlays with
the aid of available source materials: literature, maps, and aerial
imagery. The adequacy of these source materials will vary from area to
area, and it is often necessary to use source materials prepared in
countries foreign to the country being studied. Even poor quality source.s
may have to be used. As better sources become available, first generation
overlays will be revised to incorporate the additional information. In
some areas there may be no sources readily available; in this case, it will
be necessary to initiate a collection effort to obtain the source materials.
The analysis process begins by reviewing the data base materials.

2.1 Review Data Base Materials.

Review the data base file indexes to locate source materials dealing
with the geographic area of interest. Useful materials include current
1:24,000 and 1:50,000 scale topographic maps; regional studies on landforns,
geology, and geomorphology; reconnaissance and image interpretation reports:
and aerial photography at scales preferably ranging from 1/20,000 to 1/40,00(1.

Review the materials obtained above and determine whether they arc
adequate for generation of the surface configuration factor overlays. If
they do not provide sufficient detail, or in the case of aerial imagery,
sufficient areal coverage, initiate action to collect additional materinils.

Start the analysis with materials on hand.

2.2 Acquisition of Source Materials.

In general, all items that provide the analyst with landform infor-
mation for the geographic area of interest are source materials. l.ocatilug
these materials will often require a tenacious and comprehensivc search
of university and city libraries, government agency files, univiersitY
research data, and construction company files.

2.3 Literature.

This source of information is nearly unlimi ted in quantitv, scopeL 01
subject matter, and coverage of geographic regions o the world. In-
fortunately, information available from this source is ,ftcn too general
to be of real use to the terrain analvst. Most usefulI itcraiture centain
information related to the spccific geographic area under ,;tu % and pro-
vides an understanding of the phvsiographic divisions 'u.11l r,1" topo, r.iphi
forms found in the are-a. For this reason, area-spec ifi Ii teratture situld
be reviewed by the analyst as background source materiai l. 1h L'port,
articles, and textbooks that supply the specific inItrmi on t io 'k' etd I) . H; t
analyst are obtained from local government i ge ,ne i s un ic r> it i s, r i ra-
ies, and comiercial mapping companies.

2-1
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Aerial cameras expose film in such a manner that each exposure
overlaps the preceding one by approximately 60 ptercent with ad aeent
flight lines overlapping 30 percent. This photo overlap procedure
affords the analysts an opportunity to visualize the terrain in three dim-
ensions when viewing the photography stereoscopically. For correct anal-
\'ses, the analvst should be apprised of the season of year, sun angle,
weather conditions, and filter combinations through which the film was
exposed. Tlhe best photos to use are 9" x 9" prints at 1:20,000 or
larger scale.

I.ANDSAT prints are an excellent source of regional analysis infor-
mation. Winter scenes should be ordered during the source material
acquisition phase of the terrain analysis. For ordering and interpre-
tation purposes, the following specifications should he adhered to: (1)
bands 5 and 7, (2) 1:250,000 scale, (3) black and white prints, (4) less
than 10 percent cloud cover, and (5) most recent acquisition date.

2.6 Sug$es ted Reading.

Since the Army operates worldwide, detailed terrain information is
needed worldwide. To obtain this information, the analyst must have a
basic knowledge of the origin and distributions of landforms and the
factors producing them within different world regions. It is suggested
that the analyst read and review the military manuals and texts thiat are
avai[able. Some pertinent texts are listed below:

ETL-0178 Procedural Guide for Vegetation
ETL-0207 Procedural Guide for Geology
ETL-0285 Procedural Guide for Drainage and Water Resources
ETL-0254 Procedural Guide for Soils

Further, the analyst should review and maintain as reference materi al
the follo,,. o': texts:

Terrain Analysis, 2nd Edition Atlas of Landforms, 2nd Edition
Douglas Way 11. A. Curran, et al.
McGraw Hill Book Co. John Wiley and Sons, Inc.
Now York, NY New York, NY

FM 30-10, Military Geographic Intelligonce (Terr;.in)
FM 21-26, Map Reading
TM 5-545, Geology
TM 5-818-2, Soils and Geology
TM 5-818-4, Soils and Geology
EM 1110-2-1906, Laboratory Soils Testing
TM 5-330, Planning and Design of Roads, Airha.es, and leliport; U;

the Theatre of Operations
FM 21-33, Terrain An;lysis

2-3



r vt t , 3 ' .....t., '

.

r;,drn Susrkac'c,
r&.,.tju' ''V.'

c

J-" 1(, Map Index

an wo-usly f~liIndex F Ie
)r; ttt-t si S tjeis i aIso Fader. Overlays

't'(2'ai' C 'fr-r i i h a5P 193 bj

LiterturePhotos

3 1 3 Conduct a preliminary Pvalt,-

iron Of source materiaiF. andj ntr'f any -

'normaton that is missang 0' nade-

lwate Submnrt collectrlor' requrrrmrrts
to s~pplenmenl available, soreerc mate-

'3-



32 SLOPE

32 Topoqrlialwc Mi, Tecrn, ..

3 2 iIObta r a topo,;raphic roar i
the area of vtteres r ivte a scale of

1 50 000 If this scale canno be
ontainect. the fonal siope overlay mwit
be aclusteu to 1 50.000

I. --

3 2 1 2 Lay a sheet of clean mylar over ,-__

the topographic map Determine scale
and contour interval (C t

3 2 1.3Select aslopecalculator that was P
constructed for the scale and contOLr
interval of the map used and that has
the required scope categories normal-
ly these are 0-3%0 3-10% 10-30' 0 30-
45%. 45-6000 and > 

6 0
, If a suitable

slope calculator is not available.
construct one Use the general formula
below to determine line spacing for
each slope category

Line spacing L.0slope C I x map scale

3.2 1.4 Start the slope analysis in Lupper
left hand corner of the map and

determine map areas whose slope
(contour line spacing) matches the, 3>
slope category on calculator tocludi:
map areas that have slopes less than "
30o then bound all areas whose slope is h

0-30o and identify theni Continue] this
analysis for all slope categories Work
until all areas havp been bounded and
identified
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3 3 LANOFORM

3 3 1 rimary Source Materals

a Topographic Maps

b Aerial and LANOSAT Imagery

c Co[Iaterai Information Data Base

d Section 7 Typcal Topographic
Geologic Forms

~tdArea

3 32 The first step in the landform Colialt-r, nfcr ai
analvs.s invoi~es a thorough efl fa-l
*;on' of collateral information to
develop the data base for the Stl.dy
area This background knowledgeI
forms the broad foundation from vh
which ttre detailed analysis of topo- ai I 6:' dt'1 l
ctranhic maps and air photos can
proceed to landforni delineation and
dentificationI

maton data Las as~ao rs to Ipce ta Sr

maswr such questeonsaio ihs to A "at t , ir o' src

* .h! WC "'t t of 071I '>1o' F r
res"t Ilk,-I, tiC'Fnd

* 1" iiit, av'ftf ri'. :it iii ! i
1,Ini 'l ('Ii r Il '.'
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3 3 b Stroti !Ie phOo mtOX Oroor IIIr
pirntcrS nkeded for cover aqe of the -
St,,dcy areas Lay out a mosaic of air
ph'otos and cover with a shet of clear 072qffOhiC HAp
mllvar LU5 0 the topographic map to /
deterniine the elevation of sclectel
areas on the air photo mosaic Place
elevations on the Ivra in locations/
of ir't-'est

0 

0.
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3 4 SURFACE ROUGHNESS

There ate two approaches thearnalyst can take in arrivinq attheSujrfacef rJ g nnessi ridex , t Rii 10..fOI

each Iandforrr The first approach is a faster metriod t) tt 11 ,ih er n, i (IIs e q uja ntitatI.v a ,In !t Iit-t

uipon the experience of the analyst The second approaf, ri I r, s,stlrrattc 'iore quirl !,'.- .

less experience, but IS rore time consuming As the ii,,iiyst +iens f,'11af w it, !i,, r..

approach wil probably be the nmost osual approach with th, qu~ani~tat. iitrhO sd pe

First Approac[

-4 1 Place a sheet of clear nrylar over
:ne COrrpleted landfornt overlay

etn7

3 4 2 Corrouct a sLrlace rui~qflnuss

analysis for each iwdformn on, the
Overlay Consolt section seven 1i~ ot
th)is g~ide and attemp to n~ ste

ratch for each lanim outlined On1

the overlay If aiandforlm nm thie

overlay is not corit~in.Od in se !:Orl 7~\ -

use a landforrr thait rnost clovt-i
approxinmates the surfacO- rooqI nmSS .- 7

landfor is in section 7 'OfISirm u! L5nt
tieo Iar'tforrr S surtatc re.qr
mdpx qinas onev o'tin.*fh

ro.'qhnesS; drt.r elemnmrrtS I

more than -1t m ay he t hh
andforrn has heeri wrongiyv nentfted -

then approach u2 sfhould~ he used

!XI '< TiI.
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3 4 4 Uie the surface roughness

equation beow to calculate an SRI for 3o - '/3 .A, + .1 (91
each landform Record these values on

a separate surface roughness overlay surface roughness

SRI E DkL-C - 0 1 (B)

A Number of contour lines per t 2

kmn
B Number of fence rows per 1 2

km 

C Number of contour bends per 1 2 N

k m

D Contour bend wavelength (cm)

E Contour bend amplitude (cm)

Clean up overlay and add margin

information as necessary

3nmd
1

orn ev,' ra,

Airphoto ARalysis

3 4 5 Preparr an atrphoto iosaic of " /

the study area (scale 1 40 000 or /
large i Place the landf)rni overlay on

the mosac to locate landform bound- / / N

aries Select a repruesentative stereo- ,

pair from the photos ot each landform

on which to perform measurements

4 6 Constt( a irid on clear mylar

,ith cells that correspund to a

arandard linear qrouind dltrrc- of 1 2

kin for the scale of photorjrn.phy hn ng

ised
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4. SLOPE1 ANALYSIS ML1iHOD l

This section desc r ibes the detailed procedure, the ,ma1%'-;t u,-c . t''
produce a slope factor overlay (figure 4.1). '1he aalvst .snu ld rcLAd ind
understand the section entitled "Slope" in FM 21-33, Terrain Analv'is, ,,d
chapter 6, "Elevation and Retief, in FM 21-26, Ma1 _ -Red_in;, before, pr, -
ceeding with the materials in this section of the ,uide. lb h Iopt, cver-
lay is produced on a mylar overlay registered to a standard !v:ilitary
1:50,000 scale map. Other locally standard maps of differing scia> f,,r
military operations may be used but will require adjustment to the !:5C,
000 scale. Larger scale maps with greater detail may be preferred !or
landform and surface roughness analysis but the resultant ,.'rl av must
be reduced to the 1:50,000 scale. The methods for using: aer l imamcor.
for slope determination are nfted butnrot detailed in this pr',ccdiir.1l
guide.

4.1 General.

Slope is the inclined surface of a hill, mountain, or any other

part of the earth's surface. Slope is usually expressed in one of thr,,e
different ways as (1) a ratio, (2) angle of slope in degrees, or (3)
percent slope. Figure 4.2 illustrates how the three types of slope
expression are calculated. The slope as a ratio (gradient) is derived
from the relationship between the horizontal and vertical distance
expressed as a fraction with a numerator of one. Slope in degrees is the
angular difference the inclined surface makes with the horizontal plane.
The tangent of the slope angle is determined by dividing the vertical
distance, or vertical difference, (VD) by the horizontal distance (HI))
between the highest and lowest elevations of the inclined surface under

consideration. The result of this calculation is the tangent of the
slope angle. The actual angle is then found through the use of trigono-
metric tables. The third way of expressing the slope is as a percentage.

The identification of slope on a terrain factor overlav is expressed as a

percentage, which is calculated as the number of meters of elevation (VD)
per 100 meters of horizontal distance. In the event that slope informa-
tion is available to the analyst in degrees or as a ratio for the area of
interest, either value may be converted to percent slope through use (if a

slope conversion scale (figure 4.3).

One of the most important synthesized special topographic products
for the commander in the field is the cross-country movement (CCM) product.

In evaluating terrain for trafficability, a slope of 45 percent is com-

monly used as the reasonable upper limit for tanks and about 30 percent
for military trucks. Six major slope categories are delineated (0-37,
3-10%, 10-30%, 30-45%, 45-60%, and .60%) to provide the necessary slope

data input for the CCM product. These categories represent critical
values for the movement of foot troops and vehicles.* The primary slope

*See ETL-0220, Synthesis Guide for Cross-Country Movement, Feb 1980.
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B 700M
Elevation i

\\e6 c 1 50M
Vertical

Slope Distane tVD1

300M A Angle 901
(Elevation)

3000M
Horizontal Distance IHD)

VD 150 1
(1) Slope as a Ratio - - 1 c -

HD 3.000 20

(2) Slope as an Angle in Degrees (Tangent of Slope -VD
HD

150
0500

3,000

The 4Whose Tangent is 0500 2' 52'

(3) Slope in Percent - L x too - 150 x 5%
HOD 3.000

Note For Clarity, the Above Triangle's Proportions and Dimensions Are Exaggerated

Figure 4.2. Methods of Expressing and Determining Slope.

factor overlay should be compiled to satisfy the slope percentage cate-
gories for the CCM. However, the analyst may be instructed through
special requests to compile slope overlays of differing percentage
categories from those needed for the CCM product.

4.2 Slope Determination from Topographic Nays.

The primary means of determining percent of slope is accomplished
through the use of a 1:50,000 or larger scale topographic map of the area.
If they are available, the analyst should review tile compilation and
drafting specifications for hypsographic (relief) features for maps that
he might analyze before proceeding with this part of tile analysis guide.
The analyst should be familiar with standard methods and symbols for the
portrayal of relief information, e.g., contour lines, depressions, scarps,
crevices, cuts and fills, etc. Also, the analyst should be aware of the
fact that maps of differing scale wilt show contours of the same area at
different intervals (figure 4.4). Maps of the same scale and series will

4-3



Ic

A

b

Angle of Slope Percent Slope Angle of Slope
in Degrees Slope Ratio in Degrees

a/bX1OQ (a/b) (A)

150

120 -

155

Z10-0

15 -15
30

3--
20 38-- 0

40

25 25
50 1.

30 6C Is 30

35 7- 2/3 3
3/

40 80- /4 4
90 - ,

45 300- 1/1 45

50 120= 50

150 3/2-
60 -60

200 Vi-_

70 300 31 7

80 50 -" ao- (

90 2000 -20/1-- 90

Figure 4.3. Slope Conversion Scale
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horizontal distances from the source map. Careful attention must be paid
to tile map scale, contour interval, relief feature symbolization, and the
scaling of distances frum the source map. Repetitive measurements and

mathematical computations are too timu-consuming for efficient production
of the factor overlay. A more efficient procedure follows.

For practically all slope factor overlay compilations from source
maps of known scale and contour interval, the terrain analyst uses a
device called a slope calculator.

4.2.1 Slope Calculator. Figure 4.6 shows a simple slope calcul:itor con-
structed of stiff clear plastic. For purposes of clarity, an explanation

of this calculator is provided using a map of 1:20,000 scale and a contour

interval of 5 meters. The tick mark spacing on the edge of this calculator

ETL SLOPE CALCULATOR
SCALE 1 20.000

CONTOUR INTERVAL 5 METERS

3% 10% 45%

Figure 4.6. Sample Slope Calculator.

(figure 4.6) has been predetermined and plotted to 'how contour spacing
for three of the CCM slope percentage categories. In actual practice,
all six CCM slope percentage categories (see section 4.1) would he deter-
mined in terms of contour spacing for the example 1:20,000 scale map.
However, at the given scale and contour interval, the spacing of contours
for 60 percent or greater slopes would be too closely spaced for !neasure-
ment.

Other slope calculators can be made for different map scales and
contour intervals by using the percent slope formula in reverse and by
correcting for the map scale. Figure 4.7 illustrates a universal slope
(', culator that shows contour spacing for commonly e:,:tracted percenta ces
of slope for a number of maps of varying scale ;and contour interval. Th'
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45 25 10 5

SCALE SCALE

D USE WITM

R F .0h CONTOUR INTERVAL

, 15.000 25 ' "T
50.000 PC,-
00,000 :00

X .000 25

250.OO 10-0

IC

C.0 -
0 010 0 0

0 00 el

ASLOPE CALCULATOR --- r

0%~

00

1404

04 000,0931

02 0000

HIM1 3S1I

• ~ ~ ~ ~ G so s~ooeo ,

Figure 4.7. Sample Universal Slope Calculator.

general equation for determining contour spacing at various slop(- per-
centages on maps of differing scale is as follows:

Conou lnespain =10 x contour interval (CI) x map scale
Contour ~ ~ liesaig -slope

representative fraction (RF).

Examples of the determination of contour line spacing for specific

slope percentages follow:

Example 1 - Find the contour line or slope calculator line spacing
that represents a slope of 30 percent on a 1 :24,000 scale map thalt h1as aI

contour interval of 10 feet.

4-8



t00 100 1
' slope CI x RF = x 10 ft x 2= 0.00139 ft = 0.017 in.

soe30 24 ,000

Example 2 - Find the contour line or slope calculator line spacing
that represents a slope of 3 percent on a 1:20,000 scale map that has a
contour interval of 5 meters.

100 1 100 5m x .00833m = 8.33 mm
7 slope 3 20,000 = 6.600

Note that the result from example 2 applies in the construction of the

slope calculator shown in figure 4.6. On this sample slope calculator,

the distance between the edge ticks that represent the 5-meter contour

spacing for 3 percent slope areas is actually 8.33 mm. The analyst may

wish to compute a table of contour line or tick spacings for commonlv
used source maps of varying contour intervals. Also, this table should
account for variations in the slope percentage extraction requirements.
Table 4.1 shows the results of this type of computation for maps of
1:50,000 scale that show varying contour intervals in both feet and meters.

Data from this table could be used to construct a variety of slope cal-
culators for the 1:50,000 scale map.

From the foregoing slope calculator computations, it becomes rather

obvious that, for some map scales with given contour intervals, the
contour spacings on the calculators can become very closelv spaced at

the higher slope percentages. When this occurs, drafting of the cail-
culator under magnification is required. Another solution is to draft
the calculator at a larger scale and then to photographically reduce the

calculator to the required map scale. Also, the calculators can be made
easier to use by deleting alternate lines or by doubling the contour
interval of the calculator.

After the analyst has constructed a slope calculator as shown in
figure 4.6, or after he has selected an appropriate existing calculator

from his files, the extraction of slope percentages from the base map
becomes a simple but tedious manual task. As you recall, the calculator

in figure 4.6 can be used only with a map of 1:20,000 scale with a contour

interval of 5 meters. Figure 4.8 shows three cross sections labeled 1, 2,

and 3 drawn across a portion of a topographic map of Puerto Rico. The
source map is 1:20,000 scale, and the contour interval is 5 meters.
Moving the slope calculator along section 1, a good match is made between

the maps contours and the etched 10 percent slope lines on the
calculator (figure 4.9). Turning to figure 4.10, the calculator is laid
along section 2. The map contour lines here match the group of etched
calculator lines labeled 3 percent. The last match is made along kctioiil
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25

1:20,000

CONTOUR INTERVAL =5 METERS

Figure 4.8. Several Cross Sections to Be Measured for Slope.

1 20 000

CONTOUR INTERVAL 5 METFH',

Figure 4.9. Matching the Calculator's 10% Slope Tick Marks With the
Contour Lines on Section 1.

4-11



i \ %. \

0,

1e)

T I

Figure 4.10. Matching the Calculator's 3% Slope Tick Marks With the
Contour Lines on Section 2.

•rdthL' ope is found to be about 45 percent ( f igure 4. 11) A iif ,,
pa r t ia I compIe t ed ve rs i n -, I- t ti f inalI slope ow~arki\' appv,. irs in f i ,iire
4. 12. Ihe: antlv'st may c'lect to code the factoy ovt-rlav with Iumbur-; ,I-
,3talab tic characters , e.g., I = 0-Y", '2 =  3-10", ec

4 .2.2 V4o~ actor I)vt, rla P !'_1313ratLio~n.

., trcpare t! - nivlar o\' ,rlay in thec forniat de.'-cvibcd i11 Appcndi:. ..

b. Starting in the kipper left }hnnd corner )~f Lhe r,qa qhf,et, uist, thc,
.nlop(. , al,'ulator to determine the slope Classes, and de, ll ,it the boilindari,-
where ,'barites occur, a's in figure 4.12.

C . W'rite the slope c:lass percentage or code inl each1 area ind
progress across and down the map sheet unltil all areas arc k-or-.ilted.

d. Ignore any areas with greatest dimension less than 2 m, nt:
the slope is greater than 60 Percent or th(- map sv'ribol fo r c,,rlc t is
shown,. In th,,se cases mark the areas witli the s,,,ibl ft,r kl,ctlpllwts[ .

C. Check the draft overlay for completeness and ink the f-inatl
line work and symbols.
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r2

1 20 000

CONTOUR INTERVAL 5 METERS

Figure 4.11. Matching the Calculator's 45% Slope Tick M3rks With the
Contour Lines on Section 3.

()NTnI]R INTFRVAL 1) NIF[TF-R

Figure4.12, An Example of Several Areas Where Slope Has Been Calculated
Using the Slope Calcuiator.
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4.3 Slope Determination from Airphotos.

Slope determination using aerial imagery requires complete stereo
coverage of the area of interest. It is more time consuming and requires
more skill than using the topographic map. Slope determination xiinc:
1/50,000 scale airphotos provides little or no gain in accurac over
that attainable using a 1:50,000 topographic map. However, thc pho'to
method of determining slope may be useful in case no maps are avail}il
and the stereo coverage is. The analysis consists of examining the study
area landforms one at a time. lypical locations within a landform arc
given a slope class based on measurements averaged over a portion Of tll
landform; three or four of these will provide a reas-onable av raye. hI.
following procedure is suggested:

With the parallax wedie, or height finder, :1 pr,! !:%1 ,, ip <,,t-
ermined between two points to determine the v'ertical di tae. The1 c.
izontal distance between the same two paints is then n'asor. I' o at
the slope use the relationship

Vertical distance
Slope (,) Horizontal distance

Each landform is measured and a slope class d tCrm inci it, - tie t .

/-4~J/



-L \NL)FoUI- ANALYSIS IMETHIODS

This section provides instructions for conducting a landform analysis
aind for conp il ing a landform factor overlay through the use of literature,
topoiraplcic maps, and aeria/ANDSAl imagerv. Use of literature, maps,
aind imagtery is very important, as each source provides a unique contribu-
c ion to the overall landform analys is. It is strongl y suLggested that the
terrain analyst use all three sources in an integratedi approach to the
process of lcndforn identification and delineation. Though it is sup-
gue;tedl that an overlayv be constructed for each type of s;ourcfe materiall
in actual practice it maty he unnecessary for three overlays to be prod-
uIced. At ai ilunirlum, the airphoto landforn overlayi must be produced, and

duin this process the topographic map and LANDSAT im-agery can provd
iddit lonail information to aid in the del tint(. and identification of
Adc landformis. For the overlay, the terrain ana cys;t intecgrates all three-
s.ou rcUS of in format ion into one factor overlI v comb in i no ai I his obse rvn-

t ions.

Thle mna 1vs is methods presented in this s ctioln are? ii 1ustrated bv in

exa"mple I andftcrm study of the Fort Belvoi r, Virginia areai (sect ion
.4'.Similar steps and source mlateriatls would be used in a I andforn

analIv - is for any area in the world. TO supp)lment the basic 1 andform
zlna vs is procedures outlined in this section, the analy~st should consLult
the I is t (f rviferences anid publ icat ion-s f ccnd in tihe-1' ibl iogra phw

5.1 Ita lise l'rel'aratioo and Analvsis.

cokicc''~dinformiat ion thcat aid,; ni c;araeteriz log ti iIandforms and
Scir face c(01ions shocc1 bIie :;aiota ined in a7 dtl a base or Ic '1 n rg ion).

he, dalta' hbc-;- isl develope-d fromr the cItner iL to Lith' s Ie i i a thet ter c-a in

''NAis colrcsd ts, ma",1p s, I i teituLire , a nd othori source., or i n 1kormcca IL; i
isl- icforibat 0,, ids, i n t he p)rel i P1inT 1r V ic(tlt i iC1t io 011 the' 1 ;111 ' 1 lm

1*f a Jvcin st ucv atrea. ciftin this, step i:t known ais tlck- rc~jintil 1ana11%1i 5

i pr i de daita bas;,e , des;cr ip)t ive dait ia are c%:t rac ted IrortSci ri I
~I rIS . I' ic top1 os I s ouir ceks i ncl od u,e go gr; li iv , c Ii ica t ce I idvs ia fc t urit
II I coId I o)rr's bc ecrock and sutrface geolIogy , Ieea S c Is Ilvdro cc'1:11 ,

11, 10ct . V' tettt ion a1nd Ilandit-cisc, I \N)SAlI iriacerv , 00cc dl rpl co i nclexe-
.t crc-c pucts and tc~crili c ma-..ps are stulid d in1 tihei- It ]l I (-J coal I

fc~ . t i-c r rma t in tic-. (I;1 t a ci T iti t )p i c/o !- *ht ci 1)t i '

i tkri -c i c pt I I ir 1 dc Irk, 1 olwic in tabIc ').I1 . I cieot i 1 - I'ccli I 'I

Ia ilt cc- ir( I i t k ct c ad sn-cl1 1-s-al1e ( t lit --tic t i a-cl ' c--rni

Iito- r,c Ilci. Aivi I vt- Ic I I is rc c i on1 o I tite I . i d c ( I- Io l~ I: c

,lt . cccccc cit l sicd c~r c-c tco t i-' Ail s I~ o I cc ill,' c--.cwt'
cci .,( ; -t" -t,! - i wc-, t lit- (Iii. t f i I t-; il cc) -t-ict inIt: dccci te I - c-

f I i c c c c tul( aLc t -r c a . i ic coI -is c1,1) n .l Ill'' i lcl] Ic ct >

i t cc L ~ ud i-I ichd c ( it t't (d It h ,11 c rc dccci rc c ccl nt- s!: lit '
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aiii IV ia li I 'i lli I Ud :i- It at r ye I i yen11 t ;,k r iit r.1;0U I' C C i S , I-r, I I \' V tI tdit [ r ' cl I Ati VC Z I, Ilt, :, i V' . LC I-I I ill t!': il I I ,

,,rdcr sho i in tab i 5.1. II I i IkI 1- 1- , !1. i i I , t i tn ' t1b I .11) -1ii

d p.-nd ix . 1 r t i t I I mI rI t t dv F >:ii I V t

5. 1. lo11)1-4Ip i Ii c .lql .\IiA Isis. i h t ill tiplt k J.O Ip is I i I uI'll
f i it arra t i in t I I It i s ii it el r~i tecd v i t I t lie dii t i aI- si 4-

ii rl l 111a tt 1l v ext r ctt cd fror a topa, rapli i P.5 11 Ir . (I ,'Ii i 1' I,
to IlIows :

a. (C,3I_ ._t /S ta tyc _CLu) tr - I t ris iji fo mit io i i is as i Il found ol

opagraphic m ; an eXIIp Ie is used to as si -t wi th Litl dtf titi t i onr
f i.ure 5.1). State or country is nrlI ly I I Ltid 0,1 the t jt Ie h 1) --; iil

thie tio) or bot tom ri glithanud co lrner. 1I1 the lit t -. : St It,. * ictmt t 1t15 C

ar, recorded alol , Coll tv bolidlaiV I irlv . Not i- t ilt, hiullIciv I i [it ,

figure 5.1 between It.rt County d. Barr'l n (lnit-:l, Yil" near the '
c.nter. For areas Otlier thaln thIle ['ni td ttates, th- .1nlv-t itt tI
iame of the country , terr i t()rv , or pol it i c;l div iSio

h . US'(GS rhi id(r;S n,. r _ _5. Army _p,.rgp lc Scrits - oi tp,-
graphic map identity is located in the top ri. ,thand Corner of tht
example (see figure 5.1), llorse Cave )uadraingle , Cit LIkV, .5 .ill tlt
Series.

c. Land Use - Knowledge of the land use fe<i t uri. 0 t i 1 and 11, rt 1 -
useful. Typical land uses are shliwn on the topogr;iphili;c ,r intt it,,

forested areas, sand and gravel quarries;, orchards, ad s',ind ;2, , re re;
1

ri-
sented by symbols. The rather uniform, spread-ofit cantlit"i Sel iii c -ii
provide some insight as to the possibility of ;isriciil tur f-c e:,...1p 1c,
cultivation given sufficient rainfall is hig hlV I ikl] I- ;I t I ;11d
(represented by open-spaced contour 1 ines) . As in the cas- of .1 1i .e-
stone plain, which is relatively flat, there is often al 1r1l-2itc-i Of
agriculture alung with other features such as wodlot. nd irllk cl-t.. 'if
course, if there is residential or urban deV- oliMeit , it wi 11 1 ' i \

recognized from the map symbols. For ;in i lIiustration of the ind uS ,-
for a limestone plain, see figure 5.1.

d. Special Features - The recognition of a certain feature pecu-
liar to a given landform can uniquely separate it frori all oiher land-
forms; for example, an arc-shaped feature indicates an ;il luvi a l fan
landform, a snake-like ridge is chracteristic of ain ekc-, and the
circular depressions or sinkholes of karst topogrihv ire, co'mmon only to
limestone formations.

e. Form - Form simply refers to the arrangement ;as a gi,-ollet ric
form; how the landfform presents itself on a t opogra ph ic map . lhi, f,,r-
may be identified as curviiinear, rectangular, irctil;ir. li near, 0\7,1
etc. If the landforni has no definite geometric form, it is libeled

5-1
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I-t p rr at ,l Iv It tn I d Iat. I

Tirkd o )n the11 fator vie r c 3v whre tot-mi fandl topoC rai ii L Cir~ n occu

1 11Ct et~ c u titri Iflo .C tIL 0. CcL tn,'ttttiil I i tk- cLI i II s cLl j I I!:'o

ot he 1 )c boi n dlar I c zt i i i o 5c1 nd f r tics lan I s bVr ittSj. I b-, D, U

o c c5oitpji Liv1 th Vi 'I riii o It t to s Ih In Iv- -I' )- 11 Ll

A nrhto ini I ,,i s, 'li)tCi to dar t'n tha representLL (110 ' n c, ;I I \Ic t t

t teipr. is a u to b cx Iii o iS, v,' 1111 ti~~ILti i iL it i t

'tl.I v Ait thcsc't , hto I -i dp Lxa I I 11: DSA;II!k I Il

makdona d t f iictnr ould h vIee toTti 1ond top ttlioto :i-- cli OCC Urk

houtidar I i t oud spr t I i ic fp rm r it i c-n r>t1 I alk k . c I t IS 1, ic

1t irre ula - 1 i gd Ll at c0 an Zi rk t e1cLtl1 1 an ro 'I : L 'l "1 1 i c . I> rk :- , I ~L t V nL
andr soi-; Isk ton cot rstsL tr ind)s Ictive of relI iffrne i) IIn,
'1te pIV 1 rdo na t I ea'-;L turecIIsto i~ir

othera I )i to tile lndfirii dOb I I Ltilt itt )1t* O i :!L)-I j1:iai.Lt1 . 7 l k 11

handive~ (re re ect ;'~l1 tO anIe I, J t an han-e (nern I ra rIl r I, fc, t aco
temaes isare lacte.rie bark' t sonis Th siirrelar hi urcfans tof btha
chanes n hran-seen rae oaiii in tli e delrc fi-a Iioni 111(1o r

aondr jes.)r- ton dioffrascs arie uedictv tof ar iC ief te t crice intyo

and chaes ~in te lauc-andwi i.cttetatr it nnIsitcItn

sys ~ tenan Ia ids tL i indeota ide cover.t ion tirc b anD.I icc 1:1 B"5, thi
banalys can (itok rfo lclark, i rne biar toesi thia md n ,iatd urb, 1)111 -ick

served asr dak-tned tl .Tailow S11 1 ursadY coe lisis 1) ic-iidwhit khed i
frangm inrmittewer surfa cs 0; I i I igh'LC II; tte diOis te h io a1 0ones

of)jn~ wat e. lakes and watef rcin en irain;usdIo pasare t i sfit tv sepr ;Ii1 tccl)!
from lowge flathaea by t1 ac-udark-it c ras t wa-t,:tiiCdst i i is lark to't bl iklg

whras heg v teetsed l u ds owlnadwead areas are brottb-r ihttnd
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en 1,1I in - f i e vc L , , )WI - Ic , II 1 :iu 1- 1i t

indiczated by light-grav tones, hs wil I v,'1 rr1-% 'ht1 tk, 31 -11 I

I-, v St C 0V LI I )Pe i J "t I: gr z'., k. k'. V'it in.

tigh dnI ~I v Lo nean r ik 1lii~n 11"
~ cus e te r~i:Sceyebut tIile dnrk Lo Ldull iI( ie 1'

ILI I -LJ Ie S Vi lr~g \'g .ti ian the Lh il" t ilkn- Ira tI ltil L- I i tt , :1 Ft-1"

hni~i tL huiTLul 1)as hi L 11L" le t 1 I'!IL'- 1i ii (1. cherlc

1~ctf we -r: toiIer-L'verId terran.

t.1I , L~ I'b i I L ) I I -d d I llU)'n t )I I n 1)rp ha It a'L'k A 1" 1

i ntivwl l' ar h tv r- co nte ret'C at jen- . Thi l'k a'

5. is 2 !I ,, 1' lpI-ne ! aiet I ie n it tern (hlt: Il v n-n ai i r

l An vi~ s :~ t. s ' 1to t i o I in I lCy!s1t .a 1 ad- !,;1 c\ r

lt i e ' i I I.t I .I ''Pa I j0 L MUl I I K itl I a? . ..

,!:r i le!t i r potl i tC pr " t idct i t r Tel l i:

brakens c Cev e opt tire I'l tepnt t che (~ t I e eth' --,td'

s 2.er vl v (aa.h1),l and s1 learaaa 1i~ oi; t II .

3. Reng InitL :1 , t It n e1 .an le: i dLn ]1, 1( ko id hn r a v,

rn th L j 0s 1- 10ii tl' n I J s1 t ths ir''s tli I~il 'P .~ tli ir

el ll and q repa t1re a j set C I-11,1 t e Mit 1elm d i. Ie nt t- r tien

set P e lk d Iter ) it t I l tei A ie (2 ty)i-i ell aa'g1iaa t Cligi

in sec 1i 7. 'til t-iLnrli)t i I t's c Iti i edr ie Ie I 'a I uu Illlene c n

tune cn cetin 7; ra loI tilrou .idd i eni It 'alia "i eISi Cen sliam L

he used ; in the land e rmi ii SLt( )10 t 1.It I1 1) en pr is I t ii ; L t hI(I' I- ir I' t ers!

the unknown 1indtermi Ire mitl ibij(d 11 LV . ' IIii ,iil l i vlsl it LI 'Il a - lj i V erpi

set kfne sc identoty, th 1tindter is il- t~ i('d. A t ili I I t tIT

mt ieLd reinisicrc t i o n ri t t'I ,A i iv t i i'l I r'el crli taln it 'a o at in sh uI k~wII

hlc u dtnii bn e t the I d inih j , t i I jSt at ol l a i ip) enr lii Ks, . Oi lk !.-, I i ) t 1 '0

thIi is is,- then1 oi'eltd ir t-' (( t Ved batit enOd"f I Ile I e Vi I V i~''lel

between t it, ret erenee 0it CIt desI- i pt e1ns Jmu .inI. I ve t t l'a'd -
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Table 5.2 Form for Recording Photo Pattern Data Elements

In the second mllthod the ;il;1Vs;t ,generai I Iv aI rorc 1xe cne d one,
-ippi ies hypothes is test ing in at di ffeCrent IWmnner. 1'-s i ni thi-, 1"thod, thk
arliallvst first hypothesizes the idL'nt it\v Of the(- 1;Idf1or:; !or Cxlripl1
glIacial1 otitwash p1 a in, ha sed on background in forimation Anid eprIc'
I. ith this hypothesis in mind, the anaikyst (photointer~preter) thwn sk
hi mselif quest ions hased on the common set of seveni Indfo rr dotS c r ato rs
e.g., if it is aI glacial outwash p1 am , itS form shm ld hie ai !]It to
uindulat ing plaiin - tiecs, it hvive this form? The anA ixSt ata!lanwr
this quest ion, referring to tihe a irpiiotos als rice-ss'a IV to Cool i rr his
answer . A iso , i f i t is a, iI aCi in I oLI tWaiI , plain it S d ra; ie LstI" I a

olt erna I - i s thItis t rue o f t lie unknown I andiform? Tu iMI\t c"'lt inriIcS

this " i f - t hen"' ques t io(n ing,. r eer r inIg to( te a)c- i rphiot ,, S 1 is 'ics; ;IrI-x.

Ltin1t ii a I I seuvecn h11o t o pa't ter-n data cle(merit dcescr iptos 018 have het'l exam lii ned

and evaIluated. If f ive or more Of tile refereCnCe set of d( S(cri pt~lO.'

match the unknown I anidloni' sphys ia epress ion. tII(0 t hC l inldlflO 7'5
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i dent ity v ;itchies thei hYpoties is. Oil the other liind, i! ;Irjoritv iof t he

descr iptor quest ions generatec negat ive responses, then the hvpothles is-. is
rejected and ano)t her land term ident it v hypot hesi; 1si I t-;tel Th 1 s p roe -

edure i s cont inued uint il the c orrFect typt li is 1 111(1

The. third method , the experienced an, ilyst ' s approach , r eqiire's

recoer. it ion of the 1 and form' s i dent itv bee eili se the ;1 via \' s has ohs erved

the sa-me or ai similar landform paittern on the prolind or on a-iirphotos

p r e\ i ouslIy,

The photo pattern daita el enients used in the la nd form ident i fieat ion

proc'ess are idescribed in the tell owing paragraphs

5 .2 .1 Fe rm, To po gr ipl 1 c Pos i t i on . 'Topographic po-Si tion is- thle expres sion

of phlysi-cali relief of the land surface as developed hy eros i nal or
deposit jomal p recesses under given climatic and ,e oooi c coend itions. Thle

Lopographiic posit ion of land forms is descr ibed in terms- of shape, relIief,

aInd s I1o1)V. Taken Loge ,Lliiir, dsc rip Li ens of thles FL-at iir,-s- can provide

VctlAM CaIe lues as to- theC ideiitl v of ain unknown I andforn, I'For (-Kamp I L
el]ll landform of glacial origin, suIch1 as raineU, di numiii, kame, esker,
and lakebed has a characteristic shape, relief, and slope. Eac h

Ciclindform is therefort identi fiai a.s J Sins i ,lii tjUire L :;tolic

-.cop Ic obseryvaLion , aind of ten is tin iq ue'\ 1>*cIIa Cac Lei1l hVI the COnu2h i vid

descriptions of shape, relief, and slop Je. '1711e dt-sk ipt iCn of Cori:.
nI uIde-S a general SttemCent aIbout the Lope gIraviliv such 1!-u "plain , level1

in tiLV Sloping to sea"', tlli i in fornia t ion)I is rcoeltd onia cl I-r, suech a

Luihle 5.2.

5.2 .2 lDra inae Svs t em. The re ;ire u e roll.-'(1s d ra i na~ e:L. pait t n , and(' Llt

plain views of some are presented in f igure 5. 2. Si\ patterns; are baisic,

and they include dendritic, trellis, radial1 (eC-iltrifl 'n';eI)l ), pa1 I-JI.

annular, and rcctangu I 1ar . 'These hasi C typeLs aire des cr ibed hi' low.

lentr it ic pat ternms are gene ia I Iv as soc iatedi wIiih lI andformsI- coiuposed

o flt-lyvi ng rocks and i impe rv lenus so iIs . tel1 diii, Li I ,d , aInd fi Il tecd
rocks o)f t en c rea te lanud forms thIa t are i dell t if IF i'd f rem a t r, I I is dira inage

pa Lttern . (:ones , peaks , and domeIs o f i gneCous IMate L' il I "' ~t c c ,ntLr i fu-tige I
( ra Id ialI) d re in ageC pa tteL'rnIs. C enIIt I V I(1 soinIIg I; lan Pfers sil asI cIi;.,Co i-I n

p1 a ins aIre e]ssoc iateil with a1 pa'I-ra-I I pat tern. Atinuti a patterns are

ais see iat 'd w ithi deoies of 1eered rock w ithI vai Ii'~( ri's iSt :ince to

wi'At li r ing . Landforms; witli rock joints; or iiciilair uliingcs iii roek

materials are associated w ithu a retnirdralinage at i'

Flii regional ilierncterist ics; of terra iin s ce rc oft en mni -

i';itid Is. the drainage patterni. 'I'he( dma inapt',' pa't tern- nu1av ;Io ueaclue
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concerning dip , st r i ke, or t 'pc1,L of hid rock aind he ik--cr de'pt h of tl

surface materials. The type of surface niater i a] is reflectedl in- the
1 and formi drainage sy sturn. 1 0r eXaMIpIe , tic coMICt-t.'L absence of sort act-
drainage nd icates pervious materiIls- s;UCh a.; Sa'nd. A h igh v! 1)1VInteg rajted'
sys tm w ith 1)ranch ing t r i buta r i I',s i d i ca tes an i mpe-rv iou s ;o i I wi th
poor nt erna Id ra inage , suc ht as c lay o r s i It.

To perform a drainage analysis, the drainage ways or the runoff of
watersheds are viewed stereoscop ical ly and dcl i neat.. i on a , r overl iv
The1 Collective drainage ways form a paitte-rn, which is as--Ci atkd With :
given t opograpii c/ geo 1ogi c formation . An eI I.an I fastat el'c-n t det-
scribing the dra inage pat tern is , "dend r itic w ith mk and..r ino s c-n
Record the drainage characteristics in aI pin)to pa.,ttc rn daita i c'1,T'cnt t;dI...

for each landform.

5.2.3 G,-u I ~I y CIIa ra cterHs-t i --s . ull h iA r, Ao t~ r i 'ti' C1 :d 1 ri 11Il
features ob ee in the study arei can he uii to i T) I r Air; 'c :1 1%It crAA
and soil profiles. This inferred intorm;.t ifli :110 1"L 1'mci t1' ic 1til' Ii':

unknown land to rm. Natural fea torus soc as ;I s htS*owec 1 , c-'I +

scure gully chmaracterist ics , sochc as cro05> <ZIo fn1 aprotm ilc , and
thereby reduce the usefulnes.-s of thi.n landfornmd ~t Al so, I irma! ic
conditions ca;n compi icate thu, interpretat ion of the c'rosicnal IfeatIllces"
therefore, the -inalyst will raeyuse t.c .ro)-' kili i teaitires aIlone to
predict the idienti tv of the landforms . Ior thil ; reason.01, the col 1l-(t i%,c

photo pat tecc. 'h Ita ci emen it s aire nee ded for i dent i fvi nK land fo rms.

li here are four 4e ocrl I)c ross-sect ioulase for gullI i's . 1"Itach
class is associated witc a kcertain surface mater- ia] anti profile (f igur.
5.3) . \-S-hap-ed gull ic.s wi th short , t t-c.p griad lnts ;ire associated wi th
granular miaterials, suich ais found in glaia *; cuitw~isi; Lterrace, . [ i-css i A I
landfccrrs av at- shap cd crocss sect iccn IaC~r Lhu iatiard pccrt ionS oft
gulIies. Lcoas taIH li n Ilanclfccrms hav sand TLI/ C I c'r C'-o" i f'';1 1-:]t irs s i t I

f-la-t-b-ottomed guliesits harp , steepl sic-slop's; ; cind liw, flitt graidients .
C:ohesive soii s have s)ctly roundedl, saucer-shiaped gi1 I i.:; withI
graidients that often indicate shale uplainds. 'Ihere in 1c0 sj~'Cii i' Ci
classification for land forms consisting of Liaveredl soil- w i tih st r lu

profiles. The analyst should be aw.Are ticait thuc gii Iv ( rocnn sc'ct i''c .111

profile charaicteri stirs can he misl cad log. An exauupIc is .c dli1v wit li
or near the boundary of at tLcrr;iecL. dr a I] lev waill , WIlc'Ic' crosS't id

and profile except ions do occur.

The goully c hamac te rist ic's a rc dit.' ri bed in cncra I t .. runs Ilcic :15;

''broad U-shaped or V-shaped with steep gradients,.'' A, tihe. go1111%' char-
ac te rist ics are obhsterved s- tureoscop icallIy , tlie in f ccruna t i' s- recor ded
on a pho to pa't tern dat a eumen t table for Eca cl unko wn 1 ;ilul f'run:

5.2.4 Spe c iaI Fe ait r vs. 'Ihore arc Certain fea;tures-, that airc'unqo
associated with specifir I and form/sir faic cond011 idis, a)nd tin-c c 1 -n idc
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Figure 5.3. Gully Characteristics Cross Sections, rofils ari Ac -7nciatlo1i c~,-

Source: Way. D S Terrain Analvslc,, 1978. Dowder Hlutch,', . & Irc

Stroudsburg, PA. p, 53



in the landform identification process. For example, vertical-sloped
features, such as catsteps, pinnacles, and terracettes, are associated
with loessial plains. A pinnate drainage system with U-shaped gullies
is associated with loessial upland plains. Sinkholes, haystacks, and
other karst features indicate landforms underlain by soluble limestone
bedrock. Mottled gray tones and white-fringed gullies on photos indicate
young and old till plain landforms respectively. Stream flow scars,
natural levees, and cutoff channels indicate alluvial plain landforms.
In arctic and subartic regions, landforms with polygonal patterns in-
dicate soft silts and expansive clays.

Special features should be examined stereoscopically, as they
may be unique to the landform. For exampli, "parallel ridges alter-
nating with troughs" are characteristic of beach ridge landforms. Pecord
this special feature information in a photo pattern data element table
for each unknewn landform.

5.2.5 Color (Photo Gray Tones). The gray tones depicted on pan,+ronratic
air photos are the result of surface spectral reflectance variations.
These variations result from terrain factors including soil color and
texture, vegetative cover, soil moisture, and slope/aspect. lvery land-
form has an observable distribution of gray tones, which is a mani festa-
tion of the surface conditions on the landform. A given distribution of
gray tones may or may not be a definitive identifier of a landform. The
gray tones may be an indicator in certain situotions. Ior cxampe , two
landforms which can be indicated by photo grav tones arc the mottled
gray tone of a young glacinl ground morrain and the dul iinifor:: ,ray
tone in large field patterns representin g glacii- l:obeds . tudv lhe
photo gray tones; then describe the appearance aid di tcibut ion of t he
photo gray tones for each suspected Inndforr. \ typi ical dcscript o n i

light tones occur on c ultivated open arcas,, dark t oles whcre t r-'l
ccve red ."' Reco rcdr li s gray tone info ron t ion ini a photo pattern do ta

element table for each unknown landform.

5.2.6 land Lse. (Often the way in which humcrns nfl c1 ti(' ld c 1n C
correlated with a la:ndfnrm (Ior soil tyine. ('l turn ll tL';ltres t!vrt ire h1ep-

ful in identifying landform/soil types include, 7-icid tilcc, dit i,
levees, flood walls, gravel pits, orchard,,, contour .l01i1d, -d -trip
cropping. For exalmpilc, tine field tile pattern is associated with low
re[ief features ;11rod it 'an indicate flat tel onin with t' ec i". i!c-
grin ed soi I is. Orch;rd.c a)re usll aI ] I alttcd wi th oo! -dro ii e rild-
forils hay ig er;rirlar o i I . A Io, l and f( rl w i t 11 en 0 .-'Ii O

-;,il are i Iid I;a tad vI t I. pre. sence n f ,rave it,(. IrTI -ta il r ip alnd!,
of dry, silty soil alre, (Itell ;ssociated with (crtaril T ,, eri . wheat.
Hdrock oI t.,rom i, ,' luc, like 1 irresteInr', :.11l , i t l id 1v ,' yrt iC I
wal l d (Irrrri cs, l, t' .I.Ilnd-is plt tern!s oh' t,rv,' ! ell t1., piloto, ,, 'lld ho,

r(.Cno rdcd ill ,r pohto P1 ttrn dat aL I ,lerent t :rh Ior. ,.I, i d ne n 1 'd1,,-,,.
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5.2.7 Vegetation. Ground conditions, especially moisture aveii. 1!,il I.:V
and soil texture, can be inferred from the types of vegetation :aund n
the study area. These inferred ground conditions provide irforr!atin that
aids in the landform identification process. At the photo scales rener-
ally available to the terrain analyst, only gross vegetation cl;lsses are
easily interpre t able. However, one may expect cer ;iin tpes oif vegetatiri
to occur only given certain soil sit_' conditions. F: r e×u lJack pine

and poplar trees are commonly found on well-drained soils s uch as sand and
gravel. Spruce, tamarack, sycamore, and willow trees are enerallv
associated with landforms haxini, wet soil condition;. hoi sture-t ,erant
trees such as white pine and aspen may be found on Uititei ,I i': situ with
sandy soils or wet sites with sii tv-,:!ay soils. 1 he accirst\ of infer-
ences based upon the stereoscopic observation and analvsis of venetation
should be field checked whenever possible.

The analyst should describe the general type and ditributLion of
vegetation found in the study area. Descriptions should inc tide state-
ments like "pine forest, scattered t-ecc! where cultivated." er-crd
'.getation information in a photo patt data elo.i:icnt tdble fr each
anknown landform.

Finally, the analyst compares the photo patt en !,-ti element
.,csc ripti(,ns with a matching, I andform sulected froi,, sction -a: ed
Upon this, cocparison, identification Of each unknl.,'n Lindf,,r!v, in the

:study area is, usually pssible.

A la ; .n -study vx>amplc is providled in Skct ion ll. t, de ons' r.ite,

the useofaIadta base f ,r synthesis of pattern Lementsi and the dclin-

.tion and ideutifiCation of 1,ndfon-its on a farctor overlav.

5.3 i.andfenm Delineation and ident ii ication. A priori ,:ickrotund
nformttio pro vids :111 initial I i't of laniforils to :-Jt 'ct i1 tn st lv

, rea. Wi th th1wt ices in :.1i'x. t ho anal us t d ,lI ':atces t 1:,t ,-I
,)n the Iictr oxen! av he v 1i I I i ;it', tile boiiutar s , , H i -r

1r example , the inltl ;t tt d , I' c, l s t l I P 1 ) in 'I]id Ii I ,3,1t n -

i-erms suth asi, t i (Ia I v r I t I it I I I iv i al I p La- I- t . a , il, ,
Dton (p tnru:~l 't 1 li) , tile ,ini l'. t -:arks hounhirv !in, . , t!!t ,,'o -,

i, -L ill ord r I : irate 1i1t(lt ot!':-. hte I I Cu TI C:t ,. , i -

t , i t itt , ,t It Iil , ' 't . t 1v'r ' .i1 1 1 11 ra-. -

. , 1 e la .v ot t ip,, .,
,  

ti c ar i tt' '. ,' ,' I . I p r

, l .r l i n i " , ,' ! , t ,I i 'I n , I: , , l , "; " !

' ! " . .. " 1 . l , . ! i l ' ' i , ' : , ,: ' , ' t



spacing. Contour line spacing along the drainage ways is ailso a landform
indicator, as the contour lines are more dense parallel to the drainage
channels for the higher terraces.

Boundaries on the landform factor overl1ay1 are marked weetonal
and topographic changes are apparent. Usually, tonal and topographic
changes occur at terrain and slope breaks, where one landform surtface
interfaces with another. These breaks enable the analyst to visualize
boundaries for separating landforms. Stereoscopic viewing allows:, the
analyst to observe relief-change locations between contrastinig I ighit to
dark tones that represent change in vegetat ive cover. A I so , it Is, us~fl
to observe the mosaic and the topographic map alternateIv for tflese
tonal and topographic markings.

Simi lar condi t ions, can be observed on both topogri anhc riaps mid
photo mosaics while marking boundaries to Separalte tl'( M01-C 'l ors

A low dens-ity distribution of gulliesg is repres-eniatiLv 01 lIat or
generalliy level terra in with low rel ief . irregular rfi ,aateei

wooded areas, and urban hail t-up terrain assifst in I at rin I oirda r i-is
Irregular rel ief due to deeper, more frequent vuilly m~': ae

the more irregular up]land sari ace~s. Mien viewed a ooso e!Itiet
slope break-tone contrasts are indirative of relief differences; in tliw
predominant features.

Thei terrain anal vst coMb i ieS all Of the ohse ieddl i ne:it ions !!Ito
one factor over lay representing bou1ndaries OF land 1f or7os . iscraci
bet wo.en t.he posit ions of beinida r it. can b~e reoe1ved in irat ionai r~inn r.

See the example given in sect ion 5.4 below thal demo n. t rat e! thle d~l 1l
t ion process . . fielId check Procedure is organized as an on t ion f,,, r 'erit
Cat ion OF I Iand forml~ boundaries , vegetation t vpes cog 0'1~~ rI- soil
tliaracteristics, etc. Iftb' he field check is; net p)oss ll'le, thon J jr
ti en [y add itiLonalI photo inte rpre-tat ion i s imprrctact.

5.4 "X -A- r -1 I -L ind-fernii St t~il

5.4. 1 (; e oZrAV I3 . 1 hie study a rea I ocatior , in thi, s case toit teril i
ii ic v ic in ity v~ o 1 rt 11eIvoi r , V ir g in71ia i i in theL1)1. n it .,1St t

tIii r f t'ri c o iIv i. ound o n a s t:it i, rood (I r, 1) , I V 'L r;I I t I:-
rIi S) t i o h i c !,11p a it ; sea suc c:iIt - t i:r 1 ,'2 0.igi t '

Sa s, t iy a reins Can beW O1to.. ('11 la ci-gripl e i t 'I! t a

:I ) mue h t sliouilt beo niitil ;ire Vii'k'inO ind i , t it ( lindii-

outitr\v boinda r i s. uirbin a,, riis ror* ,a ;ir 1o-,1 :1 1c r I i tit -

.I s i u u h s 5t I al ii t li i I ind i S I 'IT tir ill 1 W :.i i T

i ~ ~ ~ ~ ~ ~ ~ 5 11 11%*l i et t l



Examplec The study area is located in Fairfax County, near ! rt
Belvoir, V'irginia some 10 to 15 miles south of 'slitn
D).C. The population of the county, nearing 4001,000, is
primarily kirban. The area is well served b- y t rziiipo r tat Jii
facilities including railroads, e.g. ,o, h' iond,Frdrh-
burg, and Potomac, major h ighwavs , e2.g. . -95 and I. S.
and] airports, e.g. , N1at ional and Dul les I nternational
Elevati ons of the terra in varv from lowland to highI t rracv
locations, i.e., -10 feet to 350 feet. In this terrain,
agricultural areas are very limited ,ind are dek-reasing; As
population dens ity increases. Append i x B iurovides. Lte

/250,000 scale topographic maip one sourCe- for CIL Ahove
type of geographic information.

5.4.2 -Climate. One of the best sources of' information t or ettlil n
the climate of a given terrain is in thle (;oun tv Soil Survey u v i o

by the U.S. Department of Agriculture. Climate is gi v~n ill the ir 01
t.eam annual rainfall, mean annuail snowfaill, di est seLason, and( D4oukTt

chance of frost and period of occurrence. Further information bo: b
obtained from hvd rologica I and me teorol og is it books and pub I i SIted papers.
U.S. Weather and D~efense Meteorological age.(-ncies offer aidd itionsil sotir(e-
of data. Typical clIinnate information exrc Ofor thte study aIreai is
shown by the following-

Example - Fair fax County has a cont inentalI, humid, tempera t, ci i c-i
'e-mleratuires vary seasonallIy , with an average d iff-. reuseu of
36 degrees Fah renhe it between mean winter aind me- a ;iuro:tr
tempera tures ; 0w :t vera ge for thle coldest mon th (J anus ry
or Februarv) is 3701. RainfallI for the Year is, about 41
inches,: in 1953, May had 7 .4 incites and :ovenihe r ihaout I
mncih. Snowf hI 1I averages as murcl :is I)3 inchecs fo 'r a given

\'ear -ind is heaiviest in Jianuarx' . Flie f rost-frec seaison is
about 175 to 200 days : even so, The groiind ma's 1-e fri 'zen-
to a depth of only a few inlches. Vhe -oi 1" (sif the colrntv
are qu ite suitable for crop, i(Lap ted to t hose cl1i mati c
conditions.

5.4.3 Physical1 Features and Land forms. The phyS i is feaIt ires of tue

earth are divided into the following phyvsiographic units: division.
province, and section. Also , topographi ic cond it ion ma i~v !)(' la 1-si si ld in

tems of landforms . The extracted informaition of this nature, for the
tr t Be Ivo ir study a res, as p resent ed on the Phys iograAni Iigpram of

teUnited States, i s br ieflIy dIesc r 1 d i n th1e- , I low io I .I :I T11)I
Additional informat ion is in append i--x B.

I-xample - The. study irea, a piortion of Filit (lunit ,' I in t,

co(ntains, tidal river flats, allu1vial1 pil mltrrd.
iliese landforms arc, located within !!)- !-, (, 'I t i"l1 I

'leCosta Plain; simplek er' ~ t



cons ist ing of unconsolIida ted I avers occur asrecti it IV
elevated levels above tile ocean fl oor. ilie flat topo-
graphy of the Plain i mpercep t i' graides eaister] V ror! th
Piedmont section of the- older Appal a chian P)r oy i nc c . I I i
smooth, lowland plain, with good soil aind climajte, has1"
ridges and hills parallel with thet. coast, , fteni- alItcrnat inc
between hard and so ft rocks.- 'I i, lowland f-o ri.aIt iok1ns o f
this portion of the Coastal P1lin aIIe wek nd geOneral lv
unconsolid(a ted. Somne a reas,* after r is ine-! :ind oirod inc
were submerged again, forming estuari es drowned b,% the sea-
bays, some ell ipticail, Were formed inl low, f lat Coastal
as. 'thetera in, in generl , varies from tidal rive r

f lats (has in) to high terraces.

5.4.4 Bedrock and Sur-face (:0010"' . Iwo types of maps, S't ructUrall an1d
surf i cia I. of f er detailIs onl thle bedrock and surf tace ooeo v. h
st ruc tural1 map symbols represent the underl1vi ng tVpes, of bedrock, arid
the surf icia I maips depict the surfIace, t ati un's and spa3tial oc at ions O
the landforms-i as Well a.- providing brief but noteworthy informa tionl

coiicernine., the, landform's origins. The geCological daita g"ivenl inl the
following eXamp I13C were, extracted from theCse t\SOf 11111)S

ixap 1e -The bed rock under v inrg tlet secdiments of the llmba%' 1 d $eC t ion

(If thet- Coastal I'Iain c'ons iSts Of grani te/gneiss, sne iss,
and s chist- near the fa'll ]in ie ran ite grades eas terly,
towards t,,e coaist into gneiss . Fl uvial I ediMenlts from tlh"
Coais tal 1plain deposits have buried the bedrock, and g L o-
eral lv no ou-tirppn occurs inl the tidal1 flatsil

plains,, or terraces. The bedrock sys'te-MS alre aIt s UtiffI ikent
depth to have no effect on Iandf-ormnsor Photo paltter-ns in

thle st udV area. Ilie unconsoIi da ted sn rLic1C aer e)ver--
laying the be'drock consist of mairl (lime) , sand, s,,Ilt,
and clay.% with Iraivel.

5).4 .5 Gee ltra So ; i 1Is. G;e'n o ra I Iv t taIte a iuIId 0 tie I g -I o Vern 11Menit IZ(AlenC i L Idc
a department of natural resources with aI div vsi on Of laind anld soil tha~t
will supply a general Soils mapl on orde r. Oft en .I soil 5urv\'O isd\i-
Able on a countv-bv-COurrty bai: ri oil sur\'e': i, a pibl ished in
cooperaltion with the V.S. Iiepartmctnt of Arjicril trc Soil I(OneerIVa t ion11
Serv ice . 'The so i I surrvey report usna I V10 ntes t 1i0 Ov''fbire
which the soilIs are derived as well as, the sur face clialructcri~t i s of-
the local soils. In most Of thle Purb] is,1ld surveys, the s;oi IL arc el i-r~;i
tied according to soil associations, wlriCli reprcsin! t hoe oi Is Iii\' 1 lie
unique characteristic's. lihe data f-or givenl ;ISSOC it i o, inC Il dinc

soltvpe, drainage, slope, aind land isi h tnv. raIiy eu

ext rac ted from the Fair fax Coun tv Soil ure (for wort, 1(.tli i I se
appendix B) as follows:

E~xamuple -The soil des c rip~t ions, arc lvi sitd eo s cia io'ldi c
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from the Coastal Plafn sCediments and are rel ateUd .1 .!nd-
forms. the alluvial plain and low tidal flats are cr...
with sand, silt, clay, and gravel of the Matapcik-
!at t apex-WVodstown assoc iat ion. The intermediate .3nd
terraces ark occupied bV Mat:; eak->iattape: and ,:Jst,,S, -

.>itapeak l;am:, ,raiv :;ediments. The high t.rr.lcti
occupied by t he 'II-hi 1v and steep ascciat ion an!
consi sts of loamv'1 and gravelly sedimerts kar'ind, f ru: i .
to east.

5.4.6 HvdroIo,-V and Draina-e. Stre-ms and rivcrs foriin:g Lhe m:V".'r
drainage channels are fonLi d in t he, :tudv area. len pos ibm, t) 1 to-.p
of drainage pat tern is recorded for eac-h watershed, and the nuc .*s.

rs -ma I ler to larger streams is noted . Identifving the pattern rv be
iacilitated by searching f, r a match among those in figure 5.2. Fvp i cal
data that are extracted from available hyvdro I, ,ov report>: (s;ee appcn'i:. B)
are given in the following example.

Example - The unconsol idated fluvi:)] clays to gravels have a anirlv
well-developed drainage system, although there are some
poorly-drained areas; the overall pattern tends to be
dendritic. The tidal flat and alluvial plain landfnrms
have meander systems. The low terraces have no general
drainage pattern, and some wet areas are artifical 1v
drained for cultivation. "The high terraces are chga.rac ,r-
ized by the runoff pattern formed by the erosion oF the
unconso I i dated sediments ; small a reas .ire poor Iv d r ii ned
All the surface runoff flows into draind channels that
eventually empty into the Potomac River.

5.4.7 Vegetation and Land-Use. Most areas of the world have maps that
show the distribution of vegetation that depicts the major forests fro;,-
which the local vegetation has originatod. !:or a particular a rea :Inder
study, the forest cover is: noted from which tree species may be ;nterrd.
In the example used here the following data are extracted from the Soil
Survey Report (see appendix B).

Example - Grasses and weeds occur in the marshland areas of the
alluvial plains and lowland tidal zones. Forests occupy
most of the terrace landforms. In the forested areas one
may expect a mixture of hardwoods such as hi ckory, map1.,
beech, and poplar and softwoods such as Vitginia pine.
The forest understorv consists of laurel, huckleberry,
spicebush, red bud, and others. Wiite oaks and red oaks
and ye1lowpoplar are generally a: so( iatetd with the o,.ep
soils of the (oastal PI 'Iin. SVca7ore, r i , r birch;, wii to

elm, and willow occupy ;alIuvial pla ins; whito pin oak,
:;crubby white oak, and post oak gr.row i, the lowland -lavey

< iIs .
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i id -i. L no- m i ~t i on inec-1ude'S agriculI tore ,10 1-'d1. .'res:t;
Orcharois ,c rave I pits- , and othI ers . Also the lqc~it ion a:_ uian ias. and
ree Jcnti1I st rki( Lir i re reco rded .in tilcxamplc C 0 h ! :ii rl :I>. (atil t
Soil SurlveyV providCS tile descriptive materialIs (See 1ppe(aldiX B), A su

the L-x1t;_ -,I ?'t'd !t :iWwll below.

sa> iIcerc a :t , ,E f 1 odo trv 1-me 1I t 'it-,

with tirl it and mil i tary fci 1 it los occupy ing the, landlorims
Tronspor tot ion faci ii t ic(5 are adequate wi tih r0, oi roads,

rai I roads , and airports s;erving both comlmercia Iand
residential facilities. Schools, college'Cs, chUrches a1nd
other facilities are adequite. 1he popol t ion g2rowth is
steady, with a good Labor miarket av i labic for !ovL'rnment
and industrv. Generally thero is no threat to the econlomic
development of this area.

5.4.8 LANDSAT. LANI)SA1' data recorded in digital formi and( converted to
black and white image Sr aIial fro IRO ;at Ietr Siu o Is,
Sooth Dakota. Mien these images are ordered in prijot forma J~t (,copies are
in appendix B) , specify winter acquisi tion dates;, bands five and seven at
1:250,000 scale. [his source, of inftormation caln p~ro0vido aI iiso;fl
syno-ptic view of major dranag oesysteMS, I and-u.sO iatri nd genera 1
1 -indforms . Data ext ractcd for the study areai are p iv(en bel ow.

Fxa im,, 1 e - 'fhc s tudv area is of diverse lla roe ter as evidenced )v tihc
varii t ion in gray tones observed in ha nd-fiv e and band-
seven Ol gsf LANIISAT . One a rca; Of on lif-or:: docrk t OI0 1 S

found to, be a large drainageC clilme!, theL l'OtolTo !i e!

'Ii ~S c-hannL is " eS 1)CC i c)l l l not i : 1) a 1 L nl t kI )Z i Ta l-sv
prinot booZIse0 01 its black tone. A! 1 the, dan c hoine is
aire sonto beC ! ekwingi towalrd the' let omaIC ir.x

of th 11 1i gI teCr rac la C Ind for 0 eP XlI i i )14 t I I dendr 11 it C
.Iraiina,4e. pattern. Ill, regjon l lt 01 Os 1I'.j cc, rban
thait appear in I ighter grayi tone., on tile ha nd-five oe

ih arg undeveloped i nr;il ccs ppeair da~rkkr 51ceo1- I'!
t Iet v ke < tait i tn. ll (e :i,,rI culI till i hfoC ls I- et i knII f i ;11 1

by th i r r eet an gula r -:1ha1pes- "1 :l! va Ir ao , e, t Oli-- , 1
to dlark depe)nd ing, 01 t he staly>L Of crop ~h.~it~.
and mo is tore c'Ond it ione

-. 4.9 Al rphoto I ndex . Photo i ThLd t' O to111 :1 1k- 14 Ill thelL Inll tk'd 'It.1 Wt 0

h)( ordered from the I.E;. Departmnlt of A' rilciii tulre, Pi-duine1 I lad

'irk eting Division, Salt Iake Cl tV, 1 111. V0-Ci 'l is Well .I P Oi
i ldeXeS , Can1 be (11) ;I ill trm. tie( 1). l-1 c Sipp i m,, A gelc\v i rO'r.1pl ic

opoicrapii- Cen'1ter (IDNA I I C()'tI Eahil on 1 11, 1.( . :,( phoIo f Inldk.>; die.,

I] ;1a I Iv a:t 1/63, 000l seal I L .)rov idea , I( o 'Cdell? it I 'A 11 el ilt0 t0b

!'red . It at1;( so 111(1 tilel,ilt t Ill the 117 I'lkelit ot l,ill1or'l 1W

lini-u l ttlres, . An 1501131 I is 0 10011 111 to) 1l'':t Pi.. t lw i.t



photo ikcx I c(I ;'; po, ie D) is used.

Ex,z t:i o - '71L !)tI ' t t i 1,1 5 C toV r L Il t ', t L l ,.1 a r -i'c, ".r i 4 1 i ied r t-.,o I

I'. '.I2'C. From ti s; inde:.: photos 1 ( -Al) nd -: (,'.,
t I I-'; C, , P ,1. . were ord e re d. I, inde , i; ls " I

r :1 sa.,,,pt v e m i Il ;r t) ih t ,,'sL' rVC' , ' .I .. Y 0
tht. naj or !and r-,,rms, reg inaI d raf og patterns Ind
trais po rt att ton n1id othe I e aci iticI-.

5.4. 10 The Data Baset ' at t' The short 1):; !-at ive d.'scriptot ,C-1
below L. a summti a itrv ol1 spL'tk f ic !at2 Xa- I i (u t 1l 1':i I t I--)-(:7 T

ature, moi 'ps, and i1aer . T ,,Stal li i1 1 p1 , t"111 1- I
struet ure consisting 't t i i t, I idated a' ers ', o " r c.nd, r1  1 1 it

clay recerntlv .levated :,h ', . oct-an floor. '11 'tl 'e t.r
Piedmont the Co:-tal I Pa in i :'1 s and grades ilp clt 1n' 1 . te
direction to the coast. his r 1atiIelv srooth oI t c c 1 ts ride;

hills parl le] with th e coast line, o-ten al t,.rn-i ing hitw lt, hard a:t -.- t
rocks. 'The low to higl t, v (' e orms consist of t idi! iver flats . . 21
plains, and low, intermediate, a!nd high terrast. 7c:t the ana]' •is
the detailed analysis phase of the study a rea.

5.4.11 Air Photos, Stereo Coverage. Air photos can be obtai'. 'r,
the U.S. Defense Napping Agency, liydrographic/Topographic Ceatr, f-)(10
Brookes Lane, l<ashington, ):.C. 20335; Aerial Phot,,graphy' Fie1{ ':V.

ASCS-USDA, 2222 West 2300 ,outh, P.O. Box 30010, Salt Lake ':.', tilt
84125; U.S. Geological Survey, EROS Data Center, Sioux FallI1, 11t h
Dakota, 57198; and U.S. (;eo[ogical Survey National Cart on a .P It 1 or-
mation Center, Reston, Virginia, 22092. For the air pilot --; is

portion of the stud'', air photo scales from 1/20, 000 to ' ,, i I-,. ! 1h
nost efficient; smaller scales can be used, but the an,.ott't cl,, tcta'v

of data on landforms diminishes with the scale. Til, e'.'m given below
identifies the airphoto coverag e (see appendix B) uset, '. 1':,,wed ;I', tOI
type of data extracted during tile stereophoto sttidy.

Example - The 1/40,000 scale air photos for the - area r,,

identified as Sl-8(37-41) and (42-46), iated 27 ()c-t 7.

These airphotos are used it stle and m s01Mc form. Ou r iia
the stereoscopic obserit I ion, thc Photo P,itt el'n aint a

Element ilt ornm tion is . 'traeted for :- ;lilt icipattd

ikntown itittI torn. 'It i lustrate tiis i,,ct'eduit'e, tNitll'Il

Of inlOrM;lt ion ext rtetd tor the land or-'s of thL' F,,rt
Belvoir st ida a. I ollow (1-i gure 5.4' Note- that ilt,

e~xtralct ed dat li ettonts a re 1 ist 'd i, 'l e ft.-mit s1! 'e<t
it lt le a.2

5.4. 12 Toploj ,_r, tio_>Iajts,. I ... ; c (I S, i l iirv(.v ' 1 el .,( r nt l
sheet s a re ob t;a i ned FI roT t 1 k : ,i on; ('art og;liphip "n t ,rr" t i ,n ir t, C
Reston, Vi rginian '2( )'. i, o:rtlphi " ap It I /I, '''vc '-, .' ate
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from the Defense Mapping Agency, Hydrographic/Topographic Center,
Washington, D.C. 20335.

The pertinent types of topographic information obtained from USGS
quad sheets and/or U.S. Army map series are as follows: maximum and
minimum elevations of the terrain, with ranges of elevations, contour
spacing, and densities for each separate landform being noted; natural
features as they relate to vegetation cover; the stream patterns,
meanders, and gradients; and the cultural features such as roads, rail-
roads, airports, land use, and extent of rural and urban areas and other
features. All the pertinent information assists in preparation of the
Photo Pattern Data Element descriptions. The maps used (see appendix B)
and an example of the data extracted for the Fort Belvoir study area
follow.

Example - The topographic maps at 1/24,000 scale for the study area
are the Fort Belvoir, VA-MD and Annandale, VA sheets; the
1/50,000 scale U.S. Army topographic sheet is Indian Head,
MD; VA, sheet 5561 11, Series V733. The maximum elevation
for the study area is about 350 feet with the minimum at
low tide approximately a foot or so above mean sea level
(MSL). The elevation ranges for the several landforms
are tidal flat, < 20 feet; alluvial plains, 20 to 40
feet; low terrace, 20 to 100 feet; intermediate terrace,
100 to 170 feet; and the high terrace, 170 to 270 feet
with some scattered locations reaching the maximum as
given above. Vegetation cover consists of forests to
scattered wood lots with some swampy or marshland areas
indicated. One major stream, the Potomac River, flows
through the study area. The streams and large creeks are
double-lined on the map in areas with less than 100-foot
elevation; hence they can be classed as rivers. Elsewhere
there are numerous minor streams. At the lower elevations,
such as near tide level, the streams meander considerably.
The contour spacing varies frcni widely spaced, which
represents the flat-topped terraces, to densely spaced,
which indicates the steep slopes. Many state and county
roads crisscross the study area along with major inter-
state routes connecting the important local urban areas.
Major rail lines, with north-south and east-west orienta-
tions, traverse the study area terrain, serving the diverse
land use, which varies from urban to rural in character.
The cultural land cover is scattered farmland to residential,
commercial, and industrial; military reservations occupy
much of the land. Additional specific information related

to each landform is given in figure 5.4.
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5.4.13 Landform Factor Overlay. The earlier paragraphs have given the
a priori hackground information and its revelation of landform expecta-
-ion.; and the photo pattern data elements of each landform in the vicinity
of Fort Belvoir. With knowledge of the expected landforms, the factor

over-Lay delineation is begun. A description of the procedure for
delineating the landform factor overlay is given as follows: The anal\'st

_itc'- anu delineates Le- oundari ,.; of tidal rivt:r flats, alluvial

plains, and terraces. With the overlay mylar sheet registered to the
airphoto mosaic and using a plastic marker (permanent fluid), the analyst

delineates the boundaries of each landform, placing lines in position on

the overlay that he visualizes as the separations or partitions for the

landforms. An early step in the procedure is to mark at strategic
locations spot elevations for each landform; these elevations are read

off the topographic map and placed in corresponding locations on the
mosaic/overlay for the analyst while distinguishing the several unknown

landforms. For example, the tidal river flat has elevations less than

20 feet; these are placed on the overlay in spots recognized as part of

the tidal river flats. At the next level, elevations between 10 and 40

feet are used to distinguish the alluvial plain; the analvst uses the
wide contour spacing and pattern of stream channels to depict this ter-

rain level. The low and intermediate terrain landforms, from low to high

level respectively, occupy locations within the 20- to 100- foot contours

and 100- to 170- foot contours. The high terraces occupy elevations

higher than 170 feet. Again, for these ranges of elevations the contour

spacing assists with discriminating the terrace locations. The terrace

landforms have the more dense contour spacing, whereas the alluvial plain
and tidal flats have the wider contour spacing. The midterrace landform

contours have the intermediate spacing. The relative contour spacing
density along drainage ways is also an indicator; the contours are closer

together in the upper terraces and further apart in the tidal river flats.

The landform boundaries are observed on the airphoto mosaic and
marked on the overlay where tonal and topo changes occur. Usually

useful tonal/topo changes are formed at the terrain slope breaks, where

the higher surfaces change to lower terraces or the lower terraces change
to tidal river flats. The topographic/tonal breaks provide the boundary

lines between the landforms. When the terrace/tidal flat boundarv line
is being marked on the overlay, the analyst visualizes the topographic

break while looking through the steroscope for the relief change. The
analyst also looks for the contrasting dark/light tones representing

the forest cover versus grassland cover occurring at the tonal/topo break.

The airphoto mosaic and the topographic map are observed alternately for

these tonal/topographic markings.

Similar observations are used for separating terraces. The flat,
generally level terrain with low relief and low-frequency gully distribu-

tion represents the low terraces. This terrain is contrasted with the
higher irregular-surface of the high terraces of both scattered wooded

areas and urban built-up terrain. The deeper more frequent gully systems
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contribute to the irregular relief that is characteristic of this terrain.
The analyst visualizes these tonal/topographic contrasts and marks on
the overlay the lines that represent the boundaries between upland and
terrace. Stereoscopically, the slope break-tone contrasts are based on
observing relief differences in the predominant features. The Fort
Belvoir landform overlay at reduced scale is shown in figure 5.5.

-rE

'A TE Tn

TE ttgf '.,,¢e '0270 '4
TI - ntefflt*e TTrTSC. tOO-t7 ft

, TE LO. Te"rAce M0-100 It

AP At4*vlE' P17"' 20- ft
TF T,6.1 A,,41 F1011 2 0

Figure 5.5. Landform Factor Overlay.
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6. SURFACE ROUGHNESS ANALYSIS METHODS

6.1 General.

Surface roughness, as used in this guide, refers to :11 ,r!.,
irregularities that are too small for mapping because thk.ir leiit art
less than the map contour interval. For a typical I :50,no0 se,,(c t ,",-
graphic map with a contour interval of 20 meter-;, all linear or
irregularities with a height of greater than 1.5 meters but les thian
20 meters are referred to as surface roughness.

The analyst is concerned with one of two approaches in arrivink, 't

a surface roughness index (SRI). The first approach, outlined in
section 3.0, is a fast means of determining surface roughness and
utilizes the experience of the analyst along with the assigned landfor.
SRI values that appear in section 7 of this guide. This approach will
probably be used by the analyst after familiarity is gained with thse
landforms included in section 7. The second approach, detailed her in
section 6, is based upon quantitative measurements taken from topo-

graphic maps and/or aerial photos. This approach should he used i)v
analysts unfamiliar with either the given study area or section 7, an1d
also in special situations where the analyst is unsure of the estimated
SRI for a given landform or portion thereof.

The second approach consists of two SRI analysis methods: the topL-
graphic map technique and the airphoto analysis technique. The end
product of either analysis is the SRI, which is a measure of the number
and frequency of occurrence of irregularities of less than a map cont,'i'
interval for a given landform. The numbers shown in the SRI overlay
legend (figure 6.1) correspond to various levels of surface r(ughne-s
(the higher the number, the greater the roughness).

6.2 Surface Roughness Factor Overlay Procedure.

The determination of surface roughness requires the 'orviccs sf t
skilled terrain analyst, who visual izes the landform'.- surfacc rouvhi-n,-ss
and makes inferences concerning the existing iFre.uiariticc. lor e:XgP'jlc.

some landforms commonly contain erratics or boulders thieat ,-e net
mapped topographically and are even too snall to he secn -n feria-l vat--
graphy. When the analyst has correctlv identified t lh 1andexr". ti'* sis,
the guidelines of section 5, he is ab!, to inf - the '-;urI at rehness in
terms of the occurrence of boulders.

The tools avai labe to tht terr-ain analv-;t to a;cCOmpil I I 1ii tre
are typically the 7'. minute topogr;aplhi j quadran)lP., Or 1/ O " )0 .'.

topographic map, and aerial photo,',rapliv -1, : I ,,': I, I ;ri'r to m 1 '( .00.
Obviusly, the larger the scale of the photogrnphiv, the rreater is the

detectability of surface roughness features. lnfornal qtidies have shnn

ttat there is perhaps an expome'ntial i( rcra , ill lh, . r,.d Tu111-ir ,
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Figure 6.1. Surface Roughness Factor Overlay
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ground indicators of surface roughness as the photographic scale increases.
Unfortunately, the aforementioned large-scale photography is not usually
available to the terrain analyst. Therefore, inferences concerning
surface roughness must be made by the analyst based on indicators,
knowledge, and experience.

Using the guidelines in section 5 and working with the 7 minute
or 1/50,000 scale topographic map, the terrain analyst identifies the
landform. However, the topographic map does not give as much ground
detail as does the aerial photography of similar scale. Therefore,
these data sources are used together to determine the surface roughness.
The topographic map prov.des an overview of the terrain, and the aerial
photography provides the more detailed information.

The surface roughness overlay is prepared by first delineating and
identifying areas of the terrain representing each landform. As shown
in figure 6.1, the numerical SRI value then replaces the landform
designation.

6.3 Obstacle Analysis Technique.

There are three general classes of land obstacles to be treated in
this section: point, linear, and area. These features are ground
obstacles only and are recorded on the surface roughne! overlay.
Obstacles related to surface drainage are shown on the watercourses and
water bodies factor overlay. Point obstacles are features greater than
1.5 meters high with near vertical faces that are too small to be
portrayed as an area obstacle. Linear obstacles are hinderances greater
than 1.5 meters high with near vertical faces and are at least 2mm long
at map scale (lO0m ground distance @ 1/50,000 scale). Area obstacles
are ground features with greatest dimension of at least 2mm.

The obstacles under consideration are both natural and cultural.
Natural obstacles include depressions, vertical-walled gullies, ridges
and knobs, escarpments, boulders and erratics, and rock outcrops.
Cultural obstacles include rock fences and walls, quarries and gravel
pits, road and railway cuts/fills, hedgerows and retaining walls. Often
these types of obstacles do not show up on 1/50,000 scale topographic
maps or on aerial photos at scales smaller than 1/20,000. Because of

this detectability problem, the terrain analyst need to be familiar
with the terrain types (landforms) in order to make the proper infer-
ences as to the character and properties of observed obstacles.

The inference process requires an experienced terrain analy'st who
in rc(ilnizc the ktidform,; bcing observed in the airphotos. t ,nlvst

mm; not vi ually detect tile smaller obstacles directly but infer.s their
p r '-;'n, indirecti y from his knowledge of the terrain type. otr examp Ie,

-I 1| r:dforil ha been identi fid I., a rl;i'al end morair. , tl
cxprienred analvst 'ben expects to find boudters, even tilomih titb
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position of each boulder is not detected on the airphot-,. In the case
of a flood plain landform, once this type of terrain i , r, ignized, the
analyst will expect to find gravel pits with steep-walled areas, or
steep-walled canals. Eolian landforms often contain steep, perhaps -
vertical-walled gullies and roadway cuts which commonlv )ccur in sll
soil. Another example of this inference process occurs in lime.stone
plains where the analyst expects to observe such features as rock exposcd
along roadway cuts, sinkholes, rock fences, and erratics. Sandstone and
shale upland plains may also be expected to contain ob.stlcles ir;.i1;tr t,,
those noted above.

In every case, the analyst must attempt to specifical iv lo,, tc
all land obstacles and symbolize each with the appropriate symbol ,on
surface roughness overlay. If the available source materials zire in-
adequate for detection of the smaller obstacles, a ,. -criptivo" note
should be provided which describes in general the types an-I 1cit,,
obstacles the user can expect to encounter.

6.4 Topographic Map Analysis Te_Tchniuque.

This section describes the topoyraphic map analysis tchliniquoc for
finding SRI's of landforms. The technique involves the use of topod.raph i.
maps to obtain quantitative, repeatable surface roughiness measurLments.
These measurements of contour spacing, fence row frequency, number of
contour bends, contour bend wavelength, and contour bend amplittide reqlirt
the use of a grid and scale and are labled A,B,C,D and !_ respectively
in table 6.1. After measured data are obtained, a surfatce rozughness
index is computed as shown later. The SRI provides an numeric-ll index
for the landform. A flow diagram of the topographic map technique for
SRI derivation is shown in figure 6.2.

To facilitate the surface roughness measurement proce~durc, it i';
suggested that an identification number be temporarily assigned to tch
bounded landform on the overlay. This shoul! make it ,asier to kee.,p
track of which landforms have been measured and also, :n the case of :
questionable SRI, it is possible to go back later and find the .samT.
landform. The following paragraphs discuss the method of ubtainun,'
measured surface roughness data from a topographic map.

6.4.1 Measured Data - For determining the measured data, ;an iipropri.lte
size grid is required (figure 6.3). The grid is prepared on a 5h1 t "I
clear acetate and is composed of a number of cells, whi,-h art for:;cd 1,v
the intersection of vertical and horizontal lines. The )',r d otild b e
drawn with an extra-fine pen. The vertical lines are littered 'A-fl,
and the horizontal lines are lettered FF-I.], as shown in figure 6.3. 1 :lc]

grid cell should be 2.5 cm x 2.5 cm or approximately 1 inch >. I inh
(1 inch = 2.54 cm). The observation of measured data is baed up,,n :i
standard, linear ground distance of 4000 feet. Since the lencih ,f I -;id,
of a cell represents 2000 feet, the measurements are m.ide a,' t,' ' j
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TOPOGRAPHIC MAP TECHNIQUE FOR SURFACE ROUGHNESS

I. Delineate and Identify Landforms of Study Area or Obtain Completed Landform
Factor Overlay

BI Obtain Topographic Map(s) of Study Area

III. Measure Surface Roughness Properties of Each Landform

Measured Properties:

A No. of Contour Lines/1.2 KM

B. No. of Fence Rows/1,2 KM

C. No. of Contour Bends/1.2 KM

D. Contour Bend Wavelength

E. Contour Bend Amplitude

:V alculate Surface Roughness Index (SRI)fI RI =ED IT+O1(B)

Figure 6.2. Flow Diagram of Topographic Map Technique for SRI Derivation
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two cells. For topographic maps with other scales, the grid must be

asjusted according to the ratio given in Equation 6.1:

L = (, (6.1)
L2  S2

L 1 = grid dimension for 1/24,000 scale

L2 = grid dimension for scale of interest

S1 = 1/24,000 map scale

S2 = map scale of interest

The result of this calculation insures that the grid dimensions are prop-

erly adjusted for differences in ma-) scale. As an example, consider the

use of a topographic map with a scale of 1:50,000. The proper dimensions
for the grid are determined by equation 6.1. Here S2 = 1:50,000. thus

the cell size L) can be computed as follows

2.5 cm. = 1/24,000
cm 1/50,000

= 1.2 cm

-rid dimensions for topographic maps of various scales ire shcwn in

table 6.2:

Table 6.2 Grid Dimensions for Various MI.ip Scrles

S cale 1-- ongth of S i des-

1:24,000 2.50 cm.

1:50,000 1.20 cm.

L:62,500 0.96 cm.

1:125,000 0.48 cm.

1:250,000 0.24 cm.

[im-ic gr aids ire shown in fi ,ures 6.3 ,ind 6.-'. In t!e o l win-e : r t-

.rmphs the factor,; requircd iii -. lctil:,tin tim ' Y<!tire Nttr, Y b; t-t.

in the :!;ame sequence a:t; shown in tiw' cohimns of ti!hI 6.1.

A. Contour Spacimn - The vri id CI C c Iear plast ic i I a, .' over

repriesentatiV portion of ,i 'ivcn 1.mmminof rm 'III tce ,op,' V pI -,m , i- i
figure 6.5. oc ti , . rid i ; in pl,lc , tic I.; y it-: i

S;iice t are t;|ped down t,, prtvi' t timt 'riI fi'r' r r-'k in . ' :' a , I -

fol lows: counL tll ;I contour Jin"( erip ! . ',t- il I i,

-ild lh3r i m d 2, rop -!,l , l omi I iin (1' .',1.) , iii:' t, ii,, A:
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t uu k,. -sNtt, t 11) 1 6.3 (.< 11 I .', I o!tnt I r I i .
II i ;b ide j ut Lc do ll L'o t' WO. CO I:

t t1:'C i I ., i d 1 i n( is ause cv~ ontur oI''
.P i:, Li I'ktih ~ t o mn' pe 5 c:l for -'rh id I in". i.n ti11

t 11C 1iM',ttt I i~~n pla 11, herO i S an avcraaT of 17 .1I con tor I I t I ii(. ' S.e ci:

I t n t .1 .. [tv s sbo tto us t he etiire grid Jer a vcn I)~' - ion
o7 tint I an dtfo ri I n that cisc, 'iso portiont of tit(-clnrid t lit s'. t ia11C t-

'ri lv 'v~rs t~e stud. area. Thc %,,i lucs recorded i ' 'n\ ~(ii
thIte pron .e numlbcr i1s shown in t hec f 4t -liand col umn t ' c oc'

of contour 1 inos 1,ir ci . For enicple , i f thle re (2n onlrytI r ; n 1, 1

nr i j~ .( , I.t!. , ltIF- 11 , the value-' of columin Al for A rt-ii- ; %dvi L'> b)
1 .5. lf no(cessuirv , t he gr id overl ay can be expanded to cover r'(,01
airea. AlIso, ont. cost b- car.-ful to note the contour into rv:;1 on th

pvg ip i ".lit tLeChniqtio explIii ned here, has non '> 1oiln( ',

the 10-tour contou:r interval as a standard, but for AnFI. Oth~r Ci-t 'Ur

intterval a corrt>ct ini %,ill he requi red. For example, i f nivon :I 02' -

uraphi :. ip with a C-f-foot c ont our interval , the finail i aenc un
-. t Ps 11n't , pI i ec -,,. S-. Here one counts allI tite contourn I i'sitniti-
vt rtica 1 ind hiorizontal l ines on tilie gridI ever Iav.

B . cnc, -o _FrerqLuuiic: - Fenlicec r ows;,. I s us e d jin' is pn ide 1 , d c t o
IlIl I ine a r m.anma de fe a t ur e,, tha t occour kln- tit(e s;un fa C cOf tIeI( te-rrain
Thbese features, inc ILeL( true fence rows that usua li]v repruesent propero ,
I ieLs aind are deouted oin thle I SGS I :24 ,000 sca3le tI, -por lph ic map h v nod
da:;bed i nes . Also, 1trouped in this categ ory ioroe s tI- I ophlue lines,
pipelines, atnd power lines. The. measurement procedure fol lowo d is the
same asthe one' d ifsmsed for con tour pa n.excelpt thaIt f enceL ne'ws
are counted. Foir example, the limestone plain has '3.2 fence' rotSs pen
5 cm (see, tah 1.' 6. 3) . It is note.d t ha t true fence rows ace not depict od
on L7.S. Army 1:50,000 or smaller scale topographic maps.

C.ube of Co-(nto~ur -Bends - Is inug the pr id placed on the map), selec~t
onie conto)ur line- within each cell . th'le selected contour l ine sh1ould
intersect oppon;t , ri lines. 1-or eachi cunt our line, Coiun t tO'L nunm_,hc' 01o
hinuds within a grid. Th*iis value re ee tite numbeI)r Of bends per 2.5
c:.. Record these va lues as shown in column CI of taiC h.3. It is not
necessary to include every cell and it mn he imipossible to do so fur some

terrain. Al though time precision will bie enhanced with a' 1,reator number
of measurements, be sure a representative sample of the landfOrM is used.
In[T obtain the numbor of contour bends per 5 cm, double the results,, of
column C1 and record theIse values; in column ('2. Then total col umn C2
and Compute the average. As measured and recorded in table 6. 3, thle
limestone plain has 25.5 contour bonds per 5 cm.

D. -C- n t our Bend Wavej iength - As with the cont our bonds , ;el oct a
represent ative cell sample, where oine wavelength measurcrent may be mtade.
rhe measurement , whi ch represents O1. liHdstance'( botWt'cn tit', peaiks of thle
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6. 2 t eri ied wi U 1; C, 1 1-v ;J
: i uremc t . and I-e r-' th .Se vaIue.- , , .I , in C :l f .,1,

t'-o 6 -h- co ;,!tz the averagi., T v-, -h f,'r top-
1,,.' ic 7i , f :;, ILs Ither than 1:2 4 ,o 0 " Q, ustf-d . 1:c;r examp,

, o",r:iph rap i Ii h 1:62,500 -c;il , he : c r: ige wavelength is co.:--
• ':td '1 0. 10 CM; ttU id lusted average wxvelength is obtained by the pro-

X 1/24,000
0.12 onP 1/62,500

= P2-500 (0.10 cm.) 0.26 cm.24,000

F. Contour Bend AplitUt_ - This procedure requires measurement of
tc amiplitudez of representative contour bends (figure 6.6). Fer the
exarple beipg used, the values obtained for the amplitude measurements
iot-e recorded ,,, shown in column E of table 6.3. In this case, tte
]vera e amplilude for the limestone plain i,, 0.17 cm. Note: It is a
,,od idea to measure the amplitude on the cntour bend on which the

wavelength measurement was made.
I Wavelength

Figure 6 6. Wavelength and Amplitude of a Contour Bend.

,3. .2 Surface Reughness Index (SRI) from TooMa Measur trO - The
Shi calculated from the following equation:

SV' =l F/DJA+C + 0.1 (B) (6.2)

Chere A = No. of contour lines per 5 ec. or per 1.2 km.
B = No. of fence rows per 5 cm. or per 1.2 km.
C = No. of contour bends per 5 cm. or per 1.2 km.
D = Contour bend wavelength (cm.)
F = Contour bend amplitude (cm.)

Equat i(n 6.2 was developed for the 1/24.000 scale topographic map. The
terms within the equation have to be weighted differently for smaller
scale topo maps where the detail is sparce. The contour detail para-
meters, A and C, are summed together and considered to be an exponential
function. This term is then multiplied by the ratio of the contour bend

6- 1 1



amplitude to the contour bend wavelength. The a:pi Iudc ter 1- f 1 Ljt;
the degree to which the terrain is indulating. h i glit, r t I!- nunl k tor
the higher is the value for the SRI representing thC -.urfee a u,
The measured value for wavelength to a large exttn t 4 rd,-' ,.n hi( I,
of the gully pattern; this value is in the denomina o ience, 'h .- '
the value of this tern, the roL'ater is the surfae In 1::
binat ion, larger values of ampl j tude and the ImaI(.- \I I. uc s . " . na,
result in greater SRI val ues. th, term for tenGc r-, i ,( ywiw ii
identical to that found in the equation used in the 1: t n. 1

technique, as will bte shown later.

Surface roughness index values will vary i.r ),1%, 1 ,
For example, it the grid is removed after a-n init i- -P
then replaced on the map tor i (-cond FRI evalu;it ii,, , t!( , , k , ,
wLll alter the measurements. The values fo>r the at:ntciir , %,..e , :.

and amplitude are the moat variable, hecause of the dit' ;- " 1

, representative porti,,n oa t h lndform. The rtti," , . .. plitud, i
wavelength produced the !argest effect on the final KRI v-i oe. !), t i1
toncouraging to note that thr F;R! values did not vnr- v :,. :n imam't , , :t
than +1 for consecutive a,,p mFIsure., m.nts. For inst..nce, th(. ni.
value for the limestone pl; in was found to he 3.79, i.s !iown -o,, ,,-

pared to a subsequent measurement giving an SRi = 3.38. Is in', coait itq,

,).2 for the limestone landform, we -alculate th,, 4lT .-r ;m t IV, v
-,eeismrements noted in table 6.1 a. ilows:

SRI = -y2-\/7.l-1 25.5 4- :t. (3. 2) 3 .9

The proc diure shown ah ) e sho 1l.d ass i s t t h, .r l in a n.'- t

understanding of surface roughness estimation 1)' th mC Of t!.h, t Lnc-
graphic rm' -'hnique. The main advantage of ti, (- hni it !1,

provides .eatic process lor calculating thti nor . r'v -u,'f
various I 'm 'Ir-:s as found on a topographic map. It avolld e' G p . ki'a .,
however, thaL equation 6.2 mav need r-efining! ater e.L :Hg it t n-r au '.,?,,"
different from 1/24,000; the present results at(' t 1  '-, ,w'(  I;t tI' m in
.\s this systematic process; i : a pl ied and ns !)( r :t-, i--ui i-*. 1
various landforms and their RIl chairacterist i(s, ,(,r( m, i - t cl-

clusions may he expected.

C. 5 A irp29o toA nalsis Tecini a ue.

The analysis invwo I v ai orde rIv LequLnce 0 itt m . a o I .,

1. The determination of an est imated SRI v; Ine ha ,-ed on tIun I;l't he
general expectation for a given landform res ultinc "rr, li 'iit : 1
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obm't rv, It ion-' of LtIhe a! rphOu Piat LL-rfs

2. An airphoto analysis of Surfacc c. ugloen rpert i:

3. Calculation of SRI using equation 6.3.

A flow diagram that summarizes the airphotc techniqu,< for Sd I
derivation is given in figure 6.7.

6.5. 1 Lstimated SRI from AT rphotos . The estimae, L i I ,. dett,r MiII-d .,
the inayst in i tialy becomes familiar with thi land orv. and it , :.i .- ,
on the airphoto. The photography is scanned for those irregularities ,',
the terrain that are directly responsible for ground surface riughes.
such as contour bends, gullies, point obstacles, fence rows, tonal
changes, and linear obstacles--and each of these features is countcd. .
with the topographic map analysis technique, the analyst visualizc. the
landform as ranging from a smooth surface such as a lakebed (SRI I)
a rugged mountain (SRI = 8). The analyst estimates the character of
tihe irre-ularities and assigns an SRI value. T'lhi'- e'tifmated SR I cm i
derived miore svs tematica ly a'" is shown in the fol!,ow ins r2 micrnls

6.5.2 Calculatg n the Surface Roughness Index. Equation 6.3 helo i>

used to determine a surface roughness index from measurements o' a i rd'
The SPiT value deriv', from this equation for a given landform will
reprCsent all -. ose rved irregularit ies. As with the t, CDograph h sm: "

procvdur(,, m-,- ,,;t,(ts are based on a standard distnce of 4000 . -
1.2 1 iiometers.

SP I = 0.1 +/.a c +b.1 + 0l.2e + f (6.3)

witere a = number of contour bends per 1 .2 km
b = number of gullies less than 3 m wide per 1 .2 km.
c = number of poii ohstac1es per I . 2 ki.
d number )ff Ce i rowS per I . 2 ki.
e number of 0tnl chan es per 1 .2 ki.
f number of linoar obstacles per 1 .2 ki.

Par,no, t ers a and h in th ;u:ition reprlt-5-nt rcklitcd cr'0 ion !] chara-
tt.ristics, which are aorag, together as a sinl, l term in ti, egupat i,,1.
These parameters are includd as an cuxponenti l function 'L rOprsen
the degree of difficultv in traversing terra in with .u in'rc.i:-inc lv dmat-
pattern of contour bends and pt.,llies. The sass' would 1-1U tile ese, With
the number of point obStacl,; . That is the d,,,rtt of diffic,',i tv in
traveling, through terrain in which tmewrt F. onlv on, balilder pcr kil,-
meter would essentiallv bTe z ro . In fawt, 1(0 botlldtrs per Li 1mt, r
would begin to present a problem, and 100) per kilom-tr would prt ,m
s¢in nitfi.nt , irreg',ular Surf;(' r' ucbnc ;!; feattre i .e., t , il ''ict in

derrc ( of traverse di ff 'u] Lv w)uld nio Jon,0'r be a ] int'irI tlim-i, . 'I hr
nrmbi r:; (i to'nc row,; , t ,'nil o , iiid I i nim r d it :l- le(- ,' rt , ,n-id, I

'- 5i



AIR PHOTO TECHNIQUE FOR SURFACE ROUGHNESS

SDelineate arid Identify Landforms of Study Area or Obtain Completed Landform
Factor Overlay.

11. Prepare a Photo Mosaic of the Study Area.

III. Measure Surface Roughness Properties of Each Landform.

A. Prepare a Working Overlay of Erosion Lines. Count the Number of Contour

Bends per 5 cm.

B. Obtain Completed Watercourses and Water Bodies Factor Overlay or
Prepare a Working Overlay for Alignment of Watercourses and Water Body
Shorelines. Count the Number of Watercourses with a Dry Gap Width of

3 Meters or Less per 5 cm.

C. Prepare a Working Overlay for Location of Outcrops and Erratics. Count the
Number of Outcrops and Erratics per 5 cm.

D. Prepare a Working Overlay for Alignment of Fence Rows. Count the Number
of Fence Rows per 5 cm.

E. Prepare a Working Overlay of Linear Obstacles. Count the Number of Linear

Obstacles per 5 cm.

[ IV, Calculate Surface Roughness Index (SRI).

SRI = 0.1 ab + .2e+ f

Figure 6.7. Flow Diagram for Air Photo Technique for SRI Deriv-' on
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to I,, rt j~e-ented b)y I i nuc-r t , m n t h cLAt I ii

S L d I c term-), ft, crrics tllk nOStL We igh It. heCauille i L s c ,11 r~

reg recutn a sur face w.i th I a rge (o r ye rv I i i ge.) i r r( -cu 1 a) r iti
weights assigned to each parclUIt-er resul tud trom tux Len2ii i , tr 11in

vrror and adj ustLinnts i fter tes'-tilug thC q uaiii t I [-,a seccl t,' ra 1
limnlorrus, , hich range r Ira a I Ia lakeItd landfov (SRI1 I
tilted interbedded scedimcntair% rock landfart. in an arid (lI ti(Ri

6.35.3 A Lrj)_boo _Da ta IAlemen'1ts . Viach at t 11 f- C1 1OW i :) dalt: Cl" ls

deufined in the next paragraphs: (ai) 1un,, I- Ot L'antOi I-end>.- (L a I)
of g4ul lies , (c ) number and l ocat ion f pint eh~~Ie, , (d) l;i!

!,nce rows, (e ) number of tonal eag-;,(f) ;1~be nd 101 it i n ''1 ih
ohbs tat 'Cs, and (g) Iu cation of- a rca bta Ic

a. Contouff ben ds - Cointour bend>,- arc UmAuncd h" id~ t K'1I H
niulmbe(r If times- the slope ingle clianr si-:'n fr(,:, jw' if iv, (-+ I to iii -,t
(-) .Irtc vict versa1, I. e . ,ta nt ing, Ll~a uijada tt i -i) 'a t hw , I-:

A\ given t rra *n protileIt or cross. -a(t ia G1: a Fiv.1I !0;~ L jkf-.-

as shiawr in f iH ure 6.8S (the im t:tIn I-1 a I
(I Iat kad h\ .1 Vert i ra]I d,_ chkd I tnt1()

Figure 6. 8 Slope Change as a Method for Counting Contour Bends
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I L to" e ithIIe r 1e' rgk scal pli't ogrnph\' 3 er II mi Lr( m ,,t e r Ir r
I.i k .4 itL is seenl ( at the siIJ Ier the sciile of thle plotiigrnpliv, K tt
I I er t the- reqie i rel', asrecet Any saesma IlIer thamn I1: 3 , 0M,
IeI i Ires, aICI'11 measuing il e graiduaited 1 in ni ts SMAlleI0r th1,3n I mill i~ I'.V L in1

I-i t' dolt iNC drv. an:t widths ot 3 meters Or leson aerial ohoto graiphv.

Table 6 4. Photo Mqecsurements Required to Detect a 3 Meter Dry Gap Width at
Common Photo Scales.

Te dee',a At a Req~ires a
dr, ap NAM0 phote scale ph~ju nieasuremert

mr 1 60000 0 05mm

1 50000 0 06mm

m r 1 35 000 0 09 mm (approx.

3m 1 24,000 0 13 mm (approx

3 1 20.000 0 15 mm

3 m 1 15.000 0 20 mm

3 m 1 10.000 0 30 mm

3 m 1 5.000 0 60mm

3 m 1 3.000 1 00 mm

I .~ I t nbs ti- I S These airc smaI surlak- i rreputIiiritI les,
greateI r t !),n I m let(_5 lt)itl ph tiht show a 1 high -Imount lci SVrimt rr tn
plan11 viewn. 1he, ncuc1idc" sutch ohstaicl es as errit ics ort nat ireKvIvr
p1 nniiat len. sharp-pointed ridge crests, po itthalrs, etc. 1,1(ei are, oI t en

di ffi out t to ident ilfv on aierial photograiphy, aind the. req'uire the terraiin
ainalYst to deutect minut( detail. A riagni f'inlc glass shiould he used for
these21,(- obs e rv aIt i on . I 'd d it n , s ome II ad foir ms il exh IiI-i t e r t ; inI
tye l pu ,I o m 1t ebst Ic e.In,.. For exaimplIe, some ilacil tills4 ire chairact or-

il hr the presence of bijul ders , Oft en verv larige, comp it elY foreiligoi to,
thle 1(1caI h edroc k. lh en ,e houlIders , ,I r ge or sm;i I I, ;ire known as or rat i s
Ofttent, natire houl ders are, found in low-I vi ng areas or oin 1jl Isides,
wh ichl have. rokefl aw:rom straita lyring somewhere on thlie slope ahbce.
lIo 050 hi nlde rs are common lv found a 1 ong moun ta in st rei-ims aind rmar he cerv
nui-merous ; the iad s marv he present in a d1 stanIce Of )n ;I few Iiund rid

meterls.

d . Fence R~ows - As expi ined in the topographic manp technique.
tviic( rows are represent at ire oif changes in propert y ownershl i p aInd are

ol ten ohs tn a eis to cross-citrv movement , espec ii' I v whenT hit i I t as rock
wa~ I Is o~r hedgerows . The I i nos ;ire count ed when Observed on a ir plot os,
,Ind thite r f requeincy is used i n the stir face roughlness, equaio i(n . I n genera ,I
f ntce, rows aIre not represent a t irve of re I i e xcept thawit i n I a t te(rrai in
titer Occur ini st ra i glit 1 i no pait t eins aInd i n h i 11 v' t errain T her Oil curI in1

irregulari Or cilrv'i I i nei pat t emrs



e. Tonal Changes - Texture or tonal roughness it an aggrega i,..

unit features each of which mav be too small to be discerned individu:-v
on the photography. It is a product of slope, size, pattern, shadow, c--

tone. Tonal roughness may be quantified by evaluatine, its variability
in terms of gray scale values within a unit area. A roii !!r, ,
exhibit a large degree of tonal variance, whereas a slp', t,: area w :Id
exhibit less tonal variance. To measure these tonal vari ations, ti:t
number of times the photography tones change in value is co:inttd I-v
comparing them with an uncalibrated Kodak Paper Crav ScIle.* IV. I ,'
is divided into ten reflectance values ranging from 0 per -,r.t (M'. a.
100 percent (white).

f. Lineor Obstacles - Ihese are elongatl ti,3 .t rr,, t-i

greater than 1.5 meters high with near vertical ; . ....i:- I
include rock outcrops, sharp ridge crests, terrace - .' c :
guliy walls (as occur in loess) , and man-made, ohst," 1. ,

and roadcuts.
The most common I incar nbstac 1 e is th. to, : , ii! r"-.

result from 'ass wasting ,t Less cmptcnt .7iteri : d
strata, from laulting, and ro excVaL . ilnl r :,,-

graphicallv expresscd Lv a c]-c gr of i tni: 1 It dr
expressed on the pho tog rapiiv a sharp breaks : . , I k I

sharpness o! s lope ni tt 'be. i t

surrounding v cget at ion vi c. " b - r ,. ct: .' bt : X t -

few meters long o r t ,cv "'v . bndrt I tct r '

along fault zones.

g. Area Ob.qt,'les liese ;ire obstacles t, i dih t, ,:, cc i ,:

land movement and "r l- neiL bitl, 7iatuiril .Ird man-rai . at . . .

examples are :mrpe lin , ho,:dtr i ,lhs, sti - - , , iiI t

hills.

next step is , , i' I 0' ii 111 t i 1,,

II ltIons to L i , tt 1'k.

* I ar mIi

r , xI.

I - * . . . . ... r I i I I . .. I I. . . . .. .



Table 6.5 Grid Sizes for Various Air Photo Scales.

Apr Photo Scale 11190001 l 1-20 000 124000 1300

Amount of qround stirf ace 12,0 0 116166 ft 2000 ft 11500)

covered per inchi of photo

Amount of ground surface 2500) 0 3332 it 4000 ift 5000 it
cosered per 5 um of photo (0ff km p I (I 0 kut 21 1 5 k m;

14000 fi standard ground 2kf

coverage

Oncle the ;lpulrrieSiol icir 1prJ it (1 (iie rVr L'I u
. t er enpai1r t hent i s tenee-c witi 1 ilpe.r c lpS,, ;ill, t;)( Lh~,t i i :tti zmcl

MLett of dtr~~' rigite-ii (itti UeLT~i.'t j V 0~ 17t ' I.i;l (:t ; k '1t t

iS lntteti or nmeisuredJ sear'tev ii ,sLLp CeCL,-Ct tiLc iise

If U r that iT t I(1tOS il Lmeasllr I 1 1 L It i 1 1 i it i Il

With separate sea;IL- Aln Imp ich 1Iill A-" i I-P, tt cor11 I (
ntumher of Lime:s thait tile lia3t:i eleuent t ri;1Fl'-i 1 , t

determnine the fre er L lI iik'lTIrr(I 'r( Cir ( r I) )( - 1.-'( ti C17,I t

i .e . , tiec nmiioiers obtifno ht~ Vy COllt1t itl) I'- C 1 n)

airt e,:l(ll cliv i de h%, I nd t t h tueti iutiht e111" Pill

iirc reroruei.d ntI the f ornii t. sh vrl In tal :1 F ,. I

I)et ali Is tlitrtnl r tih lcrl t i (m !11p)(1 Yr tI~iciS p

;~tIi I e l i ('t I I ow. f l it i t i StiS >;i t :I tl~ -- h, t)* l p

toi: br iinr Iens I Its t I'. Ui) Lilt,) i~ :t l

hiv i t e. i-,tc 1)i ii l 1v ebsetrving tile2 pints" it- tilt' ;111M i r- 0: 1)j S

reverV C I- S (nnjI11ntIl it 1, l') .

P r r p:irt ;i t, i h i-; v i n i r i I ;it r r l

2. ;1 pit tip i: p r ir r SI L J I- i r ': tI) J'r' j

trP cStPP p Ia I I t 1V 1lt. 1 t p 'lilt Itht 7,1r

tl h I~t fit I II r I, . : . V p pt

r t ttt ('1111 rr I lit Ph t lr ri 1 r ,l-,

iii Pvt ( f 2 ) Ii HI 1 ri ) i P V rP l I 1 ~ I p
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Results of Air Photo Surface Roughness Measurements: Fluvial Forms
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7.2 5 Summary of Surface Roughness Measurements Fluvtal Forms

Measurement Method
Form Average SRI*

Empiricat Air Photo Topographic Map

Flood Plai and

rrrace) 2 232 13 i. 2

A1lLiv,.i Fan 4 3 5 2 2 2

(Goninenlal Plai 2 1 7 0 6 1 4

T o i Flat

Coaslal P!ain 3 : 1 0

Beach Ridg:s 2 4 8 29

Delta (Bird s-footl 3 32 2 7 3

Delta (Arc) 2 2 6 1 9 2

Note See Section 6 for explanation of method for deriving SRI ,aluus
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7 3 inlrodu,_o to L .,i,of wrio

~~'v -,-wi I.r -ii~-' ' ,' ,ii. .,~ *i. . , ntor- Jie V.'r p- S4r "', to !nro,- ' ~
a;iat!(.ri *w-,rrial- vIi ,a:i w.- lalrvptJ oarnciues are carried ii t!no

iivospeur le, the! (~' QSP t, 1 ~ face of t he gro: i'of lii fw~rionri 3nftar to ,trear, hedicids or h-qh~rt
'1,e i,( A n"qw I o,~ lO~ S101,1 Tr tisor vara t-r rre~t >tr,r cidds Tf-,> iow* ldytr ConSi.,! ii

-.anfts vtrch scatter arid bouri O .i ' ttic Sii,( , 0O f 'l ,iS if-vVTI, ' e0101,> t hail oi.r feet iT:~ ; 01)00
.i or suspeiidoo load Anri1ii ':.-lint t 0 rrtircv~ ire arst.i 'ir great dj,stancre. a1

Luitri depostits 'irciuo, ' w kal i ne1 5 A oc r-i O ntO i -, n- ,,tc0 oft",, iiatliria inl ,! i-,s or
,it d, positb. which are oflt ririw~d geiat distances by th-n: sfd coverinig larp area,,

Distribution -- Eolian lanIforms occur widely trrrough ali parts of thr, world but are especiail.
rornmoriu adjaccrt to glaciation zcunes and large f'ood plains, in arid climates. and along roasta! ireas

North America. United States anid Canada Belts of sand dunes are found along the coasts of the
Atlantic and Pacific, Oceans and th-e Great Lakes Extensive inland dune formations are found in the Great
Basin in Nevada and in the deserts of southern California Loess deposits are 'ouind adjacent to the large
r:\sers of the Mississippi Valley and cover significant portions of lowa Ilinois northern Missouri
southwestern Wisconsin. western Tennessee. western Misiissippi. and others

Sand dune deposits in Canada aire few and scattered Loess is found in SinaI localized depostls
tnrough southern Saskatchewan

Sooth and Central America - S5and dlune formations occur in the central basins cf Peru and Chie
Extensive deposits ot loess cover rnost of northern Argentina southern Uruguay, and southern Paraguay

Atrica -~Extens~vt areas .n Africa are covered with sand dunes Loess cover is founrd alonrg thx? coastal
sections of Morocco. Algeria. Libya, and tfhe United Arab Republic Scattered small deposits occ ur ac ross
north central Atrica from Senegal to Ethiopia

Europe -Sand dunes are dominant features along the French coast of the Bay of Biscay, and the
r-oasts ot Belgium. the Netherlands, Denmark and eastern Russia along the Baltic Sea Dune forma:, nv
also occur along tne major rivers in Southern Franc, Spain. and southern Russia north) of the Black Sea3

Asia -- Sand dunes occur inrsmany areas of Asa.ncluding Mongolato norther', lnoa thIe Gobi Desert,
the regoun from Syria through Iran. and most of Saudi Arabia.

Major deposits of loess are found throughout the Hwang-Ho River Valley in Chna and along thie
northeastern edge of the Caspian Sea.

Australia -- Miich of central Australia contains sand dune formations. uncding the Great Sandy
Gibson. Great Victoria. Tanamu.f and Simpson Deserts

Thin loess deposits cove' Ihe central portion of Australia Thicker deposits Occur along the
southeastern coast of South Island. New Zealand

Pacific and Caribbean Regions - Smrall, calerareouIS sand dnos of local origir, are scattered lhroingh
the regions No significant deposits of loess are found

The maps on pages 7- 48 ar-i 7-49 show the United States anid World dlistriution of Eolian forms

A flow diagram for Eolian furms 1, -50) illustrates how the terrain analyst miay enter this sectiun to
develop information on a landform of eolian origin The diagram may be entered at Ile top tn frid a gien
landform based on origin or entered at the bottom of the diagram when based on form,

Topographic, nap, air photo and surface roughness data elements are descrihod for Ecolian forms i
the foilowing paragraphs At the end of this section. the results of topographic map and air photo surfa, v
roughness measurements are tabulated

'From Way, D.S., Terrain Analysis, 1978, c Dowden, Hutchinson & Ross. Inc . Strouds-
burg, PA.
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Distribution of Eolian Landforms Within the United States.

Source: Way, DS . Terrain Analysis, 1978. c Dowden. Hutchinson & Ross, Inc.,
Stroudsburg, PA. p 267
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Loessial Plain -- Gully Features Northwest of Cotton Mill Lake Recreation Area
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Results of Topographic Map Surface Roughness Measurements Eohan

Results of Air Photo Surface Roughness Measurements Eolan
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7.3.4 Summary of Surtace Roughness Measurements Eolian Forms

I Measurement Method

Form I Empirical I Air Photo Topographic Map Average SFI"

Eolian Plain (Semi-arid, 6 4 9 3 9 4 9 5

Eolian Plain (Humid) 5 7 3 4 4 56 6

Eolian Plain (Humid) 3 30 2 7 29 3

3
Sand Dunes (Arid) 5 7 4 mprca 1 5

Sand Dunes (Humid) 3 3 1 23 2 8 3

*Note See Section 6 for explanation of method for deriving SRI values
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7.4 Introduction to Sedimentary Rock Forms*

Seoimentary rocks are formed by the deposition of sediments transported by streams ocean or wave
currents, ice, or wind Most sediments are remnants of previously decomposed and disintegrated igneous
sedimentary, and metamorphic rocks, but some are derived from chemical reactions and organic sources
When a particular transporting agent can no longer carry their mass, the sediments are deposited
Variations in the velocity of the transporting agent produce layers or beds whose particles vary in texture
and it is the presence of bedding planes that distinguishes sedimentary from igneous rocks, the latter tend
to be massive and nonbedded The bedding planes in sedimentary rock are originally laid down parallel to
the earths surface but later may be tilted by movements of the earth's crest

Sedimentary rocks accounting for approximately 75 percent of the earth's exposed land surface occur
in two categories The first category includes clastic or fragmental rocks, such as shales. sandstones. and
,ngi)oiieritrs originating from other rocks The second category are formed from chemical and
biochemical (organic) sediments precipitated from solution (examples are calcium carbonate, and limy
parts of organisms such as corals, algae. foraminifers, clams, and snails) These sediments include
limestone. gypsums, and salt Large organic or swamp deposits upon lithification become coal and are
commonly found interbedded with other sedimentary materials Coal is not included here

Most sedimentary deposits originate underwater in oceans resultings from stream and river system
flow The sediments consist of gravels, sands, silts. and clays, the resulting deposits vary in texture
according to the distance from shore and water velocities at the time of deposition

Distribution -Some regions of the World containing well-consolidated sedimentary rocks are listed in
the following paragraphs

North America. United States and Canada - The regions include only those where residual soils have
developed from weathered sedimentary rocks In the United States sedimentary rocks of all types and
,-!triudes are foirrd in areas adjacent to the Appalachian Mountains, the central plains ,j','1 scaterngs
throughout the Rocky Mountains

A band of interbedded seuimentary rock extends across most of Saskatchewar and eastern Alberta
across the Northwest Territories juSt west of Great Bear Lake and int the Alaskan north slope

South and C2entra; America Sedimentary rocks are found in suLthern Argentna and througnour
,1arts of Brazil

Afrira SeJdimentary ,ock, are widespread across Africa Kith surfaces of resida;,:l soils

Euiope ,S mrnentey -jck, dre found associatea with most Eu ropean mountain ranges sotthelr
Eniinr. lrelard. and France have the malor formations

Asia - Lirge portions of western Russia and rertral Siberia consist of sejimentai, rot k wIi
scattPred systenis occUrring through Tibet Less exposures can be found ini Cambodia and Thaiaru,'

Australia - Sedimentarv rocks are fourd in most of Queensland parts Of South Australia. an , parts pl
Western Atistralia

Pac!tic arid Caribbean Regirons Well-consulilated sedinentarv rocks occur ,i the siands of 
,

a
,

foriratfoirn and COQUina

Sedimentary deposits are found in parts Of Cuba Haiti the Dominican Repi)bc and PLo-ric, Rico
imestone formations are most common

Fr. nl,,Ipu oii p, .
7

' (li 7, shiv tu 0Irit1it S1,ile, irid Wil.1 ruu (i. Iur uf
1 , r., c)

A flow diatram for Sedimnntary Rock forms (7-72) Illustrates how the terrain analyst may enter this
su:.tion odevelop information on a landforr of sedimentary origin The diagram maybe entered at the top
to find a given landform based on origin or entered at the bottom of the diagram when based on form

Topograp i; map air photo. and surface roughness data elements are described fur ,timt ntary
Pock forms n thf, ollowing paragraphs At the end of this section the results of topographic map and air
photo surface rriijqhness measurements are tabulated

'From Way, D S. Terrain Analysis, 1978, c Dowden, Hutchinson & Ross. Inc . Strouds-
burg. PA

....... ii n mu



• r]

Distribution of Well-Consolidated Sedimentary Rock Parent Materials in the United

States. Note - Glaciated Areas Are Not Shown.

Source: Way, D.S., Terrain Analysis. 1978, c Dowden, Hutchinson & Ross. Inc
Stroudsburg, PA, p. 83.
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Sandstone Upland - Knobs and U-Shaped Ridges. BTB 3V95

Sandstone Upland Ridge - Vegetation Density. BTB 3V95
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Sandstone Upland (Humid) - Flat-Lying Agricultural Plot. BTB 3V95
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Limestone - Outcrop Near Horse Cave, Ky. ALO 48-36

Limestone - Cultivated Sinkhole
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7.4.2 Shale/Sandy Shale
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7.5 Introduction to Igneous Forms*

J lqnec, s rocks are formed by the solidification of magma or molten rock material on or within the
s iace of the earth Igneous rocks arc classiftied either intrusive. (formed beneath the surface of the earth)
or ve!ttis~ve formnnO on the earths surface)

Inrtrusive igneous ROCKS (Granitic Materials) -- Intrusive igneous rocks were solidified from molter,
imaterial beneath the surface of the earth as plutons. regardless of size, shape. or composition The

-r-ystalline structure of igneous plutonic rocks is well developed owing to their slow process of
so-Aifeation. Pluton-c rocks urtderie all rock types, forming a platform or basement supporting the surface
-cs Exposure takes place if the overriding materials are weathered or eroded away Plufonic rocks Occur

en onliy 15 percent of !he earth s surface

E trusive Igneous Rocks (Basaltic Materials) -- Extrusive igneous rocks are of two types One type is
f,. ried by xolCanic eruptions which pour molten lava onto the earth's surface, where it solidifies Theother

yp- ificludes fragmental rocks of all sizes which have solidified at the surface of the earth

Volcanic magm-a does riot develop a large crystalline structure. for the cooling of the material is raped
irc *,ne resulttrig crystallne texture is so fine that it is not apparent without magnification Most extrus1%e
ie-iks ire dense and glassy in appearance, but they can be filled with gas bubbles or even frothy

Extrusive rocks occur throughout, the world. but account for only abouit 3 percent of the total exposerd
contrrentai land surface

D~strinution - Granite is a predominant igneous intrusive rock forn, providing the foundation for r.u
of ther contreial masses and the central coire of many mountainous structures Basaltic and volcanic fcrum

scattered actoss most of the continents in small deposits

Norrm America, United States and Canada -- The New England states of Massachusetts, Vermntc Nov.
Hamipshire arid M~aine contain massive granitic forms. Other granitic areas include the Adirordack
lo~ntains of northen New York.. a large batholith in central Idaho. the Black Hills of South Dakota. the

Ncxada region of Caliornia. and the northern Cascades in Washington
fkoc- of thme castt in I1l o,! C41rada has exposed granitic rock Pisaltic - rnatioris are foeric n

soithcentral British Columbia

,ohaid Cuitrfal Am,-i. !nCoy granitic intrusions are, tound in sot!c-i Vectezup~a scumthetn
- . . .-c-.. ~cl.t~osouthoas: ) A u'm. 'c rjt

mtiidf Centraf Anterica

Alrrci Igneous granitic 1I ir-nat ens occupy large areas in Africa including Madagascar The broadest
e's~ exercd ~,: . nlral A'o ,c, to n, southward along customr ccista arictiars A argo bas.alt-c

rgior. exte'-ds across uer'E' 'ait etr ey

roJ(p,: Nurwiji Svedonri: a-r cit and bordering Russian territories consist mainly oif grat.
o gritomis intrimm1oris oi-cp. nc-thern Scotland. central France and northwestern Sira:,

ai Exposed gianitic mmiusaorms occur over most of India. Ceylon. the northern porioF- of the
Mongolian Republic, northern Mancruruta. arid the bordering regions of Siberra

lios cf Weslerci Aosrr:i:, is granmitic, tfere are, tower outcrops ni ttne Norer T,r. it r
- thmAusitralia No sign.l; tc !casattic formations are founrd if) AuStr' a1m a

Pat fc anid Carir~beari Regions No significant regional granitic deposits are found inti lb Pacifc
f~~- of ie iarr 0'1 tf'cicml: ntral basin art, basalt! r;coluing t', HxAa an lslcrn, rs f

iitaris -Ind the foondatmorts of many lagroon -forming islands

hrll.atnereid 1faittc o ilcrupc , .,I throughout Puerto Ro antr 9wm Virg- !. fcinrs Tti. VV rccl Aair
ounvyt of 0s.,!: c.ate ,' ir d .hcddPOSmtS are M .1 iP- 7)',:V! ri-cnn~ f pIi

rh niapbs on pagos 7-98 arid 7 99 ,how th~e United State,, and Wnrlut ,-tstPrru,ito of lqjieeus fI ....

A flo dmacqram fot Igneous forms I ,- tO0l illutrates how thre fterrain analyst nat tinter the, s~ction to
dacirilp information on a larmdfortn of scneoiis origin, The diagram may he eIntered at the top to find aiqiVen

ii Ifir rim ha sed on or gin or e nred at the bottom of the di ag rari whrer h isron futii

Ire following paragrapfrs At the end of this section thversuitriof topographic 5)lda 'nor,'c
v, j;hnu 'cx measirrnrmr, Sri- tabulatedt

'From Way. D S. Terrain Analysis. 1978, '- Dowden. Hutchinson & Ross Inc,
Strouidsburg. PA
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Distribution of Igneous Landforms in the United States.

Source: Way, D.S. Terrain Analysis. 1978. c Dowden. Hutchinson & Ross Irc
Stroudsburg, PA, p. 143,
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Nature of the County

Physiography and Rclef
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B5 Physiography (Cont)

Tr'e imied Piedmont tJlahit1 rind tiigh Codstal Plal terraces are bounded on the

east by the higt Coastal Plain terraces and (.r the west by the Piedmont Upland Tti-

area oCCUPICS aboL2 23 percent of the coanty and has an elevation of 300 to 400 fe-e-t
above sea level in nlost places It iS along the fall line between the Piedmont Uplaric
arid Coastal Plain phystographiC provinces The sois have formed from metamorphic
rocks granite yness arid quartz sericite schist - similar to those in the Piedmorft

Upland The sedimentary deposits in which soils have formed and which overlie tht,.
Piedmont Upland are of fluvial. old alluvial, and marine origin This sedimeilt:ir,

naterial usually or.cup- - the broader ridgetops that have gentle to undulating slope'-.
of less than 10 percent Tne soils that developed in these sedimentary deposits occur
in widely scattered areas that make up about one-halt the acreage in this section

The mixed Piidniont Upland and the high Coastal Plain teriaces are drained manly
by Accotink arnd Pohici, Creeks and by Holmes and Pimmit Runs Pimmit Run flows
north into *he Potomac River. and Holmes Run flows toward the southeast Th.
drainage pattern i gereraliy dendritic Steep V-shaped valleys and a few bluffs have
tormed vhere la re ;trear.s nave deeply dissected the uplands A small part of the
section is so poorly drairci. that the soils need artificial drainage before they can b,
cultivated Many soils formed in fluvial and alluvial sediments have a fragipan (dens,
subsoil. which causes them to drain slowly

The high Coastl Plai'i occupies about 22 percent of the County and is along the
eastern edge Elevatuois range from 60 to 250 feet above sea level This section covers
two or three of the nigrer Coastal Plain terraces, mainly the Brandywine and
Sunderland terraces. and small areas on the Wicomico terrace near the eastern
oiounldary of the section Tnis section consists mostly entirely of Coastal Plain sand
silt. clay, and gravel of marine or fluvial origin that overlie P;edmont Upland material
mainly granite gneiss and sericite schist

Between this section and the low Coastal Plain there are hilly and steep areas along
the large streams and near the breaks Most of the section consists of wide upland
r~dges that are undulating and rolling The drainage generally is toward the southeast
and is fairly well developed It consists of Accotink Creek and the Holmes. South and
Back Lick Runs Many slowly permeable and many gravelly soils are in the section
The acreage of wet soils needing drainage is small

The low Coastal Plain terraces occupy about 4 percent of the county This section is
in three different areas but is mainly on the Dismal Swamp terrace at levels that are 5 to
20 feet above sea level This terrace is a young marine deposit consisting of highly
stratified and mixed sand. silt. clay. and gravel The topography is mostly nearly level
and very gently undulating. but there are small areas of rolling and hilly terrain near the
large creeks and rivers The general drainage patterns are not well developed Most of
the soils are too wet for cultivation unless they are drained artifically.
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B6. Landforms
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B8. Bedrock and Surfaice Gclogv
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B12 Vegetation
Vegetation

Fairfax County was originally covered eniri,!y by forests of hardwood trees mixzel
with scattered Virginia pine and redcedar Siall qiantites of hemlock were scattIerod
along Occoquan Creek and Occoquan Bay in the southern part of the cownty Yellow-
poplar and other ha',wood trees grew mosth. -)n th low(,r Coastal Plain :ind on coo'
sites in the Piedmont Upland Oaks mixed with s -attered Virginia pine g-ew or the
drier sites on the upper Coastal Plain ano Pipdmont Uplaid Chestnut w :s common on
the friable Mano'. Glenelg Appling, and Ehoak soils i the Pedmont Upand and or
the hilly, gravelly so!!s of the higher lying Coastal Plain Oak scattered pine and
redcedar were most abundant in the Piedmont Lowland Most of the timber from
pioneor clearings was rolled into piles and burned except for the small part that was
used as materiai for 'he necessary farm buildings

About 40 percpent of the county area is now in forest, which is widely distfibuted over
the county The largest and most continuous areas of fotest are in the Coastal Plain
and Piedmont Upland provinces in the southeastern part of the county The Piedmont
Lowland has the highest percentage of cleared land, and very little it any virgin timber
remains Most woodland consists mainly of white, red, pin. black, post. blackjack and
chestnut oaks and hickory, maple, beech. poplar black locust, sassafras dogwood.
gum. and holly There are a few scattered, pure btanas of Virginia pine A few patches
of hemlock are in the southern part of the county along Occoquan Creek and
Occoquan Bay. Chestnut sprouts growing from old tree stumps are found mainly in
the Piedmont Upland The poorest woodland is generally on the higher Coastal Plain
soils that contain fragipans and on the Piedmont Lowland soils that have a fragipan
and claypan, or that are shallow over hard rock

The kind and quality of trees are an expression of the soil and moisture condition of
the site. In places there isa direct correlation between the soils and the species of trees
that grow in them naturally.

Pin oak grows in almost pure stands in the wet. flat. fine-textured Elbert and Crotoi
soils of the Piedmont Lowland Scrubby white oak, with a large percentage of
blackjack and post oaks. grows on the heavy, clayey Iredell and Kelly soils ;n the
Piedmont Lowland Red and white oaks grow into large. tall trees on the deep. friab~e
well-drained Elioak. Glenelg. and Bucks soils However, the same species are shoit
bodied and slow growing on the shallow droughty Penn and Catlett so'ts

White and red oaks and yellow-poplar gro, into the best. long-bodies trees in the
county on the deep soils of the Coastal Plain Thse deep soils have good moisture
conditions for trees and are underlain by strata of sand Chestnut oak or scrubby.
short-bodied white, red. and post oaks grow mainly on the Beltsville soils, which have
a fragipan 16 to 20 inches below the surface Sycamore river birch. boxelder white
elm. and willow are the most common species on the Chewacla and Wehadkee soils
and on Mixed alluvial land of the flood plains

Trees grow at different rates on the various exposures of a site Chfstnut oak grows
poorly on some of the rocky and shallow soils on ridges How4-.,er it grows tall and
produces good timber on the East- and riorth-faciinr slopes and in rmloist coves
occupied by the Meadowville. Manassas. and Glenvill. soils

The understory in forests consists mainly of laurrel huckleberry spw(i'biJsh. wild
grape. runninr cedar azalea greenhrtr mountain-tea, serviceberry red-osier.
redbud. sumac, and dangleberry



B12 Vegetation (Cont.)

The species and growth of grasses and weeds vary on the different soils according
to management. Idle fields contain many plants, including broomsedge, dewberry,
blackberry, cinquefoil. hawkweed, ragweed, aster, greenbrier, sumac, orchardgrass,
bluegrass, wh -clover, wild onion. beggarweed, stickweed, yarrow, oxeye daisy.
sourgrass, sheep sorrel, Spanish needle. crabgrass, lespedeza, and narrowleaf
plantain.

Properly managed permanent pastures generally consist mainly of bluegrass.
whiteclover. and crabgrass. In addition, there usually is some redtop, orchardgrass.
hawkweed, narrowleaf plantain, broomsedge, and other weeds and grasses in the
mixture. Temporary pastures used in long cropping systems consist mostly of
orchardgrass, but they have some fescue. ladino clover, timothy, lespedeza, and
redtop. Chickweed is common in many alfalfa fields.
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